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PRELIMINARY DRAFT NEW RECOMMENDATION

‘ tntegrated-mMillimetre wave TS radiocommunication systems
(Question ITU-R 205-4/8)

This preliminary draft new Recommendation (PDNR) provides a framework for the development of
a draft new Recommendation that covers the radiocommunication requirements and applications
anticipated for mobile intelligent transport systems (ITS) operating in the millimetre wave.

The following studies were conducted under Question ITU-R 205-4/8. These studies included:
- an investigation of millimetre wave applications for ITS;
- functional requirements for millimetre wave ITS radiocommunication systems;

- technical characteristics of the physical and data link layers of millimetre wave ITS
radiocommunication systems.

‘ This document modifies and amends Annex 4 to Document 85A/5545-with-Document-5A433, with a
view toward the completion of this new draft new Recommendation.

‘ A separate working document toward preliminary draft new Report describes some examples of
millimetre wave ITS radiocommunications systems.

Items or data in square brackets need to be provided or verified before the completion of this draft
new Recommendation.

Attachment: 1



Attachment 1

K : ,

PRELIMINARY DRAFT NEW RECOMMENDATION ITU-R M.[5A/ITS-MM]

Technical characteristics of millimetre wave intelligent
transport systems (ITS) radiocommunication

(Question ITU-R 205-4/8)

Scope

This Recommendation provides technical characteristics of millimetre wave ITS
radiocommunication, in the 57 to 66 GHz range, for applications such as collision avoidance radar,
vehicle-to-vehicle communications and communications between the vehicle and roadside
infrastructure, as guideline for system design objectives.

The ITU Radiocommunication Assembly,

considering
a) that intelligent transport systems (ITS) may significantly contribute to the improvement of
public safety;
b) that international standards facilitate worldwide applications of ITS and provide for
economies of scale in bringing ITS equipment and services to the public;
C) that worldwide compatibility of ITS is dependent on common radio spectrum allocations;
d) that the International Organization for Standardization (ISO) has work under way on
standardizing ITS (non-radio aspects) in ISO/TC204 which will contribute to the efforts in ITU-R;
e) that ITU-R has approved the following relevant Recommendations on ITS:

— ITU-R M.1452 ITS - Low power short-range vehicular radar equipment at 60 GHz and

76 GHz;

— ITU-R M.1453-2 ITS - Dedicated short-range communications at 5.8 GHz;

f) that a high-capacity transmission systems will be required for ITS radiocommunication

systems in order to support multimedia applications;

9) that a low-capacity transmission systems will also be required for ITS radiocommunication
systems to support safe vehicle operation, such as a collision avoidance radar;

h) that an integrated systems of radar with radiocommunications is beneficial for safe driving
and driver comfort;

j) that millimetre wave high-speed ITS communication systems using radio-over-fibre
technology have intensively been studied in research fora and industries;

k) that millimetre wave frequency has significant advantages and provides a wide bandwidth
available for such an integrated ITS radar and communication systems;
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1) that the millimetre wave frequency range, 57-66 GHz, is also used by other radio systems
and services operating in accordance with the Radio Regulations;

m) that the millimetre wave frequency range, 57-66 GHz, is also standardizing millimetre wave
communications by the Institute of Electrical and Electronics Engineers (IEEE), for example
IEEEB02.15.3c is wireless personal network standardization.

mn)  that strong absorption in millimetre wave frequency ranges due to atmospheric oxygen has a
potential to reduce the interference among different radio services operating in the ranges;

RO) that technical and operational characteristics of the integrated millimetre wave ITS
radiocommunication system needs to be identified to facilitate the global deployment of such a
system,

noting

that the Land Mobile Handbook (VVolume 4 on ITS) contains additional information on millimetre
wave communications, including propagation characteristics for vehicle-to-vehicle communications
and inter-vehicle communications and radar,

recommends

the operational and technical characteristics of millimetre wave ITS systems, deseribed-shown in
Annex 1below-and-shewn-in-Table-L, should be used as a guideline for system design objectives.

Annex 1

Technical characteristics of millimetre wave ITS system

1 Technical conditions of millimetre-wave ITS communications system

1.1 General conditions

1) Communications method: One-way, Simplex, Half duplex, Full duplex, Multicast

2) Modulation method: The modulation method is not provided for to correspond to the
upgrade of the future use

3) Frequency band: 57.0 - 66.0 GHz (The channels to be use for ITS applications will
be specified by regions or countries separately.)

4) Transmitter power (power transferred to antenna): 10 m\W or less / 40dBm or less (e.i.r.p)

1.2 Technical conditions of transmitter

1) Permissible occupied bandwidth: 2.5 GHz or less




2) Antenna gain: 47 dBi or less

APPENDIX 1 TO ANNEX 1

Regional technical characteristics of millimetre wave ITS systems

The characteristic have already specified for millimetre wave ITS systems shown in Table 1.

TABLE 1
Technical characteristics of millimetre wave ITS systems

Item Technical characteristic
System A System B System C
fEurope} fJapan} [Korea”}
Communications method One way, simplex, half duplex, full duplex, multicast
Modulation method The modulation method is not provided for to correspond to the
upgrade of the future use
Frequency band {63.0 -64.0 GHz} [TBD]59-0-66-0 [TBD]5+0-64-0
GHz GHz
Transmitter power (power 10-mW-or 10 mW-or
transferred to antenna) less[TBD less[TBD
e.i.r.p. {40 dBm}
Permissible occupied bandwidth 2.5 GHzor TBD
less[TBD]
Antenna gain f23 dBi or less} 47-dBi-or 17-dBi (47 dBifor

«- - - {#RXELE: Table_title

«- -~ {WRXLE: Table_title
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PRELIMINARY DRAFT REVISION TO
RECOMMENDATION ITU-R M.1310*

Intelligent transport systems(ITS) — Objectives and requirements

Summary of the revision
<TBD>

Scope

(Question ITU-R 205-4/8)

(1997)

This Recommendation provides the radio requirements aspects of Intelligent Transport Systems
(ITS). ITS are systems utilizing the combination of computers, communications, positioning, and
automation technologies to improve the safety, management, and efficiency of terrestrial

transportation systems.

* This Recommendation should be brought to the attention of the International Organization for
Standardization (ISO) and the International Electrotechnical Commission (IEC).
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The ITU Radiocommunication Assembly,

considering

a) that there is a need to integrate various technologies including radiocommunications into
land transportation systems;

b) that many new land transport systems use intelligence in land vehicles coupled with
advanced vehicle, advanced traffic management, advanced traveller information, advanced public
transportation, and advanced fleet management systems, to improve traffic management;

C) that Intelligent Transport Systems (ITS) are being planned and implemented in various
regions by administrations;

d) that a wide variety of applications and services are defined;

e) that international standards would facilitate worldwide applications of ITS and provide for
economies of scale in bringing ITS equipment and services to the public;

9) that worldwide compatibility of ITS may be dependent on common radio spectrum
allocations;

h) that the 1SO is standardizing ITS (non-radio aspects) in 1ISO/TC204;

]) that Recommendation ITU-R M.1453-2 “Intelligent Transport Systems-Dedicated short

range communications at 5.8 GHz” details the technologies and characteristics for DSRC in the
5.8 GHz band;

k) that Recommendation ITU-R M.1797 “Vocabulary of terms for the land mobile service”
provides some terminology on ITS,

recommends

that ITS intended for regional and/or worldwide use should meet the following characteristics and
objectives:

1 Elements of ITS

Based on major services identified to date, the elements of ITS for which RF links are the major
communication method are identified in the following sections. For rural area applications, it might
be necessary to adapt these technologies to meet their requirements.

[Editor’s note: Update the contents in reference to the latest version of US ITS architecture MR oo b
(http://iteris.com/itsarch/), European ITS architecture (http://www.frame-online.net/eithsfa2.ntm) ~__- (WREE: T4 b BHE
and Japanese ITS architecture (http://www.its-jp.org/english/arch_e/index.htm).] T mRAEE: Taob o RHE

_{#RZEE: I+ OB

) U
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1.1 Advanced vehicle control systems

Advanced vehicle control systems are oriented to complementing major portions of the driving task.

Elements

RF options

Longitudinal collision avoidance: helps to prevent head-on,
rear-end or backing collision between vehicles, vehicles to objects
or pedestrians.

Short-range radar;-=6X High
resolution shart range radar.
millimeter-wave communications

Lateral collision avoidance: helps prevent collisions when vehicles
leave their lane of travel.

Short-range radar; 6%

Intersection collision avoidance: helps prevent collisions
‘ at intersections.

Short-range vehicle-to-vehicle,
or to road side, millimeter-wave
communications

Vision enhancement systems: improves drivers’ ability to see
the roadway and objects on or along the roadway.

Forward looking infrared
(short-range radar)

Pre-crash restraint deployment: anticipates an imminent collision
and activates passenger safety systems before the collision occurs
earlier than is currently feasible.

Short-range radar

Automated road systems

Short-range vehicle-to-vehicle,
short-range radar, LEX-DSRC

Safety readiness: provides warnings about the condition of the
driver, the vehicle and the roadway.

Not RF based

DSRC: Dedicated short-range communication.

1.2 Advanced traffic management systems

The purpose of which is to improve traffic flow and result in a more efficient use of the road

systems.

Elements

RF options

Traffic network monitoring and control: manages the movement
of traffic on streets and highways.

Microwave distribution,
radar

Travel demand management: supports policies and regulations
designed to mitigate the environmental and social impacts of traffic
congestion.

Microwave, DSRC

Incident detection and management: helps public and private
organizations quickly identify incidents and implement a response
to minimize their effects on traffic.

Two-way mobile-to-base
(wide area)

Emissions testing and mitigation: provides information
for monitoring air quality and developing air quality improvement
strategies.

Microwave distribution

Parking management

Broadcast, two-way mobile-to-
base, DSRCEX




-4-
5A/45 (Annex 6)-E

1.3 Advanced traveller information systems

Advanced travel information systems are intended to assist travellers in trip planning and on route
navigation and traffic conditions.

Elements RF options
Pre-trip travel information: provides information for selecting Broadcast, two-way
the best transportation mode, departure time and route. mobile-to-base, X
En-route driver information: provides driver advisory and in-vehicle Broadcast, two-way
signing for convenience and safety during travel. mobile-to-base, DSRCHCX
En-route transit information: provides information to travellers Broadcast, two-way
using public transportation after the start of the trip. mobile-to-base, DSRC-LCX
Route guidance: provides travellers with simple instruction on Broadcast, two-way
how to best reach their destinations. mobile-to-base, DSRCHEX
Ride matching and reservation: makes ride sharing easier Two-way mobile-to-base
and more convenient.

14 Advanced public transportation systems

Designed to improve the efficiency of public transportation and make it more desirable by providing
real-time scheduling and rider information.

Elements RF options
Public transportation management: automates operations, Two-way mobile-to-base
planning and management functions of public transit systems. (wide area), GPS (AVL)
Personalized public transportation: offers flexibly routed transit Two-way mobile-to-base
vehicles for more convenient service to customers. (wide area), GPS (AVL)

GPS: Global Positioning System.
AVL: Automated Vehicle Location.

15 Advanced fleet management systems
Intended to improve efficiency and productivity of commercial vehicle operations.

Elements RF options
Vehicle administration: provides electronic purchasing Two-way mobile-to-base
of credentials and automated mileage and fuel reporting
and auditing.
Safety monitoring and tracking: senses the safety status Two-way mobile-to-base, DSRC
of a commercial vehicle, cargo and driver.
Fleet management Two-way mobile-to-base
Vehicle pre-clearance: facilitates domestic and international DSRC
border clearance, minimizing stops.
Automated roadside safety inspections: facilitates roadside DSRC
inspections.
Hazardous material incident response: provides immediate Two-way mobile-to-base

description of hazardous materials to emergency responders.
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1.6 Emergency management systems

Designed to improve the response times for all emergency vehicles involving transportation and non-
transportation related incidents.

Elements RF options

Emergency notification and personal security: provides Two-way mobile-to-base; 6%
immediate notification of an incident and an immediate
request for assistance.

Public travel security: creates secure environment Two-way mobile-to-base
for public transportation patrons and operators.
Emergency vehicle management: reduces the time it takes Two-way mobile-to-mobile, DSRC,
emergency vehicles to respond to an incident. two-way mobile-to base

1.7 Electronic payment services

Elements RF options
Electronic payment services: allows travellers to pay for Two-way mobile-to-base, DSRC
transportation services electronically. (e.g. Radio Frequency Identification)
2 ITS radio service objectives

2.1 Radio services

The provision of all ITS functions will be most effectively achieved through the use of the following
radio services:
- Broadcast: point-to-multipoint one way transmission.
- DSRC: one way or two-way short-range communications (e.g. RFID).
———Shert-range-radai:
— Shert-range-vehicle-to-vehiclershort-range vehicle-to-vehicle communications.
— __Millimeter-wave communications
- Short-range radar; < (WREE: Jxob : fE )
< ‘{ﬁﬂﬁii enumlevi ]
\{E)ﬁﬁ: TAUb o RMA KB (R }

- Wide area: mobile two-way communications using networks of terrestrial base stations
(e.g., cellular) or using satellites.

- GPS: for location-based services such as AVL one way communication.

2.2 Service objectives

Table 1 provides typical service objectives of ITS systems. The ranges indicated therein are intended
for consideration only.

[Editor’s note: The following information has been placed into Table 1 for ease of reference.]

JEditor’s note: Modify the indicated ranges according to the evolving digital broadcasting systems, __ -~ (WREE: o1 b )
£.0., DVB-H, ISDB-T and FLO. , in reference to Recommendation M.1453-2, in consideration of _*- .- | WAEE: 24> b - &k )
high resolution radar and evolving digital cellular technologies such as 2.5, 3and 4G] {ggﬁi Jp‘fr‘/ FiE: Opt, B }

)

{@REE: Js kB4
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TABLE 1

Service objectives for radio services

Radio service Coverage area Data rate Data integrity Transmissio Reception form Rang_e VeIOCI_ty
n latency resolution resolution
Large coverage area
including . Less than one undetected message To be Stationary/mobile
Broadcast underground car park 0-32 kbit/s error per 100 messages determined and stationary N/A N/A
tunnels and rural
areas.
Less than one undetected message
error per 100 messages to less
. than one detected message error
DSRC Small coverage area 64 kmj)sitﬁggg per one million messages (ratio of N/A N/A N/A N/A
undetected message error per one
million messages should be
negligibly small)
Less than 3% of | Less than 3% of
the detection the vehicle
Short range radar | Small coverage area N/A N/A N/A N/A distance or less speed or less
than1m than 1 km/h.
High resolution Less than 20cm
High resolution ;
Small coverage area N/A N/A N/A N/A detection N/A
shart range radar -
= distance
Short range Small coverage area: Tens of kbit/s to Very high: low probability of To be N/A N/A N/A
vehicle-to-vehicle tens of metres several Mbit/s undetected error determined
Shertngn Continuous-coverage . } Very-high:-low probability of Tobe NA NA NA
Sosnsens M determined.
. Nearly ubiquitous . . To be
Wide area coverage Up to 19.2 kbit/s Medium determined. N/A N/A N/A

N/A= Not applicable
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3 International standardization

For safety reasons international standardization is desirable in respect to the short-range vehicle-to-
vehicle or to road side communications and any short-range radar employing cooperative
techniques.

From a user’s perspective, international standardization is highly desirable, at least on a region-wide
basis, for the convenience of users moving across the region and for broadcast and short-range
vehicle-to-vehicle or to vehicle-to-roadside communications.

4 Interconnection requirements

The largest capacity will probably be required for the purpose of data collection from roadside
sensors. Other services include control of signals and variable message signs, distribution of data
between traffic authorities, service providers and fleet managers and for distribution of data to/from
broadcast and roadside communications facilities. A mix of dedicated and switched connections are
anticipated. Multipoint distribution will benefit from the use of packet mode communications.

5 Use of evolving mobile telecommunication services

It is expected that the evolving mobile telecommunication would be able to provide for many of the
ITS services, particularly those requiring terrestrial, two-way, wide-area communications.
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PROPOSED REVISION FOR A PRELIMINARY DRAFT NEW REPORT
“COGNITIVE RADIO SYSTEMS IN THE LAND MOBILE SERVICES” (DRAFT)

1 Introduction

Concerning the Cognitive Radio System (CRS), a new Question (Question ITU-R 241-1/8) has
been established. Furthermore, in WRC-07 held in Geneva, the agenda item 1.19 for WRC-11 is set
up, whose text is “to consider regulatory measures and their relevance, in order to enable the
introduction of software-defined radio and cognitive radio systems, based on the results of ITU-R
studies, in accordance with Resolution 956 (WRC-07)”. In response to the above Question and the
agenda item, Working Party 5A and its WG 5 have been in progress for the development of the
working document towards the draft new Report “Cognitive Radio Systems in the land mobile
services”. Working Party 1B has also been studying a regulatory aspect of the cognitive radio
system. The results of technical studies on cognitive radio system being performed at WP5A will be
a useful base for further studies in other ITU-R Working Parties. The ongoing technical studies at
WP5A on the CRS, including its definition, are needed to be accelerated for the completion of the
Report in time for the next WRC.

2 Definition of CRS

The working document toward a Preliminary Draft New Report (PDN Report) is under discussion,
which is shown in Annex 10 to document 5A/45-E, the Chairman’s report of the last Working Party
5A meeting. It seems at this stage that more information and text are needed.

It is thought that the most important issue is a definition of CRS, which is the first item in the
Question 241-1/8. In this contribution, the following definition is proposed, which is also described
in Sec.4 of the Attachment. In the proposed definition, CRS is divided into some functional
elements to easily understand it.

Cognitive Radio System: A combination of cognitive radio network, cognitive terminals,
and management system responsible for operational environment awareness, reconfiguration
decision making, and reconfiguration control.



-2-
5A/J-xx-E

Cognitive radio network: A combination of cognitive base stations and networking
capabilities connecting these cognitive base stations with each other and with external
world.

Cognitive terminal: A cognitive radio node on user side.
Cognitive base station: A cognitive radio node on network side.

Cognitive radio node: A radio node that has capabilities to be aware of its operational
environment, to make decisions to change its operational parameters using this awareness,
and to reconfigure its hardware and/or software accordingly.

3 Summary of other new text proposal or modification
In addition to the definition, other new text proposal or modification are summarized as follows.

- Addition of new subsection Sec. 5.1 and its text, and addition of text in a part of Sec.5
“General description of Cognitive Radio Systems”,

- Addition of text in Sec.6 “Related radio technologies and functionalities”,

- Addition of new subsection Sec. 7.2 — 7.5 and their text in Sec.7 “Potential
applications”,

- Addition of new ANNEX 3 and its text “R&D Activities concerning the cognitive radio
related common control channel concept in Japanese project”.

The proposed texts in Sec. 5-7 show an understanding of cognitive radio systems based on a lot of
studies and implementations in Japan as described in ANNEX 1. The ideas are already inputted to
IEEE SCC 41 and IEEE P1900.4 working group, working to define industrial standards of dynamic
spectrum access network and its architecture. The ideas have been widely accepted and treated as a
primal concept in the draft standard.

The new sentences in ANNEX 3 describe several ways of implementation of common signaling
channel studied in Japan. The descriptions suggest several ways how to design the control methods
between network-side and terminal-side, and also give a hint of technical requirements for the
common signaling channel.

The details proposed are described in the following Attachment, which is revised one of the latest
development of the PDN Report (Annex 10 to Document 5A/45-E).

Herein, the ANNEX 3 is separately proposed as a matter of convenience, which is also R & D
activity in Japan. Furthermore, description of the relationship between Software-Defined Radio and
Cognitive Radio Systems are included, because the Doc. 5SA/TEMP/6-E “Liaison statement to ITU-
R Working Party 1B on software-defined radio and cognitive radio systems” has the text “WP 5A is
prepared to contribute on technical matters to WP 1B as required within the scope of the work in
WP 5A for the successful resolution of this agenda item at WRC-11. This may include a description
of the relationship between software-defined radio and cognitive radio systems”.

The proposed items may be necessary to draw attentions of relevant Working Parties.

3 Conclusions

As for the Preliminary Draft New Report of the Cognitive Radio, some revisions of text are
proposed, which include the definition of Cognitive Radio System (CRS), general description of
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CRS, related radio technologies and functionalities and potential applications and so on. It is
expected that proposed revision will be reflected in the PDN Report.
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Attachment
Proposed revision of preliminary draft new report of Cognitive Radio

WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW REPORT
COGNITIVE RADIO SYSTEMS IN THE LAND MOBILE SERVICE

(Annex 10 to Document 5A/45-E)

1 Introduction

With the rapid growth of mobile radio systems, there is an increased demand for more efficient use
of spectrum. Advancements in technology are enabling the development of radio systems that have
the potential to use the spectrum much more dynamically and efficiently. Among such
advancements, cognitive radio systems characterized by enhanced adaptive capabilities not only
have the potential to make more efficient use of spectrum, but also offer more versatility and
flexibility, with the increased ability to adapt their operations based on internal and external factors.

Cognitive radio systems may have a profound effect on interoperability, as well as on spectrum
utilization and allocation.

2 Scope

[Editor’s note: the scope below will be revisited after the completion of the review of the whole
document.]

[

This report addresses the definition, description and application of cognitive radio systems in the
land mobile service. It discusses the key technical characteristics and requirements of cognitive
radio systems and their potential applications-fane-benefits}, while addressing their impact on the
management and use of spectrum. Also fbriefh/-addressed are closely related radio technologies
such as software defined radio, smart radio, reconfigurable radio, policy-defined adaptive radio, and
their functionalities that may form part of cognitive radio systems. [Operationakimphications-ofthe

3 Related documents

ITU-R Recommendations:

M.1652 Dynamic frequency selection (DFS) in wireless access systems including radio local
area networks for the purpose of protecting the radiodetermination service in the 5 GHz
band.

ITU-R Reports:

M.2117 (Ex. Doc.8/213) Software defined radio in the land mobile, amateur and amateur
satellite services.
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M.2034 Impact of radar detection requirements of dynamic frequency selection on 5 GHz
wireless access system receivers.

4 Definitions

[Editor’s Note: AH-VOC group is waiting for the provision of the definition of Cognitive Radio
from WG5. The vocabulary definition should consequently be aligned with this definition within
AH-VOC.]

Cognitive radio system: A radio system that has the capability to sense and be aware of its
operational environment, to be trained to dynamically and autonomously adjust its radio operating
parameters accordingly and to learn from the results of its actions and environmental usage patterns.

[Editor’s note: there is a potential difficulty to conclude the definition of CR at this early stage.
Other alternative definitions have been proposed with issues as follows.]

[Japan’ Note: Proposed definition is as follows, where the Cognitive Radio System is divided into

some functional glements.]

manaqement system responsrble for operational environment awareness reconfrquratron decision
making, and reconfiguration control.

Cognitive radio network: A combination of cognitive base stations and networking capabilities
connecting these cognitive base stations with each other and with external world.

Cognitive terminal: A cognitive radio node on user side.

to  make decisions to chanqe its operational parameters using this awareness, and to reconfigure its
hardware and/or software accordingly.

[Editor’s note: the following issues should be considered in refining the definition of Cognitive
Radio System.

- the definition should encompass the additional capability of the cognitive radio systems to be
assisted in the determination of the local spectrum usage through means such as wireless or
wired access to a database or to other networks, to assist in the determination of the local
spectrum usage (e.g. Cognition supporting Pilot Channel). (See Section 9.1.1 and Doc. 5A/25
for the details)

“A radio system that has the capability to gain knowledge serse-ane-be-aware-of its
operational environment, to be trained to dynamically and autonomously adjust its radio
operating parameters accordingly and to learn from the results of its actions and
environmental usage patterns.”

- the “sense” is just one of the way to be aware of CRS operational environment. Data base and
CPC could be used in implementing the CRS. (See Doc. 5A/18)

“Cognitive radio system: A radio system that has the capablllty to sense-and-be aware of its
operational_electromagnetic environment and_which can
dxnamlcallx and autonomously adjust its radio operatmg parameters accordingly-apd-telearn

- the foIIowmg proposed definition should also be considered. (See Doc. 5A/29 for the details):
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**a) Radio in which communication systems are aware of their environment and internal state
and can make decisions about their radio operating behaviour based on that information
and predefined objectives. The environmental information may or may not include location
information related to communication systems.

b) Cognitive Radio (as defined in a)) that utilizes Software Defined Radio, Adaptive Radio,
and other technologies to automatically adjust its behaviour or operations to achieve
desired objectives.”

5 General description of Cognitive Radio Systems

{WRAEE: @E~RY (L)

5.1  Components of cognitive radio system T HRAEE  BREELRERS
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5.1.2 Cognitive terminal o {iiﬁﬁii EHAS (L)
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5.1.3 Management System T {BREE | BEEELREES

(N -

Management system responsible for awareness, decision making, and reconfiguration is a part of
cognitive radio system. An example of architecture of such management system is shown in Figure
1.

e )

FIGURE 1
Architecture of management system for cognitive radio system, - {#RAEE: #HRY L)
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Two entities are responsible for awareness of operational environment, that is, Radio Access
Network (RAN) Measurement Collector (RMC) and Terminal Measurement Collector (TMC). Two
entities are responsible for decision making, that is, Network Reconfiguration Manager (NRM) and
Terminal Reconfiguration Manager (TRM). Two entities are responsible for reconfiguration, that is,
RAN Reconfiguration Controller (RRC) and Terminal Reconfiguration Controller (TRC).

RMC collects information related to cognitive radio network (for example, from cognitive base
stations) and provides it to NRM. TRC collects information related to cognitive terminal and
provides it to TRM.

NRM makes decisions on reconfiguration of cognitive radio network. TRM makes decision on
reconfiguration of cognitive terminal. NRM and TRM may exchange available information to
enrich awareness of each other. Also, they may exchange some control information to support
distributed decision making (for example, NRM may send policies to TRM, if policy-based
approach is applied).

Based on decisions made by NRM, RRC controls corresponding reconfiguration of cognitive radio
network. Based on decisions made by TRM, TRC controls corresponding reconfiguration of its
cognitive terminal. One more entity is defined in Figure 1, that is, Operator Spectrum Manager.
This entity has two main roles. The first one is to inform NRM about regulatory rules. The second
one is to allow operators to control reconfiguration decisions of NRM.

L EREE: #mxss L)

5.14 Common Signalling Channel T HREE - BEEEILBEED

The common signalling channel is a two-way communication channel used for exchanging
operational environment information and control information between cognitive radio network and
cognitive terminals. Referring to management system described in previous section, common
signalling channel corresponds to interface between NRM and TRMSs.

Downlink of this channel is used for providing initial operational environment information to
cognitive terminals. This will enable fast and power efficient selection of RAN by the cognitive
terminal.

Accurate and timely information about operational environment, such as, measurements, spectrum -~ (MER: gy GaL)
sensing results, etc, is of great importance for making reasonable reconfiguration decisions within

cognitive radio system. Sources of this information are cognitive terminals and cognitive radio

network. Exchange of information between cognitive terminals and cognitive radio network is also

of great importance, because reconfiguration decisions can be made on both sides.

When cognitive terminal has active connection with cognitive radio network, it can use this
connection to forward information about its operational environment to cognitive radio network. If
cognitive terminal does not have active connection with cognitive radio network, it still can sense
its environment. The uplink of the common signalling channel can be used by such cognitive
terminals to forward sensing results to cognitive radio network.

5.2%  Technical characteristics

A #REE: #xRY (L)

The key features of cognitive radio system are operational environment awareness, decision making

and reconfiguration.

.| WHAEE  HEEECREES

5.2.1 Awareness - EREE skRy (L)

Cognitive radio system is aware of its operational environment. This includes possibility to know
different types of information, related to different layers of OSI model and to different network
nodes. In general, such information includes capabilities, configuration, and measurements.
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5.2.2 Decision Making . EEE:
Based dn the available-information-and-according to-some-objectives; cognitive radio system is-— - -~ {aiti :
capable of making decisions on changing its operational parameters. Taking into account the large
size of a cognitive radio system, decision making in cognitive radio system is done in a distributed
manner.
. m=zEE:

HAERY (L)

5.2.3 _Reconfiguration A REE

BEEE LEREES

Based on decisions to change operational parameters, cognitive radio system is capable of
reconfiguration. Typically, this will include reconfiguration of cognitive radio nodes (cognitive base
stations and cognitive terminals).

R TRPACI)

5.3 Requirements e

L EEAS (L)

5.4 Potential Benefits -7

Economic benefits:

Apart from the technical benefits, cognitive radio technology brings tremendous economic benefit
by generating a new market opportunity to both telecommunication operators and customers
through reusing the unused or underutilized spectrum.

< (=RFE:

EHiA

Spectrum Utilization Efficiency:

Services with licensed spectrum (primary service) do not necessarily occupy their allocated
spectrum all the time. Thus the actual spectral load of licensed spectrum band varies depending on
the time and geographic location. However, the traditional fixed spectrum allocation scheme
doesn’t allow exploiting idle spectral bands and hence resulted in spectrum scarcity. Through
cognitive radio technology, the existing spectrum congestion can be relieved through dynamic
spectrum allocation of idle spectral bands to unlicensed services. This potentially improves the
spectrum utilization efficiency.

New Communication Services:

The conventional fixed spectrum allocation has barely left any spectrum space for upcoming

- EmREE:

iz

technologies. Lack of available space in the lower band causes the new services to consider the high
frequency which is not favourable for radio communication. Moreover, as new services emerge, the
demand for spectrum also grows causing artificial soar in price. This phenomenon deters the
advancement of new technology. However, by using cognitive radio technology to exploit any
available spectral opportunity in the already licensed spectral bands, new communication services
can be encouraged.

Spectrum Monitoring and Regulation:

- {mtEE:

EHiZ

Key concepts of spectrum monitoring include validation of information on legitimate users (users of* "~
primary service), evaluation of real levels of usage of the spectrum, identification of areas for

further use, sharing or reallocation. Based on the active monitoring, requlatory issues such as
monitoring the compliance with the conditions in the license can be investigated. Spectrum
monitoring can also be used to resolve harmful interference cases.

Disaster Recovery and Relief activity

A cognitive radio technology being a self-autonomous system in communications environment that *~

- {@REE:

iz

senses its environment, tracks changes, and reacts upon its findings, brings a unique opportunity to
deploy a new communication system in disaster stricken areas. In such scenario, where the existing
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infrastructure is destroyed or malfunctioned, the cognitive radio system can assists the re-
establishment of the communication network that creates a potential benefit of facilitating the relief
and emergency activity.

D RE

ERNY (L)

2.5

From the technical view point, it is generally said that the Cognitive Radio System includes the
Software Defined Radio. It is also considered that the Cognitive Radio is the Software-Defined
Radio plus the intelligence which has the capabilities of the monitor and control of frequency, space
and time.

Difference between Software Defined Radio and Cognitive Radio -7

CERNY (L)

One example of conceptual difference is depicted in Figure 2, where the Cognitive Radio operates

L EEAS (L)

regarding the radio circumstances and transmission quality such as throughput, and will control the
radio circumstances and transmission scheme such as the modulation method.

CEE (RE

L EEAS (L)
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6 Related radio technologies and functionalities
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6.1 Spectrum Sensing e

L {mREE: &Mz

Radio frequency spectrum information of radio environment is among the vital context information *~
for a cognitive radio system to realize its functionality. Currently different spectrum sensing

methods are considered for cognitive radio systems. These methods include energy detection,

matched filtering, cyclostationary detection and wavelet based detection etc. These existing sensing
methods differ in their sensing capabilities and also their computational complexities. The choice of

a particular sensing method can be made depending on sensing requirements, available resource

such as power, computational resource and sensing application.

Matched filter detection:

The optimal detector in stationary Gaussian noise is the matched filter since it maximizes the
received signal-to-noise ratio (SNR). However, the problem with this approach is that the prior
information of the signal to be detected (modulation type, order, pulse shape and packet format,
etc.) is needed. Radio networks with pilot, preambles and synchronization words and spreading
codes can use this matched filer detection.

Energy detection:

If there is no information of the primary user signals to be detected, the optimal detection is an
energy detector. The enerqy detector simply measures the energy of the receive signals and
compare it to a threshold. However, the problem with the energy detection is that 1) the noise power
might be unknown to the detector, though training can be done with pilot signals; 2) and, false
detection might be triggered by unintended signals.

Cyclostationary property detection:

This type of detectors operates based on the cyclostationary property of the signals. It performs
better than the energy detection. However, the computation complexity is relatively high. For more
efficient detection, the cyclostationary property can be combined with pattern recognition based on
neural networks.

Noise floor based method:

The receiver measures the cumulative RF energy from multiple transmissions over a particular
frequency spectrum and set a maximum cap on their aggregate level. As long as a cognitive radio
node does not exceed this limit by their transmissions, it can use that frequency spectrum.

Detection of local oscillator leakage:

Detection of local oscillator (LO) leakage is an indirect way of detecting the signals in licensed
spectrum. In particular this detection method is used in sensing TV white space. The idea exploits
the fact that modern day TV/radio receivers are based to a large extent on the superheterodyne
receiver architecture. In these receivers, some of the LO power couples back to the antenna causing
reverse leakage. This phenomenon has been used to propose a method of identifying the presence of
TV signals through the detection and identification of the LO leakage. The approach has the limit in
terms of rage of detection. It might require additional relaying sensors fixed near by the TV
receivers.

Self-correlation detection:




S11-
5A/J-xx-E

In self-correlation detection, the decision statistic for the binary hypothesis is derived from signal
autocorrelation sequence instead of the received signal itself. The correlation lag/delay is chosen in
accordance with the maximum bandwidth of the signal involved. The decision statistic is obtained
after converting the correlation sequence to frequency domain through FFT. The scheme improves
the detection performance with less complexity compared to standard energy detection. However, if
multiple primary users are present, unwanted signal due to the non-linearity of the correlation
operation arises. This would affect the performance especially if the primary users are many and
have weak signals.

Distributed sensing:

Distributed sensing system has been employed in the past for both commercial and military
services. Here, the focus is in the context of radio spectrum sensing. Due to multiple factors like
noise and interference, shadowing, fading and limitation of the sensing method, it is difficult to use
a single standalone sensor to obtain high quality of sensing. In this case, distributed sensing can be
used where each individual sensor can either be located inside or outside the cognitive node. As the
name implies, the spectrum sensing is executed using multiple sensors distributed spatially. These
distributed sensors have the ability to exchange sensing information, making decisions and relay the
sensing information to the cognitive terminals or base stations. The sensing information is supplied
to the cognitive node in a cooperative manner where the data from all sensors is aggregated to
obtain the final sensing information. Such implementation method can dramatically improve the
sensing quality of the cognitive radio system. This would relax the sensing requirements and choice
of the sensing method at each sensor.

[ msEE: ®mHRY BL)
6.2 Cooperative Communication o7

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -

Cooperative communication is an efficient way to achieve diversity in multipath fading to improve *~ {iﬁﬁi: EMZ

the performance of wireless transmission. It can be implemented at both physical layer and MAC
layer. It allows multiple mobile stations or terminals to exploit their spatial uniqueness to achieve
cooperative diversity thus increasing spectrum efficiency. Recently cooperative communication
received much attention and is now under the standardization process. For instance, there are lot
standardization activities such as IEEE802.16j (WiMax) trying to exploit the potential benefits of
cooperative communications.

For cognitive radio network, applying cooperative transmission saves transmission time and
spectrum resources for both primary users and secondary users. For example, instead of competing
each other for the unoccupied resources or spectrum opportunities secondary users might cooperate
to maximize the usage of available resources. Therefore, applied in the cognitive radio network,
cooperation among secondary users can help them to use the detected spectrum opportunity
efficiently. Furthermore, secondary users can cooperate with the primary user to speed up data
transmission of the primary. Thus, by cooperating with primary users, secondary users will help the
primary users to complete transmission and then to free more spectrum resource for secondary
users.

Through cooperation, different portions of a data frame from one user are transmitted to the
destination by different users. Thus, a data frame is split into multiple subframes and are transmitted
through different channels to achieve a diversity advantage. This frame splitting scheme can be
implemented by coded cooperation with channel coding (e.q., RCPC, turbo code). The optimal
frame-splitting ratios are to be used for the design of practical channel codes.

The nature of wireless communication determines that many unwanted signals can be overheard. In
a coordinated wireless network these unwanted signals are avoided by employing protocols. In
uncoordinated wireless networks, such as cognitive radio network, these overheard unwanted




-12-
5A/J-xx-E

signals cannot be avoided. Instead of treating these overheard unwanted signals as interference, this
feature can be taken advantage to increase the throughput of the network.

The concept of network coding was originally proposed for wired networks to improve the
information flow. Recently, the idea of network coding has been extended to wireless networks.
Instead of sending individual packets, wireless terminals can send a combination of different
packets. Different destination with some prior information that is overheard during the transmission
in previous time slot can extract wanted information. Employing network coding brings two major
advantages. One is the improved stability of wireless transmission. The other is the saving of
transmission time slot thus the increased throughput of wireless networks. To improve the spectrum
usage of cognitive radio network, network coding techniques can be implemented in addition to
cooperative communication.

{#RZE: #mHAY (L)
6.3 Context Information Processing and Storage for Radio Awareness -7

Apart from the need for immediate use, context information may also be needed for other purposes.
However, in general wireless sensor network nodes have limited resource with regard to power
supply, processing capabilities, and storage of measurements. Thus, instantaneous context data may
only short lived in the sensor node for limited processing before supplied to the cognitive terminal.
In this case, measurements from terminals and radio access networks are accumulated as long-term
spectrum usage information onto database server in network side after adequate processing. The
database can be utilized for cognitive terminals to find the best base station quickly, estimate its
location, and reduce scanning time. It is also utilized for operators to assign spectrum dynamically
to radio access networks or base stations, plan future deployment of base stations, and control or
suggest terminals to select specific base stations for radio resource optimization.

A WREE: gAY (BL)

6.4 Context Information Management and Delivery in Cognitive Radio System g

In general, context information can be obtained on demand or based on some schedules. Also, the
cognitive terminal node can obtain the context information directly from the sensors or from other
entities that process and store information. The context information obtained from storage facility
can be used in many ways. For example a cognitive terminal node can directly use the stored
information if it is recently updated or valid for that instant time. The stored information can also be
used to generate the trend of the spectrum change and forward it to the cognitive terminal node to
enhance the cognitive terminal radio awareness.

A mREE: #wHARY (L)
6.5 User-centric Radio Resource Utilization in Cognitive Radio System -7

In the current wireless systems, user terminal subscribes to one operator (or service provider) and
receives the service by accessing to the spectrum allocated to the subscribing operator (service
provider). These systems are called operator-centric systems. In cognitive radio system, a novel
approach called user-centric, which allows cognitive radio terminal to utilize radio resource that
maximize user experience by satisfying user’s preferences, has been proposed. To support this
approach the following technologies need to be considered: user-preference based radio resource
selection, data structures and description for user-preference, etc.

A EREE: BmRNY BL)

6.6 Link Aggregation .

Cognitive terminals can utilize multiple radio links simultaneously, which is called link
aggregation. By the link aggregation, it is possible to communicate using as many vacant radio links
as possible, by which the spectrum utilization efficiency can be increased. Senders, receivers, or
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both of them can use this technology to increase their communication speed. In addition, possibility
to lose communication opportunities is reduced because connections on some of radio links are still
established even if one of them is disconnected suddenly. Nodes on network may be required to
receive the distributed traffic from cognitive terminals via same or different base stations.

Especially in heterogeneous wireless network operations, mechanisms and algorithms for packet
order sorting, estimation of link quality, adaptation of transmission speed to each radio links,
selection of adequate radio links, optimization of packet distribution ratio into each radio link, and
network coding are needed to increase performance.

7 Potential applications

[Editor’s note: — it should be noted that Potential applications could be discussed in the last section
after considering all other contents about cognitive radio systems.]

7.1 Cognitive networks

The last few years have seen the deployment of different RATs (Radio Access Technologies)
covering the same geographical area at the same time. A typical example is the network operator
that already owns a network and deploys a new one related to a new generation system (e.g.

a network operator deploying an UMTS network and already having a GSM one).

It is well-known that in a certain geographical area (e.g. a city), the offered traffic may be non-
uniform in time and in space. This usually leads to a congestion situation (i.e. high blocking
percentage) in some portions of the considered area in which the traffic is more heavy (typically
these portions are called hot-spots), while the other portions of that area may be characterized by
lower blocking percentages since they are less loaded. In addition, in case of deployment of two or
more RATSs in the area, the traffic offered to each deployed RAT could also be differently
distributed in time and space with respect to the traffic offered to the other deployed RAT.

In this scenario, network operators owning two or more RATS could be very interested in the new
opportunity to dynamically and jointly manage the resources of the deployed RATS, in order to
adapt the network to the behavior of the traffic and to globally maximize the capacity.

7.1.1 Concept of Cognitive Networks

Cognitive Networks are the application of Cognitive Radio Systems to the network domain. In
particular, a Cognitive Network is a network that could dynamically adapt its behaviour on the basis
of the knowledge of its environment.

In principle, a Cognitive Network is characterized by the following functionalities and entities:

. Cognitive Network Management
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. Reconfigurable Base Stations.

The Cognitive Network Management functionality over-spans different RATs, managing and
controlling the nodes inside the network, with the goal to self-adapt towards an optimal mix of
supported RATSs and frequency bands. This functionality could act on the basis of some input
parameters, for example the available resources, the traffic demand, the capabilities of the mobiles
within the cell (supported RATS, frequency bands, etc.), the requested bearer services (bandwidth,
QoS, etc.), etc. In addition, this functionality could exploit a collaborative cognitive radio resource
management scheme, where the decision making functions are shared among different network
nodes.

The Reconfigurable Base Stations are the nodes building the Cognitive Network. The hardware
resources of a reconfigurable base station could be dynamically reconfigured in order to be used
with different RATS, frequencies, channels, etc., and could support multi-RAT operation with
dynamic load-management.

In addition, Cognitive Networks enable the introduction of the cognition radio enablers in a multi
RAT environment, such as the CPC (Cognition supporting Pilot Channel).

The availability of reconfigurable base stations in the networks in conjunction with cognitive
network management functionalities could give the network operators the means for managing in a
globally efficient way the radio and hardware resource pool, with the aim to adapt the network itself
to the dynamic variations of the traffic offered to the deployed RATSs and to the different portions of
the area.

7.1.2  Main features of the Cognitive Networks

The Cognitive Networks [are shown to be /could be] [an essential /a useful/a relevant] application
of the Cognitive Radio Systems in the network domain, implementing the following main features:

. self-adapting towards an optimal mix of supported RATs and frequency bands (e.g.
exploiting a collaborative cognitive radio resource management scheme)

. dynamically reconfiguring network nodes in order to be used with different RATS,
frequencies, channels, etc., and to support multi-RAT operation with dynamic
load-management

. enabling the introduction of a cognition radio enabler, such as the CPC.

[Editor’s Note: Ongoing R&D studies are underway to further investigate specific aspects of the
Cognitive Networks, and it is expected that more material will be presented in future ITU-R WP 5A
meetings for further completion of the associated working document.]

A WREE: XA (L)

7.2 Heterogeneous wireless environment -

Current wireless environment is heterogeneous. It may include multiple operators, multiple RANSs,
multiple radio interfaces, and multiple terminals. Example of such heterogeneous wireless
environment is shown in Figure 3.

FIGURE 3

Heterogeneous wireless environment . //{ BAFE: WA (BL)
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Cognitive radio system concept, when applied to this heterogeneous wireless environment, allows
improving spectrum usage. Two possible use cases are dynamic spectrum assignment and dynamic

spectrum access. In the dynamic spectrum assignment use case, frequency bands are dynamically - | #=%EE: I+ >+ @ X¥F (L) # J
assigned to the RANS in order to optimize radio resource usage. This use case may be implemented - (X~ & lj)

as follows using management system described in Section 5. (#AZE: gAY GL) )
RMC collects RAN context information and provides it to NRM. TMC of each terminal collects

terminal context information and provides it to TRM. NRM and TRMs exchange context

information. OSM generates spectrum assignment policies and provides them to NRM. These

spectrum assignment policies take into account requlatory rules and operator objectives regarding

radio resource usage optimization. These spectrum assignment policies creates framework for

spectrum assignment decisions of NRM.

Using available context information, NRM evaluates current spectrum assignment. Based on these
evaluation results and received spectrum assignment policies, NRM eventually makes a new

spectrum assignment decision.

NRM requests RRC to perform reconfiguration of RANSs corresponding to this spectrum
assignment decision. Based on this request, RRC controls corresponding reconfiguration of RANSs.

Concurrently with RANs reconfiguration, terminals reconfiguration may be required. NRM
generates radio resource selection policies guiding such reconfiguration. NRM provides these radio

resource selection policies together with updated RAN context information to TRMs.
Based on available context information and received radio resource selection policies, some TRMs
eventually make a decision to reconfigure their terminals. Each of these TRMs requests its TRC to
perform reconfiguration of its terminal. Based on this request, TRC controls corresponding
reconfiguration of terminal.
. . . - : Uk OKE (L), &
In the dynamic spectrum access, use case, frequency bands assigned to RANs are fixed. However,a -~ {;’.ﬁ%i}m E)7r vhoRFEL & }
particular frequency band can be shared by several RANSs to optimize radio resource usage. Thisuse - {gZ®E: &K<~ (L) )
case may be implemented as follows using management system described in Section 6.4.

RMC collects RAN context information and provides it to NRM. TMC of each terminal collects
terminal context information and provides it to TRM. NRM and TRMs exchange context
information. Using available context information, NRM evaluates current radio resource usage.
Based on these evaluation results, NRM eventually makes a new spectrum access decision.

NRM requests RRC to perform reconfiguration of RANs corresponding to this spectrum access
decision. Based on this request, RRC controls corresponding reconfiguration of RANS.
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Also, NRM generates radio resource selection policies which will guide TRMs in their spectrum
access decisions. NRM provides these radio resource selection policies to TRMs. Based on
available context information and received radio resource selection policies, some TRMSs eventually
make new spectrum access decisions.

Each of these TRMs requests its TRC to perform reconfiguration of its terminal corresponding to its
spectrum access decision. Based on this request, TRC controls corresponding reconfiguration of
terminal.

[ EmRAEE: BmHA (BL)
7.3 Radio Resource Management (RRM) -7

In cognitive radio system, radio resource can be shared by different operators and can be used by
many cognitive terminals. The resource can be managed by one entity, or can be managed by
multiple entities. For each scenario, the Radio Resource Management applications should provide
flexible and fair usage of radio resource for all cognitive terminals. Also, the RRM applications
should improve the efficiency of radio resource utilization of the cognitive radio system.

A =RFE: &R (L)

7.4 Industry verticals .

The mobile communication market has been grown rapidly over the past 10 years and has reached
high penetration rate. Without major changes in service models this market may approach saturation
point in the near future. There is need of an open market model that enables new players to enter the
market and lets them provide innovative services for more competition environment. With cognitive
radio technologies, it could be easier to split the radio system into spectrum layer, network layer,
and service layer. In this structure, different management frameworks for each layer can be
introduced.

{EREE: mHA~Y (L)
7.5 Services -7

e A A e —————————————— -

New players, some of them may not have spectrum licenses or network infrastructure can enter the
mobile communication market. Also, current operators can lend their spectrum and network
resource to other operators. Moreover, public networks by operators can cooperate with private
networks for more efficient and reliable communication. In this environment, heterogeneity and
diversity will be increased. The end users have more chances to access innovative services suitable
for their preferences.

A mAEE: £E @

8 Operational implications
[Editor’s note: the following topics among others could be included:
- Performance

- Potential implementation challenges

- Security consideration

- Authentication

- Certification and Conformity

- Operational Flexibility

- Transmission Protocols and Development

- Operation in conjunction with Licensed vs. Unlicensed bands
- Autonomic Performance Monitoring
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- Impact to Mobile Devices and Technologies
Impact of coexistence on system performance
- Cost Economics
- [Regulatory requirements for cognitive radio systems]
Deployment Strategies
[Compliance testing for cognitive radio systems]
[Impact on spectrum management]

9 Facilitating coexistence

9.1 Cognitive capabilities
[Editor’s note: the following topics among others could be included:

- Parameters Definition for cognitive sensing

- Internal Database Creation and Management

- Common (internal/external) Database Creation and Management

- Dedicated control channel

- Techniques for Analysis of coexistence among cognitive and non-cognitive radio systems
1

9.1.1 [Dedicated control channel/Concept of the Cognition supporting Pilot Channel (CPC)]

[Editor’s Note: this section could be entitled ““Dedicated control channel” or “Concept of the
CPC”” depending on further contribution to the next meeting.]

[Editor’s Note: it should be determined what other elements should be included in this section and
what elements should be kept in Annex 2 of the document.]

The Cognition supporting Pilot Channel (CPC) is a cognition enabling radio channel in a multi
radio access technology (RAT) environment as illustrated in Fig. 1.

FIGURE 14
The multi RAT environment context
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If information about the service areas of dep o RATS within the considered frequency range
reachable from a cognitive radio mobile terminal is unavailable, it is necessary to scan the whole
frequency range in order to know the spectrum constellation. However, this is a huge power- and
time-consuming effort. This situation will be even more critical in the long term when considering
possible new [regulatory] approaches to spectrum usage that could allow Dynamic Spectrum
Allocation (DSA) and Flexible Spectrum Management (FSM) (including Spectrum Pooling).

In this context, a Cognition supporting Pilot Channel (CPC) should provide sufficient information
to a mobile terminal so that it can initiate a communication session optimised to time, situation and
location. The CPC is required to broadcast relevant information with regard to frequency bands,
RATS, services, load situation etc. in the terminal location.

[Editor’s note: detailed information is provided in Annex 2 to this document.]

9.2 Coexistence and spectrum-sharing techniques

[Editor’s note: the following topics among others could be included:
- Coexistence with existing systems

- Coexistence with other users in cognitive radio systems

- Dynamic and Static Spectrum Management Techniques

- Transmit Power Control

- Radio Resource Management

- Multi System Detection

- Spatial Diversity

- Hardware and Software based Radio Switching Techniques
- Receiver Protection

- Cogpnition of system level performance parameters

- Spectrum Sharing Etiquettes

- Temporal Partitioning of common spectrum

- Inter-system signaling between different systems

- Frequency white space
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1
[Editor’s Note: AH-VOC group is waiting for the provision of the technical definition of
“frequency white space” from WG5.The vocabulary definition should consequently be aligned
with this definition within AH-VOC.]

In some frequency bands, there may exist so-called frequency white space. This is frequency space
which is unused in a certain geographic area by existing services.

[Editor’s note: the definition of the “frequency white space” should be further considered at the
future WP 5A meetings.]

[Editor’s note: there is a potential difficulty to conclude the definition of “frequency white space™
at this early stage. Other alternative definition has been proposed as follows. The term “unused”
should be “underutilized”:

“In some frequency bands, there may exist so-called frequency “white space”. This is a
frequency band underutilized on either a temporal or geographic basis. spasewhich-s

With the use of cognitive radio with a database, the actual frequency white space in a certain area
could be derived, taking into account the potential interference produced by an additional radio
system. At the moment a cognitive radio is notified, it takes this information into account. Thus, the
use of frequency white space could ease the sharing with existing services in frequency bands.

Cognitive radio cannot sense/detect stations that operate in a receive mode. [Editor’s Note: some
solutions were presented for the sense/detection of the receiving only station. Text is encouraged to
be provided at future WP 5A meetings.] However, in the case of terrestrial based receive-only
stations, if their locations and the radio parameters as well as the maximum power or e.i.r.p. level
for cognitive radio transmissions are known, they could be used to define a protection area around
the terrestrial based receive-only stations within which Cognitive Radio transmissions are not
allowed. Beyond this protection area and for the maximum power or e.i.r.p. level considered, this
frequency band could be considered as a frequency white space available for cognitive radio
operations.

On the basis of this information, white spaces for mobile applications could be identified and used
in specific geographical areas. In this way it could be possible to dynamically allocate frequency
resources to be used by several mobile communication systems.

[For dissimilar systems sharing the same frequency band, it may be necessary to access the relevant
information on the frequency availability via other means than direct sensing. The relevant
information of the stations in use could be made available in an up-to-date database. The link to the
database could be for example via a “Cognition supporting Pilot Channel™ or an IP-link.]

[Editor’s note: the above paragraph should be clarified in terms of the services the sharing is
related to.]

10 Conclusion

[Editor’s note: possible Annexes:

- System design example

- Research and Development activities

]
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ANNEX 1 Research and Development Activities in Japan

ANNEX 2 R&D Activities concerning the cognitive radio related CPC concept in the E2R and E*
Project

[ WREE: #HEANY (L)

ANNEX 3 R&D Activities concerning the cognitive radio related common control channel 7

concept in Japanese project
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Annex 1
Research and Development Activities in Japan

No Change

Annex 2

R&D Activities concerning the cognitive radio related CPC concept
in the E2R and E® Project

No Change

[ WREE: B (L)

R&D Activities concerning the cognitive radio related common control channel
concept in Japanese project
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1 Introduction of the common control channel concept

To seamlessly use different wireless access networks in heterogeneous wireless network
environment, we need a multimode terminal or software defined radio terminal. Each terminal has
several ways to connect radio access networks. To always receive control signals from the network
side related to reconfiguration and handover, it is efficient to keep connected using only one RAN
interface to receive information, such as reconfiguration request to the terminal, handover control
messages, connection establishment request for an in-coming call from other networks and so on.

The common control channel concept has been proposed to exchange such messages regarding
radio resource usage optimization in heterogeneous wireless network environment. The original
concept was proposed in 1997 by CRL (which was reorganized as NICT in 2004), and is the first
proposal of such common signalling networks. Various experimental systems of the cognitive
control channel have been developed and tested with various applications in NICT.
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Cognitive network operation procedure based on common control channel
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logically separated. The common control server and the terminal exchange various data via the

cognitive control channel, which is an always-on connection between the terminal side and the

network side. The common control server manages mobile terminals’ radio resource selection and
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seamless vertical handover. It sends handover request to the selected RAN according to various
context information. The terminal side also sends necessary context information to select optimal

/
s
/

radio resource via common control channel.
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Since the common control channel is always-on connection between the network side and the
terminal side, there are following requirements. The first requirement is that the wireless system
used for the common control channel should have large coverage area, since the terminals should be
able to receive information necessary to optimally select radio resources. The second requirement is
that the common control channel should be low power consumption wireless system, since the
terminal exchanges various messages consistently. By designing the control packets compact, the

wireless system for the common control channel does not need to have high data rate
communication capability. Several scenarios to deploy the common control channel concept are

-

compared in the Table 3.1.

TABLE 3.1
Comparison among implementation methods for common control channel.
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In NICT, various wireless systems have been tested as the common control channel. Mainly, three
types of radio access network has been used as the common control channel: (1) a new dedicated
radio access network system designed for the common control channel systems in certain frequency
band shown in Fig. 3.2, (2) existing bi-directional radio access system which have wide coverage
area, such as a two-way pager system, as shown in Fig. 3.3, and (3) overlaid common control
protocol on one of the radio access networks shown in Fig. 3.5.

(1) and (2) are dedicated radio systems, which we can expect ideal behaviour and characteristics as
shown in Table 3.1, by the dedicated systems, e.q. wide coverage area, low power consumption. As
a prototype of (1) an original dedicated wireless system, NICT has designed and implemented a
wireless system using 400MHz band. It supports adaptive modulation which can change bit rate
according to the radio environment. The specification of the developed system is shown in Table
3.2. (2) can be considered a reasonable solution because the existing systems such as pager system
does not require the deployment cost of base stations. In the experimental system developed shown
in Fig. 3.3, a two-way pager system was installed using 900MHz for the uplink and 280 MHz for
the downlink. Fig. 3.4 shows measured coverage area of this system, which was tested in YRP area,

Yokosuka, Japan.

FIGURE 3.2

An experimental system with a dedicated wireless system for the common control channel in
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TABLE 3.2

Specification of the dedicated common control channel
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fterminal: 367.3375 MHz

Igerminal: 200 mwW

[Tx frequencies|BS: 385.3375
ITx power BS:<1W
JAnt. gain BS: 7 dBi Eerminal: 2 dBi

Noise figure [10dB

Modulation  [Down: 16QAM ig%@??ﬁ;:;fﬂ;g’;g%}gl)em)
19.2 kilo symbols/sec in a 25 KHz channel

[Tx rate
MAC Dynamic TDMA / Dynamic TDM
Multiplex FDD

FIGURE 3.3

An experimental system of common control channel based on the two-way pager system.
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FIGURE 3.4
A measured coverage area of the common control channel in the experimental system shown
in Figure. 3.3.
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(3) overlay of the common control protocol on one of the radio access networks is also studied in
NICT. The users’ terminals and the common control server exchange information via one available
RAN. There are two ways of implementation: one is to extend current signalling protocol of
existing RAN to support heterogeneous networking, and another way is to implement the protocol
as one of the IP-based network applications which transfer the common control messages through
the IP network. The first approach is more reliable and secure, but the modification of the standard
of related RAN is required. On the other hand, the second approach is flexible and easy to
implement and has a capability to work together with other IP-base mobility protocols, e.q. Mobile
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IP and SIP-based application. The experimental system shown in Fig. 3.5 is an example of overlaid

common control channel on 3G cellular system based on IP-based approach.

FIGURE 3.5
An overlaid common control channel on 3G cellular system
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Main functionalities of common control channel and common control server

3
Common control channel exchanges various control messages between the terminal side and the
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network side.

® From the network side to the terminal side, the cognitive signalling network sends Radio

resource selection and handover request to terminals.

@ From the terminal side to the network side, the cognitive signalling network sends terminal

side information such as user preference and network context information.

Common control server manages reconfiguration of the terminal and vertical handover with the

- ERAEE  BREELREES

following functionalities.

@® paging in heterogeneous wireless network environment

® RAN authentication
® RAN discovery

® RAN selection
® Vertical handover support
® Optional: device handover support
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4 Main features of the common control channel concept (EREE: #RRY (BL)
In common control channel concept, signalling path and data path is separated logicallyor ~______ .
physically. Advantages of the common control channel concept are the followings.

® | ow power consumption <o (WRARE  BREECEAES

® RAN discovery time can be reduced

® Possible to collect various RANs’ information via one dedicated network

@ Optimal radio resource selection in heterogeneous wireless network A {?i;ﬁ% 'E/efé(bb)ji + %8'595 Pt
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PROPOSAL FOR A PRELIMINARY DRAFT NEW QUESTION [SAC/5]

Mobile wireless access systems providing communications to a large number of
ubiquitous sensors and/or actuators scattered over wide areas

1. Introduction

There is a growing need to provide wireless access media that can link sensors and actuators
associated with humans or widely-dispersed objects to backbone networks in order to support an
increasing number of popular service categories. These categories include environment monitoring,
stolen goods tracing, monitoring of gas, water, and electricity use, social security and health care, etc.
Currently, wireless access with sensors is established only for short-range communications in private
and local areas, e.g., by using RFID tags. Such wireless access links should be provided to objects
with mobility in wide areas as well. Therefore, it is proposed that a new mobile wireless access
system be studied and developed to achieve communications with a large number of ubiquitous

sensors and/or actuators scattered over wide public areas.

2. Concept of the system

This system provides communications to sensors and/or actuators associated with humans and
objects. This system is different from the conventional cellular systems in the following points;

(1) Communication style: Cellular systems offer communications to and from humans. This system,
on the other hand, also offers communications to non-human objects or machines. (2) Terminal style:
Cellular terminals are high-capacity, high-capability, and high-cost. To realize the ubiquitous

network society, on the other hand, the sensors and actuators in this system are simple, low-capacity,



low-capability, very small, and low-cost. (3) Scalability: This system accommodates much more
sensors and/or actuators in number than the cellular phone users.

Due to the sensor network, one communication service of this system transmits small amounts of
data (such as measurement data, location information and object control signals) at comparatively
long intervals. Therefore, this mobile system should support a large number of sensors and/or
actuators scattered over wide areas on a cell basis since the communication traffic is not significant.
Moreover, it is noted that this mobile system requires only narrowband links.

To enhance system performance, this system has the following functions:

(1) This wireless network is applied to public areas on a cell-by-cell basis, which leads to the ready
expansion of service areas and categories.

(2) Mohbility is offered to the objects carrying sensors and/or actuators.

3. Proposal
A preliminary draft new Question on this subject is given in Attachment 1.
A working document on detailed technical description of an example system is given in another

contribution from Japan (Document 5A/J-).

Attachment: 1



Attachment 1

PRELIMINARY DRAFT NEW QUESTION ITU-R [SAC]/5

Mobile wireless access systems providing communications to a large
number of ubiquitous sensors and/or actuators scattered over wide
areas

The ITU Radiocommunication Assembly,

considering

a) that rapid advances are being made in wireless communications to link sensors
and/or actuators associated with humans and objects in various environments;

b) that sensors and/or actuators for such communications should be simple, small
and cheap to realize the ubiquitous network society.

C) that one communication service will transmit small amounts of data such as

measurement data, location information and object control signals at
comparatively long intervals.

d) that the application of such communications to public areas may provide the
expansion of service areas and categories on a cell-by-cell basis due to the
traffic characteristics stated in item (c) above;

e) that mobility should be offered for such communications;

) that for such communications non line-of-sight operation may be required
while it may not be necessary to use wide bandwidth or to support real-time
transmission due to item (d);

9) that it is desirable to identify the preferred characteristics for the mobile
wireless access systems used for such communications;

h) that such wireless access systems may also be used in nomadic and/or fixed
applications;

decides that the following Question should be studied

1 What are the technical and operational requirements and characteristics of
mobile wireless access systems that will be used to provide communications to
large numbers of sensors and/or actuators scattered over wide areas?



further decides

that the results of the above studies should be included in one or more
Recommendation(s) or Report(s);

that the above studies should be completed by 2011.

Category: S1
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WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW
RECOMMENDATION/REPORT

Mobile wireless access systems providing communications to a large
number of ubiquitous sensors and/or actuators scattered over wide
areas

1. Introduction

Nowadays, social demands and technological innovations are emerging in wireless communications
to link sensors and actuators associated with humans and objects. Considering this situation, we are
formulating suitable concepts of the mobile wireless access system needed and feasibility studies

examined by an example system are given.

2. Proposal

This document provides a working document for a preliminary draft new Question [SAC/5] for
consideration by the Working Party 5A meeting in October/November 2008.

A working document towards a preliminary draft new Recommendation/Report is presented in
Attachment 1. As a basis of further consideration towards a preliminary draft
Recommendation/Report, concepts of an experimental system and the results of a field experiments

in Japan are presented in its Annex 1.

Attachment: 1



Attachment 1

Working document towards a preliminary draft new
Recommendation/Report

Mobile wireless access systems providing communications to a large
number of ubiquitous sensors and/or actuators scattered over wide
areas

1. Scope

This working document proposes the concept of mobile wireless access systems providing
communications to a large number of ubiquitous sensors and/or actuators scattered over wide public
areas. It is noted that this working document is intended for a Preliminary Draft

Recommendation/Report.

2. System Characteristics

The recent trends of wireless access systems from the viewpoints of transmission rate and cell size
(usage environments) are shown in Figure 1. One trend is toward high transmission rates and
broadband. Systems with large cells are used in cellular networks and those with small cells are used
in local networks. Another trend shown in Figure 1 is the development of low-speed and narrowband
wireless access systems such as ZigBee and RFID. They are clearly necessary in the “ubiquitous
network society” because low speed and narrowband mean low power consumption, i.e., long
battery lifetime, which are key requirements along with wide coverage.

This document considers the situations in which low-capability and low-performance terminals are
deployed in much greater numbers than the number of existing personal computers and cellular
phones and need to be networked. One of the interests is to investigate what kind of wireless
network should be offered by network/communication operators to support such a large number of
low-end terminals over wide public areas. There should be wireless network concepts other than
those of conventional sensor networks equipped with conventional personal area network (PAN)

technologies.
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Figure 1 Trends in wireless access system development

3. System configuration
In order to support an increasing number of popular service categories, several wireless networks
should cover wide public areas and be connected to the backbone network as shown in Figure 2.

The system supports connectivity between sensors and/or actuators to wired terminals through the

Database | Gateway T\e/\r/rir:?:al
( Backbone network
Gateway Gateway
¢ @
Gateway

Figure 2 System configuration

4. System requirements
The wireless system should satisfy the following requirements;

Scalability with regard to the number of sensors and actuators



Very long lifetime (i.e. very low power consumption) sensors and actuators
Mobility support

Secure access

Low cost services

Support of nomadic and/or fixed applications

5. Wireless network architecture
To satisfy the above-mentioned requirements, the following wireless network architecture appears

attractive.

The wireless network offers long-range wireless access on a cell basis.
(e.g., the range is greater than a few kilometers.)
The wireless network accommodates a great many sensors and/or actuators over wide areas.

The wireless network is applied to wide public areas on a cell-by cell basis.

6. Possible applications
Application examples of the systems are shown below;

7.

Environment monitoring

Monitoring of gas, water and electricity use

Social security such as children tracking and intruder detection

Health care

Gathering environment information from temperature, moisture, and chemical substance
sensors

Stolen goods tracing

Asset tracking

Alarm notification and indication

Wakeup control for machines

Summary

This working document provides initial consideration on mobile wireless access systems for

communications to a large number of ubiquitous sensors and/or actuators scattered over wide public

areas with a view to development of a draft new Recommendation/Report on this subject. Further

contributions are invited at the future meetings.



Annex 1 to Attachment 1

Feasibility study on an example system through field experiments

1. Scope

This Annex provides results of field experiments on a mobile sensor network, accompanied with
restricted power emission from wireless terminals over several km wireless transmissions [1]. These
results suggest the feasibility of a cell-based wireless system that satisfies the requirements and the
concept of connecting a large number of sensors and/or actuators over wide areas for public

communication services.

2. Outline of field experiments

In Japan, an experimental system has been developed to conduct feasibility studies of wide-area
mobile sensor networks with wireless communications. The major system parameters are shown in
Table 1. Considering the tradeoff between spectral efficiency and power efficiency, QPSK
(Quadrature Phase Shift Keying) and coherent detection are currently employed. The antenna gain of
the wireless terminal (WT) was assumed to be -16 dBi in the case of internal antennas, whereas the
antenna gain of the Base station (BS) is assumed to be 10 dBi. A block diagram of the experimental
system is shown in Figure 1. We have conducted field experiments in Kanazawa-city, a typical local
city in Japan, to confirm the technical feasibility of the wireless network. The area of the field

experiments is shown in Figure 2.

3. Results of field experiments

The received level was measured at the BS with diversity reception along with the location data of
the WT. These data were collated offline. By associating the measurement time to WT location, we
could obtain the received level at the BS according to WT location. First, cumulative probability of
received level measured at the BS is shown in Figure 3. Here, the required received average level to
achieve acceptable radio link performance was taken to be about -123 dBm with the parameters
shown in Table.1. As shown in Figure 3, reception level of -123 dBm is achieved within 92% of the
measured area. Second, the measured packet error rate performance on the sample test course is
shown in Figure 4. The test course is also shown in Figure 2. As shown in Figure 4, the packet error
rate was insignificant for transmission distances of up to 3.5 kilometers. Although the packet error
rate deteriorates with distances over 3.5 kilometers, the low packet error rate of 10™ is achieved
within 6 kilometers. While this is just one example, the field experiment results demonstrate the

possibility of wireless connections of several kilometers with just 10 mW emission power, and so



ease one of the most critical concerns about a wireless system for wide-area mobile sensor networks.

4. Summary

An experimental system has been developed and field experiments on the networking of sensors and
actuators have been conducted for feasibility studies. Results of field experiments demonstrate that
the target system has the potential to achieve wireless connections of several kilometers with very
low emission powers, and feasible implementation requirements. This suggests the feasibility of
cell-based wireless systems that satisfy the requirements and the concept of connecting a large

number of sensors and/or actuators over wide areas for public communication services.

References
[1] M. Umehira et al., "Concept and Feasibility Study of Wide Area Ubiquitous Network for Sensors
and Actuators,” IEEE VTC2007-Spring, pp.165-169, May 2007.



Table 1 Major parameters of experimental system

Frequency band 280-MHz band (experimental purpose only)

Output power of wireless terminal 10 mW

Modulation / Demodulation methods QPSK mapping / Coherent detection
Modulation rate 9,600 symbol/s
Transmission rate 9,600 bps
Forward error correction Convolutional coding / Viterbi decoding
(K=7, R=1/2)

Receiver diversity at base station Maximal ratio combining with 3 branches

Antenna gain Base station: 10 dBi

Wireless terminal: O dBi with 16 dB attenuation
(for emulating internal antenna)
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Figure 1 Block diagram of experimental system
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PROPOSED MODIFICATION TO A REVISION OF RECOMMENDATION ITU-
R M.1801

Radio interface standards for broadband wireless access systems,
including mobile and nomadic applications, in the mobile
service operating below 6 GHz

1 Introduction

Next-generation PHS is one of the BWA systems described in RECOMMENDATION ITU-R
M.1801. And it had been standardized originally in PHS MoU Group which is a standards
development organization for the PHS (Personal Handy phone System).

Since RECOMMENDATION ITU-R M.1801 had been published in March 2007, the revision of
“Next-generation PHS” standard in PHS MoU Group was formally approved in September 2007.

In addition, Association of Radio Industries and Businesses (ARIB), a Standards Development
Organization (SDO) in Japan, has completely standardized Next-generation PHS with the Japanese
regulatory specifications in December 2007 as “ARIB STD-T95: OFDMA/TDMA TDD Broadband
Access System (Next Generation PHS) ARIB STANDARD” for Japanese domestic use.

Then in October 2008, PHS MoU Group gave “Next-generation PHS” a new name “eXtended
Global Platform :XGP” with the intention of expanding to the world.

In order to update information of “eXtended Global Standard”, this contribution proposes
modifications to the RECOMMENDATION ITU-R M.1801.

2 Proposal

Japan proposes modifications relating to “Next-generation PHS” in the parts of Annex 5 in
RECOMMENDATION ITU-R M.1801. There is no change in the main body and other Annexes.

The proposal is given in the Attachment.



Attachment

Annex 5

“eXtended Global Platform : XGPNext-generation-RPHS” for broadband
wireless access (BWA) systems in the mobile service

1 Overview of the radio interface

PHS MoU Group, which is a standards development organization for personal handy phone systems
(PHS), has developed “eXtended Global Platform : XGPNext-generation-PHS?” as one of the BWA
(broadband wireless access) systems. “Next-generation-PHSeXtended Global Platform” also known
as “Next-generation PHS”, achieves high efficiency of spectral utilization mainly because of using
micro-cells whose radii are much shorter than the typical mobile phone cells, as well as original
PHS system.

“eXtended Global PlatformMNext-generation-PHS” is the new mobile BWA system which utilizes
OFDMA/TDMA-TDD, and some more advanced features described below:

- Enabling continuous connectivity at IP level

Considering the convenience of continuous connection provided on the cable modem
circumstance, etc., the continuous connectivity at IP level that enables users to start high-
speed transmission in a moment is essential.

- High transmission data rate
It is also important to keep throughput of some extent for practical use even in case that
serious concentration of traffic occurs.

- High transmission data rate for uplink

Considering future demand of bidirectional broadband communication such as a
videoconference, an uplink transmission data rate over 10 Mbit/s is considered to become
still more important in the near future.

- High efficiency in spectral utilization

When serious traffic congestion occurs concentrically at a business district or downtown
area, some problems by shortage of frequency would hamper many services. In order to
avoid such situations, highly efficient spectral utilization is necessary.

In addition, it has the ability of highly efficient spectral utilization by adopting the technologies
described below:

- Adaptive array antenna technology and space division multiple access technology enable a
frequency re-use factor of more than 4.

- Autonomous decentralized control technology contributes to make cell designing plans
unnecessary, and as a result, the cell radius down to less than 100 m is realized.

Because many cells can basically overlap each other in “eXtended Global PlatformMNext-generation
PHS” system, a handset can access multiple cell stations around it at the same time. Therefore, this




system is able to provide all users with continuous stable throughput by way of spreading traffic
volume that might occur intensively and temporarily.

The autonomous decentralized control method are effective in order to construct micro-cell
networks. The advantage of this method is its unexacting features of the installation position.

Mobile wireless systems generally require a relatively high level of accuracy in its installation
position in order to avoid interference with other cells. In the case of macro-cell networks, a shift of
the base station from the intended building to an adjoining substitute building due to unsuccessful
negotiations with the building owner, only causes inter-cell interferences which still lies within the
range of marginal error.

However, in the case of micro-cell networks, as such shifts cannot be dismissed as marginal error;
readjustments of the surrounding cell designs are needed in some cases.

This concern is already solved with “eXtended Global Platform” system, as it has an interference
resistant structure and does not require strict accuracy for the positioning of the base stations,
promising less trouble for the construction of micro-cell networks.

Since “eXtended Global PlatformNext-generation—PHS” adopts the autonomous decentralized
control method, which enables several operators to share the same frequency band, more efficient
spectral utilization would be realized.

“eXtended Global PlatformMNext-generation—PHS” is a system among BWA systems, which
possesses a differentiating feature by flexibly utilizing micro-cell networks as well as macro-cells in
order to resolve heavy traffic congestions in densely populated areaswhese-service-coverage-areas

The autonomous decentralized control method of “eXtended Global Platform” demonstrates
advantage in the construction of micro-cell networks. It is also possible to form a network without
distressing about the interference problems when the pico-cell and the femto-cell are similarly
introduced with the same method. Moreover, as strict cell design is unnecessary for the macro-cell
network construction, a simple network operation is possible, and regardless of the micro-cell or the
macro-cell, it allows simple method operations for the installation of additional base-stations to the
network.

The radio interface of “eXtended Global PlatformNext-generation-PHS” supports bandwidths from
1.25 MHz up to 20 MHz and up to 256QAM modulation to realize high transmission data rate for
up/downlinks.

2 Detailed specification of the radio interface

The “eXtended Global PlatformNext-generation—PHS” radio interface has two dimensions for
multiple access methods such as OFDMA (controlled along frequency axis) and TDMA (controlled
along time axis). At the time axis, the time-frame format is the same as that of the original PHS
which is a 5 ms symmetric frame. And at the frequency axis, using the method of OFDMA, a
number of subcarriers would be allocated within the allowed whole bandwidth, depending on the
user’s demand and the frequency circumstance at each time.

This radio interface can use some sorts of bandwidth, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz,
20 MHz, and the subcarrier frequency spacing is 37.5 kHz. The time-frame has eight slots of 5 ms
each, the consecutive 4 slots are for downlink, and other consecutive 4 slots are for uplink. Each
slot of 4 slots can be used separately, of course, and also can be used continuously for one user, and
moreover continuous using of over 4 slots is possible in asymmetry frame structure.




“eXtended Global PlatformMNext-generationPHS” achieves efficient spectral utilization by some
functions, such as adaptive array antenna, SDMA and MIMO. It also has the functions of
autonomous decentralized control method, dynamic channel assign technique to make microcell
network, which is also effective for efficient spectral utilization.

The basic elements of the radio interface are shown in Table 5.

TABLE 5
The basic elements of “eXtended Global Platform: XGPNext-generationPHS”
Multiple access method OFDMA/TDMA
Duplex method TDD
Number of TDMA multiplexing 4
Number of OFDMA multiplexing Depends on channel bandwidth
Operation channel bandwidth 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 20 MHz
Subcarrier frequency spacing 37.5 kHz
Number of FFT points (channel 32 (1.25), 64 (2.5), 128 (5), 256 (10), 512 (20)
bandwidth: MHz)
Frame duration 5ms
Number of slots 8 slots (4 downlink/4 uplink: symmetry)
Modulation method BPSK, QPSK, 16-QAM, 32-QAM, 64-QAM,
256-QAM
Channel assign Autonomous decentralized control
Basic cell size Micro-cell
Connection technique Sub-channel connection, slot connection
Technologies of efficient spectral utilization | Adaptive array antenna, SDMA, MIMO
Peak channel transmission rate/5 MHz Uplink: 8.0 Mbit/s
(in case of SISO, symmetry) Downlink: 11.2 Mbit/s

The MAC layer of “eXtended Global Platform” has a very simple structure when seeing with the
frequency axis and the time axis. This is because it is valued to keep continuously using the same
frequency used between the base stations and terminals. As a result, a certain base station can
monitor the frequency and timing used in the surroundings, and it is also able to choose to use the

frequency and timing of best conditions. In addition, “eXtended Global Platform” has its uplink and - { ®=X¥®E: &k~<> (FL)

downlink speed symmetric on the axis of time, which enables constant speed also for the uplink. By
this, it enables real-time movie uploading and mobile video conference without inconvenience.

The mac layer image of “eXtended Global Platform” is shown in Figure 2.




FIGURE 2
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Standards: “Next-generation ation
The “eXtended Global Platform” specifications of PHS MoU Group are available in electronic form
at its website:

“A-GN4.00-01-TS: eXtended Global Platform Specifications”

http://www.phsmou.org/about/nextgen.aspx.

The ARIB (Association of Radio Industries and Businesses) has also standardized “eXtended
Global Platform” for Japanese domestic use.

The ARIB standard of “eXtended Global Platform”, stated here as “Next-generation PHS”, is also
be available at the ARIB website.

“ARIB STD-T95: OFDMA/TDMA TDD Broadband Access System (Next Generation PHS)
ARIB STANDARD”

http://wwwe.arib.or.jp/english/index.html

The standard “ARIB STD-T95” is including Japanese regulation specifications as well as the
system original specifications.
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PROPOSALS FOR EARLY COMPLETION OF THE WORK FOR DRAFT
REVISION OF RECOMMENDATION ITU-R F.758-4

Considerations in the development of criteria for sharing or compatibility
between digital fixed wireless systems in the fixed service and systems
in other services and other sources of interference

1 Introduction

Working Party 5C is tackling the work on revision of Recommendation ITU-R F.758. This work
started in early 2005 immediately after the current version of this Recommendation was approved.
Since then a number of administrations submitted their contributions, which have resulted in a
working document towards a preliminary draft revision of F.758 (Annex 3 to Document 5C/26).

Recommendation ITU-R F.758 is one of the most important Recommendations (in the F-series),
which provides a basis for the criteria for fixed wireless systems in the sharing/compatibility with
other radio services as well as system parameters to be used in the sharing studies. Now, we are in
the new study period, during which many sharing studies involving the fixed service have been
assigned to ITU-R Study Groups by the CPM07-1. Recommendation ITU-R F.758 would therefore
need to be referred to in these sharing studies.

Taking into account the above, Japan is of the view that the work on the revision of F.758 should be
completed as early as possible by obtaining agreement on the remaining issues.
2 Discussion

2.1 Updating of the proposed system parameters

It is more than three years ago that some of the parameters in the Tables in Annex 3 to Doc. 5C/26,
including those proposed from Japan, were initially submitted. There is a need to further update
them into the latest information.

In this contribution, the following system parameters for P-P systems are proposed for updating.

- 5.925-6.425 GHz band 64QAM system, 6.570-6.870 GHz band 16QAM system and 7.425-7.75
GHz band 16QAM system (the 1%, the 3™ and the 4™ systems in Table 5).
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- 10.7-11.7 GHz band 16QAM system and 14.4-15.23 GHz band 16QAM system (the 1* and the
current 2™ systems in Table 6).

- 22.4-22.6/23.0-23.2 GHz band 4-PSK system (the current 2™ system in Table 7)

Also, the following additions are proposed:

- 10.715-10.955/11.245-11.485 GHz band 64QAM system and 14.500-14.660/14.970-15.130
GHz band 64QAM system (to Table 6);

- 17.850-17.970/18.600-18.720 GHz band 64QAM system (to Table 7).

We believe that the new parameters are meaningful not only because they are the latest information
but because they would provide typical examples for the worst case evaluation as either the
interfering side or the interfered-with side.

These proposals are shown in the relevant Tables in the Attachment 1 to this contribution.

2.2 Some ambiguous points associated with the system parameters in the Tables 5 to 10

At the previous Working Party 5C meeting in February 2008, the following points were raised
during the discussion on the revision of Recommendation ITU-R F.758:

(1) The values of “feeder/multiplexer loss (minimum) (dB)” for some systems seem to be too large
as a “minimum” value.

(2) In some cases, the same (or an even greater) value is given to “Receiver noise bandwidth” as
“Channel spacing”. Such values are difficult to understand.

We understand these concerns and provide the updated information at least for those originally
proposed from Japan.

For item (1), it should be noted that feeder structures are quite different between a simple roof top
station and a traditional in-building station using a high tower.

For item (2), if confirmation is not obtained for all the relevant parameters, the following text may
be added in an appropriate place of the Recommendation.

- In general, a value of “Receiver noise bandwidth” should be smaller than the value of the
corresponding “Channel spacing”. If this condition is not met, the adjacent channels for such a
system may not be used in the same route.

However, we do not positively propose this solution.

2.3 Other editorial refinement of the text

We have attempted to editorially refine the current main text of Annex 3 to Doc. 5C/26 making
references to Report ITU-R F.2108 as required.

Also, the deletion of the existing Annexes 3 and 4 to Recommendation ITU-R F.758-4 should be
identified at the end of the text as they have been already transferred to Annexes 1 and 2 to Report
F.2108, respectively.

3 Proposal

The proposed new texts discussed in 2.1 to 2.3 are given in Attachment 1 to this contribution (the
portions highlighted in blue).

It is also proposed that Working party 5C should, as far as possible, get confirmation and agreement
with respect to the system parameters in all the Tables during the October/November 2008 meeting,
and, with cooperation of the participants, early finalize the revision work on this Recommendation.
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Attachment 1
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SORIING DOCEMENTT OGO IPRELIMINARY] DRAFT REVISION 2"~ {#=%®: %
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TO RECOMMENDATION ITU-R F.758-4" 7

Considerations in the development of criteria for sharing_or compatibility
between digital fixed wireless systems in the fixed service and systems in
and-other services and other sources of interference

(Questiong ITU-R 225/9gaeFRE279) - { EREE: mrR

(1992-1997-2000-2003-2005)
Scope

This Recommendation contains principles for the development of sharing criteria of digital systems

: (B) MS BAE,

U U )

in the fixed service. Considerations are mainl (@RzE
(m=EE
(m=zE
(m=zE

wireless o {mszEE

systems is contained in previousier versions of this Recommendation or can be found in a-Report N (mAEE

ITU-R F.2108. h (mRz=

Summary for draft revision, =~ - {%‘?ﬁg Bt

In this revision, the Recommendation is clarified to address considerations on sharing or

compatibility criteria between fixed wireless systems and systems in other services or other

interference sources. The Annex 1 has been amplified to include basic principles for the

development of sharing criteria. In the Annex 2. the typical system parameters are selected for use

for sharing studies by transferring most of the former data to Report ITU-R F.2108.

The ITU Radiocommunication Assembly,

considering

a) that it is necessary to establish sharing criteria between the fixed service (FS) and other

services in frequency bands where both services have a primary allocation;

b) that sharing may be managed by determining allowable values of performance and

availability degradations of fixedanalegueand-digital radio-relay wireless systems caused by A m=EE: wxrsy

interference from other radio services allocated in the same frequency bands as the FS on a primary
basis;

c) that interference from other services sharing the same band on a non-primary basis,
emissions from other services outside the shared band, and emissions from sources other than radio
services must also be taken into accounteensidered;

* This Recommendation should be brought to the attention of Radiocommunication Study Groups 4, 6tand - - {iﬁﬁi: HAAY
T-and-8.
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d) that principles for apportioning the performance and availability degradation among the

different elements of the fixed wireless everthelength-oftheradiorelaygystems, and between each - A mRFTE: mrA

interference source, need to be established;

e) that the technical characteristics of each service need to be understood in order to derive
interference criteria corresponding to the allowable degradation in performance and availability of

the fixed wireless radio-relay-system;

f) that performance and availability degradation may result from both long-term and short-
term interference and hence both long-term and short-term interference criteria need to be
established;

g) that availability of a basic methodology for the development of sharing criteria for the FS
may be useful te-for other ITU-R Study Groups-whenformlatingeriteriafor sharing-with-the ES,

noting

a) that a more detailed set of characteristics of digital and analogue fixed systems is contained

in Report ITU-R F JES-Charaeteristies]2108; A EREE mRRY

b) that Recommendation ITU-R F.1094 provides glse-the overall apportionment principle of - {iﬁﬁi: BHR

the performance and availability degradations to the FS due to interference from other services or
sources,

recommends

1 that the development of sharing criteria and assessment of interference conditions between
the FS and other services and other sources of interference should be carried out in accordance with
the principles described in Annex 1;

2 that the information provided in Annex 2 should be used as guidance to the technical
characteristics and typical system sensitive-sharing-parameters of digital fixed wireless FS systems

that need to be taken into account when developing criteria for sharing with other services.;
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Annex 1
Basic considerations in the development of sharing criteria

1 Overall performance objective

One of the functions of a radiocommunications planner is to design and implement a transmission
network which meets the performance objectives laid down by the ITU-T and ITU-R. It is
important, therefore, that real systems can meet the appropriate design objectives, recognizing the
increasing use of the radio spectrum. There are various ITU-R F-Series Recommendations whieh
that relate to the overall performance objective for various types of circuit.

11 Error performance and availability objectives

Error performance objectives for real digital fixed wireless links used in 27 500 km hypothetical
reference paths and connections are given in Recommendation ITU-R F.1668. Error performance
objectives for real digital fixed wireless links used in 27 500 km hypothetical reference paths and
connections, based on ITU-T Recommendations G.826, G.828 and G.829. It is the only
Recommendation defining error performance objectives for all real digital fixed wireless links.

The applicability of RecommendationsFHFH-RE594; ITU-R F.634, ITU-R F.696 and 5

ITU-R F.697AFU-RFEH092 TFU-REHZITU-R E1397 and JFTU-RE4491 is limited to systems
designed prior to the approval of ITU-T Recommendation G.826 (December 20021 FH-RE-1668.

Availability objectives for real digital fixed wireless links used in 27 500 km hypothetical reference
paths and connections are given in Recommendation ITU-R F.1703, based on ITU-T
Recommendation G.827. It is the only Recommendation defining availability objectives for all real
digital fixed wireless links. Recommendations ITU-R F.1492 and ITU-R F.1493 are superseded by
this Recommendation. The applicability of Recommendations FJ-RES57-ITU-R F.695,

ITU-R F.696 and ITU-R F.697 is limited to systems designed prior to the approval of this
Recommendation (January 2005 #1FH-R-E1703.

2 Sub-division of the performance and availability objectives

The previous section dealt with the overall performance objectives for digital reference connections.
However, there are, in practice, a large number of potential sources of interference contributing to

the degradation of performance of a fixed radio-relay wireless system. In order to move towards a _{EREE mrs

practical method for planning, the overall performance objectives need to be sub-divided between
individual sections of the overall hypothetical reference connections (HRX)€ and hypothetical
reference path (HRP). Within a section, the performance objective is then apportioned between the
various sources.

2.1 Apportionment of section error performance and availability objective

This is covered in Recommendation ITU-R F.1094, Maximum allowable error performance and
availability degradations to digital fixed wireless systems arising from interference from emissions
and radiations from other sources. The allowable degradation is divided into an element of X% for

the FS portion, Y% for frequency sharing on a primary basis, and Z% for all other sources of

mterference (1t should be noted that X% + Y% + 2% = 100%) —In—fh%easeeﬁslmmg—wﬁh—ﬂa%ﬁ*ed-

09%
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There may be a further sub-division of the X% allowance to suit local requirements and this could
be apportioned in such a way as to suit the grade of service_(see section 4.1.3).

A particular point to note is that an interference source (say a transmitter (Tx)) may affect more
than one hop of a system.

2.2 Apportionment of performance and availability degradation to different services

When establishing the sharing criteria with other co-primary services it may be necessary to
consider the apportionment of the EPO (error performance objective) and APO (availability

performance objectives) to short-term and long-term interferencesf (see § 4.0). Then, the following  _ - {Ei".iii AN

points should be taken into consideration: )

a) For the band shared by the FS and one radio service on a primary basis,
performance/availability degradation Y1% of the FS caused by the interference from the
other service should not exceed 10% of the objective in accordance with Recommendation
ITU-R F.1094.

b After the establishment of the sharing criteria with the first co-primary service
performance/availability degradation Y2% of the FS caused by the interference from
another co-primary service sharing the same band may be developed as follows:

—  multi-interference environment due to both services should carefully be examined, < (WREE: enunlev2

in particular the case leading to the allowance limit of Y 1% and simultaneously
receiving additional interference from the second co-primary service;

— then the limit of Y2 could be derived from a typical interference model for the FS and

the second co-primary service taking also into account potential effect of the first
co-primary service in that model.

3 Characteristics of interference

It is necessary to have information available on interference levels arising from other services,
which would degrade system performance by specific amounts. This would be facilitated if,
with the assistance from other Study Groups, a table were compiled giving information on the
characteristics of emissions.

Two categories of interference are worth considering:

- the interference arising from services sharing on a primary basis that is likely to be within
the receiver (Rx) bandwidth from digital modulations, in either carrier wave or burst
emissions. Reference can be made to existing text where available in ITU-R F-Series and
SF-Series Recommendations (e.g. Rec. ITU-R SF.766);

- emissions from systems other than those sharing on a primary basis that could be numerous
and diverse, and may be considered in a similar way to the spurious emissions.

Ultimately, another table could be prepared, again with the assistance of other Radiocommunication
Study Groups, which compares levels of interference or Gaussian noise required to produce
a specified degradation in the channel performance.

(mREE: mr

o mREE: EE CRE)
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4 Considerations on allowable performance/availability degradations due to Limit
valuesof-interference and related interference criteria

Following the considerations in the previous sections, one may now determine the limit values of
interference allowable to a particular source. This has been done for the case of frequency sharing
between the FSS and the FS in the joint workings of Radiocommunication Study Groups 4 and 9,
where certain models have been established These models may be appropriate for frequency

Methods for characterlzmg interference levels into terrestrial radie—relayfixed vglrelgss systems
include power flux-density (pfd), power level at the input to the antenna or the power level at the
receiver input. It is worth noting that both methods are in use€ in ITU-R F and SF-Series

Recommendations.

In general, the received power due to an interferer is not constant, but it varies because of varying
propagation conditions of the interfering path or because of motion of the interfering transmitter.
To simplify the analysis of interference, separate analyses are given to short-term and long-term
interference.

Short-term interference is interference that has a high enough power level to produce error
performance degradations when the desired signal is unfaded. Such interference events must be of
short duration if the interference is to be acceptable. Long-term interference is a characteristic of
interference that is present for most of the time. The value associated with a long-term interference
is a value close to the median value of the distribution of the values of interference power. To be
acceptable, its value must be much less than the short-term level. Long-term interference degrades
the error performance and availability of a system by reducing the fade margin that is available to
protect the fixed service system against fading.

The number and values of the interference criteria necessary to protect a fixed wireless systemEWS
will depend on the characteristics of the fixed wireless systemEWS and the interferer and the
methods used in the sharing study to analyse the interference. A single interference limit value is
not adequate because of the time varying nature of the interference. Two limit-or three values,
corresponding to a long term (20% of time) and a-short terms (<1% of time) have been identified
specified in some Recommendations1FU-R-SE1006.

In the past, simple interference scenarios with fixed interferers, two limiting values, or interference
criteria, have been sufficient. One is a long-term interference limit based on the level to be exceeded
no more than 20% of the time; the other is a short-term limit to be exceeded for a percentage less
than 1% of the time. The exact percentage of time associated with a value-ofthe-short-term
interference criterion tirne-pereentage-is related to athe performance objectives for the system under
consideration; more information on short-term interference can be found in Recommendations

ITU- R F. 1494 ITU-R F 1495 and ITU-R F. 1606 all of Wthh deal with protectlon criteria

an@—%&appheableteﬂ%&ether—eases—Table 1 hsts the references relatmg to sharrng between the

FS and the-ESSother primary services, concerning interference into the FS.
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TABLE 1

ITU-R Recommendations relating to frequency sharing

between the FS and other primary services-FSS

) o 0

4.1 Long-term interference

Recommendation ITU-R F.1094 lays the foundations for the apportionment of EPO and APO.

In this section, relations between the following two issues (a) and (b) are considered with the

exclusion of short-term interference considerations:

a) Degradation in the error performance (EP) or the availability performance (AP) EPO/APO

resulting from interference from the co-primary service, which is clearly specified as 10%

in Recommendation ITU-R F.1094 (and also in Rec. ITU-R F.1565).
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Recommendation |  Title | o - (EARE: 28 B
ITU-R U {@RELE: Table_head
E.1494 Interference criteria to protect the fixed service from time varying aggregate | . {ﬁwaﬂfﬁi—l =
interference from other services sharing the 10.7-12.75 GHz band on ~ . \[#ﬁii' *f“ (RED
**************** | (mREE: #E GE)

F 1495 i HE (HE)
interference from other services sharing the 17.7-19.3 GHz band on a co-primary IR {Eﬁﬁﬁ ®iE (EE)
basis (mEE: %E HEED)

F.1565 Performance degradation due to interference from other services sharing the same [(m2%E: 28 ®D
frequency bands on a co-primary basis with real digital fixed wireless systems
used in the international and national portions of a 27 500 km hypothetical
reference path at or above the primary rate

F.1606 Interference criteria to protect fixed wireless systems from time varying aggregate (m2%E: 28 ®D
interference produced by non-geostationary satellites operating in other services
sharing the 37-40 GHz and 40.5-42.5 GHz bands on a co-primary basis - (mREE: ®=ZE @)

F.1669 Interference criteria of fixed wireless systems operating in the 37-40 GHzand (WRZE: 28 ®E)
40.5-42.5 GHz bands with respect to satellites in the geostationary orbit

F.1703 Availability objectives for real digital fixed wireless links used in 27 500 km [m2%E: 28 @D
hypothetical reference paths and connections

F.1706 Protection criteria for point-to-point fixed wireless systems sharing the same | - (S=EE: X GE)
frequency band with nomadic wireless access systems in the 4 to 6 GHz range

SF.355 Frequency sharing between systems in the fixed-satellite service and radio-relay (@R%E: 28 @B
systems in the same frequency bands

SF.1006 etermination of the interference potential between earth stations of the fixed- (SREE: ®£E ®E)
satellite service and stations in the fixed service

SF.1320 Maximum allowable values of power flux-density at the surface of the Earth [WR%E: 28 ®E)
produced by non-geostationary satellites in the fixed-satellite service used in [ﬁiﬁﬁi BEE (EE)
feeder links for the mobile-satellite service and sharing the same frequency bands
with radio-relay systems

SF.1650 The minimum distance from the coastline beyond which in-motion earth stations {iﬁﬁi ®FE HE)
on board vessels would not cause unacceptable interference to the fixed service in
the bands 5 925-6 425 MHz and 14-14.5 GHz

Digital | Gemerad ) (WREE: %3 EE)
B

A wmRZE: mxA<Y

10/11/2008
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b) Degradation in fade margin due to the interference, which is directly calculated from (I/N)
value, as 10 log [(N+1)/N] =10 log [(1+(I/N)] (dB).

4.1.1  Effect of fade margin reduction in bands where multipath is a dominant factor

In cases where the performance of digital systems is dominated by multipath fading, (e.g. at
frequencies below about 17 GHz) the introduction of an aggregate interference contribution that is

10 dB below the system noise floor causes a 10% increase in the time that the system carrier-to- A EREE #kKy

noise plus interference (C/(N+)) ratio is below a critical value. Any temporal characteristics of the
exposure of the FS to interference will also need to be taken into account with respect to the error

performance objectives in determining the degradation in performance.
Furthermore, it should be noted that many fixed wireless systems employ space diversity reception

in the bands where multipath is dominant fade effect, and that the receiving power in systems using
diversity is subject to more moderate distribution than Rayleigh fading. Therefore, such systems

achieve the same performance as a non-diversity implementation, but with a much smaller fade
margin. The same degradation in fade margin will more impact systems with diversity reception

resulting in about two times EP@ degradation. The following Table 2 indicates these relations - {EREE: mrA

between (a) and (b) for three (I/N) values.

TABLE 2
Degradation in error performance due to multipath fading

Interference level Resultant degradation in Resultant degradation in error performance
relative to receiver fade margin (dB) objective-(EPQ) (Notel) - {%i\’&i: AR
thermal noise (dB) 3 )
Systems without space Systems with space
diversity diversity
-6 1 25% 50% |- (WREE: bz
10 0.5 10% 20% - {wREE: bz
-13 02 5% 10% - (mtEE: maEix

)

Editorial Note — The reference from this calculation can be found in Document 9D/205 (June -7 g SETPTEE T

NOTE 1 — Multipath fading subject to Rayleigh distribution and the typical space diversity effect are
considered. The numbers would be different for different fading distributions.

4.1.2  Effect of fade margin reduction in bands where rainfall is a dominant factor

In case of rainfall, the relation between

a) availability performance (AP) degradation due to the interference, and T { gggﬁ%en”mle”‘ TEXFFE

b) fade margin degradation due to the interference

is not simple, since the distribution of rain attenuation varies depending on many parameters
e.g. radio frequency, rain zone, link length, specified APO etc.

Using typical parameters and probabilistic distributions given in Recommendation ITU-R P.530
example calculation results are given in Table 3A and Table 3B each providing relations between

(/N) value and resultant availability performance ghjeetive (APQ) degradation for a link withahop - { M=%ZEE: I+ + : fik
length of 6 km and 3 km, respectively. Interpretation of the figures in Tables 3A and 3B, for N (mREE: I Ub B
example, is that, if the nominal margin 42.9 dB is degraded by 1 dB (down to 41.9 dB), the link \\\\{gitﬁﬁ: MR

I T T

I

M:SCEARPE Y 4 L 2\200  EIBRER\02 1 MOl (R ity Beffi/aFhax\02 i 36752 B4 (SGS)\H5031H1(2008.9.24)\ 2 S\HP\007  SA_J-1,
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with interference.

General observation is that resultant degradation in AP@ is greater in systems having a smaller

nominal fade margin. System designers should consider all the related parameters including
propagation information when developing a sharing criterion in terms of (I/N) value.

It should be noted that the example calculations of the resultant degradations of AP© and fade

A mRAZE: #Ry

margin in Tables 3A and 3B are based on uncorrelated rain fade. If the effects of correlated rain

fade are taken into account, the resultant numbers may become smaller values. An example of this

effect can be found in Recommendation ITU-R F.1669.

TABLE 3A
Degradation in APQ due to rainfall fading

(Radio frequency: 23 GHz, Link length: 6 km)

Rain zone Interference Resultant Specified AP without Specified AP without
level relative degradation interference interference
to receiver in margin 0.01% 0.001%
thermal noise (dB) ; 3
—(dB) Nominal Resultant Nominal Resultant
margin degradation margin degradation
(dB) iNnAP@ | (dB) | inAPB | {#REE &R~
Zone H 6 1 20.1 14.6% 429 8.5% REES i T
b 10 05 20.1 7.0% 42.9 42%
-13 0.2 20.1 2.8% 42.9 1.7%
Zone E -6 1 13.8 22.0% 29.6 12.6%
22 mm/h 10 0.5 13.8 10.3% 29.6 6.1%
-13 0.2 13.8 4.0% 29.6 2.4%
TABLE 3B
Degradation in AP@ due to rainfall fading A wmREE: mrAY
(Radio frequency: 23 GHz, Link length: 3 km)
Rain zone Interference Resultant Specified AP without Specified AP without
level relative degradation interference interference
to receiver in margin 0.01% 0.001%
thermal noise (dB) - -
—(dB) Nominal Resultant Nominal Resultant
margin degradation margin degradation
(dB) iNAPS | (dB) | inAPS |- {#=RZE: st~y )
Zone H 6 1 112 27.8% 24.1 157% | (WREE: #@E< J
S T T YT YO s - |
. A
=13 0.2 112 4.8% 24.1 2% |- [gREE: hmix )
Zone E = 1 7.6 44.3% 16.3 242% - (@REE: Az )
22 mm/h 10 05 7.6 19.5% 163 114% < |- {SREE: Ppiz )

MASCEREL 7 L 2200 [ERRER\02 Wl ks Befi /Rl 2\02 B3R Z B2 (SGS5)\H503151(2008.9.24)\ 12 \HP\007  5A_J-1,

5C_J-IREVA.DOC
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13 0.2 7.6 7.2% 163 45% < | {®RAEE: Pxuiz

4.1.3  Contribution of combined receiver thermal and interference noise

The calculations in Tables 2 and 3 of the preceding sections were referenced to a power level
identified as the “receiver thermal noise.” In practice the reference level should be an effective
noise level that includes all the noise in the receiving system as well as the assumed interference
within the fixed service as in the portion X defined in Recommendation ITU-R F.1094. Note that
the other-service interference would also be referenced to this effective level. Thus, increasing the
assumed value for same-service interference will reduce the performance degradation caused by

a given level of other-service interference power.

4.1.4 EP/AP degradation in multi-hop links

In Recommendation ITU-R F.1565, EPO degradation of real WS fixed wireless system due to
interference from other co-primary service is specified for each section of the HRX. More
specifically, EPO degradation of real FWS could be evaluated for the entire portion of short haul
inter-exchange section and access network section. In case of the long haul inter-exchange section,
the minimum link length for which the EPO is specified is 50 km.

It should be noted that, if a multi-hop fixed wireless systemEWS is deployed forming all of the
access network section or short haul inter-exchange section, or long haul inter-exchange section
shorter than 50 km, the EPO for interference specified in Recommendation ITU-R F.1565 does not
need to apply to individual hops but to the multi-hop link in total.

Similar consideration could apply to the allocation of the APO specified in Recommendation
ITU-R F.1703.

This point should be taken into account in the sharing environment where the interference does not

occur significantly in every hop but affect only specific hops. For example, if only one hop is
exposed to the interference within the N-hop fixed wireless systemEWS link forming all of the

section, resultant EP/AP degradation will become N-times-one Nth smaller accordingly than the - {ﬁiﬁii: HAARY

ficures given in Tables 2,3A and3B.

4.2 Short-term interference

The derivation of permitted short-term interference levels, and associated time percentages, is
a complex process which includes careful examination of performance/availability objectives, and
assumptions about the fading characteristics and correlation of periods of wanted signal fading and

interference enhancement. The degradations allocated to short-term interference need to be
balanced against the allocation for long-term interference so that their sum does not exceed the

permitted degradation. The procedures described in the Recommendations ITU-R F.1494,
ITU-R F.1495 and ITU-R F.1606 provide examples of the development of short-term interference
criteria. An example of the development of short-term interference criteria is provided in the

following section.
4.2.1  An example of the development of short-term interference criteria

This example describes the approach taken to develop interference criteria to protect the fixed
service from aeronautical mobile telemetry (AMT) systems in the mobile service proposed to
operate in the mobile sService in the band 5 925-6 425 MHz. Although no FS interference criteria
had been developed for AMT use of the 5 925-6 700 MHz frequency band, criteria have been
developed for portions of this band or for nearby bands in sharing studies with other services
employing moving emitters of potential interference. The relevant Recommendations are

M:SCEARPE Y 4 L 2\200  EIBRER\02 1 MOl (R ity Beffi/aFhax\02 i 36752 B4 (SGS)\H5031H1(2008.9.24)\ 2 S\HP\007  SA_J-1,
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Recommendation ITU-R SF.1320, ITU-R F.1494 and ITU-R SF.1650. See also Annex 5 to Report
ITU-R M.[4/6 GHZ].

Because it was proposed to use simulation methods for this sharing study, it was appropriate to
consider for long-term interference considerations the use of FDP, the fractional degradation in
performance as defined in Recommendation ITU-R F.1108. FDP can be used where multipath
fading is the primary limit on the performance of a fixed service link. Although Recommendation
ITU-R F.1108 suggests a value of 10 percent, Recommendation ITU-R SF.1320 used a lower value
(FDP of 4%) because it addressed the addition of space-to-Earth interference in a frequency band
where the FS was already exposed to interference from Earth-to-space operations by the FSS and
because of the wide-spread use of diversity operation by the FS in this band. The fractional
degradation in performance of a diversity (FDPD) FS system will be more than twice as great as the
non-diversity FDP, as shown in Annex 4 of Recommendation ITU-R F.1108 and § 2 of the Annex
to Recommendation ITU-R SF.1320. It is notable that the band 6 425-7 025 MHz is administered
for FS use as the upper 6 GHz band by many administrations in accordance with Recommendation
ITU-R F.384. Since the center reference frequency for the band is 6 770 MHz and the fixed satellite
service (FSS) operates in the Earth-to-space direction throughout the entire band, the same
interference considerations should apply to both halves of the band. The same long-term criterion
should be used for the entire band from 5 925 to 6 700 MHz because the FSS operates in the Earth-
to-space direction throughout this entire band.

While precipitation fading may affect the performance on many paths near 10 GHz in certain
countries, the interference criteria of Recommendation ITU-R F.1494 were developed under the
assumption that system performance in the absence of interference was limited only by multipath
fading. The approach taken in Recommendation ITU-R F.1494 was to develop short-term
interference criteria for severely errored seconds (SES) and for errored seconds (ES). By imposing
a hard limit on I/N, the recommended short-term interference criterion prevents any performance
degradation relative to the error performance objectives (EPO) for either SES or ES because of
short-term interference events. Since diversity is not used much by the FS in the frequency bands
above 10 GHz, the entire performance degradation of 10%, as specified by Recommendation
ITU-R F.1108, is allocated to the long term interference in this band.

Typical FS systems in the 6 GHz bands have the same fade margins as typical systems in the
10.7-12.75 GHz bands and are even more likely to implement automatic transmit power control
(ATPC). Hence, the interference criteria applied in Recommendation ITU-R SF.1650 were
developed using an approach similar to that used in Recommendation ITU-R F.1494. The
difference is that the interference considerations in Recommendation ITU-R SF.1650 are limited to
short-term interference events so that only short-term interference criteria were needed. The

two short-term interference criteria are those required to meet SES and ES error performance

objectives:

_ For SES: /N <23 dB for all but 1.2x10,°% of 2 month. | wEE: bfE

— For ES: I/N < 19 dB for all but 4.5x10*% of a month. - {iﬂﬁi: LitE

Although the use of the short-term interference criteria of Recommendation ITU-R SF.1006 was
considered, this Recommendation was developed in 1993, before the criteria of Recommendation
ITU-R F.1108 were developed to address moving sources of interference and before error
performance criteria of Recommendation ITU-R F.1668 were in place. In particular,
Recommendation ITU-R SF.1649 notes that the short-term criteria of Recommendation

ITU-R SF.1006 are only compliant with ITU-T Recommendation G.821. On the other hand,
Recommendation ITU-R SF.1650 provides FS short-term protection criteria for up-to-date links
designed to meet the requirements of ITU-T Recommendations G.826 and G.828.

M:SCEARPE Y 4 L 2\200  EIBRER\02 1 MOl (R ity Beffi/aFhax\02 i 36752 B4 (SGS)\H5031H1(2008.9.24)\ 2 S\HP\007  SA_J-1,
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In conclusion, from the various FS frequency sharing situations addressed in existing
Recommendations, the short-term interference criteria applied in Recommendation ITU-R SF.1650
and the long-term interference criteria applied in Recommendation ITU-R SF.1320 appear to be the
most applicable for the AMT sharing situation in the 5 925-6 700 MHz band. However, it is noted
that these criteria apply to the cases where interference is allocated entirely to either short-term or
long-term interference, and further work would be needed to apportion the EPO degradations to
these two types of interference.

5 Use of automatic transmit power control (ATPC) in digital systems

FS systems in some frequency bands may make use of ATPC. Where applicable, ATPC may be
taken into account when performing sharing studies involving the FS. Such studies should consider
the maximum transmit power level, the range of ATPC and the distribution of FS power levels with
respect to time. This distribution may be difficult to determine since it would need to take into
account the level of interference that would cause ATPC to activate. More information on ATPC
can be found in Recommendations ITU-R F.1494, ITU-R F.1495, ITU-R F.1606 and

ITU-R F.1669.

65 Calculation of actual interference levels

To complete the analysis of sharing, the probability of interference arriving at the input to the
antenna must be evaluated. This will take into account up-to-date propagation models and path
factors, which are described in the ITU-R P-Series Recommendations and Reports. It is unlikely
that a single model will suffice for all possible applications. The transmission loss calculation will
also include factors such as absorption losses, diffraction losses, scattering loss, polarization
coupling loss, aperture-to-medium coupling loss and the effect of multipath. Also, both aggregate
and single-entry interference levels may need to be considered.
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Annex 2
Digital FS system parameters for frequency sharing_studies

1 Introduction

In order to calculate degradations in performance and availability, it is necessary to know the
characteristics of the radio-relayfixed wireless system being degraded. There is a large variety of
radio-relayfixed wireless systems in operation or being developed to meet future requirements.

It would be unwise, therefore, to use a single “typical” radio-relayfixed wircless system as a general
purpose model. This Annex provides details of the key radio system parameters required for
interference evaluation and calculations for frequency sharing studies with other services. The

system parameters are presented in tabular form for the minimal number of frequency ranges
required to undertake sharing studies between the FS and other services.

2 Transmitter characterization

The basic transmitter parameters needed to assess interference potential to other services are:
- carrier frequency,

- spectral characteristics,

- equivalent isotropically radiated power (e.i.r.p.),

- antenna radiation pattern.

Operating frequencies normally correspond to radio-frequency channel arrangements specified
instandard ITU-R Recommendationsehannelplans. The modulation type and system capacity will

give a guide to the spectral characteristics of the emissions. However, detailed sharing calculations
would require a template of the spectral characteristics to be specified so that any frequency offset
rejection at a given wanted/interfering signal carrier frequency separation may be calculated.

The e.i.r.p. of the transmitter is calculated from the transmitter power, feeder/multiplexer losses and
antenna gain. A maximum e.i.r.p. value would correspond to maximum antenna gain, minimum
feeder/multiplexer losses and maximum transmitter output power, which represents the worst
interference potential to other services.

Knowledge of antenna radiation patterns is essential to perform detailed sharing studies. In cases
where measured patterns are not available, the reference radiation patterns addressed in the
following Recommendations should be used:

Recommendation ITU-R F.699 Reference radiation patterns for fixed wireless system antennas for
use in coordination studies and interference assessment in the frequency range from 100 MHz to
about 70 GHz

Recommendation ITU-R F.1245 Mathematical model of average radiation patterns for line-of-sight
point-to-point radio-relay system antennas for use in certain coordination studies and interference

Recommendation ITU-R F.1336 Reference radiation patterns of omnidirectional, sectoral and

other antennas in point-to-multipoint systems for use in sharing studies in the frequency range from

- {wEE: wks

O {EREE: ®xE EE)

1 GHz to about 70 GHz.
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3 Receiver characterization

31 Equipment parameters

Assessment of the effects of interference into the FS from other services requires knowledge of the
performance characteristics of the radio receiver. The following receiver parameters are important
for frequency sharing studies:

- noise figure,
— H-noise bandwidth,
- receiver thermal noise,

- received signal power for 1 x 10,1 x 107 1 x 10" BER (post-error-correction) (Refer to
Note 1)¢digital-systems),

- nominal receiver input level.

NOTE 1 — Typically, the carrier level corresponding to 1 x 10 ° BER is around 4 dB higher than that for

1 x 10 BER; the carrier level difference between the 1 x 10 and 1 x 10”'° BER points is also about 4 dB.
For radio equipment using forward error correction (FEC), the carrier level corresponding to 1 x 10° BER is
1 to 2 dB higher than that for 1 x 10~ BER; the carrier difference between 1 x 10 and 1 x 10'°is also 1 to
2 dB. In the later Tables. the received signal power for 1 x 10" is only addressed. since the corresponding
parameters for other BERs could be theoretically derived from the modulation scheme or the error correction
effect.

The received signal levels and interference levels could be referenced to the low noise amplifier
(LNA)/mixer input of the receiver, so that they would be independent of receive antenna gain and
feeder/multiplexer losses (assuming this to be the same for both transmitter/receiver).

It should also be noted that accurate sharing calculations require information on the frequency
selectivity of the radio equipment.

The required signal levels for given BERs could be combined with the calculated receiver thermal
noise level to obtain the required carrier-to-thermal noise ratio, C/N, for a given BER.

3.2 Permitted interference

It is necessary to specify maximum interference levels for both long- and short-term time
percentages. For long-term interference, a time percentage of 20% is commonly used. Where
aggregate long-term interference is specified, if interference from multiple sources can
simultaneously occur, it should be noted that single-entry interference criteria will be
correspondingly lower. In the case of short-term interference, the time percentages of interest will
be related to the system performance objectives.

The long- and short-term interference levels, and associated time percentages, must be individually
derived for each system type in accordance with the principles described in Annex 1.

4 Tables of system parameters

TA-tables can be constructed showing system parameters to be used when considering sharing
between the FS and other services, and this-these should include the information discussed above.

P
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AR

PEARY

BN

BN

A

ET

Tables 42 to 213 show representative parameters values to be used in studies of sharing with-for {ﬁiﬁﬁi:
drgrtal fixed wrrelessseleeeed—%ﬁﬁies—ef—seme‘lisrsystems that g are currentlyqﬁ—usedm‘seme‘ef**” - {@RxE
i i REET T E
T {EREE:
The nominal long-term interference criteria specified in the Tables provide some guidance to the
results that would be obtained from detailed calculations. -and-can-be-usedforinformationforthe | MREE:
tine-being—Hewever,fFor detailed sharing studies accurate criteria must be derived in accordance
with the infermation-principle in Annex 1, and these may differ slightly in some cases from those in
the Tables.
- {mXEE:

L

NOTE2—In the example Tables a straightforward, but conservative, approach to specifying
maximum permitted long-term external interference is used. This was done because the
characteristics and spatial distribution of the interference sources are undefined, and it is also
impractical to attempt detailed performance and availability predictions for such a large number of
unspecified systems at this stage.

By referencing interference to the receiver thermal noise level the problem is greatly simplified,

DERERY

EHiz

. B IME:

1.67

#. 2 IJNE:

1.17

LB,

A JE:

1.67

8 JHE:

7.7

DR

o o .

NOTE-3—Short-term interference criteria have not been included in the example Tables.
This information must be derived in accordance with the principles derived in Annex 1. More
information on short-term interference criteria can be found in the Recommendations listed in
Table 1.
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NOTE4—In Tables 42 to 138, the antenna gain is expressed only in terms of maximum gain.
However, in certain frequency sharing scenarios, the minimum gain or other parameters (such as

side-lobe and back-lobe gain) of the antenna may be more relevant. Annex 324 to Report ITU-R {wREE: mr~o

F.2108 gives information about typical minimum antenna gains. T {EREE: mrA

The following tTables take into account: -7 {Eﬁﬁﬁ: E-Sia b

a) parameters provided are considered to be representative for the purpose of carrying out
technical sharing studies. In some cases certain parameters may vary due to practical
operating requirements;

b) sharing studies are generally independent of modulation because they are based upon I/N
objectives;
<) the noise figure data include the duplexer filter losses, while the feeder/multiplexer loss row
are related to feeder losses only;
d) representative antenna types are Omni, Yagi, Dish, Horn, Sectoral, etc.;
e) __ where regulatory limits apply. EIRP may not be equal to the maximum power plus the - { BAKS: RE RE). bfr/THE

maximum gain (in decibels).
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Erequeney-band-(MHz) 340-470 4061-450 610-960
Capacity- (Mbits) 2 kbit/s 32 kbitls 2 kbit/s 032 4 2 8 0768 8 1.024: 30 channels-(it-ean-u:
data-rates)
Channelspacinge (M) 06 0.6 06 025 35 75 35 020 +75 0.75
Antenna-gain( ERRUEE) 7 12 6 25 25 25 25 25 25 16
Feed, Hiph toss-raint Hed B3y 44 44 22 2 2 2 2 2 2 +
Maximum Tx output power (dBW) 6 6 6 7 7 10 10 0 0 F-dBW
e-i--p—(maximum)-(dBW) 86 136 98 30 30 33 33 23 23 22 4BW
= e e 06 [ 06 03 — 35 35 s +67 —
Receivernoisefigure(dB) 4 4 4 B B 3 3 35 35 7
Rx-inputlevelfor +-x10 BER(dBW) -7 —H7 -7 —134 —21 —122 —H6 —27 —H7 =124
Nominath t Hiterf 4BW) —+525 —3525 —+525 —54 —44 —53 —H47 —57 —47
GMSK- H iR shiftk
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2

Modulation 7-ESK 4-QAM 16-QAM T-ESK 4-QAM
Channelspacing-tHz) 50 50 50 200 200
" sain i B 24 24 24 24 24
d liiplexerfoss(minimum)-(dB) 3 3 3 3 3 3
Maxi Froutputpower (dBW) kS 7 7 7 7 7
eciip-(maximum)-(dBW) 34 34 34 34 34 34
Reeeiver IE-bandwidth-(kHz) 50 50 50 200 200 200
Receivernoise-figure-(dB) 5 5 5 5 5 5
Nominal-Rx-inputleve(dBW) 99 99 99 —90 99 99
Rx-inputlevelfor <107 BER(dBW) 123 135 139 JRTE 129 124
inall 4 interf @BW) —153 —165 —160 —147 —159 -4
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TABLE 4
Representative system parameters for point-to-point FS systems in allocated bands below 3 GHz

Frequency band (GHz)

Modulation

Channel spacing (MHz)

Tx output power
(maximum) (dBW)

Feeder/multiplexer loss

(minimum) (dB)

Antenna type and gain

(maximum) (dBi)

EIRP (dBW)

Receiver noise

bandwidth (MHz)

Receiver noise figure

(dB)

Nominal Rx input level
(dBW)

Rx input level for
1 x 10°° BER (dBW)

Nominal long-term
interference (ABW in Rx

noise bandwidth)

Nominal long-term
interference

(dBW/MHz)

Date last updated
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5C/26 (Annex 3)-E /;////{ EXTE 4]
([ EREE: wRAe
TABLE 5 ,% i;i; = —~ %
- - - - 4 / / : . .
Representative system parameters for point-to-point FS systems in allocated bands between 3 and 10.68 GHz ”/,/1”///// (Z2z=E 3
B50e8m | zapem | 1 T 1 ) (EBRERE: T b KF )
Frequency band (GHz) | 5.925-6.425 [6.425-6.93 | 06.650-6.690 | 7515-7.555 | 5.925-6.425 | 6.425-7.125 | 712585 | | I ;/;’// {&Xz= . I51)
£.810-6.850, | 7.675-7.715 oA EmAEE . 6]
Modulation 64-QAM 16-QAM, | J664-QAM | [664-OAM 128-QAM 64-QAM 128-QAM o [EREE: Tablo toxt. PREX ]
Modulation 64-QAM WU {mRAEE: o4k 10 pt )
Channel spacing (MHz) 400 | 30201052515 | 2400 240.0, 29.65 40 30 u \\\}13\{ EXTT: mARL )
Tx output power 2.0 3 3000 | 3600 | 3 | 3 | -7 |\ EXTE: HAS ]
(maximum) (dBW) EXTE [ﬁ
Fri?:ierfq/lr;lnlqlltlzg:xer loss &A39 | 15 5611 2011 3.30B 3.3dB 3.0 . E;ﬁgi [W
( ) (dB) =EAZEE .. [9]
Antenna type and gain 3450 | 43 (dish) | 455359 | 480369 44.8/34.5 45.6/35.0 42.9 (dish) (@EE: Jror 105t )
(maximum) (dBi) (dish) (dish) (dish) (dish) (dish) XEE
A
EIRP (dBW) Bagazn | 545 395348 46358 43.5 453 44.6 REE ) m
R&Cﬁizvef noise bandwidth 34.5 30, 20. 11(; 3.2.5. H0345 | H0345 | 223 | 345 | ___: L =XT®: oo F 10 pt )
( ) 1.5 EAZXEE
Receiver noise figure 5 3 5 45 4.0 4.0 .2-8 = - - - ... [12]
YA e e e e s [l At S (#z®|: J4> b 10t )
: Table_text, #i %
Nominal R input level ~67.0 60 745 745 70 BAZR: Tablo text, PRHIZ )
T e Y A Attty Ittt Mttt Bt EALE: HHA )
Rx input level for 1 x 10° | 29605045 —1030-945 | 1063945 -99.0 ~101.6 -99.5 ALE: HFER )
BER(BW) | [Tttty Tyttt AEHE: I+ b 010 pt, FHK ]
Nominal long-term 1335 ~137 S84 1335 | 139451335 | 1365 | 1346 | 1385 | ARE [ 1]
interference (dBW in Rx HKEF: HARY ]
noise bandwidth) HEE: Table text. PRHEZ ]
Nominal long-term -150.0 -150.0 —l477 0 REH: HIERY J
interference (dBW/MHz) XREE: HHAR ]
Date last updated 20058 | ____ 2005] __ _|___ 20058 ___ 20088 _ | ___ 2006 ___|___ 2006 _ | ___ 2006 | __________ REF: BARY ]
[Editor’s Note : The values in the second column in a square bracket should be checked in the futurey HXEE: I+ b 10 pt, BHE )
XEE .. [14]
REFE: T4k 10 pt, FHE )
KEFE: T4k 0 10 pt, fHE )
DOEAEAR
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K2\ Table_text., PRHEZ ]
REE: HARAY )
REE: HRAY )
XEE (151}
REE: HHAY )
REE: Table_text. PRHZ )
Pl Sr=tgr gl —
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I
TABLE 6 ////%’EWE (. 28] [28]]
V[ EREE: BERY
Representative system parameters for point-to-point FS systems in allocated bands between 10.68 and 17.7 GHz / ) (#REE: Table_text ]
W
] 10.715-10.955 | P 11450014660 |, s irae | 1sa P /) (BREE: JA b 0 10 pt )
Frequency band (GHz) | 10.700-11.700 | 35459 e | ~14:400-15.230 |- Taian e ag 1441535 ~ - - 14415035 - - 10 7-AET -t - - - - . {BRERE: Tablo_text. BRMA )
Modulation 16-QAM | [G45QAM, 16-QAM, 64-QAM, 128 QAM Digital FSK 64-QAM N e . 301
Channel spacing (MH 60.0 40 60.0 40, 28 MH 3.5 40.0 <T*/[ - s
annel spacing (MHz) 500 | 40, . 40, z 3.5 40.0 \ \\\\\{iﬁﬁi _. [31]
Tx output power 50 0.0, 0.0, = 15 0 0.0 N (ERAEE: Ja ok 10 pt )
(maximum) (dBW) EXETE: T+ o 10 pt ]
Feeder/multiplexer loss F6.04 0.7, 7.0, 0.9 5.0 6.0 5.0 E=2XEHE: hRHiz ]
(minimum) (dB) EXTE: J+>F - 10 pt ]
Antenna type and gain 5325513 40.5, (dish), 53.3 (dish) 43.0 (dish), 31.9 37 (dish) 48.0 (dish) (wtZEE: Table_text. PHHIZ )
(maximum) (dBi) (ishy | 0.3 metre dish W =
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff F Lo [ EREE . 37
EIRP (dBW) 55503 | 398 | A3 | 384 56.9 37 43.0 (®WZEE: I+ - 10 pt )
Receiver noise 51.0 | 34.5 510 345 44.0 5.5 28.0 E=XFE [33]
bandwidth (MHz) EXTE: 4ok - 10 pt ]
(Rdi)lge ernolse fizure R A % A 8 NA 4.5 O (EBREE: Rz )
, : EBREE: 74>k 10 pt )
Nominal Rx input level —46. =65.0, —46.0, =65.0, =50 = =70.
I\(Ij(])gn\l)s]nal Rx input level 460 65,0, 46.0, 65.0, 50 50 70.0 EXTE: mh~ o ]
, EREE: Table text. FRHIx ]
Rx input level for 2992 97.8 -94.5 -97.8 -94.5 98 —114 -98.0 =
1 x 10° BER (dBW) T =ARE .. [34]
&=
Nominal long-term ~1318 | Eis3s ~131.8 -133.5 -126.3 ~130.8 -134.9 ;EWE_ — [ 3]
interference (dBW in Rx | =AER: Ik 10 pt ]
noise bandwidth) EREE: T4k 0 10 pt )
Nominal long-term N R N N K K I N R | & ca8 3 SRS S )
interference ERXTE: A~ ]
(dBW/MHz) EXEE: I+ b 10 pt )
Date last updated 20058 2008 2008 2008 2006 2006 008 (ERTE: W ]
(#REE (. [
BRXESR ... [37]
(EREE [ 138])
BRXEHR _.. [39]
EXESR _.. [40]
: e , . \ ERXEE: Table_text, hRHiz )
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| EHAEE: PRHEIA )
W(BREE: T+ b 10 pt, EHXRY
(WRAEE: Table_text. hRHx )
(BRAZE: HHRY )
EXESR _.. [41]
EXEE: BAAL )
e ——
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5C/26 (Annex 3)-E e { EXTE: BHR ]
Iy
iy R N . YRR
TABLE 7 { BAXE: T4 b 10pt BRAY |
. : . . ) (ERRE . (721}
Representative system parameters for point-to-point FS systems in allocated bands between 17.7 and 30 GHz Lo #REE: I+~ b 10 pt ]
77777777777 I Vo
L ERER )
Erequency band i A7.850-17.970 | 22.400-22.600 | 9608 | _ 219996 |- 019006 | _ EEEEE | _______ "y ——
(GH2) 17.700-19.700 | S e=55 1~ 53 00023 200 | 23:21-26:98 21:2-236 21:2-23.6- 17:7-197 e, ([ERzE: mx~> )
Modulat 128-0AM | GAOAM | ISPSKGAOAM, | 16-QAM, 4-FSK_ | FSK digital | QPSK.4FSK o (BARE: ox b 10t )
odulation data /{iﬂ‘,ﬁi: J#2 bk 10 pt ]
Channel spacing 25 | @ | | 5040 30, 40, 25 40 «{/{{’ﬂi RN %
(MHz) WU UERER: Ik 10 pt, EAERY
Tx output power 4l | Ee |  BEEB | 185 -10, 10 3.0 - “&}ﬂ*i\‘-ﬁi . [13]
(maximum) (dBW) 'pw N {ﬁ;j‘,ﬁi: BMAERY J
- LN N
Feeder/multiplexer o R - R 0.0, 3.0 3.0 0.0 U \\\{ E#XE= ... [74]
loss (minimum) (dB) "#\:\\\\1\\\{iﬁgﬁ: 4>k 110 pt ]
il O\
Antenna type and gain 48 (dish) 44.5 (dish) 46.0 (dish) 31.5 (planar), 40.2 (dish) 34.8 (dish) 48.3 (dish) ﬂ\\\\\\\:\”\i\\\ \\{iiﬁ‘,ﬁi: Ik 10 pt ]
. PN e - e W
(maximum) (dBi) Vx “\f;f‘\?w\‘[ &2XFEE: I+ >k o 10 pt )
W
EIRP (dBW 3 1 3 ___ _ o A834 13 302 24.8 43.3 “5%\\3{\\\\\{ EXEE: J4 >k 10 pt )
X
Receiver noise 242 | pas _ BmEs | 260 | 6 | 25 | 225 | o (EREE: waRy )
Dandwidih (M2 | (mtEE: ook 0ot EENS
i i ot
%ﬁ;ewer noise figure As. | - R I S L 1 & 7 50 | | 'p",&ﬂji‘z\\\\\% :iii 50 j
Lt | RRERE: BN
Nominal R inpat o | Bse | feed [ 168 | e | es | g0 | ﬁ%‘{::::\\}[a;cﬁ 8]
evel ( ) o : S
Rx input level for 975 | D948 | Bmemons | —sa | o, | w05 | o | ﬁ"ﬁ.’v%i:ﬁ L %
1 x 10 ° BER (dBW) = S A
! o (ERAEE: 4> b 0 10 pt )
Nominal long-term odse | 1885 | HB&81505 | 1327 | 1272, | 1254 | 1344 | W\“\\\\[i'\‘.ﬁi' TS )
interference (ABW in M,NK:\\“\\ E -y v
Rx noise bandwidth) %»51;‘11\‘1\»1\\)\‘[\“[ ERXEH: I+ 0 10 pt ]
Nominal long-term 5l149.5 N R "r;%‘::\‘:\l\:\\)«\\\[ EXEE: I+ b 1 10 pt ]
P et ety Bt Bttt i Kt il . R E
interference “i‘:! ’:ﬂ:\\\«\‘\»“\‘\'[ EBXLEHE: Ik~ 1 10 pt ]
(dBW/MHz) Wp m’\:\\nm\[ EXTE [77]
!
Date last updated 2006 | poog | 20058 2005, 2006 2006 2008 - ‘,o".‘:ﬁgr:;j]\\‘\\[ BXEE: I+ 0 10 pt )
Il S
(=T T )
QW‘;\«\;\[ BREE: JAF 10 pt )
gl
342%\151‘1::99( EALE [ 78]
S D742k 10 pt
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‘%ﬁﬂvﬁ‘;ﬁ\s\{ BREE: Ik 0 10 pt, BHARY
i
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(&stZEE: 2>k 0 10 pt )

//:{ﬁﬁﬁi: I+ >k 10 pt )
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5C/26 (Annex 3)-E ([ wtEE (94T}

[ AEE: I4 b 10 pt )

TABLE 8 | [ BRER: Table_text. iz ]

Representative system parameters for point-to-point FS systems in allocated bands above 30 GHz //,/,”j/ /////{ EXTH (1951

;o (BRAEE: T4V 10 pt )

Frequency band (GHz) 38.6-40.0 37-39.5 GHz F ,/7/{%5\‘.%?1 Table_text. Shffiiz ]

QPSK, | | 1280aM | W SN (wREE (196

Modulation zji% /”ﬂiﬁﬁii7*>F:10va$ %
= O (BREE: T4k 10 pt

Channel spacing (MHz) 28,50 | 22 SR W AR IR SR R S - ;// /%;;\tgi: Table_text. gufiix )

Tx output power o =y - /:{gitgiz T+ bk 10 pt, KF )

(maximum) (dBW) L (aREE (1971

Feeder/multiplexer loss . 0 / {iiﬁﬁii S+ ok 10 pt ]

{minimum) (dB) . , <~ - {BREE: Table_text. hRfiz )

Antenna tvDedéglfi gain 28(dish) | e ——_——_——————_ ... i o ‘[i:‘rﬁﬁi _.. [98] }

(maximum) (dBi) 4\/\/,{;;&@ A2k 110 pt ]

EIRP (dBW) S5 | e S —————— o U {ERERE: Table_text. hRAix )

Receiver noise bandwidth 2850 | e e e e T e TR L (g=z= (99}

(MHz) « (REE: sk - 100t )

Receiver noise figure (dB) e e e S N S —— i 7;\\ \{iﬁﬁi: Table text. ERfifiiz )

Sominal Rs input [ovel i e N (EREE: Aok 100t )

fi%;bwﬁwlxm% T S I e R N R I 7:wvﬁﬁﬁ§§1hwtmﬂx¢iﬁi ]

Rinput e N R s e e L (EREE [ rioo]

Nominal long-term L1338 ] ﬁx\ﬁ§ﬁ§§17t>Fi10M ]

interference (dBW in Rx R I WmiiﬁﬁEZHMtWHs¢%ﬁi ]

noise bandwidth) \\\‘\\ \\\\{ #XFEHE: D420 10 pt ]

Nominal long-term s (O O O R A AR L N \\{iiﬁﬁi: Table_text, FRHIZ ]

interference (dBW/MHz) " \\\\\\\\{ EXEE: T4k - 10 pt J

Date last updated 205 | 2006 | ____ | ________ | ________ | ________ || ____ . 1\“ : \\\\\{ EREE: T4k 10 pt ]

Vi \(;;@E: Table_text. msfiiz )

Vo (EEE __Tto1]]

\3{3%\{;;\1&@ S+ F ;10 pt )

L (FREE: T4 10t )

W (EREE: Table_text, BRIz )

| (#RzE [ riogl)
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... [103]
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TABLE 9

Representative system parameters for point-to-multipoint FS systems in allocated bands between 1 and 3 GHz

)

D OJAUE

10 pt

: Table_text, &Rz

M| B
| |

D OJAUE

10 pt

: Table_text, HR#iz

J

:

... [104]

b | ¥t et
Y | M | v

: Table_text, HR#iz

)

S I7xvbh

10 pt

e Y e Y o A A

: Table_text, &Rz

U J

M
| |

:

.. [105]

: Table_text. HR#IZ

N S

10 pt

: Table_text, HR#iz

U J

:

.. [106]

: Table_text, &Rz

D 7xvbh

10 pt

: Table_text. HR#IZ

U J

;

... [107]

: Table_text. HR#IZ

D 7xvbh

10 pt

: Table_text, &Rz

(N

:

.. [108]

: Table_text, HR#iz

N S

10 pt

: Table_text. HR#IZ

U J

:

.. [109]

: Table_text, &Rz

D4V

10 pt

: Table_text. HR#iz

U J

1

... [110]

: Table_text. HR#IZ

DAYk

10 pt

: Table_text, &Rz

(N

1

.. [111]

: Table_text. HR#iz

N S

10 pt

: Table_text. HR#IZ

U J

1

_.. [112]

=K
=K
=K
=X
=X
=X
=K
-
2.5-2.69 2.5-2.69 S
RS s (ERE
Cs RS Cs RS CS RS Cs RS vy ///{ ERTE
1 I Iy,
QPSK. | Q psk | L (enEE
Modulation 16-OAM I /{iﬁﬁi
64-QAM I
Ly | ERER
Channel spacing (MHz) 5.5.5.6 5.5.5.6 5 ) /f//{g
e R e R A - ) ////{-itﬁi
Tx output power S.3 | 6.0 | [ O S N I R R R v (aREE
(maximum) (dBW) P / {
v BRERE
Feeder/multiplexer loss 3 | o | 2 Q,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,f/ﬂ '
(minimum) (dB) ///‘/%:ii;
////, - +
Antenna type and gain 16 (sector), 13 | 13 | 18(sector) | I R N R R R «r {g ATE
(maximum) (dBi) omni e ;:
EIRP (dBW 2| 2 | 2 | za:/ii%jg
Receiver noise I 5 5 s “ \\{;WE
bandwidth (MHz) \T\? R z
Receiver noise figure 4 4 3 5 TN {iﬁﬁi
T e ) s R B o (wREE
AN \ 3
Nominal Rx input level S O I N A E R N RN B \{-Eﬁﬁi
(dBW) Vi (EtzE
W\
Rx input level for R R e e K I R I N “ \“\\\ ‘\\\\\{ ELzx=
1 x 10° BER (dBW) Voo (EEE
Nominal long-term Er 143 | -l40-144 | g | | | o] R E £5 3
interference (ABW in Rx A \‘:\\ \\\\\{ EXEET
noise bandwidth) \ o \\\\{:!Etgi
L]
Nomil long e PR e <L (EtEE
interference PN \{zﬁgi
(dBW/MHz) L LS
o (EREE
Date last updated 005 2005 2006 2006 0
ST L R s T T e L (R
= = b
CS = Central Station, RS = Remote Station \“ " \x\\\\‘( EXTE
Vo (EREE
(e
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N S

© 10 pt
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ey S S

10 nt

J L L J



-26 -

5C/26 (Annex 3)-E

TABLE 10 [&KZE: I+ - 10 pt )
Representative system parameters for point-to-multipoint FS systems in allocated bands between 3 and 10.68 GHz ) {gﬂgﬁ: Table_text. thR#iz, FEFE
10.15-10.30 GHz and /| &Rl : O pt
Frequency band 34-38 3436 10.55-10.68 10.50-10.65 GHz / (EAEE: JA~ b 10t )
H v ; —
(GHz) cs RS cs RS cs RS CcS RS K //{iitﬁi- I+ >k 10 pt )
OPSK. | OQPSK | 6+QAM | 64QAM | 0l PSK |G PK | otoaM | eioaM | o/ /[BEER [bleted. SREZ WA |
Modulation 16-QAM vy ==
e Ty i e B e e R REREE ~ ) [EREE: D4k 10t )
pacing (MHz) o [ EREE: Table text, iz, RIR }
Channel spacine (MHz 1-,7§,13Z5,,,,,,J-,7§,1325,, ,,,,,,, L7s L7535 | 35 ... L7s 1] 175 | ¢ s {&%gu T 0 pt
= = S (BREE: T4k 10t )
Tx output power PuI K B B .0 | 2 | 2 | =10 | 0 | = 12 hG [ ZEE: Table_text. Rz, MR
(maximum) (dBW) o7 | EBERT ¢ 0 pt
Feeder/multiplexer loss 2 | o | 1 | 1dB | o | o | o5 | 0o A /{;;@E: I+ k010 pt )
(minimum) (dB) . { BREE: Table_text. chakiiz, RN }
Antenna type and gain | AS.0ectoral), | 18 (outdoor), | 14(90° | 18(18° | ] 13 (sectoral) | 19...26 (dish) |~ 1590° | _ 18 (Panel) | <« | BOEAT - 0pt
n?ai?;impe dzgli gain 10 (omni) 8 (indoor) Microstrip Microstrip Microstrip {i:‘rﬁﬁii T4k 10 pt ]
! ! ! . . 7
sectoral) directional) sectoral) . {mstEEE: Table text. hRfiiz, RIS }
EIRP (dBW 2 | 2 | 1 | s 1 1 s 1 6 | </ ([ BOERT: Opt
Receiver noise 17535 . | 1535 | L1 | | o3s | s | o | L | - \mEEE:avEilopt
bandwidth (MHz) 14 14 BAER: Jablotext. hRHiZ, MW J
X7 .
Receiver noise figure 3l 5 L 4 ] d S N RN I N R 5 b (EREE: T4k 10 pt )
(dB) N
- - EXERE: Table text, RHEZ, R
Nominal Rx input level PR R R -1o | A =t I U ) © (VA U LU I B U I Be%ml - O pt
(dBW) U{#RZE: Ik 10 pt )
Rx input level for ;96..-74 | 94.-72 | e 1 ! R 19 119 FREE: Table text. hRfZ, MM
1 x 10° BER (dBW) SN | BEAT O pt
Nominal long-term 45 | 143 | 455 | c4ss | o cwas | 1445 | o [ESEE: Jxvb 100t )
interference (dBW in N {Eiﬁﬁi .. [115]
Rx noise bandwidth) \\\{iitﬁi: I+ bk - 10 pt }
Nominal long-term \{gﬂgg [176]
interference < =
I | - - - =P . -
(dBW/MHz) \?;iii. I+ bk 10 pt )
Date last updated 2005 2005 2005 2005 2005 2005 2005 2005 . {;ft eE ST 0o L. (17 ]]
7777777777777777777777777777777777777777777777777777777777777777777777777777777 A : >
CS = Central Station, RS = Remote Station \\{E:tﬁﬁ P ] 3
MN\SCEE LY 404200 [EEAR\02 1 #il(E dinss Bli o Rhen\02 # E¥BZE RS (SG5)\H503111(2008.9.24)\ 1 AHP\007  5A_J-1, 5C_J-1IREVA.DOC  10/11/2008 10/11/2008



_27-
5C/26 (Annex 3)-E

TABLE 11

Representative system parameters for point-to-multipoint FS systems between 10.68 and 17.7 GHz

Freguency band (GHz)

Modulation

Channel spacing (MHz)

Tx output power
(maximum) (dBW)

Feeder/multiplexer loss

(minimum) (dB)

Antenna type and gain

(maximum) (dBi)

EIRP (dBW)

Receiver noise

bandwidth (MHz)

Receiver noise figure

(dB)

Nominal Rx input level
(dBW)

Rx input level for
1 x 10° BER (dBW)

Nominal long-term
interference (dBW in Rx

noise bandwidth)

Nominal long-term
interference

(dBW/MHz)

Date last updated

CS = Central Station, RS = Remote Station

MN\SCEE LY 404200 [EEAR\02 1 #il(E dinss Bli o Rhen\02 # E¥BZE RS (SG5)\H503111(2008.9.24)\ 1 AHP\007  5A_J-1, 5C_J-1IREVA.DOC  10/11/2008 10/11/2008



Representative system parameters for point-to-multipoint FS systems between 17.7 and 30 GHz
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TABLE 12

Freguency band

25.27-26.98

(GH2)

cs

cs

RS

cs

RS

cs

Modulation

16-
QAM/QPSK

QAM/

_
13

o)

PSK

Channel spacing
(MHz)

30

|bJ
(==

Tx output power
(maximum) (dBW)

|
o
I=

Feeder/multiplexer
loss (minimum) (dB)

(==}

Antenna type and gain

3

—

.5 (planar)

(maximum) (dBi)

EIRP (dBW)

Receiver noise

bandwidth (MHz)

Receiver noise figure

(dB)

Nominal Rx input
level (dBW)

Rx input level for
1 x 10 BER (dBW)

1059V

Nominal long-term
interference (ABW in
Rx noise bandwidth)

Nominal long-term
interference

(dBW/MHz)

Date last updated

2005

2005

CS = Central Station, RS = Remote Station

M The system uses adaptive modulation and the value is the Rx input level for 1 x 10° BER in the case of QPSK.
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TABLE 13
Representative system parameters for point-to-multipoint FS systems above 30 GHz

Freguency band

(GH2)

Modulation

Channel spacing
(MHz)

Tx output power
(maximum) (dBW)

Feeder/multiplexer
loss (minimum) (dB)

Antenna type and gain

(maximum) (dBi)

EIRP (dBW)

Receiver noise

bandwidth (MHz)

Receiver noise figure

(dB)

Nominal Rx input
level (dBW)

Rx input level for
1 x 10°° BER (dBW)

Nominal long-term
interference (dABW in
Rx noise bandwidth)

Nominal long-term
interference

(dBW/MHz)

Date last updated

CS = Central Station, RS = Remote Station
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Annex3

Additional ;eel ||n|ea_l chal alete.' '.St'els oFsome] SI systems-useful

Delete the entire text in the existing Annex 3, which has been already transferred to Report ITU-R
F.2108 as its Annex 1.

Annex4

iz0 i chati ;

Delete the entire text in the existing Annex 4, which has been already transferred to Report ITU-R
F.2108 as its Annex 2.
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REVIEW OF CERTAIN RECOMMENDATIONS DEVELOPED BY FORMER
WORKING PARTY 9D

1 Introduction

As stipulated in section 11 in Resolution ITU-R 1-5, Study Groups/Working Parties are requested to
continuously examine maintained Recommendations, particularly older Recommendations for
which any substantial revision was not made within 10-15 years, whether they should be deleted in
the light of their content. In the previous study period, this updating work was done within the
former Working Parties 9A and 9B for the F-series Recommendations developed by the both
Working Parties.

This contribution proposes similar work for the Recommendations developed by the former
Working Party 9D, which was responsible for frequency sharing issues between the fixed service
and other radio services (except for the fixed-satellite service).

2 Proposed work for review of old Recommendations

2.1 Category of actions

In the reviewing work in this contribution, the following principle is proposed:
(1) The Recommendations, the latest versions of which were approved before 2000, are examined.

Within this study period until the year 2011, all the old Recommendations for which any substantial
revision was not made after 2001 need to be examined. However, since it is about 3 years before the
next RA, we will have another opportunity to review the remaining Recommendations.

(2) Results of the consideration should be categorized in 4 cases below;

SUP: suppression without any action

NOC: no change

MOD: revision of the substance through the formal approval procedure

Editorial Updating: no change in substance but editorial updating based on Resolution ITU-R 1-5
(section 11)

“Editorial updating” should basically be avoided for those Recommendations, the latest version of
which was approved before 1998 (except for Recommendation ITU-R F.1335, see item (7) in
section 2.2).
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2.2 Consideration on the treatment of the old Recommendations

Table 1 provides the list of the Recommendations to be examined, the latest version of which were
published before 2000.

Table 1 List of old Recommendations developed by former Working Party 9D

Rec. No. L Latest WP | Proposed
ITU-R Recommendation title revision Action
F.759(*) | The use of frequencies in the band 500 to 3 000 MHz for 1992 5A/5C SuP
radio-relay systems
F.760-1(*) Protection of terrestrial line-of-sight fixed wireless systems 1994 5C SUP
against interference from the broadcasting-satellite service in
the bands near 20 GHz

F.1246(*) | Reference pandwid_th o_f receiving stations i_n the fixed _service 1997 5A/5C NOC
to be used in coordination of frequency assignments with
transmitting space stations in the mobile-satellite service in the
1-3 GHz range

F.1248(*) | Limiting int(_arfgrence to satellitgs in the_space science services 1997 5C NOC
from the emissions of trans-horizon radio-relay systems in the
bands 2 025-2 110 MHz and 2 200-2 290 MHz

F.1333-1 Estimatioq of the actual elevation_ angle from a station in the 1999 5A/5C NOC
fixed service towards a space station taking into account
atmospheric refraction

F.1334(*) Protection criteria for systems in the fixed service sharing the 5A/5C
same frequency bands in the 1 to 3 GHz range with the land 1997 NOC
mobile service

F.1335 | Technical and operational considerations in the phased 1997 | 5A/5C | Editorial
transitional approach for bands shared between the updating
mobile-satellite service and the fixed service at 2 GHz or MOD

F.1338(*) | Threshold levels to determine the need to coordinate between 1997 5A/5C NOC

particular systems in the broadcasting-satellite service (sound)
in the geostationary-satellite orbit for space-to-Earth
transmissions and the fixed service in the band

1452-1 492 MHz

F.1402 Frequency sharing criteria between a land mobile wireless 1999 5A NOC
access system and a fixed wireless access system using the
same equipment type as the mobile wireless access system

F.1403(*) | Power _flux-density cri_teria in_ ITU-R Recqmmendations for 1999 5A/5C NOC
protection of systems in the fixed service in frequency bands
shared with space stations of various space services

F.1405(*) | Guidance to facilitate coordination and use of frequency bands 1999 5A/5C | SUPor
shared between the fixed service and mobile-satellite service in Editorial
the frequency range 1-3 GHz updating

(*) For these Recommendations former Study Group 9 made editorial amendments during the years 2000 to
2004 in accordance with former Resolution ITU-R 44.

(1) Recommendation ITU-R F.759

This Recommendation was developed in 1992, and no revision has been made since then. The main
objective of the Recommendation was to address the feasibility of sharing between the fixed service
and other services in the frequency range below 3000 MHz. During the recent 16 years, sharing
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studies involving the fixed service in this frequency range have been well conducted and, as the
results, ITU-R has established a number of Recommendations, which have contributed to the
spectrum access for the fixed service as well as efficient use of the frequency bands in the above
range.

Therefore, this Recommendation could be suppressed by completing its role.

(2) Recommendation ITU-R F.760-1

This Recommendation was initially approved in 1992 immediately before the WARC-92, and was
revised once in 1994 taking into account the result of the WARC-92 (new allocation to the BSS in
the bands near 20 GHz). The main substance of this Recommendation (power flux-density values
for the BSS space stations to protect the fixed service) was reflected in WRC Resolution 525
approved at the WARC-92 and revised later at the WRC-03. However, the relevant text was deleted
at the WRC-07 and Resolution 525 (Rev.WRC-07) no more includes these PFD values. The new
requirements for the BSS space stations are under consideration in accordance with WRC-11
agenda item 1.13.

This Recommendation could be suppressed since it is no more valid.

(3) Recommendation ITU-R F.1246

This Recommendation was developed in 1997 as one of the outcomes of former Joint Rapporteur
Group 8D-9D. The text was editorially updated in 2004 by former Study Group 9. The content is
still valid and useful to evaluate the interference between MSS space stations and the fixed service.
Therefore “NOC” is proposed.

(4) Recommendation ITU-R F.1248

This Recommendation was developed in 1997 jointly by Study Group 7 and former Study Group 9.
The text was editorially updated in 2004 by former Study Group 9. The content is basically still
valid and useful to protect the space stations in the space science services from the emissions of
trans-horizon radio-relay systems in the 2GHz frequency range. Therefore “NOC” is proposed.

(5) Recommendation ITU-R F.1333-1

This Recommendation was developed in 1997 and the text was once revised in 1999. The content is
still valid and useful to estimate the elevation angle from an FS station towards a space station
taking into account atmospheric refraction. Therefore “NOC” is proposed (the deletion of the
referenced Question which was already suppressed is to be done by the Secretariat).

(6) Recommendation ITU-R F.1334

This Recommendation was developed in 1997 and the text was once editorially updated in 2004.
The content is still valid and useful to evaluate the interference between certain land mobile stations
and the fixed service. Therefore “NOC” is proposed.

(7) Recommendation ITU-R F.1335

This Recommendation was developed in 1997 as one of the outcomes of former Joint Rapporteur
Group 8D-9D. Since then, the Recommendation has provided technical and operational
considerations in the transitional approach in the bands near 2 GHz which are shared between the
MSS and the FS. The technical analyses in this Recommendation are largely based on analogue FS
systems, which the former Study Group 9 often attempted to remove from a new version of the F-
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series Recommendations. However, at this time, we would exceptionally propose to retain the
material in this Recommendation and suggest its possible updating with the following reasons:

- It does not recommend any analogue technology but provides the interference evaluation
between the FS networks using certain propagation models.

- Resolution 716 (Rev. WRC-2000) is still valid and it requests for ITU-R to develop tools to
assist Administrations in possible re-planning of 2 GHz FS systems.

- A number of the equations or figures based on the P-series Recommendations require updating
in the light of the latest version of these Recommendations.

The proposed text for the updating of Recommendation ITU-R F.1335 is given in a separate
contribution from Japan for consideration by the meetings including which approach (editorial
updating or normal revision) is preferred.

However, if most of the members are of the view that the above idea is no more necessary after
consideration by Working Party 5A/5C, we are prepared to simply retain this Recommendation as
“NOC”.

(8) Recommendation ITU-R F.1338

This Recommendation was developed in 1997 and the text was once editorially updated in 2004.
The content is still valid and useful to evaluate the interference between certain land mobile stations
and the fixed service. Therefore “NOC” is proposed.

(9) Recommendation ITU-R F.1402

This Recommendation was developed in 1999 as one of the outcomes of former Joint Rapporteur
Group 8A-9B. The content is still valid and useful to analyze frequency sharing criteria between a
land mobile wireless access system and a fixed wireless access system using the same equipment
type. Therefore “NOC” is proposed (the deletion of the referenced Question which was already
suppressed is to be done by the Secretariat).

(10) Recommendation ITU-R F.1403

This Recommendation was developed in 1999 and the text was once editorially updated in 2003.
The Recommendation provides the Recommendations (not only in the F-series but also in other
series) specifying power flux-density values for space stations in the various space services as well
as their historical background. The content could be still useful for understanding of the pfd values
derived from a number of different interference models (in particular the text in its Annex 1). There
may be some updating needed in the case that a new Recommendation is adopted or an old
Recommendation is deleted (e.g. if Rec. F.760-1 is suppressed as proposed in this document). For
the moment, NOC is proposed for this Recommendation (the deletion of the referenced Question
which was already suppressed is to be done by the Secretariat).

(11) Recommendation 1TU-R F.1405

This Recommendation approved in 1999 is recommending no new substance but providing a list of
the other Recommendations relevant to the information on facilitating coordination and interference
assessment between FS and MSS in the frequency range 1-3 GHz. All the Recommendations listed
here are still valid and important. However, it is questionable to retain the list itself in this
Recommendation.

Therefore, SUP is basically suggested. However, if there is a support to maintain this
Recommendation, editorial updating for several points may be required (see Attachment 1).
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3 Proposal

The proposed actions discussed in the previous section are indicated in the right last column of the
Table 1.

Attachment 1 to this contribution (Draft updating of Recommendation ITU-R F.1405) and a
separate contribution addressing draft updating of Recommendation ITU-R F.1335 also need to be
referred to.
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Attachment 1
DRAFT UPDATING OF RECOMMENDATION ITU-R F.1405***

Guidance to facilitate coordination and use of frequency bands
shared between the fixed service and mobile-satellite
service in the frequency range 1-3 GHz

(Questions ITU-R 201/8 and ITU-R 118/9)

(1999)
Scope
(To be provided by the work of the Correspondence Group 5C-Anlist) (WER: Txo b B
The ITU Radiocommunication Assembly,
considering
a) that the fixed service (FS) is allocated in various portions of the 1-3 GHz frequency range

and continues to be extensively used by many administrations in these bands;

b) that recent world radiocommunication conferences have made new allocations to the
mobile-satellite service (MSS), including provisions for satellites in non-geostationary-satellite
orbit (non-GSO);

c) that most of the new allocations for the MSS in the 1-3 GHz range have been established in
frequency bands that were already allocated to the FS;

d) that numerous ITU-R Recommendations have been developed and adopted by
Radiocommunication Study Groups 8-ane-9 regarding various aspects of frequency sharing between
the FS and MSS, and that an analytical index which identifies and categorizes these Recommen-
dations will facilitate their application;

e) that in accordance with Article 9/Reselution-46(Rev-\WREC-97) and Appendix 7 of the

Radio Regulations (RR), a coordination area is determined to identify FS stations which could
affect or be affected by the operation of mobile earth stations, and analyses, if required, may be
needed in the course of coordination to further define the potential for interference and identify
design and operating constraints that may be needed to resolve any difficulties;

f) that in order to prevent interference between MSS (space-to-Earth) transmissions and
receiving FS stations, the RR specify thresholds of power flux-density (pfd) and fractional
degradation in performance (FDP) as well as a system-specific methodology (RR Appendix 5/
Resolution-46-(Rev-"WREC-97)) to determine whether coordination is required, and analyses may be
needed in the course of coordination to define the potential for interference and design and
operating constraints that may be needed to resolve any difficulties;

9) that RR Avrticle 21 specifies limits on the e.i.r.p. of FS stations in bands shared between the
FS and MSS (Earth-to-space), but these limits were developed for protection of systems in the

* This Recommendation should be brought to the attention of Radiocommunication Study Group &
4\ erking-Party-8D).

** Radiocommunication Study Group 9-5 made editorial amendments to this Recommendation in 20942008
in accordance with Resolution ITU-R 441.
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fixed-satellite service (FSS) (Earth-to-space) using fixed earth stations that generally operate at
e.i.r.p. levels that are substantially higher than those used by mabile earth stations,

noting

a) that in light of anticipated FS-MSS frequency sharing difficulties, Resolution 716
(Rev.WRC-2000) invited the ITU-R to develop planning tools to assist those administrations
considering a replanning of their terrestrial fixed networks specially in MSS (Earth-to-space) in the
frequency bands 1980-2010 MHz and 2170-2200 MHz in all three Regions, and 2010-2025 MHz
and 2160-2170 MHz in Region 2, in order to facilitate the introduction of MSS systems in these
bands,

recognizing

a) that the specific factors and methodologies applied in the course of coordination are subject
to agreement of the parties concerned, and that the relevant ITU-R Recommendations are intended
to provide impartial technical advice that may facilitate the coordination process;

b) that the technical aspects of coordination of frequency assignments for FS and MSS
systems are complex and may require application of analyses using complicated computer software;

C) that the availability of ITU-R Recommendations relevant to coordination of FS and MSS
frequency assignments may be particularly beneficial to developing countries in relation to
protection of their FS systems, their introduction of MSS systems within their territories, and the
introduction of MSS systems in neighbouring territories;

d) that administrations are submitting to the ITU Radiocommunication Bureau computer
software that has been developed to facilitate bilateral coordination,

recommends
1 that the following Recommendations should be considered in the coordination of FS

stations with MES-mobile earth stations (see Note 1):

- Recommendation ITU-R M.1469: Methodology for evaluating potential for interference
from time division multiple access/frequency division
multiple access (TDMA/FDMA) mobile-satellite service
(MSS) (Earth-to-space) transmissions into line-of-sight
fixed service receivers in the 2 GHz range.

- Recommendation ITU-R F.1245: Mathematical model of average and related radiation
patterns for line-of-sight point-to-point radio-relay
system antennas for use in certain coordination studies
and interference assessment in the frequency range from
1 GHz to about 70 GHz.

- Recommendation ITU-R F.1336: Reference radiation patterns of omnidirectional, sectoral
and other antennas in point-to-multipoint systems for use
in sharing studies in the frequency range from 1 GHz to
about 70 GHz;

2 that the following Recommendations should be considered in the coordination of FS
systems with MSS (space-to-Earth) systems (see Note 1):

- Recommendation ITU-R M.1141: Sharing in the 1-3 GHz frequency range between non-
geostationary space stations operating in the mobile-
satellite service and stations in the fixed service.
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- Recommendation ITU-R M.1142: Sharing in the 1-3 GHz frequency range between geosta-
tionary space stations operating in the mobile-satellite
service and stations in the fixed service.

- Recommendation ITU-R M.1143: System specific methodology for coordination of non-
geostationary space stations (space-to-Earth) operating in
the mobile-satellite service with the fixed service.

- Recommendation ITU-R M.1319: The basis of a methodology to assess the impact of
interference from a time division multiple access/
frequency division multiple access (TDMA/FDMA)
mobile-satellite service (MSS) satellite system operating
in the 2 GHz range on the performance of line-of-sight
fixed service receivers.

- Recommendation ITU-R F.1108: Determination of the criteria to protect fixed service
receivers from the emissions of space stations operating
in non-geostationary orbits in shared frequency bands.

- Recommendation ITU-R F.699:  Reference radiation patterns for Hne-of-sight-radio-
relayfixed wireless system antennas for use in
coordination studies and interference assessment in the
frequency range from +-GHz100 MHz to about 70 GHz.

- Recommendation ITU-R F.1245: Mathematical model of average radiation patterns for
line-of-sight point-to-point radio-relay system antennas
for use in certain coordination studies and interference
assessment in the frequency range from 1 GHz to about
70 GHz.

- Recommendation ITU-R F.1336: Reference radiation patterns of omnidirectional, sectoral
and other antennas in point-to-multipoint systems for use
in sharing studies in the frequency range from 1 GHz to
about 70 GHz.

- Recommendation ITU-R M.1472: Methodology to evaluate the impact of interference from
time division multiple access/frequency division multiple
access (TDMA/FDMA) mobile-satellite service (MSS)
systems operating in the 2 GHz range on baseband
performance in frequency division multiplexing-
frequency modulation (FDM-FM) analogue line-of-sight
(LOS) fixed service receivers.

- Recommendation ITU-R M.1473: Methodology to evaluate the impact of interference from
time division multiple access/frequency division multiple
access (TDMA/FDMA) mobile-satellite service (MSS)
systems operating in the 2 GHz range on video baseband
performance in TV-FM analogue line-of-sight fixed
service receivers.

- Recommendation ITU-R M.1474: Methodology to evaluate the impact of interference from
time division multiple access/frequency division multiple
access (TDMA/FDMA) mobile-satellite service (MSS)
systems operating in the 2 GHz range on baseband
performance in digital line-of-sight fixed service
receivers based on statistics of radio-frequency inter-
ference;
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3 that the following Recommendations should be considered in assessments of the potential
for interference from FS transmitters to MSS space station receivers (see Note 1):

- Recommendation ITU-R M.1141: Sharing in the 1-3 GHz frequency range between non-
geostationary space stations operating in the mobile-
satellite service and stations in the fixed service.

- Recommendation ITU-R M.1142: Sharing in the 1-3 GHz frequency range between geo-
stationary space stations operating in the mobile-satellite
service and stations in the fixed service;

4 that the technical guidance and planning tool provided in Recommendation ITU-R F.1335
should be considered when planning the transition of FS systems from the bands 1 980-2010 MHz
and 2170-2200 MHz in all three Regions, and 2010-2025 MHz and 2160-2170 MHz in Region 2.

NOTE 1 — Radiocommunication Study Groups-8-and-95 should expand this list, as appropriate, and
should consider establishing a finer categorization of the Recommendations included in the list.
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DRAFT UPDATING OF RECOMMENDATION ITU-R F.1335

TECHNICAL AND OPERATIONAL CONSIDERATIONS IN THE PHASED
TRANSITIONAL APPROACH FOR BANDS SHARED BETWEEN THE MOBILE-
SATELLITE SERVICE AND THE FIXED SERVICE AT 2 GHz

As proposed in another contribution from Japan (Document SA/J-2, SC/J-2), this document provides
the updated text for Recommendation ITU-R F.1335 for consideration by the Working Party
meetings SA/5C including which approach (editorial updating or normal revision) is preferred as

given in the Attachment 1.



2 Rec. ITU-R F.1335

Attachment 1

DRAFT UPDATING OF RECOMMENDATION ITU-R F.1335%

TECHNICAL AND OPERATIONAL CONSIDERATIONS IN THE PHASED TRANSITIONAL
APPROACH FOR BANDS SHARED BETWEEN THE MOBILE-SATELLITE
SERVICE AND THE FIXED SERVICE AT 2 GHz™

fQuestionFY-R2089Y
(1997)
Scope
(TBD) ,
The ITU Radiocommunication Assembly,
considering
e) that Resolution 716 (WRE-95Rev.WRC-2000) concerning the use of the 2 GHz band by the FS and MSS and

associated transition arrangements, encouraged administrations where practicable to draw up plans for the gradual
transfer of the frequency assignments to their FS stations in the shared 2 GHz MSS bands to non- overlapping bands,
giving priority to the transfer of their frequency assignments in the Earth-to-space band 1980-2010 MHz in all Regions
and 2010-2 025 MHz in Region 2, considering the technical, operational and economic aspects;

2) that Resolution 716 (Rev.WRC-2000WRE-95) requests ITU-R to develop planning tools necessary to assist

those administrations considering re-planning of their terrestrial networks to accommodate the MSS in the 2 GHz bands,
recommends

1 that administrations may take into account the material in the Annexes 1 to 4 when considering transitional

arrangements for the MSS and FS at 2 GHz.

This Recommendation was developed jointly by former Radiocommunication Study Groups 8 and 9, and any further revision
should also be undertaken jointly by Radiocommunication Study Groups 4 and 5. This Recommendation should be brought to the
attention of Radiocommunication Bureau.

** In accordance with Resolution 716 (Rev.WRC-2000WRE-95) of the World Radiocommunication Conference (Genevalstanbul,
19952000), the frequency bands dealt with in this Recommendation are mainly in the bands 1980-2 010 MHz (worldwide) and
2010-2 025 MHz (Region 2) allocated to the MSS (Earth-to-space) and the bands 2 160-2 170 MHz (Region 2) and 2 170-2 200
MHz (worldwide) allocated to the MSS (space-to-Earth).
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ANNEX 1

Technical and operational considerations in the phased transitional approach
for bands shared between the MSS and the FS at 2 GHz

1 Introduction

Two aspects are dealt with in this Annex:

—  the continued operation of fixed systems within the spectrum identified for MSS implementation for a reasonable
period of time; and

— the continued operation of the FS systems in the 2 GHz range beyond this transition period, including the necessary
planning and coordination tools to move the system, or a portion of the system, to spectrum outside that which is
required for MSS implementation. (See Resolution 716 (WRE-95Rev. WRC-2000) Reguests-Invites ITU-R 1.2.) |

2 Co-primary MSS allocations at 2 GHz
(No change)

3 Background

There are two principal radio-frequency channel arrangements used by the existing fixed systems, Ex-Recommen-
dations ITU-R F.283 (which was suppressed in 2007 and the relevant information is available on the ITU Website) and
Recommendation ITU-R F.382. Ex-Recommendation ITU-R F.283 provides the channel arrangements for the two
sub-bands 1900-2 100 MHz and 2 100-2 300 MHz with six paired channels in each sub-band, each with a bandwidth of
14 MHz. Recommendation ITU-R F.382 provides channel arrangements for the band 1900-2300 MHz with six paired
channels, each with a bandwidth of 29 MHz, using two 29 MHz channel arrangements overlayed at a 14.5 MHz offset.
These arrangements and their relationship with the current MSS allocations are illustrated in Fig. 1.

Recommendation ITU-R F.1098, developed—in—response—to—Resolution—1H3—(WRE-92)-as a result of the World
Administrative Radio Conference for Dealing with Frequency Allocations in Certain Parts of the Spectrum, Malaga-
Torremolinos, 1992 (WARC-92) allocations, provides for three channel arrangements for new fixed systems in the
band 1900-2300 MHz. It focuses on the “core” bands 2 025-2 110 MHz and 2200-2290 MHz wherein the FS, mobile
and space operations, space research, earth exploration-satellite services (MS, SOS, SRS, EESS) share co-primary
allocation space. These channel arrangement descriptions are illustrated in Fig. 2.

Figure 1 (No change)
Figure 2 (No change)

Allowance is made in Annexes 2 and 3 to Recommendation ITU-R F.1098 for extended channel arrangements where
adequate geographical and/or frequency separation would make sharing possible with MSS or fatare—publie
landinternational mobile telecommunications--2000systems-(FREMFSIMT-2000).
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4 Impact of worldwide MSS allocations on the fixed systems’ Recommenda-
tions ITU-R F.283 and ITU-R F.382 channel arrangements

‘ In the Recommendation ITU-R Ex-F.283 channel arrangement, the guardband between transmitter/receiver (Tx/Rx) in
each of the sub-bands is 35 MHz and 39 MHz in Recommendation ITU-R F.382. The present MSS worldwide allocation
takes up 27.5 + 14.5 MHz of this 35 MHz guardband in Regions 1 and 3 and 7 + 0.5 MHz in Region 2.

The following is the impact of the MSS worldwide allocation on each of the Recommendations:

— Recommendation ITU-R F.382

(Region 2)

(Region 2)

(Region 2)

(Regions 1 and 3)
(Regions 1 and 3)
(Region 2)

(Region 2)

(Region 2)
(Arrangement)
(Arrangement)
(Offset arrangement)
(Offset arrangement)
(Arrangement)
(Arrangement)
(Offset arrangement)

(Offset arrangement)

1980-2010 MHz

1980-2010 MHz
1980-2010 MHz
1980-2010 MHz
2170-2200 MHz
2170-2200 MHz
2170-2200 MHz
2170-2200 MHz
2170-2200 MHz
1980-2010 MHz
1980-2010 MHz
1980-2010 MHz
1980-2010 MHz
2170-2200 MHz
2170-2200 MHz
2170-2200 MHz
2170-2200 MHz

2.5 MHz of C6 {mREE: I

2.5 MHz of D5
14 MHz of D6
6.5 MHz of D1
1.5 MHz of C5
14 MHz of C6
1.5 MHz of D4
14 MHz of D5
14 MHz of D6
14.5 MHz of A3
15.5 MHz of A4
29 MHz of B4

1 MHz of BS
8.5 MHz of A2'
21.5 MHz of A3'
23 MHz of B3'
7 MHz of B4'
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5 Impact of Region 2 MSS allocations on the fixed systems’ Recommenda-
tions ITU-R F.283 and ITU-R F.382 channel arrangements

The following is the impact of the MSS Region 2 allocation on each of the Recommendations:

o _ExRecommendation ITU-R _(Regions land3) 20102025MHz ___ 75MHzofCl' . | (W 7528 (9522)

F.283
(Region 2) 2010-2025 MHz 7.5 MHz of D1'
(Region 2) 2010-2025 MHz 7.5 MHz of D2'
(Regions 1 and 3) 2160-2170 MHz 10 MHz of C5
(Region 2) 2160-2170 MHz 10 MHz of D4

— Recommendation ITU-R F.382  (Arrangement) 2010-2025 MHz 13.5 MHz of A4
(Arrangement) 2010-2025 MHz 1.5 MHz of A5
(Offset arrangement) 2010-2025 MHz 15 MHz of B5
(Arrangement) 2160-2 170 MHz 10 MHz of A2'
(Offset arrangement) 2160-2 170 MHz 6 MHz of B3'

6 Impact on Recommendation ITU-R F.1098

(No change)

7 Operational dates for worldwide and Region 2 MSS allocations in the 2 GHz band

Usage of the worldwide MSS allocation bands 1980-2010 MHz and 2 170-2200 MHz shall not commence before
1 January 2000 (see Radio Regulations (RR) No. $5.389A). |

Usage of the worldwide MSS allocation band 1980-1990 MHz in Region 2 and of Region 2 MSS bands
2 010-2 025 MHz and 2 160-2 170 MHz shall not commence before 1 January 2005 (see RR No. $5.389A and
RR No. $5.389C) with the exception that in Canada and the United States of America usage of the latter bands by the
MSS shall not commence before 1 January 2000 (see RR No. $5.389D).

8 Transition principles

When MSS is introduced initially into FS bands, every effort should be made to coordinate and share spectrum between
existing FS and new MSS service. These coordinating efforts should take into consideration that:

— transition be considered where interference criteria predicts unacceptable interference to incumbent fixed networks
or links or into MSS systems;

—  transition be prioritized in MSS Earth-to-space bands, given the difficulties of sharing of FS systems with MSS
uplinks (see Resolution 716 (WRE-95Rev.WRC-2000) resolves 4.3); |

—  in the long term as MSS traffic increases, total relocation may be desirable.

9 Additional information concerning the transitional arrangements
(No change)
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ANNEX 2

Frequency sharing between the MSS and the FS in the 2 GHz range

1 FS shared with MSS space-to-Earth allocations

In addition, ITU-R developed Recommendation ITU-R M.1319 for considering, in detailed coordination, the impact of
MSS satellite interference to 2 GHz line-of-sight FS systems. This Recommendation details the basis for a methodology
to be used in order to compute the radio-frequency C/(N + ) statistics of FS systems, taking into account MSS
interfering carrier, I, and wanted FS carrier, C, levels. The wanted FS carrier levels are estimated taking into account
parameters on relevant FS station, carrier, antenna path and intra-FS degradation together with predictions of typical
multi-path levels according to the latest version of Recommendation ITU-R P.530-6—(Geneva—+995} or alternative
propagation models as appropriate. The MSS interfering levels are estimated taking into account MSS constellation
orbital parameters, MSS spot beam carrier and antenna parameters and if needed MSS spot beam traffic loading and
frequency plans.

11 Effects on analogue FS systems for telephony

Analogue FS systems for telephony in the 1-3 GHz range are generally used for low to medium capacity of 960 channels
or less. There are two approaches to consider the effect of channel capacity on interference from MSS space stations.

111 First approach

In the first approach, it is assumed that at any channel capacity, the radio-relay route is so designed that the overall noise
performance will just meet the maximum allowable noise objectives of a real link specified in Ex-Recommen-
dation ITU-R F.395 (Volume IX-1 (Diisseldorf 1990)). In this case, the received power level at a receiving station for a
system with lower capacity will be correspondingly low. Therefore, under this assumption, roughly speaking, the effect
of MSS interference will be almost the same regardless of channel capacity.

1.1.2 Second approach

The above first approach may not be realistic, because in general it is more difficult for a radio-relay system with higher
capacity to select repeater stations which satisfy the required noise performance objectives specified in Ex-Recommen-
dation ITU-R F.395.

113 Summary
(No change)

1.2 Effects on digital FS systems
(No change)

2 FS shared with MSS Earth-to-space allocations

The above finding led to resolves 4.3 of Resolution 716 (WRE-95Rev.WRC-2000), in which administrations are
encouraged, where practicable, to draw up plans for gradual transfer of the frequency assignments to their FS stations in
the bands shared with the MSS in the 2 GHz range to non-overlapping bands, considering the technical, operational and
economical aspects.
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ANNEX 3

Some transitional arrangements for analogue radio-relay systems
for telephony in the 2 GHz range

1 Review of optimum frequency deviation

Preferred frequency deviation for analogue radio-relay systems for telephony using FDM-FM is given in Ex-
Recommendation ITU-R F.404-2 (Volume IX-1 ((Diisseldorf, 1990)). The values applicable to capacities of 960
channels or less are reproduced in Table 1.

The performance of FDM-FM analogue radio-relay system is usually measured using a continuous uniform spectrum
signal (see Ex-Recommendation ITU-R F.399-3 (Volume IX-1 ((Diisseldorf, 1990)). Generally the baseband signal-to- |
noise (S/N) ratio shows the characteristic of Fig. 3 as a function of r.m.s. frequency deviation per channel (loading
level).

Figure 3
(No change)

2.1 New pre-emphasis circuit

Pre-emphasis  characteristic for FDM-FM radio-relay systems for telephony is given in Ex-
Recommendation ITU-R F.275-3 (Volume IX-1 (Diisseldorf, 1990)).

If practicable, a new pre-emphasis circuit and a new de-emphasis circuit applicable to the lower capacity should be
adopted. In case of a change from 960 to 600 channels, the interference from the MSS will be reduced by at least 20 log
(4028/2540) =4 dB due to the change of the highest baseband frequency.

ANNEX 4

Algorithms and methodologies for simulation
of interference between FS networks

1 Introduction

This Annex describes algorithms and methods required to simulate interference between networks operating in the
terrestrial FS.

The motivation for this type of simulation is two fold:

—  to respond to Resolution 716 (WRE-95Rev.WRC-2000) § 1.2, where the ITU-R is requested to develop tools to
assist Administrations in possible re-planning of 2 GHz FS systems to avoid overlap with the 2 GHz MSS
allocations;
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— to allow Administrations to investigate the feasibility of replanning existing 2 GHz FS systems using for example
Recommendation ITU-R F.382 or Ex-Recommendation ITU-R F.283 to replace FS channels presently overlapping
with the 2 GHz MSS allocations, in particular in the MSS Earth-to-space direction, with other available FS
channels. Such a simulation tool would be able to assist in determining whether or not in the replanned FS system
the network performance objectives would continue to be respected.

11 Features of an intra-FS analysis model

The top level requirements can be summarized as follows:

— one FS system must be defined as the wanted system;

—  define all stations of all other FS systems as potentially interfering;

—  aggregate interference from all interfering links into each wanted link is calculated;

—  wanted propagation model based on Recommendation ITU-R P.530-6(Geneva;1+995);

—  interfering propagation model based on Recommendation ITU-R P.452-7(Geneva;—1995), including terrain based
diffraction model and digital terrain data;

—  computation of C/I, C/N and C/(N + 1) PDF (probability distribution function) and CDF (cumulative distribution
function) for each station of the wanted system;

—  end-to-end statistics calculated, making a distinction between digital and analogue systems;

— inclusion of polarization discrimination for orthogonal linearly polarized carriers.

1.2 Antennas and polarization discrimination

(No change)

2 FS system representation
(No change)
Figure 4 (No change)

3 The interference calculation
(No change)

31 Power calculation
(No change)
Figure 5 (No change)

3.2 Propagation modelling

This subsection gives an overview of the applicable propagation models. Detailed descriptions of these models are given
in§ 5.
A distinction is made between interfering signals and wanted signals in performing the interference analysis. For LOS

losses, Recommendation ITU-R P.530-6—(Geneva;—1995) is applicable to wanted signals and Recommen-
dation ITU-R P.452 to interfering signals.

These Recommendations (i.e. Recommendations ITU-R P.530-6 and ITU-R P.452) are being revised and the intent of
this section is to specify the algorithm. Relevant algorithms are included in this Recommendation for completeness
based on existing equations in Recommendations ITU-R P.530-6 and ITU-R P.452. These algorithms would be however
generally applicable within the context of new revisions to Recommendations ITU-R P.530-6 and ITU-R P.452,
although the specific form of the equations contained herein may change.

LOS fixed links can be modelled using the Recommendation ITU-R P.530-6 initial planning method, combined with
free space path loss. This method gives a distribution of fade and multipath enhancement as a function of link length,
frequency antenna heights and meteorological parameters.
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FIGURE 6
Propagation modelling overview

Is signal an

interferer?
No
No Is the link tropo?
Do Recs.
Calculate frgm path Do Rec. ITU-R P.617
analysis ITU-R P.530-6— frrr oD 4en
amtHFH-RPA5
Path type 1 Path type 2 Path type 3
Do Rec.
ITU-R P.452 Do LOS plus
LOS single subpath Do LOS plus
diffraction ducting,
contribution layer loss,
tropoloss and
full diffraction

1335-06

4 Intra-FS analysis results

(No change)

5 Loss models

This section describes the details of propagation loss models applicable to terrestrial interference paths based on
ITU-R Recommendations.

5.1 Recommendation ITU-R P.530-6 fading and enhancement model

Recommendation ITU-R P.530-6 gives an FS LOS model specifying the relationship between the depth of a fade and the
probability that a fade depth is exceeded, and the degree of enhancement and percentage of time enhancement is not
exceeded.

Recommendation ITU-R P.530-6 fade model contains four parts:
—  standard equations, for fade depth > 25 dB,
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extrapolation, for fade depth < 25 dB,

equations for propagation enhancement for enhancements > 10 dB,

equations for propagation enhancement for enhancements between 0 and 10 dB.

Two methods are proposed in Recommendation 530-6 to assess the fading model. Method 1 is intended for link planning
and design and is described below.

Wherever the multipath fade model is used, the enhancement model must also be taken into account. The long and short
term fades together with the enhancement define a cumulative distribution function which can be used in a Monte-Carlo
simulation of the fade depth. A random number is generated and used to define a % time for which the CDF must be
inverted. This inversion of the CDF is a standard method for sampling non-standard distributions, and can always be
performed to the required accuracy using a binary chop algorithm.

The equations for calculating the probability of a given fade and a given enhancement are detailed below.

The percentage of time, py, that the fade depth, A (dB) is exceeded in the average worst month is given by (valid for
small percentages of time):

—A/l

w

p,=KQBd 107"

where:
K, Q, B, C are defined as follows:
B = 1(0-032£0.0085hL
R —C )

C

AN

P S
where:

gpt path inclination (mrad) given by ‘gp‘ = ‘ hy - hz‘ /d

hy, hy: antenna heights (m) above sea level

d: path length (km)

f: frequency (GHz)
_ h: thealtitude of the lower antenna (i.c. the smaller of hy and hp)

K: geoclimatic factor for the average worst month from fading.

K = 10—3.9—0.003dN1 sa—0.42

where dN, is the point refractivity gradient in the lowest 65 m of the atmosphere not exceeded for 1% of an average

year, and S, is the area terrain roughness.

dN, is provided on a 1.5° grid in latitude and longitude in Recommendation ITU-R P.453. The correct value for the

latitude and longitude at path centre should be obtained from the values for the four closest grid points by bilinear
interpolation. The data are available in a tabular format and are available from the Radiocommunication Bureau (BR).

Sa is defined as the standard deviation of terrain heights (m) within a 110 km x 110 km area with a 30 s resolution (e.g.

the Globe “gtopo30” data). The area should be aligned with the longitude. such that the two equal halves of the area are
on each side of the longitude that goes through the path centre. Terrain data are available from the World Wide Web (the

web address is provided by the BR).

7

A EREE: T+ b 010 pt, XF
| BTH% 6ot
A EZREE: b )
(@REE: XFEETFS 8t )
««{E$§E:2$~ajmﬁ:539$m:}
L(wAEE: FHE )
(EREE: FHE )
. (wREE: THE )
{%ﬁﬁiiﬁﬁ.ajﬁﬁz5a9$@i}
A =RZE: ZE xE) )
) %$§E=%$~97ﬁﬁisa9iﬁi}




Rec. ITU-R F.1335
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The percentage of time, py, that the fade depth, A (dB), is exceeded for large percentages of time i.e., A<25 dB or
A <35 dB, is given by:

Pu = 100[1 - exp(_lo—qu/on

where:

%

s = 2 + 1070016A [1 103 x 10‘”20] [qt N 4.3(10"”20 + A/SOO)}

Calculate the value of“ q é‘for the fade depth A = 35 dB with the corresponding value of py:

-20 IOgl()

—1In

100

(10

'

100

«

100-p, j
100

Ja

A

then compute the value of the parameter q:

)

qt =

10700A 1 4 03 x 1074%]

If g¢ > 0 then the above equations should be re-evaluated for A =25 dB.

- 4,3(10“‘/20 + A/soo)
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A =25+1.2xlog(p,)

This is shown in Fig. 7:
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FIGURE 7

Recommandation ITU-R P.530 fade depth distribution
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FIGURE 7

Recommandation 1TU-R P.530-6 fade depth distribution
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5.1.1 Enhancement model

The enhancement distribution is also given in Recommendation ITU-R P.530-6. Average worst month enhancement
above 10 dB are predicted using:

D242k 010 pt, XFEE

16 pt

Py = 100 — 10C17+02A0 —E)35 % for E> 10 dB (1)
where:
E: enhancement (dB) not exceeded for p% of the time
Ago1: fade depth exceeded for py = 0,01% of the time:
Eai
0.01 0.0 S B
= B .,C AO.Ol = Olog C //
KQ fBd KQBd ,

where values of Q, B and C depend on the whether Method 1 or Method 2 is being used for the fade model.

The percentage of time that the enhancement E is not exceeded or is between 0 and 10 dB is given by:

o )

/{%ﬁ(ﬁ%: JAv R 10t X
- . ~®E20) | b _100-58.21[1—exp(-107%5" | ,\BFTR 8P
where the parameter (g is calculated as follows:
Step 1: Calculate the percentage of time Py, with enhancement less than or equal to 10 dB (AE' =10dB) using -~ {aﬂti: R CRED
cauati us =  {EEEhET4—LEF 2—F
quation (1) NN -
! N{mRAEE: KE (RE)
Step 2: Calculate Qg : \\\\\\[Eiﬁﬁii ®iE GRE)
( 100 - py, (EREE: xE k@)
e = —2|lo —]n(l - 7jj D OBIE (%
Qe 210 81 (@REE: %3 KB
Step 3: Calculate gg:
, | WREE: JA b 10 pt, XFAL
Hs—=205-66—2030,=2.050,-20.3 s {E'Fh"é 6 pt
Step 4: Calculate ge:

Ge = 8 + (1 + 03 x 10*E/20) (10*0-7E/20) [qs 4 12[10*5/20 + E/SOOH

5.2 Recommendation ITU-R P.452 based losses

Recommendation ITU-R P.452 contains a prescription for calculating general loss based on an analysis of the radio
path profile.

53 Terrain based diffraction loss model
For the interfering links, the diffraction loss calculation should be based on Recommendation ITU-R P.526.

For Type 2 paths only the subpath contribution will be calculated. This contribution is assumed to be from the terrain
point with the largest intrusion into the first Fresnel Zone. This point will be modelled as a knife edge obstacle. For
Type 3 paths, an array of obstacle parameters will be calculated. Each obstacle will be modelled as a cylinder, and the
total loss calculated using the general method given in Recommendation ITU-R P.526.
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Given the obstacle array for the path, the total diffraction loss (dB) can be calculated from

172

(SISZ"'SH+1)(SI + S +S3 + ...+ SN +1)
Ly = L. + 3 Lg — 20log
¢ Obstg)lesc Subpzathsds (Sl + 52)(52 + S3)...(SN + SN +1)313N +1

where the L terms are contributions from the individual cylindrical obstacles, Lys are the maximum subpath contribution
from between each pair of cylindrical obstacles, and S are distances to the centres of each obstacle along the great circle
path of the average terrain.

If the path is Type 2 or Type 3, a term due to diffraction will be added to the overall propagation loss. If the path is
Type 2, only the subpath term is included.

The term L. is equal to the knife edge term plus the attenuation due to curvature of the obstacle defined in
Recommendation ITU-R P.526, and is given by the following:

2 dl + d2 12
nd, d,

where:

J(v) is the Fresnel-Kirchoff loss due to an equivalent knife-edge placed with its peak at the vertex point.

1/2
v=00316h 20+ 92)
rd;d,

T(m,n) is the additional attenuation due to the curvature of the obstacle:

T(mn) =7.2m"2= (2 - 12.5mm + 3.6m*2 - 0.8m? __aB for mn < 4

T(m,n) = —6 — 20 log (mn) + 7.2m"% = (2 = 17m)m + 3.6m*> - 0.8m? 4B for mn >4

and

m= R d] + d2 |:ﬂ:| 3
dd, || »
2
n= h[ﬂ}3 R7!
A

h: height of the top of the obstacle above the straight line joining the two ends of the path. If the height is
below this line, h is negative

where:

dj, dy:  distances of the 2 ends of the path from the top of the obstacle
5.3.1 Knife edge diffraction loss

Diffraction over a knife edge can produce a loss or an enhancement, depending on the value of the dimensionless
Fresnel-Kirkhoff parameter n. Calculation of n is detailed in the terrain modules design document.

Once n is known, the loss can be calculated. For n values greater than —0.78, the knife edge loss (dB) is obtained from |

the expression:

k110 pt, XFfL
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J(v) = 69 + 20 log( (v -01)7 +1+v- 0.1)
For values less than —0.78, the loss can be extracted from Fig. 8 taken from Recommendation ITU-R P.526.

Figure 8 (No change)

5.4 Stretched string analysis and obstacle modelling

54.1 Path characterization

This paragraph describes how the path parameters required to classify the path according to Recommen-
dation ITU-R P.452 are extracted from the path profile. The parameters calculated are given in Table 3. Additional
parameters required for the calculation of the diffraction loss are described in § 5.3. Before characterizing the path a
term for the curvature of the Earth will be added to each point in the path profile. This is a function of length along the
path and the earth radius factor. Note that if path characterization is performed using a median value for the earth
curvature according to § 3.2.2-1 of Recommendation ITU-R P.452 and then the obstacle analysis is performed using a
different earth curvature factor the classification of the path may change.

5.4.2 Path classification
(No change)

Figure 9 (No change)

Figure 10 (No change)

5.4.3 Diffraction obstacle characterization

5.4.3.1 Identification and classification of diffraction obstacles

Obstacles locations will be identified using the stretched string analysis suggested in the Appendix 2 to Annex 1 of
Recommendation ITU-R P.452.

Figure 11 (No change)
Figure 12 (No change)
Figure 13 (No change)

5.4.3.2 Determination of dominant sub-path diffraction contribution
(No change)
Figure 14 (No change)

5.5 Transhorizon pathloss model

Transhorizon propagation for frequencies above 30 MHz can occur by diffraction, or by scatter from atmospheric
irregularities. Due to the rapid attenuation of the diffracted wave with range and frequency, the principal mechanism for
establishing transhorizon links is tropospheric scatter (troposcatter).

These models are applicable to the interfering paths which are transhorizon and do not have first Fresnel Zone clearance.
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55.1 Method 1 - Average annual median transmission loss distribution for time percentages greater
than 50%

The average annual transmission loss not exceeded for q % of the time is given by:

- r

L(q)=M +30log f +10logd+30log #+L,, + L.—Y (q)-G,—G,

where:
M: meteorological parameter (dB)
f: frequency (MHz)
d: pathlength (km)
0: scatter angle
Ln: loss depending on the height of the common volume
Y(Q): conversion factor for non-exceedance percentages ¢ other than 50%
Gy, Gy: antenna gains.

L, : the aperture-to-medium coupling loss (dB)

L. = 0.07-exp{0.055(G, + G, )}

5.5.2 Method 2 — Average worst month median transmission loss distribution for time percentages greater
than 50%

(No change)
553 Method 3 — Ducting loss

The prediction of the basic transmission loss Lpa (p) (dB) occurring during periods of anomalous propagation (ducting
and layer reflection) is based on the following function:

Loa(P) = At + Ad(p) + Ag dB 2
where:
As: total of fixed coupling losses (except for local clutter losses) between the antennas and the anomalous
propagation structure within the atmosphere:
As = 102.45 + 20 logf + 20log (djy + diy) + Ast + Asr + Act + Acr dB 3)

Agt, Agr: site-shielding diffraction losses for the interfering and interfered-with stations respectively:

201og[1+o.3619{r(f.d,u,)”z]+o.264eg,rf“3 dB  forf}, >0 mrad

Ast,sr =
0 dB for6; <0 mrad
- " 12 n 3 "
03610 F—diy) . et ——dB—for B> O-mrad
Agtor—=
0 dB—for B —<—0-mrad
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2
670.25dct,Cr

Act,cr =-3

6{”r = Gt’r -0.1 dlt,lr mrad eéF%evaﬂ—dww

1+tanh (0.07(50~hyg rs)) dB_fore > 075

drt r_r_S dlt Ir_ drt o< S km

Actor =0 dB for all other conditions

It is useful to note the limited set of conditions under which equation (5) is needed.

(4a)

Act, Agr:  over-sea surface duct coupling corrections for the interfering and interfered-with stations respectively:

Aq(p): time percentage and angular-distance dependent losses within the anomalous propagation mechanism:

Ad(P) =vd - 6" + A(p) dB
where:

vq: specific attenuation:

v =5 x 107 a £ dB/mrad

(©)

(7

0': angular distance (corrected where appropriate (via equation (8)) to allow for the application of the site

shielding model in equation (4)):

L mAEE: e

103d ' '
0" = a_e + 6t + 6, mrad ®)
Ot r mrad for Oty < 0.1 dytr
9{’,. = (32)
0.1 dit,Ir mrad for Oty > 0.1 djtr
A(p): time percentage variability (cumulative distribution):
A(p) = Ao(p) + 12(p/B)" dB ©
where:
[ WRAEE: XFEETFEH 12 pt
A(p)=-12+(1.2+3.7x107d )log(%) ©2)  {EREE: XFMETTH 5t
_ '992_7[3 0.15 (log B HH
2 —6 41.13
- 1.076 — Xe—(9.51—4.810g[3+0.198(10g[3) )><10 -d (9b)
(2.0058—1ogP)"
In equation (9b), note that evaluation of (log B + 4) should be set to zero if it would otherwise be less than zero.
B=PRBo M us % (10
where:
pp: correction for path geometry:
500 d2 “
an

=| a 2
o * (i + i)

The value of p, shall not exceed 1.



o=—06—d =103 (1 eHa=-06-¢-10"-d> .1 (11a)
3 -6 —(4 12x1074 d2-41)
=677 dd—e) | T=|1-eT\F1X *Uim (11b)
dim:_longest continuous inland section of the great-circle path (km) 1
e= 3.5 “1

the value of a shall not be allowed to reduce below —3.4
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ps:  correction for terrain roughness:

Ag:

1 forhy < 10 m

ps = (12)
exp [74.6 x 107 (hy — 10) (43 + 6di)} forhym > 10 m

di = min (d — dit — dy, 40) km (12a)

total gaseous absorption determined from:

Ag = [vo + w(p)] d dB

where:

Yo, Yw(p): specific attenuation due to dry air and water vapour, respectively, and are found from the equations in

Recommendation ITU-R P.676

water vapour density:

p=75+250 g/m3

where o is the fraction of the total path over water.

55.4

Method 4 — Tropospheric scatter loss

The basic transmission loss due to troposcatter not exceeded for any percentage, p, below 50% is given by:

Los(P) = 190 + Lf + L¢ + 20logd + 0.5736 — 0.15Ng + Ag — 10.1 [~log (p/50)]%7 dB
where:
Ls:  frequency dependent loss computed with:
L = 25logf — 2.5 [log (f/2)] dB
L¢:  aperture medium coupling loss computed with:
Le= 0,051 0:055(G,—+G,) 1B e ~0.051.6%055(6+G,) dB
No: surface refractivity at the path centre, derived from Fig. 76 in Recommendation ITU-R P.452.
Ag: gaseous absorption derived from:
Ay = [vo + vw(p)]d dB
where:

Yo, Yw (p): specific attenuation due to dry air and water vapour, respectively found in Recommen-

p:

dation ITU-R P.676

water vapour density

where p = 3g/m3 for the whole path length.

_ ,,{iﬂgi; A JME: 1.99 F(#HL)

)

- wREE: E%

[ mRAEE: XFLETHFS 5 pt
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DRAFT REVISION OF RECOMMENDATION ITU-R F.1336-2

Reference radiation patterns of omnidirectional, sectoral and other antennas
in point-to-multipoint systems for use in sharing studies in the
frequency range from 1 GHz to about 70 GHz

1 Introduction

At the previous meeting in February 2008, Working Party 5C produced a preliminary draft revision
of Recommendation ITU-R F.1336-2 in line with the Doc. 5C/15 from Japan which proposed one
editorial modification and completion of the revision of the Recommendation. Though the editorial
modification was agreed and the whole content was confirmed, the status of the document was
decided to keep preliminary draft revision of Recommendation for further consideration until the
next meeting as it has not been less than one year since the last revision of this Recommendation.

2 Proposal

Japan would like to propose to complete the revision of this Recommendation with no additional
modification in this meeting. The proposed draft revision of Recommendation F.1336 is provided in
Attachment to this document.



ATTACHMENT

[WORKING DOCUMENTTOWARDSA] PREEIMINARY-DRAFT REVISION
OF RECOMMENDATION ITU-R F.1336-2

Reference radiation patterns of omnidirectional, sectoral and other antennas
in point-to-multipoint systems for use in sharing studies in the
frequency range from 1 GHz to about 70 GHz

(Question ITU-R 202/9)

(1997-2000-2007)
Scope

This Recommendation gives reference models of the peak and average antenna patterns of
omnidirectional, sectoral and directional antennas in point-to-multipoint systems to be used in
sharing studies in the frequency range 1 GHz to about 70 GHz.

. mtEE xE D

summary - {Eit&i: Heading_b

This revision proposes modifications to some parameters used in the basic formula used for the
side-lobe patterns of sectoral antennas.

The ITU Radiocommunication Assembly,

considering

a) that, for coordination studies and for the assessment of mutual interference between point-
to-multipoint (P-MP) fixed wireless systems (FWSs) and between stations of such systems and
stations of space radiocommunication services sharing the same frequency band, it may be
necessary to use reference radiation patterns for FWS antennas;

b) that, depending on the sharing scenario, it may be appropriate to consider the peak envelope
or average sidelobe patterns in the sharing studies;



c) that it may be appropriate to use the antenna radiation pattern representing average side-
lobe levels in the following cases:

- to predict the aggregate interference to a geostationary or non-geostationary satellite from
numerous fixed wireless stations;

- to predict the aggregate interference to a fixed wireless station from many geostationary
satellites;

- to predict interference to a fixed wireless station from one or more non-geostationary-
satellites under continuously varying angles;

- in any other cases where the use of the radiation pattern representing average side-lobe
levels is appropriate;

d) that reference radiation patterns may be required in situations where information
concerning the actual radiation pattern is not available;

e) that, at large angles, the likelihood of local ground reflections must be considered,

f) that the use of antennas with the best available radiation patterns will lead to the most

efficient use of the radio-frequency spectrum,
noting

a) that Recommendations ITU-R F.699 and ITU-R F.1245 give the peak and average
reference antenna patterns respectively to be used in coordination studies and interference
assessment in cases not referred to in recommends 1 to 4 below,

recommends

1 that, in the absence of particular information concerning the radiation pattern of the
P-MP FWS antenna involved (see Note 1), the reference radiation pattern as stated below should be
used for:

11 interference assessment between line-of-sight (LoS) P-MP FWSs;

1.2 coordination studies and interference assessment between P-MP LoS FWSs and other
stations of services sharing the same frequency band;

2 that, in the frequency range from 1 GHz to about 70 GHz, the following reference radiation
patterns should be used in cases involving stations that use omnidirectional (in azimuth) antennas:

21 in the case of peak side-lobe patterns referred to in considering b), the following equations
should be used for elevation angles that range from 0° to 90° (see Annex 1):

2
Go_lz(e] for 0 <6<0,
05
G(8) ={Gy—12+10 log(k +1) for 0,<0<0, (1a)

3

-15
0
Gy —12+10 log {GJ +k for 0;<6<90°



with:
05=107.6x107"1C0 (1b)
1
04 =65,/1-—1log(k+1) (1c)
12
where:

G(0): gain relative to an isotropic antenna (dBi)
Gy: the maximum gain in or near the horizontal plane (dBi)
0: absolute value of the elevation angle relative to the angle of maximum gain
(degrees)
05: the 3 dB beamwidth in the vertical plane (degrees)
k : parameter which accounts for increased side-lobe levels above what would be
expected for an antenna with improved side-lobe performance
(see recommends 2.3 and 2.4);

2.2 in the case of average side-lobe patterns referred to in considering c), the following
equations should be used for elevation angles that range from 0° to 90° (see Annex 1 and Annex 5):

2
GO—IZ[GJ for 0 <0<0;
03
G(0)=1Gy—15+10 log(k +1) for 0;<0<0; (1d)
1.5
Gy —15+10 log ((96} +k for 05<0<90°
3

with:

0 :63J1.25—$log(k+1)

where 0, 63, Gy and k are defined and expressed in recommends 2.1;

2.3 in cases involving typical antennas operating in the 1-3 GHz range, the parameter k should
be 0.7;
24 in cases involving antennas with improved side-lobe performance in the 1-3 GHz range,

and for all antennas operating in the 3-70 GHz range, the parameter k should be 0;

3 that, in the frequency range from 1 GHz to about 70 GHz, the following reference radiation
patterns should be used in cases involving stations that use sectoral antennas with a 3 dB
beamwidth in the azimuthal plane less than about 120° (see Annex 4 and Note 4);

31 in the case of peak side-lobe patterns referred to in considering b), the following equations
should be used for elevation angles that range from 0° to 90° and for azimuth angles that range from

| —180° to 180° (seeNote2):
G(9,0)=Cret (X) (2al)



a= arctan( tz.in 9] (2a2)

sin@

—90 = ¢ = 90 degrees

1
= 2a3
Ya > . 2 (2a3a)
cosa sinal
— | +
( ®3 J [ 03 ]
. 2 . 2
—3-0 (sm6)2+(s1ncp cos0) . (degrees)
(p3-sin0)” +(03 -sin@-cos0)
@ > 90 degrees, or ¢ <-90 degrees,
¥, 21 (2a3b)
[cos@] (sinej
- + -
93 03
=03-03 3 ! 3 (degrees)
(p3-sin0)” +(03-cosb)
y =arccos(cos@-cosf) (degrees) (2a4)
X=v/yg (25)

where:
¢ : azimuth angle relative to the angle of maximum gain (degrees)

¢@3: the 3 dB beamwidth in the azimuth plane (degrees) (generally equal to the
sectoral beamwidth).

Other variables and parameters are as defined in recommends 2.1;

3.1.1 in the frequency range from 1 GHz to about 6 GHz (see Annex 6)

Gref (X)=Go—12x> for 0 <x<x_  (2b)

Gret () =Gy —12+10log(x " +k)  for X <x<4

Gret (X) =Gy — A —15log(X) for X=4

with &y =12-10 log(1+8k) and x, =~/1—0.36k;

3.1.1.1 in cases involving typical antennas the parameter k should be 0.7 (therefore, Ax-97= 3.8
and Xg-07=0.86);

3.1.1.2 in cases involving antennas with improved side-lobe performance the parameter k should
be 0 (therefore, Ak=o= 12 and Xx=o=1);




3.1.2 in the frequency range from 6 GHz to about 70 GHz:
Gref (X)=Go—12x> for  0<x<l (20)

Gref (X)=Gg—12—15log(x)  for  1<x

3.2 in the case of average side-lobe patterns referred to in considering c), for use in a statistical
interference assessment, the following equations should be used for elevation angles that range from
0° to 90° and for azimuth angles that range from —180° to 180° (see Annex 5 and Note 2):

G(¢, 0) = Grei(X)
3.2.1 in the frequency range from 1 GHz to about 6 GHz (see Annex 6):

Gret (X) =Gy —12X2 for 0 <x<Xx (2d)

Gret () =Gy —15+101log(x "> +k)  for X <x<4

Gref (X) =Gy — Ay —3-151og(x) for x4

with &, =12-10 log(1+8k) and x, =~/1.25-0.36k;

3.2.1.1 in cases involving typical antennas the parameter k should be 0.2 (therefore, Ax=9.=7.85
and X-=o2=1.08);

3.2.1.2 in cases involving antennas with improved side-lobe performance the parameter k should
be 0 (therefore, Ak=o= 12 and Xx=o=1.118);

3.2.2  in the frequency range from 6 GHz to about 70 GHz:

Gy (X) =Gy —12%% for 0<x<1.152 (20
Gret (X) =Gy —15-151og(x) for 1.152<x
3.3 in cases involving sectoral antennas with a 3 dB beamwidth in the azimuthal plane less than

about 120°, the relationship between the maximum gain and the 3 dB beamwidth in both the
azimuthal plane and the elevation plane, on a provisional basis, is (see Annex 3 and Note 4):

31000 x 1071

05 3)
3

where all parameters are as defined under recommends 3.1;

4 that, in the frequency range from 1 GHz to about 3 GHz, the following reference radiation

patterns should be used in cases involving stations that use low-gain antennas with circular

symmetry about the 3 dB beamwidth and with a main lobe antenna gain less than about 20 dBi:

41 the following equations should be used in the case of peak side-lobe patterns referred to in

considering b) (see Annex 2 and Note 3):



2
Go—lz(eJ for 0 < 0 < 1.08¢3
?3
G(e): G0—14 for 108(p3 <0< (0] (4)
Gy —-14-32 log(eJ for ¢ <0<,
P
-8 for ¢, < 0 < 180°
where:
G(0): gain relative to an isotropic antenna (dBi)
Gy: the main lobe antenna gain (dBi)
0: off-axis angle (degrees)
@3: the 3 dB beamwidth of the low-gain antenna (degrees)
= /27000 % 107%1Co (degrees)
¢; = 1.9 @3 (degrees)
@ =@ x 10Co-032 (degrees);
4.2 in the case of average side-lobe patterns referred to in considering c), the antenna pattern

given in Recommendation ITU-R F.1245 should be used;
5 that the following Notes should be regarded as part of this Recommendation:

NOTE 1 — It is essential that every effort be made to utilize the actual antenna pattern in coordination studies
and interference assessment.

NOTE 23 — The different values of parameter K in recommends 3.1.1.1 and 3.2.1.1 are derived taking into
account peak envelopes and average side-lobe levels of a number of typical measured antenna patterns in the
1 to 6 GHz frequency range.

| NOTE 34 — In a case involving an antenna whose main beam width is different that this calculated with
equation (3), it is recommended to use O3 as an input parameter.

| Note 45 — As discussed in Annex 3, an exponential factor has been replaced by unity. As a result,
the theoretical error introduced by this approximation will be less than 6% for 3 dB beamwidths in the
elevation plane less than 450].

Note 56 — The reference radiation pattern given in recommends 4.1 primarily applies in situations where the
main lobe antenna gain is less than or equal to 20 dBi and the use of Recommendation ITU-R F.699
produces inadequate results. Further study is required to establish the full range of frequencies and gain over
which the equations are valid.

NOTE 67 — Measured results of a specially designed sectoral antenna for use around 20 GHz indicate the
possibility of compliance with a more restrictive reference side-lobe radiation pattern. Further studies are
required to develop such an optimized pattern.

[Editor’s note: Annexes 1 to 3 are unchanged]




Annex 4

Procedure for determining the gain of a sectoral antenna at an arbitrary
off-axis angle specified by an azimuth angle and an elevation angle
referenced to the boresight of the antenna

1 Analysis

The basic geometry for determining the gain of a sectoral antenna at an arbitrary off-axis angle is
shown in Fig. 17. It is assumed that the antenna is located at the centre of the spherical coordinate
system; the direction of maximum radiation is along the x-axis; the x-y plane is the local horizontal
plane; the elevation plane contains the z-axis; and, Uo is a unit vector whose direction is used to
determine the gain of the sectoral antenna.

FIGURE 17
Determining the off-boresight angle given the azimuth and elevation angle of interest

1336-17

X

The two fundamental assumptions regarding this procedure are that:
- the —3 dB gain contour of the far-field pattern when plotted in two-dimensions as a function
of the azimuth and elevation angles will be an ellipse as shown in Fig. 182; and

- the gain of the sectoral antenna at an arbitrary off-axis angle is a function of the 3 dB
beamwidth and the beamwidth of the antenna when measured in the plane containing the
x-axis and the unit vector U (see Fig. 17).

Given the 3 dB beamwidth (degrees) of the sectoral antenna in the azimuth and elevation planes, @3
and 03, the numerical value of the boresight gain is given, on a provisional basis, by (see
recommends 3.3 and equation (32a)).

31000

Gy
0303

(40)



The first step in evaluating the gain of the sectoral antenna at an arbitrary off-axis angle, ¢ and 6,
| is to determine the value of a.. Referring to Fig. 17 and recognizing that abc is a right-spherical
triangle, o is given by:

o= tan_l(te.mGJ (41a)

and the off-axis angle in the plane adc is given by:

Yo, :cos_l(cos (pcos 9) (41b)

FIGURE 18

Determination of the 3 dB beamwidth of an elliptical beam
at an arbitrary inclination angle a

Ao

0,/2

P

\ A
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Given that the beam is elliptical, the 3 dB beamwidth of the sectoral antenna in the plane adc is
determined from:

—90 = ¢ = 90 degrees

2 . 2
lzz[cosocj +(smocJ (42a)
Yy P3 03



or
! (42b)
4 3 _ >
cos o sina
+
( 03 J ( 05 ]
@ > 90 degrees, or ¢ <-90 degrees
2 2 (WREE: daHix
1 cosO sin@ s
—= = (426)
Vo ?3 03
or
1
Vo= - - (42d)
(cosej [sinG]
- + -
93 03
{wREE: 2E @@

The gain of the sectoral antenna at this arbitrary off-axis angle may be determined, on a provisional
basis, using the reference radiation pattern given in recommends 3.1 and 3.2 of this Recommendation.

2 Conclusion

A procedure has been given to evaluate the gain of a sectoral antenna at an arbitrary off-axis angle.
Further study is required to demonstrate the range over which this procedure is valid for sectoral
antennas. Administrations are requested to submit measured patterns of sectoral antennas in order
that this determination may be made.

Annex 5

Mathematical model of generic radiation patterns of omnidirectional
and sectoral antennas for P-MP FWSs for use in
statistical interference assessment

1 Introduction

The main text of this Recommendation (in recommends 2.2 and 3.2) gives reference radiation
patterns, representing average side-lobe levels for both omnidirectional (in azimuth) and sectoral
antennas, which can be applied in the case of multiple interference entries or time-varying
interference entries.

On the other hand, for use in spatial statistical analysis of the interference, e.g. from a few GSO
satellite systems into a large number of interfered-with FWS, a mathematical model is required for
generic radiation patterns as given in the later sections in this Annex.



It should be noted that these mathematical models based on the sinusoidal functions, when applied
in multiple entry interference calculations, may lead to biased results unless the interference sources
are distributed over a large range of azimuth/elevation angles. Therefore, use of these patterns is
recommended only in the case stated above.

2 Mathematical model for omnidirectional antennas

In case of spatial analysis of the interference from one or a few GSO satellite systems into a large
number of FS stations, the following average side-lobe patterns should be used for elevation angles
that range from 0° to 90° (see Annex 1):

2

Gy —12((9} for 0 <0<0,
G(0) ={G, —12+10 log(k +1)+ F(0) for 0, <60<0; (432)

Gy —12+10 log [J +k |+F(0) for 6;<60<90°

3
with:
F(0)=10 10g[0.9 sinz(igej +0. 1J (43b)
3

where 0, 03, 04, Gy and k are defined and expressed in recommends 2.1 in the main text.
NOTE 1 - In cases involving typical antennas operating in the 1-3 GHz range, the parameter k should be 0.7.

NOTE 2 — In cases involving antennas with improved side-lobe performance in the 1-3 GHz range, and for
all antennas operating in the 3-70 GHz range, the parameter k should be 0.

3 Mathematical model for sectoral antennas

In case of spatial analysis of the interference from one or a few GSO satellite systems into a large
number of FS stations, the following average side-lobe patterns should be used for elevation angles
that range from 0° to 90° and for azimuth angles from —180° to 180°:

G(9, 0) = Gret(X) (44)
where:
Gref (X)=Gg —12x> for 0 <x<1396
Gref (X) =Gy —12-15log(X)+ Fref (X)  for 1.396 < x

Fret (X) =10 log(0.9s5in?(0.757x)+0.1)



—90 = ¢ = 90 degrees

Vo =

2 . 2
cosa Sin o
+
( ?3 } [ 03 J

sin8)% + (sin @ cos 0)?
:%_93\/ (5in0)° + (sin-cos0)

(degrees)
(p3-sin 9)2 + (05 -sin@-cos 6)2

@ > 90 degrees, or ¢ <-90 degrees

1
[cos@jz (sinejz
- + -
03 03

=305 5 ! 3 (degrees)
(p3-sin0)” +(03-cosb)

Y,

o=

y = arccos(cos - cos 0) (degrees)

X=y/ Yo
where all variables and parameters are as defined in recommends 3.1 in the main text.
NOTE 1 —In cases involving sectoral antennas with a 3 dB beamwidth in the azimuthal plane less than about
120°, the relationship between the maximum gain and the 3 dB beamwidth in both the azimuthal plane and
the elevation plane, on a provisional basis, is (see Annex 3):
31000 x 107!
¢3
where all parameters are as defined in recommends 3.1 in the main text.

0;

[Editor’s note: Annex 6 is unchanged]
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Japan

PROPOSAL FOR PRELIMINARY DRAFT REVISION OF REPORT ITU-R F.2107
Characteristics and applications of fixed wireless systems
operating in the 57GHz to 95 GHz band

1. Introduction

Demand for 10-gigabit-class wireless communications is increasing year by year. One of the
promising ways to meet the demand for 10-gigabit-class wireless link is to use millimetre-wave at a
frequency of over 100 GHz.

In order to verify that over-100-GHz wireless system can be used for practical applications, Japan
has developed a wireless link, and conducted various trial experiments. Transmission experiments
were conducted at a rate of 10.3 Gbit/s over a distance of 1.3 km, and error-free transmission was
obtained. The use of monolithic microwave integrated circuits (MMICs) makes the wireless
equipments compact, light, and low power consumption. These results indicate that the use of over-
100-GHz frequency band that are unexplored frequency region in the field of industry is a
promising way to build ultra-high-speed wireless systems with a rate of over 10 Gbit/s in the near
future.

2. Proposal

Japan would like to propose to add the foregoing information to the relevant Report ITU-R F.2107
on characteristics and applications of fixed wireless systems operating in the 57 GHz to 95 GHz as
the information of this wireless link is very important to achieve very-high-speed fixed wireless
system with a carrier frequency of over 100 GHz in the future.

Attachment provides the preliminary draft revision of report ITU-R F.2107.

The proposed additional information may be used as elements for considering WRC-11 Agenda
item 1.8; Consideration of technical and regulatory issues relative to the fixed service in the bands
between 71 GHz and 238 GHz.
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5REV.DOC 22.09.08 10.11.08
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Attachment

PRELIMINARY DRAFT REVISION OF REPORT ITU-R F.2107

Characteristics and applications of fixed wireless systems
operating in the 57GHz to 95-130 GHz band

(2007)

Scope

This Report contains propagation aspects, system design parameters, possible applications and other
technical/operational characteristics, which are required for the implementation of fixed wireless systems in
the frequency ranges 57 to 95130 GHz. The applications include specific examples of outdoor/indoor
wireless connections taking advantage of these frequency bands. It is intended that future versions of this
Report would be needed.

Vocabulary
(ho change)

Abbreviations

« - (=REF: @ MR BEN C Opt

(Add the following words)

FEC Forward error correction

FPU Filed pick-up unit

EWA Fixed wireless access

HD-SDI High-definition serial digital interface
IP Internet protocol

LAN Local area network

0C-192 Optical carrier-192

PRBS Pseudorandom bit sequence

RE Radio frequency

10GbE 10 Gigabit Ethernet

MASCEASEL 7 L 7\200  [EIBR\02 1 S (3 HE ik 2 HeAii B 22\02 it B3R5 B4 (SG5)\#503111(2008.9.24)\ 2 S\HP\011  5C_J-
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References

ITU-R Recommendations

(Add the following recommendation)

Recommendation ITU-R P. 838-3: Specific attenuation model for rain for use in prediction
methods

1 Introduction

In recent years, the interest in the 57-95-130 GHz range for wireless communication applications
has increased significantly. The main reason for this interest is the potential for wide bandwidth
implementations which meet the growing requirement [Correia and Prasad, 1997] for high data
rates in the range of hundreds of Mbit/s.

In Canada, the band 57-64 GHz is available for licence-exempt applications. In the United States of
America, the 60 GHz (57-64 GHz), 70 GHz (71-76 GHz), 80 GHz (81-86 GHz) and 95 GHz
(92-95 GHz) bands are available for broadband wireless applications. In Japan, wireless personal
area network (WPAN) systems are being implemented in the 60 GHz range for short-range, high-
speed multimedia data services to terminals located in rooms or office space, and the feasibility

experiments of 10-Gbit/s wireless link was conducted in the 120 GHz band (110-130 GHz) In - {&=R%E: 74> L0 :

Europe, several bands above 57 GHz are currently being considered for fixed wireless systems. In
the United Kingdom, the 57-59 GHz band is available for licence-exempt FS point-to-point
applications and the 64-66 GHz, 71-76 GHz and 81-86 GHz bands are also available for
point-to-point FS applications under a simple regulatory process.

2 Propagation characteristics and considerations in the 60/70/80/95/120 GHz bands

Free-space loss is proportional to the square of the operating frequency; therefore, the free-space
loss in the 60/70/80/95/120 GHz bands is much higher than the losses in the 2.4 GHz or 5 GHz
bands available in many administrations for WLAN operations.

The free-space loss PLgs (dB) at a reference distance do (m) is given by:

PLEs =20 logyg (41%} 1)

where A is the wavelength (m). The average path loss over a distance d (m) can be determined using
the following path loss exponent model based on Recommendation P.675 (ex-CCIR):

PL(d)=PLes (dg) +10 n logy, [;‘J @
0

where PL(d) is the average path loss (dB) at a particular distance d and n is the path loss exponent
that characterizes how fast the path loss increases with transmit and receive antenna separation.
Figure 1 shows the simulated results of the received signal level (dBm) as a function of the distance
from the transmit antenna. The simulated results are provided for the 2.4/5.5/60/70/80/95/120 GHz

MASCEAFER 7 /L 4\200  [EIBRER\02 15 UM AR T 2 Hili o Rh\02 i F¥7%ZH % (SG5)\45037(2008.9.24)\ 2 P\HP\011  5C_J-
5REV.DOC 22.09.08 10.11.08
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bands. In this simulation, it is assumed the transmit power P; is 10 dBm, the transmit and receive
antenna gains (Gt and G;) are unity, n is 2.1, and the oxygen absorption is 15 dB/km for the
60 GHz band and zero otherwise.

FIGURE 1
Received power (dBm) vs. distance (km)

G,=G,=1, P,=10 dBm, exponent loss = 2.1, O, attenuation = 15 dB/km
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From Fig. 1, the path loss at 60 GHz is much higher than the losses at other frequency bands
because of the oxygen absorption, which is detrimental to signal propagation. In an outdoor
environment, the gaseous absorption attenuates the transmitted signal (~10 to 15 dB/km) in addition
to free-space loss. Notwithstanding the above, the oxygen absorption loss can be compensated for
by the use of high-gain directive antennas. As well, it can also prove attractive for short-range
communications as it further attenuates harmful interference such as co-channel interference in
wireless cell-based systems, which combined with low transmit powers in the 60 GHz band

(~10 mW) can increase frequency reuse from cell to cell.

For the 70/80/95/120 GHz bands, the gaseous absorption is negligible. Figure 2 shows the
attenuation (dB/km) vs. the frequency (GHz) due to the gasses and hydrometeors for radio
transmission through the atmosphere. The figure indicates that rain has the greatest impact on
| transmitted signals in the 60/70/80/95/120 GHz bands.

FIGURE 2
Attenuation due to gasses and hydrometeors for transmission through the atmosphere
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For indoor applications, transmitted signals in the 60/70/80/95/120 GHz bands are significantly
attenuated by surrounding objects and inner walls and can result in a substantial drop in the received
signal level.

Additionally, measured values of RF signal material attenuation have been published in
[Rappaport, 2002]. The following results of minimum and maximum attenuation (57-95 GHz)
through various materials have been interpolated from these findings:

- Fibreglass insulation: ~3-3.5 dB
- Dry paper-towel: ~3-3.5 dB

- Asphalt shingle: ~3.5-4 dB

- Drywall: ~3.5-6.5 dB

- Glass: ~4.5-7 dB

- Wet paper-towel: ~5-7 dB

- 19 mm pine board: ~8-11 dB
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- 19 mm plywood: ~7-11 dB
- Clay brick: 10-23 dB
- Painted 2 x 8 (5 cm x 20 cm) board: ~20-35 dB.

There are also various ITU-R Recommendations that are useful in dealing with propagation issues
at these frequencies (see References).

Other factors such as delay spread and Doppler may also need to be taken into consideration. The
delay spread is caused by reflections and scattering and will depend on the size of the room and the
nature of the walls and objects in it. In a typical office (nomadic) environment, the reflected signals
may cause delay spread of the order of few tens of nanoseconds at 58 GHz [Smulders and
Wagemans, 1992] and subsequence intersymbol interference, depending on the symbol duration.
This effect can be minimized by using directive antennas, which in turn complicate other aspects
such as broader coverage.

Experimental results of vertical propagation characteristics in the 60 GHz band are given later
Appendix 1.

3 System design considerations for the 60/70/80/95/120 GHz bands

In addition to the propagation medium, the performance of a wireless communication system also
strongly depends on the hardware specifications of the transmitter, the receiver, and the antenna
subsystems. Design parameters such as amplifier linearity, output power, noise figure, mixer
conversion loss, oscillator phase noise, antenna gain, and antenna beamwidth influence the entire
system performance. In the millimetre-wave (mm-wave) bands, choosing the parameters mentioned
above is a challenging task because of their inter-dependencies. Trade-offs and compromises must
be made to ensure a realistic design. Furthermore, the cost of the RF subsystems depends on the
volumes of production. As the volume increases, the cost per subsystem decreases. Therefore, for
the 60/70/80/95/120 GHz systems to be competitive with systems operating at lower frequencies,
the volume of the deployed systems needs to be very high.

3.1 Multiplexing and modulation schemes

One of the efficient schemes for transmission in the 60/70/80/956/120 GHz bands is the orthogonal
frequency division multiplex (OFDM) scheme [Heiskala and Terry, 2002], which enhances the
system’s spectrum efficiency and makes the propagation channel robust against large delay spread.
In the case of OFDM systems, the phase noise of the local oscillators in the link’s transceivers is
very critical and could impair the orthogonality of OFDM transmission.

For 60/70/80/95/120 GHz systems, the carrier frequency is obtained by multiplying the frequency
of the reference local oscillator whereby the phase noise at these frequencies would be higher than
in 2.4 GHz and 5.5 GHz systems. The increase in the system’s phase noise leads to BER
performance degradation, particularly when OFDM is used with higher order modulation
techniques such as 16-QAM and 64-QAM [Heiskala and Terry, 2002]. Therefore, the phase noise
of the local oscillators for these mm-wave systems is a design challenge and requires design
attention.

The use of adaptive modulation makes the adaptation of a user’s data rate as a function of the
channel conditions (average SINR, BER, etc.) possible [Nanda et al., 2000 and Lin et al., 1984].
Efficient adaptive modulation schemes must incorporate both robust transmission modes with low
modulation efficiency such as BPSK or QPSK and high data rate modes with high modulation
efficiency such as 64-QAM or 256-QAM. Typically, the use of adaptive modulation yields
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substantial improvement in data rate in comparison with non-adaptive systems, which uses a
conservative modulation mode to guarantee a given BER performance at worst conditions at the
expense of data rate.

3.2 Countermeasures to improve propagation environments

In point-to-multipoint wireless links, broader antenna beams (even omnidirectional antennas) can be
used at both the transmitter and the receiver, which incurs frequency-selective fading due to delay
spread and broadband transmission. Frequency-selective fading is typically mitigated through the
use of an equalizer, but the complexity of the equalizer quickly grows as a function of data rate.

In a typical indoor environment, obstructions of human movement, walls, floors and ceilings
resulting in radio path blockage will cause the received signal level to fluctuate significantly. This
challenge should be met to realize wireless local area networks (WLAN) or wireless personal area
networks (WPAN) using the 60/70/80/95/120 GHz bands. An acknowledgment and retransmission
algorithm is implemented between the transmitter and the receiver using the automatic repeat
request (ARQ) protocol [Nanda et al., 2000 and Proakis, 1989]. ARQ removes packet errors at the
cost of only moderate additional transmission latency. Assuming that adequate antenna spacing is
achievable, spatial diversity (SD) is also an efficient scheme to mitigate an unexpected obstacle to a
LOS path by making multiple wireless links between the transmitter with multiples antennas and
the receiver (transmit diversity) or between the transmitter and the receiver with multiples antennas
(receive diversity). The basic idea of SD is that multiple links are much less likely to be obstructed
simultaneously than a single links. In case of receive diversity, the received signals are combined by
maximal ratio combining (MRC) rule or the best quality signal is selected among the received
signals [Proakis, 1989]. Space-time block coding is a particularly attractive approach to realize
transmits diversity without requiring channel knowledge at the transmitter [Gesbert et al., 2002 and
Alamouti, 1998].

(Section 3.3 to 3.4: no change)

4 Advantages and disadvantage of the 60/70/80/95/120 GHz bands
The advantages of using the 60/70/80/95/120 GHz bands include:

- frequency reuse in dense areas with reduced potential for undesired interference;

- use of smaller size antennas (antenna gains are proportional to the antenna dimension
and the wavelength);

- small size radio equipment as to provide nomadic applications;

- narrow antenna beamwidths (antenna beamwidth is inversely proportional to the operating
frequency) which reduce interference and increase frequency reuse;

- potential frequency sharing feasibility with other radio services;
- support for high capacity transmission due to their wider usable bandwidth (Shannon’s Law).

The following example demonstrates the increase in system capacity [Haroun et al., 2004] due to
the wide bandwidth for 60 GHz and 2.4 GHz systems (C = bandwidth x logz(1 + SNRjinear)):

- for 60 GHz system with bandwidth of 4 GHz and SNR = 18 dB, the capacity, C is:
C=4x10"x log (1 + 63.1) = 24 Gbit/s
- for 2.4 GHz system with bandwidth of 5 MHz, SNR = 18 dB, the capacity, C is:
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C=5x10°x log, (1 + 63.1) = 30 Mbit/s

From the above example, the 60/70/80/95/120 GHz bands are ideal choices for high-data-rate
short-haul links, but further studies are needed to investigate all the system design challenges.

The disadvantages of these bands include:

- signal obstruction by an object or persons;

- oxygen absorption in the 60 GHz range;

- susceptibility to outage in heavy rain and snow-fall regions;
- unsuitable for long-haul transmission.

5 Technology developments

The very high operating frequencies in the 60/70/80/95/120 GHz bands permit the design of small
size high gain antennas with directive beams. Therefore, for communication devices in close
proximity, practical antennas could be designed to form small mesh radio networks with minimum
interference.

For example, one company? developed broadband antennas for applications up to 100 GHz. The
large bandwidths that are expected in these systems require state-of-the-art microwave monolithic
integrated circuit (MMIC) technology. High performance medium-power amplifiers and low-noise
amplifiers using metamorphic high electron mobility transistors (MHEMT) and GaAs based high
electron mobility transistors (HEMT) for the 95 GHz band were reported2. Other amplifiers
operating in the 60/70/80/95/120 GHz bands [Samoska, 2004, Morf et al., 1999 and Li et al., 2003,
Kosugi et al.,2006] were also reported. Multipurpose voltage control oscillators (VCOs) with wide
tuning ranges and oscillation frequencies up to 74 GHz were reported by researchers [Li et al.,
2003]. Systems in the 70/80/95 GHz bands are now also reported and available3. Off-the-shelf
circuit-blocks which support 60 GHz applications are now available. These blocks include low
noise amplifiers, power amplifiers, multipliers and switches.

In addition to the above-mentioned circuit and block level development, above 57 GHz systems are
now available where one manufacturer4 introduced a new high-capacity wireless system which
combines free space optical (FSO) equipment with 60 GHz millimetre-wave technology. The new
solution is expected to provide near error-free communications (up to 1.5 Gbit/s) and 99.999%
availability over 1 km. Another company? introduced an ultra-high capacity system which operates
in the 60 GHz band and it is a full rate Gigabit Ethernet (1.25 Gbit/s). Yet another6 introduced a
high capacity point-to-point radio link that operates in the 60 GHz band. This particular solution is
designed for use in metropolitan areas and other situations where a fibre optic link is not practical to
implement. As well as 60 GHz systems for communications in the range of 1 km, another
company? introduced a 70 GHz point-to-point system providing near error-free communications up
to 1.25 Gbit/s over the effective range of 2~5 km. In addition to the above, systems are being

ThinKom Solutions Inc., 3825 Del Amo Blvd., Torrance, CA, 90503, United States of America.
Millimeterwellen-1Cs und Module, Franunhofer IAF 2001, p. 26.

ElvaLink LCC, 5900 Harper Rd# 102 Solon, OH 44139-1866, United States of America.
http://www.airfiber.com

http://www.connectronics.com/ceragon

http://www.ydi.com
http://www.comotech.com
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developed that could enable access for customers in remote locations, urban areas and metropolitan
areas, and facilitate high-speed services such as movies on demand?® with successful experiments
reported in transmitting video and teleconferencing information over separate channels at 71-72.75
GHz and 73-74.75 GHz®. It is important to note that devices for the 70/80/95/120 GHz bands are
only produced in small quantities at present and are therefore costly.

(Section 6: no change)

7 Possible applications in the 60/70/80/95/120 GHz bands

Examples of outdoor/indoor applications that could benefit from the 60/70/80/95/120 GHz bands:
- wireless local area networks (WLANS) and wireless personal area networks (WPANS);

- microcellular and frequency reuse architecture, e.g. fixed links for mobile infrastructure;
- high resolution nomadic multimedia services;

- wireless video distribution systems;

- wireless communications serving underground tunnels and large convention halls;

- 10-Gbit/s wireless link.

(Section 7.1 to 7.3: no change)

(New) 7.4 Application of 10-Gbit/s wireless link

Figure 7 shows possible applications of 10-Gbhit/s wireless links. One application is fixed wireless
access (FWA) for 10-Gigabit Ethernet (10GbE). It is difficult to install fiber networks across rivers
and main roads because of the construction works involved and the need for authorization. FWA is
cheaper and quicker to install than a fiber network, so it can be used to extend a fiber network to the
next building across main roads, and for backhaul with a low cost and a short installation time.

A 10-Gbit/s wireless link can be used for temporary gigabit access because it can be set up quickly
and inexpensively. For example, it is a key component in a disaster-recovery plans for emergencies
when fiber networks fail in a disaster. Furthermore, it can transmit the huge volume of data needed
for moving pictures, such as digital cinema or high-definition movies for remote medical treatment.
The data rate of 4K digital cinema is 6 Gbit/s, and the wireless data transmission of 4K digital
cinema enables the public viewing of the digital cinema at various events.

The most promising application for 10-Ghit/s wireless links is multiplexed wireless transmission of
uncompressed high-definition television (HDTV) signals (high-definition serial digital interface
signals: HD-SDI signals) whose data rate is 1.5 Ghit/s. For wireless transmission of broadcast
materials, a microwave field pick-up unit (FPU) is commonly used. The data rate of the state-of-
the-art FPU is insufficient for transmitting HD-SDI signals. Therefore, current microwave wireless
communications systems must compress the HD-SDI signal. This compression causes a time delay.
The 10-Gbit/s wireless link enables transmission of 6-channel multiplexed HD-SDI signals without
compression and delay. Relay broadcasting using the 10-Gbit/s wireless link is schematically shown

8  http://www.gigabeam.com
9 FCC 02-180, WT Docket No. 02-146, June 28, 2002.

MASCEASEL 7 L 7\200  [EIBR\02 1 S (3 HE ik 2 HeAii B 22\02 it B3R5 B4 (SG5)\#503111(2008.9.24)\ 2 S\HP\011  5C_J-
5REV.DOC 22.09.08 10.11.08

/{ga‘.ﬁi: T b RME,

HIE

e

CRED




-10-
9B/186-E

in Fig. 7. The HD-SDI signals are gathered and multiplexed at the outside broadcast vans and
transmitted to the relay point building in which broadband fibers are installed and are transmitted to
the TV stations through optical fibers.
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8 Summary

| The main reason for the growing interest in the utilization of the 60/70/80/95/120 GHz bands is
because of their wide bandwidth capability that supports the potential for high data rates in
the Gbit/s range. Wireless solutions in the 60/70/80/95 GHz range are presently available but the
system cost is not yet competitive with lower frequency technologies. Design challenges at these

| frequencies still exist. For 60/70/80/95/120 GHz band systems to be competitive with those at lower
frequencies, the volume of deployed systems needs to be very high.

| Nevertheless, one of the main advantages of the 60/70/80/95/120 GHz bands is the frequency reuse
in dense areas with limited potential for harmful interference. This is most evident in the 60 GHz
band where high losses due to oxygen absorption add additional attenuation to RF signals and
thereby mitigate interference to a greater extent. Conversely, this increased attenuation in the
60 GHz band is also a disadvantage because it limits the range of communication.

Further studies are required to determine capabilities and limits of the transmitters, receivers, and
antennas at these millimetre-wave bands.
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Specifications and experimental results of
10-Ghit/s wireless link in 120 GHz band

1 Introduction

Demand for 10-gigabit-class wireless communications is increasing year by year. In the field of
telecommunications, the leading edge in the local area network (LAN) market is moving from Fast
Ethernet to Gigabit Ethernet. Commercial 10-Gigabit Ethernet (10GbE) service has already started,
and the 10-Gigabit Ethernet market is now growing as well. In the field of broadcasting, TV
program production with the high-definition television (HDTV) standard is spreading. The data rate
of uncompressed HDTV signal (high-definition serial digital interface signals: HD-SDI signal) is
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1.5 Gbit/s. Moreover, research and development of a next generation television system called ultra
high definition television (UHDTYV) have been underway. The data rate of the UHDTV amounts to
tens of Ghit/s. To catch up with the speed-up of telecommunications and broadcasts, wireless
systems with a data rate of over 10 Ghit/s are required. However, no commercial wireless system
meets these requirements. One of the promising ways to meet the demand for 10-gigabit-class

wireless links is to use millimetre-wave signal at a frequency of over 100 GHz.

One organization has developed 120-GHz-band wireless link that has a maximum data rate of over
10 Gbit/s. The organization had obtained experimental radio station licences from Japanese
Ministry of Internal Affairs and Communications and conducted various trial experiments. The
wireless link yielded the error-free transmission of 10GbE signal, optical carrier-192 (OC-192)
signal, and 6-channel multiplexed uncompressed HDTV signal. The wireless link was used for the
transmission of broadcast materials for TV program productions. The success using over-100-GHz-
band millimetre-waves that are unexplored frequency region in the field of industry has open a
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prospect for ultra-high-speed wireless communication system with a rate of over 10 Gbit/s in the
near future.

2 Radio equipment outline

The specifications of the 120-GHz-band wireless link are shown in Table. 8. The developed radio
equipment is shown in Fig. 12. The radio equipment has three data interfaces. One is for electrical
signal at a data rate of from 1 to 11.1 Gbit/s. Second is for optical signal at a data rate of from 9.953
to 11.1 Ghit/s. The optical signal interface corresponds to 10GbE standard and OC-192 standard
with and without forward error correction (FEC). The last interface is the electrical interface for

HD-SDI signal.

The radio equipment is designed to be usable for the transmission of uncompressed HDTV
materials in live broadcasts of TV programs. The wireless link system is composed of two parts; the
head, which generates radio frequency (RF) signal, and the controller which supplies data signals,
control signals, and electric power to the head (Fig. 13). The head and the controller are connected
by camera cables that contain two data signal lines, two control signal lines, and power supply lines.
We can remotely control and monitor the head with the controller set at a distance of up to 1 km
from the head. The use of monolithic microwave integrated circuits (MMICs) makes the equipment
compact (W190xD380xH130 mm), light (7.3 kq), and low cost, and provides low power
consumption (<100 W), which enables battery operation. The equipment can be operated as easily
as the conventional field pick-up units (FPUs) that TV stations uses for wireless transmission of
HDTYV signals for TV program productions.

Table 8 Specifications of the 120-GHz-band wireless link

Bandwidth 3 GHz (HD-SDI transmission)
17 GHz (10 Gbit/s data transmission)
Modulation ASK
Output power 20 mW
Detection Envelope detection

Power consumption | 100 W

Weight 7.3 kg

Size W190xD380xH130 mm

Antenna Cassegrain antenna (450 mm diameter)
Antenna gain 48.6 dBi

Antenna beam width | 0.4 degree (@ 3 dB)
Input signal interface | Electrical signal: 1 to 11.1 Gbit/s
Optical signal: 9.95~11.1 Gbit/s
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Figure 12 Photograph of the wireless equipment

Controller

Figure 13 Composition of the 120-GHz-band radio equipment

3 Transmission characteristics

Outdoor experiments were conducted using 10.3-Gbit/s pseudorandom bit sequence (PRBS) data,
and error-free transmission (bit error rate (BER) <10 over a distance of 1.3 km was obtained.
Figure 14 shows the received power dependence of BER. A BER below 10 was obtained with a
received power of over -38 dBm. The maximum transmission distance estimated from the output
power, antenna gain, and minimum received power for error-free transmission is about 2.0 km.

Figure 15 shows the received power fluctuation of the wireless link over a distance of 1 km. The
received power fluctuation was below 1 dB for 20 hours. These results indicate that the output
power fluctuation and the divergence of the antenna axis are small.
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Fig. 15 Received power fluctuation of the wireless link. Transmission distance is 1 km.

To clarify the dependence of transmission characteristics on weather conditions, long-term
transmission experiments have been conducting now using 120-GHz-band radio equipments
designed for long-term outdoor experiment. The transmitter and receiver are set on a roof, and the
distance between the transmitter and receiver is 400 m. The received power, rain intensity, wind
speed, temperature, and BER are automatically recorded in a computer. Figure 16 shows the rain
intensity dependence of the measured attenuation factor on a day of heavy rain, the theoretical value

is calculated by
y =kR? (k=1.4911, 0. = 0.6609) (k and o are referred from Reference [1])

The theoretical value is a little larger than the measurement values. One of the reasons for the
difference between the measurement values and theoretical values is that the rain attenuation
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depends on the rain drop diameters. The long-term accumulation of received power data will
contribute to clarifying the transmission characteristics of 120-GHz-band millimetre-wave signal.

Rain Intensity (mm/hr)
0 20 40 60 80 100

Attenuation factor (dB/km)

® Measurement

88%°*

= Theoretical value

Figure 16 Rain intensity dependence of the attenuation factor.

4 Multiplexed uncompressed HDTV signal transmission

One of the most promising applications of the 120-GHz-band wireless link is multiplexed wireless
transmission of uncompressed HD-SDI signals. Multiplexed wireless transmission of uncompressed
HD-SDI signals was achieved by multiplexing them over Internet protocol (IP) networks. A
schematic of the multiplexed wireless transmission system is shown in Fig. 17. The multiplexing
HD-SDI signals were conducted by an IP_multiplexer. The IP multiplexer converts six HD-SDI
video streams to IP packets, then multiplex these packets via a 10GbE network interface. The
10GbE signals were transmitted over the 120-GHz-band wireless link. In the receiver, an IP
demultiplexer outputs six reconfigured video streams. Six-channel multiplexed uncompressed HD-
SDI signals were transmitted over a distance of 300 m by using the 120-GHz-band wireless link.

Figure 17: Schematic of 6-channel multiplexed wireless transmission of uncompressed HD-SDI
signal over the 120-GHz-band wireless link.
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Subject: Question ITU-R 237/9

Japan

PRELIMINARY DRAFT REVISION OF REPORT ITU-R F.2106

FIXED SERVICE APPLICATIONS USING FREE-SPACE OPTICAL
LINKS

1 Introduction

At the meeting of the former Study Group 9 in May 2007, a new Report ITU-R F.2106 “Fixed
Service applications using free-space optical links™ was approved. The report provides
characteristics, applications and other technical aspects of free-space optical links in the fixed
service above 3000GHz.

Recently, Radio on FSO Link (RoFSOL) has been researched and is now in the stage of practical
development. RoFSOL technology directly converts various types of radio signals into an optical
signal using WDM (wavelength division multiplex) and transmits it to the free space. It will
facilitate flexible connection between FSOL and other networks, because of the utilization of
various optical wave lengths. The main point of the proposed modifications is to add the RoOFSOL
technological characteristics to the relevant parts of Report ITU-R F.2106.

2 Proposal

The proposed modifications to the Report are followings as shown in the Attachment 1.

(1) Add the term RoFSOL in abbreviations.

(2) Add the definition of RoFSOL and the relating terminology in Sec.2.2 “System configuration”.

(3) Add the RoFSOL application example as Fig.9B and the associated text for explanation, in
Sec.4.2 “Basic application example”.

(4) Add Annex 3, which explains the configuration of RoFSOL in detail, and items for further
consideration in relation to RoFSO link budget.



Attachment 1
Preliminary Draft modifications to Report ITU-R F.2106

Fixed service applications using free-space optical links
(Question ITU-R 237/9)

(2007)

Scope
This Report provides a ... (No Change)

Abbreviations

AAC: Automatic attenuation control
APD: Avalanche photo diode
FSO: Free-space optics

FSOL.: Free-space optical link
LD: Laser diode.
RoFSOL: Radio on Free-space optical link

References
...... (No Change).....

2.2 System configuration
Basic configuration of a FSOL for the FS applications is illustrated in Fig 2.

FIGURE 2
Basic configuration of FSOL

Data o] / 0 Em \—-o Data
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Lens Lens
LD: Laser diode PD: Photo diode
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In many FSOLSs, the function of electrical/optical (E/O) or optical/electrical (O/E) conversion is
implemented in the LD in the Tx or in the PD in the Rx, respectively. Recently, some systems



adopted the WDM technique in which more than one optical carrier can be accommodated in a
couple of transmitters and receivers to increase the link capacity [1] [2]. WDM systems, however,
may need further development in particular in the branching filter technology at the receiving side
from a viewpoint of economical use.

The equipment uses the modulation of a laser beam to exchange binary data in both directions
through a transmitter/receiver couple (Laser diode/APD or PIN diode) at each end. The equipment
is used for point-to-point, bilateral links and in line of sight (LoS).

Another configuration of ROFSOL is illustrated in Annex 3. In the ROFSOL, various types of radio
signals, e.g. from mobile and/or broadcast applications, are directly converted to optical wave
through modulation of intensity, phase or other parameters. In such a system, WDM technology is
used to discriminate service and forward/reverse link.

Each equipment consists of several modules:
- For the transmission:
a) the tributary interface: electric or optics to send and receive digital data or radio signal;

b) the E/O conversion module (in the event of optical interface), or the R/O (Radio to
Optical-signal) conversion module for ROFSOL;

c) the filtering and the amplification of the electric digital or radio signal;
d) the optical transmission module containing the laser.
- For the reception:
a) the optical receiver module containing the diode;
b) the filtering and the amplification of the electric digital or radio signal;
c¢) the O/E conversion module (in the event of optical interface), or the O/R (Optical-signal

to Radio-signal) conversion module for RoOFSOL;

d) the tributary interface: electric or optics to send and receive the digital data or radio
signal.

A management software is sometimes provided with the equipment and allows to configure the link
and to obtain qualitative and quantitative information from the different modules.

Additional functionalities are implemented depending on to the manufacturers, such as:
- a tracking system, ATPC, AAC;
- a radio assistance link, with a limited rate, in the event of a laser link interruption.

An example of FSO equipment structure is presented in Fig. 3.

FIGURE 3

FSO terminal example (according to optical access, San Diego, USA)
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4.2 Basic application examples

Making use of the advantages, typical FSOL applications are realized in limited distance. This
paragraph presents examples of local area network (LAN) connection link between the buildings
and a connection for the mobile infrastructure extension as shown in Figs. 8, 9A and 9B. In Fig.9B,
RoFSOL utilizes R/O and O/R instead of E/O and O/E for FSOL of digital data transmission. And
this_application can distribute radio signals, not only to out door shadow area but also indoor
shadow areas through optical fiber. In such applications, WDM grids of ROFSOL are shared by the
WDM grids used by the fixed optical services, such as data and video.

FIGURE 8
FSOL connecting LANSs deployed in the separate buildings

Rap 2106-08

FIGURE 9A
FSOL extending mobile infrastructure
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FIGURE 9B

RoFSOL extending mobile infrastructure

RoFSOL
‘3}5\ ﬁ Tx/Rx ’ Tx'Rx
—

0/

i
R/0 =

: £

Ba
£ Radio-signal to
station R/0 82Ei3:::iganal ﬁ
=
Optical-signal to
- - O/R| Radio—siganal
Mobile base station

Converter Indoor base stations and
spot-service area

¢»

4.3 Real deployment examples

This paragraph provides ........ (No Change).......... to the end of original document



Annex 3 (All new text)

Radio on Free Space Optical Link

1 Introduction

The Annex explains the configuration of RoFSOL (Radio on Free Space Optical Link) as shown in
sections 2.2 and 4.2, direct connection to RoF (Radio on Fiber) and consideration items to link
budget.

2 RoFSOL description

The RoFSOL consists of the following elements: RF-Optic I/F Units , Fibre cable, FSO
Transceivers at BS and remote antenna sides. Figure A3-1 illustrates the configuration of RoFSOL.
A radio signal is directly converted into optical intensity, phase, or other parameters as it is. In the
forward direction from BS to remote antenna, radio signal is converted into optical signal at RF-
Optic I/F Unit, and the output optical signal is transmitted on an optical fibre, and directly emitted
from fibre cable to air at BS FSO Transceiver. After FSO transmission, the received optical signal is
focussed directly into a core of optical fibre cable, and reconverted into original radio signal at
Remote Antenna RF-Optic I/F Unit. When the regenerated radio signals are transmitted from
antenna, the ROFSOL is operated as a repeater system for radio system. The backward link is same
as the forward one.

FIGURE A3-1 Configuration of ROFSOL

BS FSO Atmospheric Remote Antenna Antenna
Transceiver Turbulences FSO Transceiver
RF-Optic | ROF - | ROF| RF-Optic
RFMODEM K /F unit | Fibre ReReO Ll 7| Fibre | I/F Unit
Cable Cable
J/
Coarse/Fine Coarse/Fine
Beam Tracking Beam Tracking
Optic System Optic System

2.1 RF-Optic I/F Unit

In this unit, a radio signal is converted into the intensity, phase, and other parameters of an optical
carrier at E/O (optical to electrical) converter, which uses LD or external optical modulator such as
Mach-Zhender external modulator, EAM (Electrical Absorption Modulator) and so on. When
multichannel radio signals are transmitted by single E/O converter, it is able to be realized with
SCM(subcarrier frequency multiplexing) techniques. Also, RoOFSOL can provide optical
multichannel transmission with WDM techniques. Figure A3-2 shows an configuration example for
8 channel WDM system, where WDD is employed to realize the duplex of forward and backward
links on an one optical axis. Since the optical signal is emitted from an optical fibre, and focused
directly into a fibre core at FSO transceivers, optical amplifiers can be easily employed at both
transmitter and receiver to compensate the optical link loss.



FIGURE A3-2 Configuration example for 8 channel WDM RF-Optic I/F Unit
RF-Optic I/F Unit at BS
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2.2 FSO Transceiver

FSO Transceiver transmits the output optical signal from an optical fibre to air, receives the optical
signal, and focuses it directly into a core of optical fibre cable. To do these operation, accurate
pointing and tracking of the optical beam is performed by using a fine tracking optic system as
shown in Figure A3-3. Reference [1] reported that beam angle width of less than 47.3 urad at
1.55um, air-to-fibre-core coupling loss of less than 5dB, optical beam tracking speed of more than
2KHz, and suppression ratio of arrival beam angle fluctuation of more than 20dB at 100Hz are
realized.

FIGURE A3-3 RoFSO Transmitter / Receiver with Fine Beam Tracking Optic System.
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Considerable items for RoFSO link budget

Editor’s Note: The texts for the following sections are to be provided at the future meetings.

3

1

Transmitting Capacity

Transmitting Capacity of RoFSO link is defined in terms of following parameters:

4

3.2

3.4

Number of RF carriers per an optical carrier
Frequency and Bandwidth (Data Rate) of radio signals
Number of wavelength

FSOL parameter

Maximum power per optical carrier considering safety
Beam divergence

Wavelength

System and device parameters

Link length and loss (Geometrical attenuation)
Insertion loss of optical equipments

Optical amplifier gain at transmitter and receiver
O/E and E/O conversion factors

Link gain in RF region forward and backward
Required receiver sensitivity and Spurious characteristics of transmitted radio signals

Degradation parameters

Additive noises ( Relative Intensity noise for LD, ASE at optical amplifier, Ambient light,

Shot Noise, Receiver thermal noise, etc.)

etc. )

[1]

Intermodulation distortion due to nonlinearity at E/O
Rain and Fog attenuation at FSOL

Atmospheric turbulence (beam broadening and angle-of-arrival fluctuations, scintillation,

References

K. Tsukamoto, S. Komaki, M. Matsumoto, "Development Project of Radio on Free Space
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A PROPOSAL OF AMENDMENTS IN CHAPTERS 7 AND 8 OF PRELIMINARY
DRAFT NEW REPORT M.[IMT.EVAL]

1 Introduction

It was concluded at the 2" WP5D meeting held in Dubai, UAE, in June 2008 that preliminary
draft new Report ITU-R M.[IMT.EVAL] (described as [IMT.EVAL] hereafter), which is included
in Attachment 6.6 to Document 5D/242, was carried forward to the 3™ WP5D meeting for its
finalization. The reasons of the carry-forward are not only incompletion of documentation but also
necessity of carefully examining consistency [IMT.EVAL] with related documents such as draft
new Reports ITU-R M. [IMT.TECH] and M. [IMT.REST].

Japan has reviewed [IMT.EVAL] while referring to the related documents. Japan found not only
TBD parts, which are marked in square brackets with pained in yellow colour, but also editorial
errors and inconsistent words/terminologies throughout [[IMT.EVAL].

This contribution proposes amendments and modifications on the parts as mentioned above for
the purpose of the finalization of [IMT.EVAL]. In addition, a few parameters, some of which were
actually proposed in the 2" WP5D meeting, are re-proposed in this contribution for the purpose of
less ambiguity in evaluations. It is noted that this contribution focuses only on Chapters 7 and 8 in
[IMT.EVAL]. In other words, Japan has no comments on the other parts in [IMT.EVAL] at this
moment.

2 Summary of modification/proposals

This contribution shows proposals on modifications of several sentences for their further
clarifications and global corrections of the followings.

® To correct typos: “draft Report ITU-R M.[IMT.TECH]” = “draft new Report ITU-R
M.[IMT.TECH]”

® To use single term “candidate RIT/SRITs,” which is used in Section 2 of [[IMT.EVAL] and
[IMT.REST], instead of similar words
(Note: the current [IMT.EVAL] includes a variety of words/terminology such as ’candidate

MASCERFEE 7 4+ /L 2200 [EBRER\02 f 80l 15 it Hii o Rhe\02 th 3B Z R4 (SG5)\H50311(2008.9.24)\ 17 S\HP\013 5D _J-
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technologies,” "IMT-Advanced candidate technologies,” “candidate IMT-Advanced
RIT/SRITs,” “candidate RIT/SRITs for IMT-Advanced,” “RIT/SRIT,” “candidate RIT or
SRIT,”, and so on.)

In addition to the above, major modifications proposed in this contribution are summarized
below.

(1) Chapter 7 (before Section 7.1)
The sentences in the second paragraph are modified to have more clarifications.

In the last paragraph, the words “layer 1 and layer 2” are deleted because we need to take account of
not only the overhead at layers 1 and 2 but also layers 3 and 4 when we evaluate the VoIP capacity
as described in Annex 2 of [IMT.EVAL]. Note that Section 4.1 of [IMT.TECH] clearly describes
“number of bits contained in the SDUs delivered to Layer 3” for evaluations of both cell spectral
efficiency and cell edge user spectral efficiency. Considering both the VoIP capacity and the
spectral efficiency calculations, the term “overhead” is considered sufficient.

(2) Section 7.1: TBD on feedback channel modeling

It is generally considered that feedback channels are part of control channels (more specifically,
feedback messages are conveyed over control channels). The text in this paragraph is modified on
the basis of this idea, but the text proposal still uses the words “feedback channel” to give more
information to proponents.

(3) Section 7.1.2: Editorial changes for consistency with [[IMT.TECH]

This section briefly describes how to calculate the cell edge user spectral efficiency. However, the
sentence “the number of correctly received bits per user for the time the user is in the simulation” is
unclear. In order to clarify this part, this contribution proposes to use “during the active session
time,” which is used in [IMT.TECH], to replace the underlined part above.

(4) Section 7.1.3: TBD on submission of packet delay distribution

The packet delay distribution is important to confirm the VoIP capacity of candidate RIT/SRITs.
Hence, this contribution proposes to remove the square brackets enclosing the words “packet delay
distribution,” in order to require submitting the packet delay distribution for VoIP.

(5) Section 7.3: TBD regarding submission of details on “analytical” methods

It is indispensable for evaluators to understand details on how to estimate evaluation items marked
as “analytical” in Table 6-1. Otherwise, evaluators cannot confirm and/or re-evaluate whether the
results provided from proponents are correct or not. This contribution proposes to modify the text in
line with the idea.

(6) Section 8.1.1: Editorial changes on explanation of the base coverage urban test environment

The baseline text in [IMT.EVAL] explains the outline of the base coverage urban test environment
using “Manbhattan type of grid.” However, the Manhattan grid model is not used for evaluating
candidate RIT/SRITs. Thus, unnecessary sentences are deleted in this contribution.

22.09.08 10.11.08
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(7) Section 8.3: TBD on the simulation bandwidth, especially for the cases of frequency reuse
factor, which is larger than 1

The point of this TBD is that we need to take account of a proposal of candidate RIT/SRITs, which
does not assume or specify the unit of frequency channels that is not equal to the frequency
bandwidth in [IMT.EVAL] (e.g., 10 MHz) divided by a frequency reuse factor (e.g. 3 and 7).

The baseline text in Section 8.3 describes that “the total spectrum used in the simulation should be
calculated as the product of the spectrum bandwidth and the frequency reuse factor” in order to
solve this issue

Japan, however, has two concerns on the baseline text: (a) One is the unfairness in terms of
frequency bandwidth to be used for evaluation depending on candidate RIT/SRITs. In general, we
can obtain larger frequency diversity gain as the frequency bandwidth increases. (b) The other one
is that there are a variety of frequency reuse schemes such as “fractional frequency reuse (FFR)”
these days. Even in the FFR, we can find several types of FFR such as static FFR, semi-static FFR,
and dynamic FFR. Those FFR schemes partially utilize the concept of the conventional frequency
reuse scheme but the frequency reuse factor is not an integer number. In addition, the semi-static
and dynamic FFR schemes dynamically vary frequency reuse factors as time goes by. In this sense,
the current text “The total spectrum used in the simulation should be calculated as the product of the
spectrum bandwidth and the frequency reuse factor” is not appropriate.

Regarding (a), Japan has not yet come up with a good idea to solve the issue while taking into
consideration of a proposal of candidate RIT/SRITs as mentioned above. We then need to admit
special cases to use wider bandwidth for simulations of those candidate RIT/SRITs. As for (b), the
current text should be revised to allow proponents to use the simulation bandwidth specified in
Tables 8-5, 8-6, and 8-7.

As a consequence, this contribution proposes modification of the current text while maintaining the
concept of the spectrum bandwidth (= “simulation bandwidth” x “frequency reuse factor”).

(8) New proposal of specifying antenna gain values for both BS and UT

In fact, Japan submitted a contribution “Document 5D/170,” where antenna gain values for both BS
and UT are included as parameters. However, those parameters were not discussed during the 2™
WP5D meeting. Since those parameters are important as well as other parameters that have already
been in the latest [IMT.EVAL], Japan proposes them again to the 3" WP5D meeting.

Note that those values are added to Table 8-4.

(9) Section 8.5: Replacement from test environment to deployment scenario

The baseline text in [IMT.EVAL] uses terminologies for test environments rather than deployment
scenarios. The conversions between the test environments and the deployment scenarios are already
presented in Section 8.2. Therefore, this contribution proposes to use deployment scenarios instead
of test environments as for this section.

(10) Section 8.5.1.1: Proposal of introducing tilt angle for vertical antenna pattern

The baseline text on the vertical antenna pattern in Section 8.5.1.1 does not include the tilt angle,
even though realistic BSs employ tilt angles. Thus, this contribution proposes to modify the
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equation showing the vertical antenna pattern as well as text to include the tilt angle. However, the
tilt angle will be dependent on the deployment scenarios and may be used a parameter for system
performance optimizations. Therefore, the text proposed in the attachment allows proponents to
define tilt angles.

In addition, the baseline text describes that the overall relative gain from both the horizontal antenna
pattern A(6) and that of the vertical antennal pattern A, (¢)is defined as A(6)+ A, (¢). However, the

overall relative gain should not be lower than the side-lobe level A, . Hence, this contribution

proposes to replace the above equation to 7min[—(A(6) +A(4)). AJ .

3 Proposals

Japan proposes the final text in Chapters 7 and 8 in the baseline document of [IMT.EVAL] as
described in attachment 1.

Attachment: 1
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ATTACHMENT 1

Source : 5D/242 Attachment 6.6

PREEIMINARY-DRAFT NEW REPORT ITU-R M.[IMT.EVAL]

“Guidelines for evaluation of radio interface technologies for IMT-Advanced”

CONTENTS

Introduction

Scope

Structure of the Report
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Evaluation guidelines
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Evaluation methodology

Test environments and evaluation configurations
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10 References

Annex 1 — Test environments and channel models
Annex 2 — Traffic models

Annex 3 — Link budget template
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| [omitted]

7 Evaluation methodology

| The submission and evaluation processes on candidate RIT/SRITs is-are defined in ITU-R IMT-
ADV/2(Rev.1).

Evaluation should be performed in strict compliance with the technical parameters provided by the
proponents and the evaluation configurations specified for the deployment scenarios in Section 8.4.

‘ Each requirement-cvaluation item listed in Table 6-1 should be evaluated independently according
to the criteria defined in draft new Report ITU-R M.[IMT.TECH], except for the cell spectral
efficiency and cell edge user spectral efficiency criteria that shall be assessed jointly using the same
computer simulation, and that consequently the candidate RIT/SRITseandidate-technology proposal
also shall fulfil the corresponding minimum requirements jointly. Furthermore, as the procedure
stated in Section 7.2, the system simulation used in the mobility evaluation should be the same as
the system simulation for cell spectral efficiency and cell edge user spectral efficiency.

The evaluation methodology should include the following elements:

| 1) Candidate RIT/SRITsCandidate—technologies should be evaluated using reproducible
methods including computer simulation, analytical approaches and inspection of the
proposal.

| 2) Technical evaluation of the candidate RIT/SRITs eandidate-technelogy-made against each
evaluation criterion for the required test environments.

| 3) Candidate RIT/SRITsEandidate—technologies should be evaluated based on technical
descriptions that are submitted using a technologies description template.

In order to have a good comparability of the evaluation results, the following solutions and enablers
are to be taken into account:

. Use of unified methodology, software, and data sets by the evaluation groups wherever
possible, e.g. in the area of channel modelling, link-level data, and link-to-system-level
interface.

. Direct comparison of multiple proposals using one simulation tool as proposed in the case of

horizontal evaluation above.

. Question-oriented working method that adapts the level of detail in modelling of specific
functionalities according to the particular requirements of the actual investigation

Evaluation of cell spectral efficiency, peak spectral efficiency, cell edge user spectral efficiency and

VolIP capacity of candidate RIT/SRITspropesed M T-Advanced-ecandidate-technelogies should
consider thelayertandlayer2-overhead information provided by the proponents, which may vary

when evaluating different performance metrics and deployment scenarios.

7.1 System simulation procedures

System simulations shall be based on the network layout defined in Section 8.3. The following
principles shall be followed in system simulations:

. Users are dropped independently with uniform distribution over predefined area of the
network layout throughout the system. Each mobile corresponds to an active user session
that runs for the duration of the drop.

. Mobiles are randomly assigned channel models. Depending on the simulation, these may be
in support of a desired channel model mix, or separate statistical realizations of a single type
of channel model.

22.09.08 10.11.08
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| . Cell assignment-selection tefor a user is based on the proponent’s cell selection scheme,
which must be described by the proponent.
| . The minimum distance between a user and an aetive-base station is defined in Table 8-2 in
Section 8.4.
. Fading signal and fading interference are computed from each mobile station into each cell
and from each cell into each mobile station (in both directions on an aggregated basis).
. In simulations based on the full-buffer traffic mode, packets are not blocked when they
arrive into the system (i.e. queue depthslength is-are assumed infinite).
. Users with a required traffic class shall be modelled according to the traffic models defined
in Annex 2.
. Packets are scheduled with an appropriate packet scheduler(s) proposed by the proponents

for full buffer case and VoIP separately. Channel quality feedback delay, feedback error,
PDU (Protocol Data Unit) errors, real channel estimation effect are modelled and packets
are retransmitted as necessary.

. Simulation time is chosen to ensure convergence in user performance metrics. For a given
drop the simulation is run for this duration, and then the process is repeated with the users
dropped at new random locations. A sufficient number of drops are simulated to ensure
convergence in the system performance metrics.

. Performance statistics are collected for users in all cells.

. All cells in the system shall be simulated with dynamic channel properties.

In order to perform less complex system simulations, often the simulations are divided into separate
‘link’ and ‘system’ simulations with a specific link-to-system interface. Another possible way to
reduce system simulation complexity is to employ simplified interference modelling. Such methods

should be sound in principle, and are technology dependent and thus it is not within the scope of
this document to describe them.

Evaluation groups are allowed to use such approaches provided that the used methodologies are

. well described and made available to the BR (Bureau Radiocommunications) and other
evaluation groups;

. included in the evaluation report.

fThe channel estimation_should be executed during simulations. Errors in all the control channels

that—teedback—channelerrorindthecrroroleontrobehannelthatts are required-indispensable to
deeode-decoding the traffic channel should all-be modelled. The overheads (e.g. the overheads of

the feedback channel and the control channel) should be modelled realistically.}

7.1.1 Cell spectral efficiency

The results from the system simulation are used to calculate the cell spectral efficiency as defined in
draft Repeortdraft new Report ITU-R M.[IMT.TECH]. The necessary information includes the
number of correctly received bits during the simulation period.

7.1.2  Cell edge user spectral efficiency

The results from the system simulation are used to calculate the cell edge user spectral efficiency as
defined in draft Repertdraft new Report ITU-R M.[IMT.TECH]. The necessaryeded information is
the number of correctly received bits per user duringfer the active session time the-useris-in the
simulation. It issheuld-be noted that the cell edge user spectral efficiency shall be evaluated using
theidentieal- simulation assumptiens-configurations used for as-the cell spectral efficiency-forthat
testenvironment.
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7.1.3 VolIP capacity

The VolIP capacity should be measured according to the definition in draft Repertdraft new Report
ITU-R M.[IMT.TECH]. Information about fpacket delay distribution} for each user should be
provided from the simulation. The VolIP traffic model is defined in Annex 2.

7.2 Evaluation methodology for mobility requirements
The evaluator shall perform the following steps in order to evaluate the mobility requirement.

1. Run system simulations (identical to those for cell spectral efficiencies, see Section 7.1.1)
for a the-set of selected test environment(s) associated with the candidate RIT/SRITs
proposal and collect overall statistics for uplink C/I values, and construct cumulative
distribution function (CDF) over these values for each test environment.

2. Use the CDF for the test environment(s) to save the respective 50%-percentile C/I value.

3. Run uplink link-level simulations for the selected test environment(s) for both NLOS and
LOS channel models using the associated C/I value obtained from Step 2 and the
associated speeds in the Table 3 of draft new Report ITU-R M.[IMT.TECH] Section 4.6 as
input parameters, to obtain associated spectral efficiency value(s).

4, Compare the spectral efficiency values for each channel model case obtained from Step 2
with the corresponding threshold values in the Table 3 of draft new Report ITU-R
M.[IMT.TECH] Section 4.6.

5. The proposal fulfils the mobility requirement if the spectral efficiency value is larger than
or equal to the corresponding threshold value and if also the decoded target packet error
rate is less than 1 percent, for all selected test environments. For each test environment it is
sufficient if one of the spectral efficiency values (of either NLOS or LOS channel models)
fulfil the threshold.

The link level simulation shall use air interface configuration(s) supported by the proposal and may
take into account retransmission.

Although the system simulations (Step 1) smightmay not contain users with the high speeds
associated with the mobility requirements, such simulations are nevertheless used to obtain a typical
C/T value (Step 2) for the technology in question and the selected test environment(s).

These values are then to be used in the respective link simulations for the relevant test
environment(s) (Step 3), after which compliance test can be made (steps 4 and 5).

Note also that the system simulations are the same and can be performed simultaneously with those
associated with evaluation of the spectral efficiency and cell edge spectral efficiency.

73 Analytical approach

For the characteristics described in the following subsections.,below a straight forward calculation
based on information in the proposal will be enough to evaluate them. ProponentsThe-evaluation

shall show fhow to estimate the following evaluation itemsthe-ealenlationhas-been-denet.
7.3.1 Peak spectral efficiency calculation

The peak spectral efficiency is calculated as specified in draft new Report ITU-R M.[IMT.TECH].
The antenna configuration to be used for peak spectral efficiency is defined in Table 8-3.

7.3.2 Control plane latency calculation
The control plane latency is calculated as specified in draft new Report ITU-R M.[IMT.TECH].
7.3.3  User plane latency calculation

22.09.08 10.11.08
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The user plane latency is calculated as specified in draft new Report ITU-R M.[IMT.TECH].

7.3.4 Intra- and inter-frequency handover interruption time derivation

The intra- and inter-frequency handover interruption time is calculated as specified in draft new
Report ITU-R M.[IMT.TECH]. The handover procedure shall be described based on the proposed
technology including the functions and the timing involved.

7.4 Inspection
7.4.1 Bandwidth and channel bandwidth scalability

The support of maximum bandwidth required in draft new Report ITU-R M.[IMT.TECH] Section
4.4 is verified by inspection of the proposal.

The scalability requirement is verified by demonstrating that the candidate RIT/-e+-SRITs can
support at least three bandwidth values. These values shall include the minimum and maximum
supported bandwidth values of the candidate RIT-e+/SRITs.

7.4.2 Deploymentin IMT bands

The set of IMT bands supported is demonstrated by inspection of the proposal.
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7.4.3  Inter-system handover

The support of inter-system handover as required in draft new Report ITU-R M.[IMT.TECH]
Section 4.7 is verified by inspection of the proposal.

7.4.4  Support of a wide range of services

A mobile transmission system’s ability to support a wide range of services lies across all elements
of the network (i.e. core, distribution and access), and across all layers of the OSI model. The

| evaluation of a candidate M T-Advanced RIT focusses on the radio access aspects of the lower OSI
layers. There are quantifiable elements of the minimum technical requirements identified within
draft new Report ITU-R M.[IMT.TECH] that indicate whether or not a candidate RIT is capable of
enabling these services as defined in Report ITU-R M.1822. If the candidate RIT meets the latency,
peak spectral efficiency and bandwidth requirements in draft new Report ITU-R M.[IMT.TECH],
then it can be regarded as enabling the following service aspects requirements.

The support of a wide range of services is further analysed by inspection of the candidate RIT’s
ability to support all of the service classes of the following Table. This is considered in at least one
test environment (similar to evaluation of the peak spectral efficiency) under normal operating

| conditions using configuration supported by the candidate RIT/SRITs.}

TABLE 7-1
Service classes for evaluation
User Experience Class | Service Class Inspection
Conversational Basic conversational service Yes/No
Rich conversational service Yes/No
Conversational low delay Yes/No
Interactive Interactive high delay Yes/No
Interactive low delay Yes/No
Streaming Streaming Live Yes/No
Streaming Non-Live Yes/No
Background Background Yes/No
8 Test environments and evaluation configurations

This section describes the test environments, selected deployment scenarios and evaluation
configurations (including simulation parameters) necessary to evaluate the performance figures of

| candidate RIT/SRITsradio-interface for IMF-Advaneed (Details on channel models can be found in
Annex 1).

The predefined test environments are used in order to specify the environments of the requirements
for the technology proposals. IMT-Advanced systems shouldis-te cover a wide range of
performance in a wide range of environments. Althoush-itsheuld-be-noted-that thereugh-testingand
evaluationis-prohibitive-The test environments have therefore been chosen such that typical and
different deployments are modelled and critical questions in system design and performance can be
investigated. Where possible, consideration of simulation parameters applied in the evaluation of
IMT-2000 technologies, and in standard use in international standards development organisations,
is also made. Focus is thus on scenarios testing limits of performance related to capacity and user
mobility.

22.09.08 10.11.08
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8.1 Test environments

Evaluation of candidate PMT-Adwaneed-RIT/SRITs will be performed in selected scenarios of the
following test environments:

. Base coverage urban: an urban macro-cellular environment targeting continuous coverage
for pedestrian up to fast vehicular users.

. Microcellular: an urban micro-cellular environment with higher user density focusing on
pedestrian and slow vehicular users

. Indoor: an indoor environment targeting isolated cells at offices and/or in hotspot based on
stationary and pedestrian users.

. High speed: macro cells environment with high speed vehicular and trains.

8.1.1 Base coverage urban test environment

The base coverage urban test environment focuses on large cells and continuous coverage. The key
characteristics of this test environment are continuous and ubiquitous coverage in urban areas. This
scenario will therefore be interference-limited, using macro cells (i.e. radio access points above
rooftop level).

In urban macro-cell scenario mobile station is located outdoors at street level and fixed base station
antenna clearly above surrounding building heights. As for propagation conditions, non- or
obstructed line-of-sight is a common case, since street level is often reached by a single diffraction

8.1.2 Microcellular test environment

The microcellular test environment focuses on small cells and high user densities and traffic loads
in city centres and dense urban areas. The key characteristics of this test environment are high
traffic loads, outdoor and outdoor-to-indoor coverage. This scenario will therefore be interference-
limited, using micro cells. A continuous cellular layout and the associated interference shall be
assumed. Radio access points shall be below rooftop level.

A similar scenario is used to the base coverage urban test environment but with reduced site-to-site
distance and the antennas below rooftops.

8.1.3 Indoor test environment

The indoor test environment focuses on smallest cells and high user throughput in buildings. The
key characteristics of this test environment are high user throughput in indoor coverage.

8.1.4 High-speed test environment

The high-speed test environment focuses on larger cells and continuous coverage. The key
characteristics of this test environment are continuous wide area coverage supporting high speed
vehicles. This scenario will therefore be noise-limited and/or interference-limited, using macro
cells.

8.2 Deployment scenarios for the evaluation process

The deployment scenarios that shall be used for each test environment are shown in the following
table:

22.09.08 10.11.08



_12-

5D/J-1-E
TABLE 8-1
Selected deployment scenarios for evaluation
Test Base coverage Microcellular Indoor High speed
environment urban
Deployment Urban macro-cell | Urban micro-cell | Indoor hotspot Rural macro-cell
scenario scenario scenario scenario scenario

Suburban macro-cell scenario is an optional scenario for the base coverage urban test environment.

8.3 Network layout

In the rural/high-speed, base coverage urban and microcell cases, no specific topographical details
are taken into account. Base stations are placed in a regular grid, following hexagonal layout. A
basic hexagon layout for the example of three cells per site is shown in Figure 1, where also basic
geometry (antenna boresight, cell range, and inter-site distance ISD) is defined. The simulation will
be a wrap-around configuration of 19 sites, each of 3 cells. Users are distributed uniformly over the
whole area.

A mEE e
the product of the spectrum bandwidth identified in the tables (Tables 8-5, 8-6, and 8-7)as ~ { W=tseHE: ak~ ~
“simulation bandwidth” and the frequency reuse factor. It is noted here that the frequency reuse \ { WA >
factor is defined as larger than one, The cell spectral efficiency, cell edge user spectral efficiency, REEE R
and VoIP capacity sheuld-beis calculated taking into account of the total spectrum. o (mREE o

A mREE: aoe

FIGURE 8-1
Sketch of base coverage urban cell layout without relay nodes
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The indoor hotspot scenario consists of one floor of a building. The height of the floor is 6 m. The
floor contains 16 rooms of 15 m x 15 m and a long hall of 120 m x 20m. Two sites are placed in the
middle of the hall at 30m and 90m with respect to the left side of the building (see following
Figure).

FIGURE 8§-2
Sketch of indoor hotspot environment (one floor)

8.4 Evaluation configurations

This section contains baseline configuration parameters that shall be applied in analytical and
simulation assessments of candidate RIT/SRITs.

The parameters (and also the propagation and channel models in Annex 1) are solely for the
purpose of consistent evaluation of the candidate RIT/SRITs forIMT-Advaneed-and relate only to
specific test environments used in these simulations. They should not be considered as the values
that-must-be-used-in actualny deployments of any-IMT-Advanced systems andrersheuld-they taken
as the default values for any other or subsequent studiesy in ITU or elsewhere. They do not
necessarily themselves constitute any requirements on the implementation of the system.

Configuration parameters in Table 8-2 shall be applied when evaluation groups assess the
characteristics of cell spectral efficiency, cell edge user spectral efficiency, control plane latency,
user plane latency, mobility, handover interruption time and VoIP capacity in evaluation of
candidate RIT/SRITs.

TABLE 8-2
Baseline evaluation configuration parameters

Deployment Urban Urban Indoor hotspot | Rural macro- | Suburban
scenario for the macro-cell micro-cell cell macro-cell

evaluation

process

Base Station 25 m, above 10 m, below 6 m, mounted 35 m, above 35 m, above
(BS) antenna rooftop rooftop on ceiling rooftop rooftop
height
Number of BS Up to 8 rx Up to 8 rx Up to 8 rx Up to 8 rx Up to 8 rx
antenna Up to 8 tx Up to 8 tx Up to 8 tx Up to 8 tx Up to 8 tx
elementsl

1" Evaluation group should use the number of antennas specified by proponent in the technology description
template if it is not more than the number specified in this table.

22.09.08
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Total BS TX 46 dBm for 41 dBm for 24 dBm for 46 dBm for 46 dBm for
power at 10 MHz, 10 MHz, 40 MHz, 10 MHz, 10 MHz,
antenna 49 dBm for 44 dBm for 21 dBm for 49 dBm for 49 dBm for
feedpoint 20 MHz 20 MHz 20 MHz 20 MHz 20 MHz
User Terminal 24 dBm 24 dBm 21 dBm 24 dBm 24 dBm
(UT) power
class
UT antenna Upto 2 tx Upto 2 tx Upto 2 tx Upto 2 tx Upto 2 tx
system (S]e_e the Upto2rx Upto2rx Upto2rx Upto2rx Upto2rx
footnote)
Minimum >= 25 meters >= 10 meters >= 3 meters >=35 meters | >= 35 meters
distance
between UT and
serving cell2
Carrier 2 GHz 2.5 GHz 3.4 GHz 800 MHz Same as
Frequency (CF) Urban
for evaluation macro-cell
(representative
of IMT bands)
Outdoor to N.A. See Annex 1 N.A. N.A. 20 dB
Indoor building Table Al-1
penetration loss
Outdoor to in- 9dB (LN, o= N.A. N.A. 9dB(LN,c= | 9dB (LN, o
car penetration | 5dB) 5dB) =5dB)
loss
2 In the horizontal plane.
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Evaluation configurations parameters for analytical assessment

Configuration parameters in the following Table shall be applied when evaluation groups assess the
characteristics of peak spectral efficiency in evaluation of candidate RIT/SRITs.

TABLE 8-3

Evaluation configuration parameters for analytical assessment of peak spectral efficiency

Deployment Urban Urban Indoor hotspot Rural Suburban
scenario for the macro-cell micro-cell macro-cell macro-cell

evaluation

process

Number of BS Upto4rx Upto4rx Upto 4 rx Upto4rx Up to 4 rx
antenna Up to 4 tx Upto 4 tx Up to 4 tx Upto 4 tx Upto4tx
elements
UT antenna Upto 2 tx Upto 2 tx Upto 2 tx Upto2tx Upto2tx
system Upto4rx Upto4rx Upto4rx Upto4rx Up to 4 rx
8.4.2 Evaluation configurations parameters for simulation assessment

There are two types of simulations: system simulation and link level simulation.

8.4.2.1

Parameters in Table 8-4 shall also be applied in system simulation when assessing the

Additional parameters for system simulation

characteristics of cell spectral efficiency, cell edge user spectral efficiency and VoIP capacity.

22.09.08
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TABLE 8-4
Additional parameters for system simulation

Deployment Urban Urban Indoor Rural Suburban
scenario for macro-cell micro-cell hotspot macro-cell macro-cell
the evaluation
process
Layout3 Hexagonal grid | Hexagonal grid Indoor floor Hexagonal grid | Hexagonal
grid
Inter-site 500 m 200 m 60 m 1732 m 1299 m
distance
Channel Model Urban macro Urban micro Indoor hotspot Rural macro Suburban
model model model model macro model
User distribution | Randomly and Randomly and Randomly and Randomly and | Randomly
uniformly uniformly uniformly uniformly and uniformly
distributed over | distributed over | distributed over | distributed over | distributed
area. 100% of area. 50 % users | area area. 100% of over area.

users outdoors in

outdoor

users outdoors

50 % users

vehicles (pedestrian in high speed vehicles and
users) and 50 % vehicles 50 % of users
of users indoors indoors
User mobility Fixed and Fixed and Fixed and Fixed and Fixed and
model identical speed identical speed identical speed identical speed | identical
|v| of all UTs, [v] of all UTs, |v| of all UTs, [v| of all UTs, speed |v| of all
randomly and randomly and randomly and randomly and UTs,
uniformly uniformly uniformly uniformly randomly and
distributed distributed distributed distributed uniformly
direction direction direction direction distributed
direction
UT speeds of 30 km/h 3 km/h 3 km/h 120 km/h. Indoor UTs: 3
interest km/h, outdoor
UTs: 90km/h
Inter-site Explicitly Explicitly Explicitly Explicitly Explicitly
interference modelled modelled modelled modelled modelled
modelling4
BS noise figure 5dB 5dB 5dB 5dB 5dB
BS antenna 14 dBi 14 dBi 0 dBi 4 dBi 14 dBi
gain2
UT noise figure 7 dB 7dB 7dB 7 dB 7 dB
UT antenna gain | 0 dBi dBi 0 dBi dBi dBi
Thermal noise -174 dBm/Hz -174 dBm/Hz -174 dBm/Hz -174 dBm/Hz -174 dBm/Hz
level
Maximal l1oT 10 dB 10 dB 10 dB 10dB 10dB
used for
3 See Section 8.3 for further detail.
4 See Section 7.1.
5 BS antenna gain includes the cable loss (i.e. feeder loss).
22.09.08 10.11.08
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evaluation®

When assessing the cell spectral efficiency and cell edge user spectral efficiency characteristics,
parameters in Table 8-5 shall also be applied.

TABLE 8-5

Additional parameters for assessment of cell spectral efficiency

and cell edge user spectral efficiency

Deployment Urban Urban Indoor hotspot Rural Suburban
scenario for the macro-cell micro-cell macro-cell macro-cell

evaluation

process
Evaluated Full buffer best | Full buffer best | Full buffer best | Full buffer Full buffer
Service Profiles | effort effort effort best effort best effort
Simulation 10 + 10 MHz 10 + 10 MHz 20 +20 MHz 10 + 10 MHz 10 + 10 MHz
Bandwidth (FDD), or 20 (FDD), or 20 (FDD), or 40 (FDD), or 20 | (FDD), or 20
MHz (TDD) MHz (TDD) MHz (TDD) MHz (TDD) | MHz (TDD)

Number of users | 10 10 10 10 10

per cell

The simulation needs to be done over a time period long enough to assure convergence of the

simulation results.

When assessing the VoIP capacity characteristic, parameters in Table 8-6 shall also be applied.

TABLE 8-6
Additional parameters for assessment of VolP capacity

Deployment Urban Urban Indoor hotspot Rural Suburban
scenario for the macro-cell micro-cell macro-cell macro-cell

evaluation

process
Evaluated VoIP VoIP VoIP VoIP VoIP
Service Profiles
Simulation 5+5MHz 5+5MHz 5+5MHz 5+ 5MHz 5+ 5MHz
Bandwidth? (FDD), 10 MHz | (FDD), 10 MHz | (FDD), 10 MHz | (FDD), 10 (FDD), 10
(TDD) (TDD) (TDD) MHz (TDD) | MHz (TDD)

Simulation time | 20s 20s 20s 20s 20s
span for a drop

6 The interference means the effective interference received at the BS. The value provided by the proponent
should be equal to or less than the value specified in the table.

While it is recognized that the bandwidth associated with VoIP implementations could significantly be larger

than the bandwidth specified herein; this bandwidth was chosen to allow simulations to be practically
conducted. Using larger bandwidths and the corresponding larger number of users to be simulated increases the
simulation complexity and time required to perform the simulations.

22.09.08
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8.4.2.2  Additional parameters for link level simulation

Parameters in Table 8-7 shall also be applied in link level simulation when assessing the
characteristic of mobility.

TABLE 8-7
Additional parameters for link level simulation (for mobility requirement)

Deployment Urban Urban Indoor hotspot Rural Suburban
scenario for the macro-cell micro-cell macro-cell marco-cell

evaluation

process
Evaluated Full buffer best | Full buffer best | Full buffer best | Full buffer Full buffer
Service Profiles | effort effort effort best effort best effort
Channel Model | Urban macro- Urban micro- Indoor hotspot | Rural macro- | Suburban
cell model cell model model cell model macro-cell
model

Simulation 10 MHz 10 MHz 10 MHz 10 MHz 10 MHz
Bandwidth
Number of users | 1 1 1 1 1
in simulation

8.5 Antenna characteristics

This sub-section specifies the antenna characteristics, e.g. antenna pattern, gain, side-lobe level,
orientation, etc., for antennas at the BS and the UT, which shall be applied for the evaluation in the
deployment scenarios with the hexagonal grid layout (i.e. Urban macro- cell, Urban mlcro -cell
Rural macro-cell, and Suburban macro-cell)

environments. The characteristics do not form any kind of requlrements and should be used only for
the evaluation.

85.1 BS Antenna
8.5.1.1 BS Antenna pattern

The horizontal antenna pattern used for each BS sector8 is specified as

A(60)=-min 12(;} LA,
3dB (1)

Where A0) is the antenna gain in dBi in the direction 0, - 180" <0 <180° , and min [.] denotes

the minimum function, 0308 is the 3 dB beamwidth (corresponding to Osap =70 ), and Am= 20 dB
is the maximum attenuation. Figure 8-3 shows the BS antenna pattern for 3 sector cells to be used in
system level simulations.

A similar antenna pattern swiH-beis used for elevation in simulations-thatneed-it. In this case the
antenna pattern iswill-be given by:

8 A sector is equivalent to a cell.
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where A(9) is the antenna gain in dBi in the elevation direction ¢ , 90" <¢=<90 . Prae is the
elevation-the 3 dB beamwidth value for elevation antenna pattern, and it may be assumed to be 15¢

degrees, unless stated otherwise._ @y is the tilt angle, which can be proposed by proponents per o ?;’Sﬁi: (il 1) HAH, SR Ty }
e ————
deployment scenario, A mstEE @D DA )

The combined antenna pattern at angles off the cardinal axes is computed as

~min[~(A(0)+ A (¢)). A, | AOTAD),

FIGURE 8-3
Antenna Pattern for 3-sector cells
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8.5.1.2 BS Antenna orientation

The antenna bearing is defined as the angle between the main antenna lobe centre and a line
directed due east given in degrees. The bearing angle increases in a clockwise direction. The

Figure 8-4 below shows the hexagonal cell and its three sectors with the antenna bearing orientation
proposed for the simulations. The centre directions of the main antenna lobe in each sector point to
the corresponding side of the hexagon.

For indoor test environment, omni antenna should be used for the BS.
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FIGURE 8-4
Antenna bearing orientation diagram

Main Antenna Lobe

Sector 1

120 degrees

8.5.2 UT Antenna

The UT antenna is assumed to be omni directional.

9 Channel model approach

[omitted]
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PROPOSED MODIFICATION TO TECHNOLOGY DESCRIPTION TEMPLATE

1 Introduction

The 2™ meeting of ITU-R Working Party 5D (WP 5D) created the technology description template

to be included in Section 4.2.3 of the Draft New Report ITU-R M.[IMT.REST]. WP 5D has carried
forward the technology description template to its 3 meeting in order to further refine and to check
consistency with the Draft New Reports ITU-R M.[IMT.TECH] and M.[IMT.EVAL].

Japan reviewed the technology description template in the Document 5D/242 Attachment 6.7 and
proposes modifications to it in order to facilitate WP 5D’s work to complete the template.

2 Discussion
2.1 Introductory text of the technology description template

The technology description template will be used for independent evaluation groups to evaluate
candidate technologies. The technology description template should provide relevant and necessary
information for evaluation groups to evaluate candidate radio interface technologies well. Japan
therefore believes that the proponents can answer N/A only if the proponents can provide
justification that the items are not relevant to the proposed candidate technologies. According to
this view, Japan proposes modification to the introductory text as shown in Attachment 1 to this
contribution.

2.2 Format of the technology description template

The format of the current technology description template was developed at the WP 5D 1% meeting
in Geneva on the assumption that the Draft New Report M.[IMT.TECH] would have the section on
the technological items required to describe candidate air interface (Section 5 of Document 5D/97
Attachment 6.11). During the discussion at the WP 5D 2™ meeting in Dubai, the original section 5
was agreed to be deleted. Japan thinks that the column describing “Source” has therefore no longer
been required and can be deleted.

During the WP5D 2md meeting, there was a discussion on the format of the technology description
template, which was that the template should preferably have hierarchical structure so that the
proponents can fulfill necessary/relevant items and skip irrelevant items, which are depending on
the proposed technologies, e.g. CDMA, OFDMA, etc. but for the items at a higher description level,
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e.g. access scheme, the proponents must provide some information. Japan believes that a
hierarchical format should be used in order to avoid potential missing items to be described in the
technology description template. The modified format can be seen in Attachment 1 to this
document. It should be noted that the change of the format itself will not cause substantial change
on each item.

In addition, the template should have a highest hierarchy which has Al Items required to describe
candidate RIT and A2 Evaluation related items.

2.3 New items to be added

The following new items need to be added so that independent evaluation groups can evaluate
proposed candidate technologies. Japan believes that the evaluation could not properly be
performed without these items.

(1) Delay distribution used for VolP evaluation

Packet delay distribution is a key variable for VoIP evaluation. This should be also provided by the
proponents. (See section 7.1.3 of Report ITU-R M.[IMT.EVAL))

(2) Simulation method with regard to frequency reuse factor

At the 2* WP5D meeting in Dubai, there was a discussion on how to perform a simulation when
frequency reuse factor is not a unity. Different approach would come up in terms of simulation
bandwidth, i.e. it can be (10 MHz) x (the reuse factor of 3) or (10MHz/3) x (the reuse factor of 3).
This may reach a different evaluation result. The detailed simulation method needs to be clarified if
the candidate technology employs the frequency reuse factor other than a unity. (See section 8.3 of
Report ITU-R M.[IMT.EVALY])

(3) Link budget

Link budget is one of the key items. Proponents of candidate RIT or SRITs should provide
information of link budget according to the template shown in Annex 3 of Report ITU-R
M.[IMT.EVAL]. The reminder to provide link budget information is required.

(4) Antenna tilting angle

The proponents of candidate RIT or SRITs should provide information on the angle of antenna
tilting. The values would depend on the cell size therefore they are different. Taking this into
account, Japan believes that the value should be calculated so that peak power level can be obtained
at a cell edge and the resultant values should be provided in the technology description template.

2.4 Proposed detailed modifications
(2) Item A1.1.2 on features that the RIT uses to support the stationary mobility

Item A1.1.2 focuses on the stationary mobility and asks to provide information on features that the
RIT uses to support the stationary mobility. This item should be more general so that the proponents
can be provide any features that the proposed RIT uses to support the test environment(s) other than
the defined four test environment in order to facilitate possible consensus building among similar
RITs which have similar features in terms of their support of particular environment(s). Japan
therefore proposes modification on the text.

(2) Item Al1.2.1 “Multiple access methods”

The original A1.6 and its sub-items are similar to the item A1.2.1. Japan therefore proposes that the
item A1.6 and its sub-items should be moved up under Item A1.2.1.

(3) Item A1.2.5 “Mobility management”
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The items under A1.2.5;
- Centralized/Distributed RRM, and
- Inter-RAT spectrum sharing

should be discussed in the original item A1.2.6 Resource Management. Japan proposes the
modification to the original item A1.2.6.

(4) Item A1.2.7 “Frame structure”

This item seems appropriate to be addressed just after the item A1.2.4 Physical channel structure
and multiplexing. This item should be moved up and put just after the item A1.2.4.

(5) Item A1.3.11 Flexibility of spectrum usage

This item seems a duplication item of the item A1.3.1. This can be deleted since the item has
already been covered by the item A1.3.1.

(6) Item A1.4.2 to A1.4.7 on MIMO related sub items

These items are relevant to MIMO scheme. These should be described as a single item.

3 Proposal

Japan proposes that the updated template in Attachment 1 to this contribution be considered for the
further modification of the technology description template of Draft New Report M.[IMT.REST].

Attachment: 1
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ATTACHMENT 1
Document 5D/242 Attachment 6.7

Source:

Technology description template (Step 2, Step 4 and Step 6)

The purpose of this technology description template is that the proponents can describe their
proposal for a radio interface for IMT-Advanced to a level of detail that will enable independent
third-party assessment of compliance with the minimum technical requirements as specified in
Draft new Report ITU-R M.[IMT.TECH]. This template defines the set of requested information.
The inclusion of an item in this template shall not imply that it is a minimum requirement of
IMT-Advanced (e.g. positioning or broadcasting). Furthermore, where an item is not relevant to or

for a proposal it shealfd—can can be answered N/A, if it 1s ]ustlﬁed }t—ts—ne{—mand-a{er—y—te—pfewele

Item to be described

) L U

. . . =
Al Items required to describe candidate RIT, ; (BRAEE 77 Tines Now Roman
Al.l1 | Test Environment(s) \\\\[g FE I+ 0 KF (L)
Al.1.1 What.te§t environments (described in IMT.EVAL) does this technology T%ﬁgfi}é?ﬁg Eﬂéﬁ‘(%é% '"(‘%s C‘fw
descrlptlon template address?
A mgEE: #r<y BmL)
ityparticular elasstest environment(s) other than the four test _{#=RzEE
environments described in Report ITU-R M.[IMT.EVAL]. A EREE: &R (L)
Al1.2 | Technological items required-to-deseriberelated to candidate RIT (wxE
Al.2.1 | Multiple access methedsscheme
Which access technology does the proposal use: TDMA, FDMA, CDMA,
OFDMA, IDMA, SDMA, hybrid, or a new technology?
Characterise its summarised specifications with key parameters which
feature the multiple access scheme, - {mzE
-In the case of CDMA, which type of CDMA is used: frequency hopping (mARE  BREELEAES
(FH) or direct sequence (DS) or hybrid? Characterize, What is the chip rate ~{#REE: T4k (B) MS B8
(Mchips/s)? Rate at input to modulator. What is the processing gain? 10 log
(chip rate/information rate). Explain the uplink and downlink code
structures and provide the details about the types (e.g. pseudo-noise (PN)
code, Walsh code) and purposes (e.g. spreading, identification, etc.) of the
codes.
_(m=xzEE
In the case of OFDMA, what are the sub-carrier spacing, FFT size and CP -
length? Provide details, ==tz
“{=mKFEE: Tk (B) MS BH
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Item to be described

ALo What is the hopping rate—ifitisapplicable?

Al.2.1.1

S What is the number of frequency hopping sets—if-itis-applieable?
Al.2.12

AL63 Does the RIT use a spreading schemeifitisapplicable?
Al.2.1.3

A4 What is the chip rate (Mchip/s)—if-itis-applieable? Rate at input
Al2.14 |tomodulator.

A0S What is the processing gain—ifitis-apphieable? 10 log (chip
Al215 rate/information rate).

AL6:6 Explain the uplink and downlink code structures and provide
details about the types (e.g. pseudo-noise (PN) code, Walsh

Al1.2.1.6 . - -

— | code) and purposes (e.g. spreading, identification, etc.) of the

codes.

A1.2.2 | Modulation scheme

What is the baseband modulation technique? If both the data modulation and
spreading modulation are required, describe in-detailboth.

What is the peak to average power ratio after baseband filtering (dB)?
Describe the PAPR (peak-to-average power ratio) reduction algerithms

schemesand-their-impact-on-the system-performance if they are used in the
proposed RIT.
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Item to be described

Al.23

Error control coding scheme and interleaving

What are the channel coding (error handling) rate and form for both the
downlink and uplink?

E.g., does the RIT adopt:

—FEC or other schemes?

—Unequal error protection? Provide details.

—Soft decision decoding or hard decision decoding? Provide details.
—Iterative decoding (e.g. turbo codes)? Provide details.

=LDPC? Provide details.

=Hybrid ARQ (both efficient use of spectrum and link
reliability/adaptation) or other retransmission mechanisms? Provide details.

=ACM (adaptive coding and modulation)? Provide details, as well as the
various MCS (modulation and coding scheme) levels

—Other schemes?

The adaptation method for each scheme (e.g. error control coding A is
adapted to modulation scheme B, etc.) especially when more than one
scheme is employed.

A1.2. | What is the bit interleaving scheme? Provide detailed description
3.1 for both uplink and downlink.

Al.2. | Describe the approach taken for receivers on the Base station (BS)
2 and Mobile station (MS) to cope with multipath propagation effects
(e.g. »a-by equalizer, rake receiver, cyclic prefix, etc.).

Al.2. | Describe the robustness to intersymbol interference and-together
3. with the specific delay spread profiles that-are-best-or-worstfor-the

propesal.

>

.2. | Can rapidly changing delay spread profile be accommodated?
3.4 Describe a mitigate technique for rapid fading fluctuations.

Physical channel structure and multiplexing,

Al.2.4. | What is the RF channel bit rate (kbit/s)?

1 NOTE 1 — The maximum modulation rate of RF (after channel

encoding, adding of in-band control —yrehrent-signaling and any
overhead —ynehronisignaling) possible to transmit carrier over an
RF channel, i.e. independent of access technology and of
modulation schemes.

>
i
o
~

Layer 1 and Layer 2 overhead estimation.

Describe how the RIT accounts for all layer 1 (PHY) and layer 2
(MAC) overhead and provides an accurate estimate that includes
static and dynamic overheads.

(NS

. (EREE  pREZLEEES

{wzE
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Item to be described

Al.2.4. | Variable bit rate capabilities: describe the ways the proposal is
3 able to handle variable baseband transmission rates. For example,
does the RIT use:

—Variable data rate as a function of user application?

—Variable voice/data channel utilization as a function of traffic
mix requirements?

Characterize how the bit rate modification is performed. In
addition, what are the advantages of the system’s variable bit rate

capabilities?
Al1.2.4. | What are the user information bit rates in each variable bit rate
4 mode?
Al.2.4. | Signalling transmission scheme: if the candidate RIT uses a
5 signalling transmission scheme different from that for user data

transmission, describe the details of the signalling transmission
scheme over the radio interface between mobile and base stations.

A1.2.75 | Frame structure
describe the frame structure to give sufficient information such as:

frame length,
the number of time slots per frame,

the number and position of switch points per frame for TDD

guard time or the number of guard bits,

user information bit rate for each time slot,

channel bit rate (after channel coding),

channel symbol rate (after modulation),

associated control channel (ACCH) bit rate,

power control bit rate.

NOTE 1 — Channel coding may include parameters such as forward error
correction (FEC), cyclic redundancy checking (CRC), ACCH, power control
bits and guard bits. Provide detail.

NOTE 2 — Describe the frame structure for forward link and reverse link,
respectively.

NOTE 3 — Describe the frame structure for each user information rate,

A1.2.56, | Mobility management

22.09.08 10.11.08
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Item to be described

A1.2.56 | Mobility management

1 Describe how mobility across different radio access systems is
achieved.

Al.2.5 | Handover/automatic radio link transfer (ALT): do the radio

6.2 interface technologies support handover?

Characterize the type of handover strategy (or strategies) which
may be supported, e.g. MS assisted handover. Give explanations
on potential advantages, e.g. possible choice of handover
algorithms. Provide evidence whenever possible.

A1.2.56 | What is the break duration (s) when a handover is executed? In
3 this evaluation, a detailed description of the impact of the
handover on the service performance should also be given.
Explain how the estimate is derived.

A1.2.56 | For the proposed RIT, can handover cope with rapid decrease in

4 signal strength (e.g. street corner effect)?
Give a detailed description of:
—the way the handover is detected, initiated and executed, T {iﬁﬁi . BEARELRERS ]
—how long each of these actions lasts (minimum/maximum time
(ms)),
- the time-out periods for these actions.
A1.2.67 | Radio resource management
Describe how the following are achieved:
—dynamic and flexible radio resource management mechanism < (mARE  BREECERES )
—efficient load balancing and policy management,
—the service environments and mobility classes defined in Report T E%‘ﬁi ggﬁ - [l BUERT -0 pt, }
ITU-RM2078, ] L {EREE: Jrvb AT BL), & }
SRRy (L)

Centralized/Distributed RRM.

(#RTE: EZE EE)

Inter-RAT spectrum sharing.

A1.2.67 | Inter-RIT interworking
.1

In the case of an SRIT, the proponent should describe the support
of interworking functions between heterogeneous radio access
systems within the SRIT.

A1.2.67 | Connection/Session management

Describe the support of multiple protocol states with fast and
dynamic transitions among them.

The proponent should describe how efficient signalling schemes
for allocating and de-allocating resources are provided.

22.09.08 10.11.08
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Item to be described

Erame-strueture [Note: this item has been moved up to new A1.2.5],

_{®mREF: T+ AF (L)

Al3

Spectrum capabilities
NOTE 1 — Parameters for both downlink and uplink should be

described separately, if necessary.

Al3.1

Flexible spectrum use

Does the RIT allow flexible spectrum use between operators? Provide
details.

Describe additional-the potential capabilities of the RIT or SRIT enabling the
flexible use of spectrum.

Spectrum sharing

Does the RIT allow dynamic spectrum management inside a specific radio
interface technology or between different radio interface technologies?
Provide details.

Does RIT have sharing capabilities such as:
—Capability to share spectrum between similar networks.
—Capability to share between different cell types in a network.

Describe what sharing capabilities RIT or SRIT introduces and the technical
solutions that enable those capabilities.

N
N

N

WREE: 42k KF (L),
&, #mERY

®

. (WREE: Jrvr AT BL)

{#REE

BEEELEREES

o e )
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Item to be described

A1.3.3 | Channel bandwidth scalability
Describe how the capability of the proposed RIT may evolve to support
scalable bandwidths higher than 40 MHz.
Al.3.4 | What are the frequency bands supported by the RIT?
A1.3.5 | What is the minimum bandwidth required to deploy the system (MHz)?
Al.3.6 | What are the minimum and maximum operating channel bandwidths (MHz)?
Al1.3.7 | What duplexing scheme(s) is (are) described in this template? (e.g. TDD,
FDD or half-duplex FDD)
A1.3.8 | What is the minimum (up/down) frequency separation for full- and half-
duplex FDD?
A1.3.9 | What is the requirement of transmit/receive isolation? Does the proposal
require a duplexer in either the mobile station (MS) or BS?
A1.3.10 | What is the minimum (up/down) time separation for TDD?
= : T
H INote: duplication with the item A.1.3.1.], . {[;::i: Zi/:: : zﬁ e
S : PR v
A1.3.11,,| What is the characteristic of the uplink and downlink bandwidth supported : (WREE: T+ fHE
. for FDD? Symmetric or asymmetric or both? N { zastgi; I 17])- >E||;3: :_(B) Ms B,
A13.12,| Ts the DL/UL Ratio variable for TDD? What is the DL/UL ratio supported? | ' {@=&E: s>+ : (B) Ms B8
AN I#i\’.ti: 742k (B) MS B,
\1\\\ 12 pt
A1.3.13 | RF channel characteristics for flexible spectrum usage D (wREE: T4k (B) Ms BE
R E- P72k (A) MS B
«____|AL3.13. | What is the bandwidth per duplex RF channel (MHz) measured | = } !;t::- 7; ¥ 1(2 lt e
1 at the 3 dB down points? It is given by (bandwidth per RF N \\\{;i"IE: Sior . ) MS
channel) [J (1 for TDD and 2 for FDD). Provide detail. o {;i"IE 7: Z - - 2ot
RE : DI
A1.3.13. | Describe the scalability of operating bandwidths. Does the (ERKEE: T+ b 120t
2 proposal offer multiple or variable RF channel bandwidth
capability? If so, are multiple bandwidths or variable bandwidths
provided for the purposes of compensating the transmission . (mzE
R T - medium-for impairments but intended to-be feature transparent to- |- - - -
the end user?
A1.3.13. | Describe the potential multiple contiguous (or non-contiguous)
3 band aggregation capabilitiesifany.

22.09.08
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Item to be described

A1.3.13. | Does the RIT support a bandwidth on demand (BOD) capability?
4 BOD refers specifically to the ability of an end-user to request
multi-bearer services. Typically, this is given as the capacity in
the form of bits per second of throughput. Multi-bearer services
can be implemented by using such technologies as multi-carrier,
multi-time slot or multi-codes. If so, characterize these
capabilities.
NOTE 1 - BOD does not refer to the self-adaptive feature of the

radio channel to cope with changes in the transmission quality
(see § A1.3.14.1).

A1.3.13. | If the RIT supports a channel aggregation capability (see
5 § A1.3.14.2), can this be used to achieve higher user bit rates?
Describe.

Support of advanced antenna capabilities
What kind of multi-antenna scheme supported in the MS, BS or both?

Fully describe the antenna systems-scheme that can be used and/or have to be used,;
characterize their impacts on systems performance; e.g., does the RIT have the

capability for the use of:

: : : S5y, 28
~Multi-Input Multi-Output (MIMO) techniques, | - {WBEE pVE i 12et 7322E]
—space-time coding (STC) techniques, (WRAZE  HEEELHEEES )

—real-time adaptive array-antennas-with-real-time-beam-forming with antenna array,

with specific attention being paid to increased spectrum efficiencies, increased
throughput, power consumption and complexity of the setup.

Al.4.1 | How many antennas are supported by BS and MS? Provide both basic and
advanced configuration(s).

Al1.4.2 | If MIMO techniques are employed, S

Single codeword (SCW) and Multi codeword (MCW)? Provide N W §§§§E (ﬁf Fﬂ?ﬁ%&"ﬁ% f::m%%'t '
detail. ERIRR

- Does the RIT require precoding? Provide detail.

- Does the RIT use Open-loop MIMO or Closed-loop MIMO? Provide
detail.

- Does the RIT employ Cooperative MIMO in single-cell and multi-cell?
Provide detail.

- Does the RIT employ Single-User (SU) MIMO or Multi-User MU
(MIMO)? Provide detail.

- Does the RIT employ Virtual MIMO in uplink? Provide detail.

HE:

22.09.08 10.11.08
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Item to be described

HEEE:

have to be used; characterize their impacts on systems performance,
(terrestrial only); e.g., does the RTT have the capability for the use of:

—remote antennas: describe whether and how remote antenna systems can be
used to extend coverage to low traffic density areas;

—distributed antennas: describe whether and how distributed antenna designs
are used, and in which IMT-Advanced test environments;

—smart antennas (e.g., switched beam, adaptive, etc.): describe how smart
antennas can be used and what is their impact on system performance;

—other antenna systems.

Link adaptation and power control

The RIT may use link adaptation techniques such as adaptive modulation and coding,
power control, etc. to manage output power, reduce interference, increase the SINR,
etc.

Power control characteristics: Is a power control scheme included in the proposal?
Characterize the impact (e.g. improvements) of supported power control schemes on
system performance.

Provide details of any adaptive modulation and coding schemes.

For each different combination of modulation and coding schemes, provide the
information requested below

Al.5.1 | What is the power control step size (in dB)?

A1.5.2 | What is the number of power control cycles per second?

A1.5.3 | What is the power control dynamic range (in dB)?

Al.5.4 | What is the minimum transmit power level with power control?

A1.5.5 | What is the residual power variation after power control when RIT is
operating? Provide details about the circumstances (e.g. in terms of system
characteristics, environment, deployment, MS-speed, etc.) under which this
residual power variation appears and what impact it has on the system
performance.

A1.5.6 | Describe the number of transmit power levels

A1.5.7 | Describe the associated signalling and control messages.

A mAzEE: #E @D
{(=m=2EE: #xE @B
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Item to be described

- BXEE: Tk D KF (L), &

A6 I {w, X2 @B, mrAL }
WRXEE: 74> b 1 XKF (BL) , #
& HKEE (EE)

o (mAEE : BRI CREES )

Al.6.

1

e

2

S

3

A6-

4

Al.6.

5

e

6

Al.7 | Power classes

Mobile terminal emitted power : what is the radiated antenna power measured at the
antenna? For terrestrial component, give (in dBm). For satellite component, the mobile
terminal emitted power should be given in e.i.r.p. (effective isotropic radiated

power) (in dBm).

What is the maximum peak power transmitted while in active or busy state?

What is the time average power transmitted while in active or busy state? Provide
detailed explanation used to calculate this time average power.

Base station transmit power per RF carrier for terrestrial component
What is the maximum peak transmitted power per RF carrier radiated from antenna?

What is the average transmitted power per RF carrier radiated from antenna?

Al.7.1 | Mobile terminal emitted power: What is the radiated antenna power
measured at the antenna (in dBm)?

Al1.7.1.1 | What is the maximum peak power transmitted while in active or
busy state?

22.09.08 10.11.08
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Item to be described

A1.7.1.2 | What is the time averaged power transmitted while in active or
busy state_(in dBm)? Provide a detailed explanation used to

calculate this time average power.

A1.7.2 | What is the Base station transmit power per RF carrier? (in dBm)
A1.7.2.1 | What is the maximum peak transmitted power per RF carrier
radiated from antenna_(in dBm)?
A1.7.2.2 | What is the average transmitted power per RF carrier radiated

from antenna (in dBm)?

A1.8, | Coverage extension scheme, 3
Al1.8.1 | Describe the capability of supporting/using repeaters.
A1.89 | Scheduler, QoS support and Management, Data Services

Scheduling mechanisms

—Describe the scheduling mechanisms of the proposal and their impact on the system
performance.

QoS support

—How QoS classes are supported in order to meet end-user QoS requirements of the
various applications.

—How QoS classes associated with each service flow can be negotiated.

—QoS attributes including, but not limited to:

. data rate (ranging from the lowest supported data rate to maximum data rate
supported by the MAC/PHY);

. latency (delivery delay);

. packet error rate (after all corrections provided by the MAC/PHY layers), and

delay variation (jitter).
—How 15-QoS is supported when-for handing off between radio access networks?

=How users may utilize several applications with differing QoS requirements at the
same time.

(NOTE — Whether or not to split scheduler and QoS support and management into
different section. See A1.2.14)

22.09.08

10.11.08
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Item to be described

A1.89.1 | Data services: are there particular aspects of the proposed technologies
which are applicable for the provision of packet-switched or other data
services like asymmetric data services? For each service class (A, B, C and
D) a description of RIT services should be provided, at least in terms of bit
rate, delay and BER/frame error rate (FER).

NOTE 1 — See Recommendation ITU-R M.1224 for the definition of:
—“packet transfer mode”,

—“connectionless service”,

and for the aid of understanding “packet switched” data services.

NOTE 2 — See Recommendation ITU-T 1.362 for details about the service
classes A, B, C and D.

For delay constrained, connection oriented, variable bit rate (Class B).

For delay unconstrained, connection oriented (Class C).

For delay unconstrained, connectionless (Class D).

A1.91 | Radio interface architecture and protocol stack

0 Describe Radio interface architecture and protocol stack such as,
—Control channel
—Logical channel
— Transport channel

A1.46 | Location Based Services

11 Are-Does the RIT have the capability to offer location based services-effered?
Describe the location determination mechanisms.

Al.1+ | Priority Access

12 Does the proposal provide priority access? Describe how prioritization of access to
network resources for certain specific services is achieved.

A1.42 | Voice, multicast and broadcast

13

Describe how the RIT supports:
—broadcast services,

—multicast services,

—unicast services,

using both dedicated carriers and/or mixed carriers. It is possible that all three services
exist simultaneously — please describe any multimedia support.

A1.123. | Provide information on the number of voice users per MHz that can be
1 supported at one BS with 1 RF channel (TDD systems) or 1 duplex RF
channel pair (FDD systems), assuming VoIP.

Does the RIT support several codecs?

«
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Item to be described

A1.123. | Specify the voice coding scheme or codec(s) to be used in proposed RIT?
2

Al13
14

Security aspects

Security in IMT-Advanced systems is needed to protect the service provider from theft
of service, the user from losing privacy, and, in general, to mitigate denial of service
attacks. Describe-hew:

—how communication is rendered secure,
—how independent identification of equipment and user authentication is enabled,

—how both the radio access network and mobile terminal perform mutual entity
authentication and session key agreement protocol,

—how data confidentiality is enabled on the air interface for user and control plane
traffic,

—how security methods are employed in the radio interface technology,

—how the authentication server specifies authentication when allowing fer-flexible
mobile terminal and/or user credentials for authentication-isspeeified-bythe

—how messages are protected against replay attacks.

A1.134. | Privacy and authentication aspects

1 Describe how the following are achieved:

password, etc.)

. Secure operations of radio access network components.

A1.134. | Describe any synchronisation requirements to support security.

AlH4
15

Frequency planning

What mechanisms does the RIT use to aid in frequency planning and growth (e.g.
adding new cells or new carriers)?

Alts
16

Interference mitigation within radio interface

Does the proposal support Interference mitigation? If so, describe the corresponding
mechanism such as:

Describe the approach taken for the receivers (MS and BS) to cope with multipath
propagation effects (e.g. via equalizer, Rake receiver, etc.).

Describe the robustness to intersymbol interference and the specific delay spread
profiles that are best or worst for the proposal.

What is the signalling, if any, which can be used for intercell interference mitigation?

Specify the maximum allowed relative level of adjacent RF channel power (dBc).

«-
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Item to be described

A1.16 | Synchronization requirements
17 Describe RIT’s timing requirements, e.g.
_ - : P54 3 =
—Is BS-to-BS synchronization required? Provide precise information, the type of <o (WRARE  BREECEAES )
synchronization, i.e., synchronization of carrier frequency, bit clock, spreading code or
frame, and their accuracy.
—Is BS-to-network synchronization required?
—State short-term frequency and timing accuracy of BS transmit signal.
- State base-to-base bit time alignment requirement over a 24 h period (Lls).
A1.167. | Describe the synchronization mechanisms used in the proposal, including
1 synchronization between a user terminal and a site.
. . _{wREE )
A2 luat lated it - {
[Evaluation related items_ — [@REE JAUF  (B) Ms w@ )
AT | A2.1 VolIP capacity evaluation
- . M . B
i R Deseribe-delay-distribution used-for VolP evaluation.- - -------------- - {wmEE oavh @) Ms BR
(See section 7.1.3 of Report ITU-R M.[IMT.EVAL])
A2.2 Detailed simulation method pertinent to frequency reuse factor
The proponent of candidate RIT or SRIT which use frequency reuse schemes
need to show detailed evaluation method for the assessment of cell spectrum | - { MRKEE: T4k © AF (#L) )
efficiency, cell edge user spectral efficiency and VoIP capacity, i.e. the total | - {®K¥EE )
spectrum used in the simulations as defined by the product of spectrum, =~ | e {mz= )
bandwidth , and the frequency reuse factor., T Tﬁ;&(;% JHU bk D AKFE (BL), # J
The spectrum bandwidth is identified in the tables (Tab.8-5, 8-6 and 8-7 in \\\:\\{iﬂ‘.éii Srob - #3 BL )
Report ITU-R M.[IMT.EVAL), | o \1\\\\{ii(‘.§§ )
Describe detailed simulation method pertinent to reuse factor, | \\\\\Iﬁﬁ(;{% ) JAr bk KE L), B }
VA \\\ &
(See section 8.3 of Report ITU-R M.[IMT.EVAL]) RN \ =1 )
A23 | Link budget L (R )
A : b D KE (g
Proponents of candidate RIT or SRITs should provide information of link | \\E::i:. ;*7 t : ii E: t; %
budget according to the template shown in Annex 3 of Report ITU-R N : it — i =
M.IMT.EVALL - (BREEE: T2 b D KF (BL) )
(ERXEE: 74>t AT (BL) )
A2.4 Antenna tilt angle
The proponents of candidate RIT or SRITs should provide information on
the angle of antenna tilting. The value should be calculated so that peak
power level can be obtained at a cell edge.
l . ~ . = ~
Provide the value of the antenna tilt angle, 7 (mEEE: Jav b AF WL )
AL1ZA | Other Parameters for evaluation.
2.5 74>k (A) MS B®
I+ ko (B) MS B8 )

22.09.08

10.11.08



Radiocommunication Study Groups Lo,
ol Intearnational
T; q Ennlizf_lum munication

Fi
| §
\._\__ s %

e,
v,
ok
1=

Received: xx October 2008 Document 5D/J-3-E
xX October 2008
Subject:  Question ITU-R 229-1/8 English only
TECHNOLOGY
Japan

VIEWS ON ADOPTION OF ACLR PROVISION FOR THE UPDATE OF
RECOMMENDATIONS ITU-R M.1580 AND M.1581

1 Introduction

At the 22nd meeting of ITU-R WP 8F in Kyoto and the special meeting of WP 8F in Seoul, WP
8F discussed the inclusion of the 6th radio interface technology of IMT-2000, OFDMA TDD
WMAN, and drafted the revisions of Recommendations ITU-R M.1457-6, M.1580-1 and M.1581-
1. After the meeting of SG8, RA-07 approved those revised Recommendations, expressing the
necessity of urgent work with regard to Annex 6 of Recommendations ITU-R M.1580-1 and
M.1581-1 on IMT-2000 OFDMA TDD WMAN [1] .

At the first meeting of ITU-R WP 5D in Geneva, WG-Technology established the SWG
M.1580/M.1581 in order to respond to the urgent work identified by RA-07. In the work plan
developed by SWG M.1580/M.1581 [2], the updates of Recommendations ITU-R M.1580 and
M.1581 were planned to be finalized in the third meeting of WP 5D, which would be approximately
one year after previous approval of Recommendations ITU-R M.1580-2 and ITU-R M.1581-2 in
RA-07.

At the second meeting of ITU-R WP 5D in Dubai, the SWG M.1580/M.1581 discussed the
applicability of adjacent channel leakage power ratio (ACLR) to each Annex of Recommendations
ITU-R M.1580 and ITU-R M.1581. Hence SWG M.1580/M.1581 requested Administrations to
provide their views on ACLR.

In this contribution Japan explains the background of Recommendations ITU-R M.1580 and
M.1581 and indicates views on adoption of ACLR to finalize the urgent work instructed by RA-07.

2 Discussion about background of Recommendations ITU-R M.1580 and M.1581, and
ACLR provisions in Japanese regulation

There was following description about Recommendation ITU-R M.1580 in the chairman’s report
of fourth meeting of ITU-R WP 8F [3].

22.09.08 10.11.08
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“For base stations, the objective of IMT.UNWANT is to provide a set of values for manufacturers
to produce equipment. Therefore base station values may contain different options to take into
account regional needs.”

This means that Recommendation ITU-R M.1580 for base station includes provisions of unwanted
emission provided in each country and/or region.

On the other hand, there is following description about Recommendation ITU-R M.1581 in the
chairman’s report of fourth meeting of ITU-R WP 8F [3].

”The spurious emission limit values for mobile terminals shall be compliant with all
national/regional regulations. This implies the use of Category B limits for spurious emissions (Rec.
ITU-R SM.329 “Unwanted emissions in the spurious domain”) together with additional
requirements such as for the PHS band.”

This means that Recommendation ITU-R M.1581 for mobile terminal includes the most stringent
limits of unwanted emission among all countries and regions concerned, to ensure the global
circulation of mobile terminals. It is worth noting that global circulation is mentioned in
Recommendation ITU-R M.1579 “Global circulation of IMT-2000 terminals” as follows [4].

considering a)

“that global circulation of terminals is the right of users to carry their personal terminals into a
visited country, and the ability to use them wherever possible;”

recognizing c)

“that the global circulation and use of terminals must be in conformity with the laws and regulations
in the visited country, thereby generating the need for international cooperation between regulatory
authorities;”

In addition, there is following description in Recommends of Recommendations ITU-R M.1580-2
and M.I581-2.

“the unwanted emission characteristics of IMT-2000 MSs/BSs should be based on the limits
contained in the technology specific Annexes 1 to 6 which correspond to the radio interface
specifications described in Sec.5.1 to 5.6 of Rec. ITU-R M.1457”

Hence the requirements of unwanted emissions in Recommendations ITU-R M.1580 and M.1581
need to be based on Recommendation ITU-R M.1457. The stake holder SDOs of radio transmission
technologies (RTTs) should be responsible for the contents in each Annex of Recommendations
ITU-R M.1457, M.1580 and M.1581 taking into account the purpose of the recommendations, and
the contents is also desirable to be compliant with specifications developed by the stake holder
SDOs.

Japan believes that provisions in all Annexes are not necessarily required to be consistent, hence
it is not required to add or delete provisions to current Annexes in Recommendations ITU-R
M.1580 and M.1581. The minimal restrictions shall be described in those Recommendations to
achieve their scope.

22.09.08 10.11.08
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Japanese views on ACLR are discussed as follows. ACLR provisions are described in Annex 1
(CDMA DS), Annex 3 (CDMA TDD), and Annex 6 (OFDMA TDD WMAN) in Recommendations
ITU-R M.1580-2 and M.1581-2. Japanese regulations have ACLR provisions on CDMA DS and
CDMA TDD.

If ACLR provisions are removed from Annex 1 and Annex 3 in Recommendation ITU-R
M.1581-2, Japan concerns that the mobile terminals brought from overseas as global circulation
could cause interference to other kinds of radio systems operated in Japan. The deletion of ACLR
provisions from Annex 1 and Annex 3 in Recommendation ITU-R M.1581-2 may result that
CDMA DS and CDMA TDD don’t satisfy the global circulation. Hence Japan disagrees to delete
the ACLR provisions from Annex 1 and Annex 3 of Recommendation ITU-R M.1581-2.

Japan also disagrees to delete the ACLR provisions from Annex 1 and Annex 3 in
Recommendation ITU-R M.1580-2, because of the consistency with Japanese regulation.

However Japanese regulations do not have ACLR provisions for CDMA MC (Annex2) and
OFDMA TDD WMAN (Annex 6), but emission mask.

3 Proposal

Japan proposes that provisions of ACLR in Annex 1 and Annex 3 of Recommendations ITU-R
M.1580 and M.1581 should not be deleted, that is, should be maintained.

4 Reference

[1] RAO7/PLEN/80, “Summary Record of the Fifth Plenary Meeting”

[2] 5D/Temp/23, “Micro-workplan for Update of ITU-R M.1580-2 and ITU-R M.1581-2”
[3] 8F/268 (Study Period 2000-2003), WP8F Chairman’s Report

[4] Recommendation ITU-R M.1579, “Global circulation of IMT-2000 terminals”
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