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1-4 | DL 10 bps/Hz
UL 2.5 bps/ Hz
1-6 | DL 10 bps/Hz
O
WCDMA 1-4 | DL5bps/Hz
Evolved UTRA/ UTRAN UL 2.5 bps/ Hz
1-7 | DL5bit/Hz
WCDMA HSDPA / HSUPA 1-2 |DL1.0-1.7 bit/Hz
1-7 | DL5bit/Hz
1-10 | 5bit/Hz
CDMA 2000 1x / ED-VO 1-2 | DL 1.125 bit/ Hz
UL 0.375 bit/ Hz
DL broadcast
0.9 -1.35 bit/ Hz
MC-CDMA 1-8 | 10 bit/Hz
TD-CDMA 1-9 |2-2 1.59bit/Hz

4-4 3.79 bit/ Hz




IEEE 802.16e (WiMAX) 2-1 | 0.1bit/Hz
2-3 | 3bit/Hz
2-5 | 3bit/Hz
2-6 | 0.64 bit/Hz
2-7 | 5bit/Hz
2-8 | 3bit/Hz
2-11 | 3.8Dbit/Hz
2-12 | 3.8bit/Hz
2-13 | 1.9 bit/Hz
2-14 | DL 2.22 bit / Hz
UL 1.70 bit / Hz
2-15 | 3.75 bit/Hz
2-17 | 0.75- 1.4 bit/ Hz
2-20 | 2.4 bit/Hz
IEEE 802.20 (Flash OFDM) 1-1 | 3bit/Hz
2-4 | 4.5 bit/Hz
2-10 | 4.5bit/Hz
IEEE 802.20 (iBurst)
2-16 | 3.6 bit/Hz




1 2 WCDMA

1 3 cdma2000
WCDMA cdma2000
20056 7 15
WCDMA ( 1-2
cdma2000 ( 1-3
1. WCDMA
Downlink 1.0- 1.7 bps/Hz
Uplink TBD
Downlink-Broadcast TBD
Downlink [1]
1.0 1.7
MC (No MC (Dual
MC RxDiv) MC RxDiv)
Channel Model No RxDiv Dual RxDiv
(Mbps) (20MHz) (Mbps) (20MHz)
PA3 27.39 1.369 34.81 1.7405
PB3 20.10 1.005 30.74 1.537
VA30 10.84 0.542 19.50 0.975
VA120 10.04 0.502 18.61 0.930

PA3:Pedstrian-A 3km.h Model; PB3:Pedstrian-B 3km/h Model;
VA30:Vehicular-A 30km/h model; VA120: Vehicular-B 120km/h model.
[1]3GPP R1-050498 “System Level Performance of MC-HSDPA with Enhanced Receivers and

Multiple Receive Antennas — Full Buffer”

2. cdma2000 1-3

"3GPP2 Evaluation Methodology”




Downlink 1.125 bps/Hz
Uplink 0.375 bps/Hz
Downlink-Broadcast 0.9 — 1.35 bps/Hz

1XEV-DO Rev.A
Downlink
- (*1) 1.5Mbps/1.25Mhz = 1.2 bps/Hz
- 3.07Mbps/1.25MHz = 2.456 bps/Hz

- (*1) 500kbps/1.25Mhz = 0.4 bps/Hz
- 1.8Mbps/1.25MHz = 1.44 bps/Hz
Downlink-Broadcast: 1.2Mbps-1.8Mbps/1.25MHz
(*1)"3GPP2 Evaluation Methodology” (= 19-cell, 57-sector; 5-channel modelswith
various fading velocities and multipath) FL equalizer,
Dual antenna receiver; proportional fair scheduler 16
20MHz 15

Downlink
- 22.5Mbps/20Mhz = 1.125 bps/Hz
- 46.05Mbps/20MHz = 2.3025 bps/Hz

- 7.5Mbps/20Mhz = 0.375 bps/Hz
- 27Mbps/20MHz = 1.35 bps/Hz
Downlink-Broadcast
18Mbps — 27Mbps /20MHz = 0.9 — 1.35 bps/Hz



1 4 3G LTE G

1 4 3G LTE G

3G LTE
GPP RANLTE Long Terrm Evolution
3GPP TR 25.913 V2.1.0 (2005-05)
Requirements for Evolved UTRA and UTRAN  (Release 7)
6.1

6.1 Peak Data Rate

E-UTRA should support significantly increased instantaneous peak data rates. The supported
peak data rate should scale according to size of the spectrum allocation.
Note that the peak data rates may depend on the numbers of transmit and receive antennas at
the UE. The targets for downlink (DL) and uplink (UL) peak data rates are specified in terms of
a reference UE configuration comprising:

a) Downlink capability — 2 receive antennas at UE

b) Uplink capability — 1 transmit antenna at UE

For this baseline configuration, the system should support an instantaneous downlink peak data
rate of 100Mb/s within a 20 MHz downlink spectrum allocation (5 bps/Hz) and an instantaneous
uplink peak data rate of 50Mb/s (2.5 bps/Hz) within a 20MHz uplink spectrum allocation. The
peak data rates should then scale linearly with the size of the spectrum allocation.

In case of spectrum shared between downlink and uplink transmission, E-UTRA does not need to

support the above instantaneous peak data rates simultaneously.

4G
2006 6 23 4G 1Gbps
VVSF-Spread OFDM MIMO
100MHz
1Gbit/s
10 | IHz

3G LTE 2.5bps/Hz



1 5 B3G Wireless Broadband System

NEC

2007
W-CDMA HSDPA/HSUPA 5MHz

7.6Mbps 10Mbps 5Mbps 15
2 bps/Hz 1bps/Hz

Mbps

0.5bps/Hz

2010
3GPP Evolved UTRA (TR25.913 v2.0.0) 20MHz
100Mbps 50Mbps Sbps/Hz
2.5Mbps/Hz 2007 2.5

2010 3
1.1 2015 1.5
25
1.5 2010
0.5bps/Hz><1.5 0.75bps/Hz



1 9 TD-CDMA
TD-CDMA
17 7 15

Carrier Frequency 2 GHz
TTI length 10 ms
Burst Type 2
Modulation QPSK and 16-QAM
Spreading Factor 16
Number of multi-codes 16

HS-DSCH structure

all codes used over 8 consecutive time slots

Channel Coding

Turbo coding, R =1/3, % and %. Log-MAP

decoding using 4 iterations.

Channel Model Spatial Channel Model, Case Ill (based on
Ped-B) 3GPP TR 25.996 [1]

UE Speed 3 km/h

Channel Estimation Perfect

Detection Linear MMSE

PARC Feedback Delay 4 timeslots

Target BLER 10%

Cell Radius 1 km

Sectors per Cell 3

UE Distribution Uniform

Thermal Noise Density -174 dBm/Hz

In Building Loss 13.5dB

Shadow Fading Std 10dB

Node B Transmit Power 34 dBm

Antenna Gain and Cable Loss 16 dBi

Antenna Front to Back Ratio 30dB

UE Antenna Gain 2 dBi

Receiver Noise Figure 5dB




Evolved WCDMA/HSDPA/HSUPA (Super3G)

2005/07/15

0 Evolved WCDMA/HSDPA/HSUPA (Super3G)

GPP Evolved WCDMA/HSDPA/HSUPA
Feasibility Study 2007 2Q

3GPP

Study Item

OFDMA [1]

20MHz [1]

0.5msec [1]

FFT size 2048 [1]

1201 [1]

OFDM 7[1]

64QAM [1]

5/6

MIMO 2 [2]

167Mbps

Pilot symbol 8% [3]

15% [3]

20% [4]

1

104Mbps

5 bits/s/Hz

[1] 3GPP TR25.814 v0.1.1
[2] 3GPP TR25.913 v7.0.0
[3] 3GPP TR25.892 v6.0.0
[4] J.P. Castro, “All IP in 3G CDMA Networks, “John & Wiley

10




16

11

5GHz




OFDM

1.5 bit/Hz.

4.5bit/Hz
N=1

12




()

IEEE802.16e IEEE802.16e
System Profiles
PCS
2048 =1536
Guard Interval 1/8
2GHz
20MHz

(a) QPSK, rate=1/2 (b) QPSK, rate=3/4
(c) 16QAM, rate=1/2  (d) 16QAM, rate=3/4

Reuse Factor

1 =91

PCS
500m
30m =1.5m
174dBm/Hz
Noise Figure 4dB
SINR

QPSK, rate=1/2 =1 =14.2%
QPSK, rate=3/4 =15 =11.3%
16QAM, rate=1/2 =2 =8.5%
16QAM, rate=1/2 =3 =11.9%

IEEE802.16e

1>=<0.142 + 1.5><0.113 + 2><0.085 + 3><0.119 = 0.839

(fs)

fs = floor((8/7)*BW/8000) >< 8000

Guard Interval(=1/8)

0.857

0.839 < 0.857 > 1/(1+1/8)=.0.639 [bit/s/Hz]

MIMO

13

2GHz



2 7 IEEE802.16€e (Portable & Mobile)

IEEE802.16¢ (Portable & Mobile)

WiMAX

14




FLASH-OFDM
1 1.5 bit/Hz.
3 1 1 4.5bit/Hz

15




2 13 IEEEB02.16e based Portable Broadband Wireless

Access System

IEEE802.16€

2005.7.15

IEEE802.16e

5MHz 10MHz

(bps/Hz) | 1.7 18

19

802.16e

5MHz, 10MHz

5msec

MIMO AAS

TDD/FDD TDD

TDD DL:UL=70:30 DL

FUSC

Cyclic prefix 1/8

3

16




Site 2.8km
1
3

SIR EESM

Pedestrian-B, Vehicular-A
3km/h

Full Buffer(2MB)

3GPP TSG-RAN-1, "Effective SIR Computation for OFDM System-Level Simulations," R1-03-1370,
Meeting #35, Lisbon, Portugal, November 2003.

3GPP2 C.R1002-0, CDMA2000 Evaluation Methodology, December2004.

17



2 14 Potable Internet System

20056 7 15
(2-14)
[ ] 10MHz
Down Link Up Link
Sector/FA Throughput 19.97 Mbps 5.53 Mbps
Sector/FA Throughput 4.26 Mbps 1.84 Mbps
m Down Link .= 10.43bps/Hz/Cell
m Down Link = 2.22bps/Hz/Cell
m Up Link .= 5.10bps/Hz/Cell
m Up Link .= 1.70bps/Hz/Cell
[ ]
throughput
Down Link Up Link  Sector/FA throughput
[ .1 Down Link Up Link  Sector /FA throughput
Down Link Up Link
Sector/FA Throughput 19.97 Mbps 5.53 Mbps
1 Down Link Sector /FA throughput  5msec frame 26
OFDMA (Down Link 27 preamble )
FUSC subchannel 64-QAM, 5/6
1 Up Link Sector /FA throughput  5msec frame 12
OFDMA (Up Link 15 control channel
) Optional PUSC subchannel 16-QAM, 3/4

18




throughput

Down Link Up Link Overhead channel
traffic channel Overhead channel
Overhead traffic channel
throughput

Down Link traffic 20

Overhead channel 6 Down Link
Sector/FA throughput  simulation
[ 2] Down Link Sector /FA Throughput
PUSC FUSC
Sector /FA throughput 3.55 Mbps 4.26 Mbps

2 Down Link Sector /FA throughput  5msec frame traffic
channel 20 OFDMA (Down Link 27 preamble
FCH Down Link-MAP ) PUSC FUSC subchannel
Simulation

Pedestrian A 3km/h  40%, Pedestrian B 10km/h  30%, Vehicular A 60km/h  30%

Up Link traffic 12

Up Link Sector /FA throughput  simulation
[ 3] Up Link  Sector /FA Throughput
PUSC O-PUSC
Sector /FA throughput 1.63 Mbps 1.84 Mbps
Up Link  5msec frame traffic channel 12  OFDMA (Up
Link 15 control channel )
Simulation

19




Down Link
(A) Down Link = (1152 ps/ * 27 + (TTG+RTG)/2) /
5ms * 9 MHz = 5.7442 MHz
(B) Down Link throughput = 19.97 Mbps/sector
(C) Down Link = (19.97 Mbps/sector * 3 sector/cell) / 5.7442 MHz
= 10.43 bps/Hz/cell (> 6 bps/Hz/cell)

Up Link
(A) Up Link =(115.2 pas/ * 15 + (TTG+RTG)/2) /
5ms * 9 MHz = 3.2558 MHz
(B) Up Link throughput = 5.53 Mbps/sector
(C) Up Link = (5.53 Mbps/sector * 3 sector/cell ) / 3.2558 MHz
=510 bps/Hz/cell (> 2 bps/Hz/cell)

Down Link
Down Link = (Sector/FA Down Link throughput * 3
sector/cell) / 5.7442MHz = 2.22 bps/Hz/cell (> 2 bps/Hz/cell )

Up Link
Up Link = (Sector /FA Up Link throughput * 3 sector/cell) /
3.2558MHz = 1.70 bps/Hz/cell (> 1 bps/Hz/cell)

( )
PUSC: Partial Usage of Subchannel

FUSC: Full Usage of Subchannel
O-PUSC: Optional PUSC

TTG: Transmit/receive Transit Gap
RTG: Receive/transmit Transit Gap

20



Wireless Broadband System

TDD

PHS

16
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(Portable Internet Multimedia System)

WBB

2.1

2005 7
KDDI

15

19

19

Walsh —

2 GHz

30m

10m

25m

2m

45

25m

EIRP

57dBm

KTBF

-94.8dBm

20 MHz

100%

Reuse Factor

2.2

| QPSK 1/2

| [160amiz | [eaqamziz |

VA

QPSK 3/4

16QAM3/4 |_ | 64QAM3/4 |

S

]

221-




2 17 (Portable Internet Multimedia System)
3cell QPSK1/2| QPSK3/4[16QAM1/2416QAM3/464QAM2/364QAM3/4
Peak Rate /Mbps] 12.9 19.4 25.8 38.7 51.6 58.1
Percentage /%] 30 20 18 16 4 12

27.62
Tcell :27.64 [Mbps]
PUSC (SC) X
Tcell - (2/3)*X* Tcell
( 3 N
PUSC
1 0.9 0.8 0.7 0.6 0.5
[Mbps]| 18.43 16.58 14,74 12.90 11.06 9.21
Tsector [Mbps] 9.21 11.06 12.90 1474 16.58 18.43
0.8 12.90 [Mbps]
20 [MHz] E
E=129*%(10"6) / 20*(10"6) = 0.645 [Bit/Hz]
3.1
Walsh —
2 GHz
20 MHz
100%
Reuse Factor 1

3.2

232-




2 17 (Portable Internet Multimedia System)
QPSK1/2| OPSK3/4 [160QAM1/2[16QAM3/4{ 640AM2/3 | 640AM3/4
Peak Rate /Mbps]| 12.9 194 25.8 38.7 516 58.1
Percentage /%] 30 21 16 19 2 12
27.43
Tcell :27.44 [Mbps]
PUSC =0
20 [MHZz] E
E = 27.44*(10"6) / 20*(10"6) = 1.372 [Bit/Hz]
0.645 1372
PUSC

PUSC

243-




Mobile WiMAX (IEEE802.16€)

IEEE802.16e
WiBro

2005/07/15

Mobile WiMAX (IEEE802.16¢)

2009

MIMO

PHY Specs

9 MHz

Duplex

TDD/ 5 msec Frame

OFDMA

QPSK, 16QAM, 64QAM

, 3/4

Convolution Turbo Code

~1km

18 Mbps

MIMO

20% (2009

21.6 Mbps

2.4 bits/sec/Hz

[2] option
MIMO
IMT

[1] IEEE802.166/D9
[2] IEEE C802.16e-04/467r8

2.4bits/sec/Hz






