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IPTV	vs	IP	(Over-the-Top)	Video

Source:	”Adaptive	Streaming	of	Traditional	and	Omnidirectional	Media,	ACM	SIGCOMM	Tutorial	Aug.2017

• Managed	vs		Best-effort

• ����� vs	���

• Linear	vs		On	demand

• �� vs	����	��
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”Managed”	ąL*é

Source: Ali	C.	Began	“Internet	Video	and	HTTP	Adaptive	Streaming”
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Managed	and	
Unmanaged	
Content

Managed	and
Unmanaged	
Transport

(+	Correlation)

Managed	and
Unmanaged	
Devices

Source: Ali	C.	Began	“Internet	Video	and	HTTP	Adaptive	Streaming”

�ė ”Manage”	ùĔí
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Propagation	Delay QZ 46

Queueing	Delay TSGD 50��

Node Delay �"%�)\!� =^
LR51]

BU�Fabric�^< 1μsec	/	hopJ8
��
��FN���

Serialization Delay 3MW8 1,500bytes/packet	��	^< 10μsec	:	1Gbps,	
< 1μsec	:	10Gbps,	<	0.1μsec	:	100Gbps���^
��FN���
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Queueing	ModelĄþéĀ

8

• Self-Similar	vs	Poisson
Video	TrafficPoissonXJ�U-���

Self-similar Traffic Poisson Traffic

seconds

minutes

hours

seconds

minutes

hours

http://media.denog.de/meetings/denog1/013-Telkamp-How_Full_is_Full.pdf

•M/M/1
99.9P	<	1ms		--.IH�80%+*�:	�
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·MĐĒð1»� ã Dejitter	Buffer

·M1»� ã Queuing	Control
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·M ÈÇ·MĐĒð1»� ä Traffic	Engineering
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CE
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Basic	path	− for	best	effor traffic

Premium	path	- for	Video

IGP	cost	40

TE	cost	20
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Queue Drop TSGD ABR,	TCP - Drop���Rate	Adjustment�P�
�BER	(Bit	Error	Rate)		 3M2O

Failure/Recovery 3M($�'�)�(
�)�([EK�<Y

Lossy Links Wifi,	Celullar, Powerline
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Not	all	packets	are	equal!

https://ieeexplore.ieee.org/document/4797940/
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• <	50msec	ľŎıġħŉŐ
• ŋŐġåķŒĴåSRLG	ÂA��
�

•ħŐľŌ
• IGP	ĄđĔ�#¤�
• ĳłŎĨŒĄÁĖĒú 100%	ĠĸŒ
• �{(�VŔ�č¤�÷ĕüĸİġĚİľ Ĺĩŕ
�

•�O�`ĜŐıŋĨĝŐĩ

ĹģİĳŎĩ1»� (1)
TI-LFA Topology	Independent	Loop	Free	Alternate
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FRR	→	insert	A2::C4

A5::0

<50mec	FRR
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ĹģİĳŎĩ1»� (2)
Seamless	IP	Protection	Switching	

Source:	SMPTE	2022-7
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ĹģİĳŎĩ1»� (3)
Forward	Error	Correction	(FEC)
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Video	Quality	ąŇĵĭŋŐĢĂ�k

Content	Delivery

• IP	Network	Delivery
• Video	Streams
• Bandwidth	Demand	
• Bandwidth	Utilisation	

across	sessions
• Dominant	Bitrate	

Ranges	
• Topology	awareness

• Clients
• ĸİļęŋŐĢ
• ĺİĳōŒĳąº[

Content	Quality

Optimisations
• ĶİĳŏŒġ§?ąh¹%
• Client	playback	

• VPQĄ8ÿïABRľŎ
ļęĜŌėh¹%

• VPQ	– Virtual	Perceptual	
Quality	(or	SVQ	– Stream	
Video	Quality)
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E2E	Video	Qualityą�k (VQA)

Virtual	Video	Platform

• ĭĜĳŌöĂąVideo	Qualityė
{?øåVQAĚľŋģŒħŉŐ
ĄōłŒĳ

Access	Networks
• ĶİĳŏŒġĳłŎĨŒďåīĢņŐĳtąI7
��W9ėÒÑÊĚľŋģŒħŉŐĄōłŒĳ

• ÒÙÕÖÜÇÑÜÍėh¹%ùĔđêĄĶİĳŏŒġė
�pX

Video	Client

• ĸİļęōŀŌĂĺİĳ
ōŒĳº[ėÒÑÊĚľ
ŋģŒħŉŐĄōłŒĳ

Video	QoEą(¢%Ă�kőh¹%
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Cable
Modem

Video	Quality	
relation	to	Bitrate	

and	Picture	
Complexity

Picture	
Complexity

Content Network Client
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Virtualized	Video	Platform	(V2P)

Video	QoE
Analyzer

Video	Clients

Perceptional	Video	
Quality	Metadata

CDN	Streamer	Logs
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Data	Metricą� (1/2)
Metrics Threshold MIB NetFlow CLI

IP	Packet	Count X X X

IP	TTL X X

IP	TTL	minimum X X

IP	TTL	minimum X X

Flow	to	Interface	Mapping X X X

IP	Flow	5-tuple X X X

RTP	Synchronization	Source	(SSRC) X X X

IP	Octets	Count	 X X X

Media	Stream	Packet	Count X X

Media	Stream	Octet	Count X X

Mean	Media	Bit	Rate X X

Media	Packet	Rate X X

Packet	Loss	Count X X X
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Data	Metric	ą� (2/2)
Metrics Threshold MIB NetFlow CLI

Packets	Expected	Count X X X
Fraction	Lost X X X X
Measured	Rate	 X X
Loss	Event	Count X X
Round	Trip	Time	(RTT) X X
Interarrival	Jitter	(RFC3550)	max X X
Interarrival	Jitter	(RFC3550)	min X X
Interarrival	Jitter	(RFC3550)	mean X X X X
Media	Rate	Variation X X X X
Media	Error X X
Media	Stop X X X
Packet	Drops X X
DSCP	and	IPv6	Traffic	Class X X
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ö&�®a

• IP	Multicast	Ą
ĖĔ p2mp	replication	:	

Segment	Routing		- Tree	SID	(Segment	ID)

• Managed	Content�Delivery��>?9

hICN (hybrid	Information	Centric	Networking)
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SRN:	
Segment	Routing	Node
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BGP-TE

REST	
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{
"source" : "1.1.1.1", 
“destinations” : [“4.4.4.4”,”5.5.5.5”,”6.6.6.6”], 
”sid" : 18001,
"download_method" : 1, 
"descriptor" : ”TS_ONE" 
}
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Information	Centric	Networking	(ICN)
8jĤŐīľĳ :	“Where”	āăñ ”What”

• �4ą IP	Network	-@�Ą8ÿñŌŒıěŐĢ
URI	ė]?ø IP	ĚĴōĩ (Location	W9)ėQĀåGET	ŋġĞĩĳėûõĄZôåContent	ėQĔ

• ICN	– Content	ą+ ė]?øåContent	ėQĔ

śþą�ă¡�

Named	Data

Dynamic	
Forwarding

Connection-less
Transport
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• ·M
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ü ĳŊŐĩłŒĳąĤĩĳ�y
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Hybrid	ICN:	ICNĂ IP	Routing	ą�>

ICN

IPv6

IPv6

IPv6

• IPv6	Header	Ą ICN	semantic	ė6č±Čœ

hICN Producer

hICN Consumer
IP	Router

hICN Forwarder



© 2018  Cisco and/or its affiliates. All rights reserved.   Cisco Confidential

LTE,	LTE-U,	
MulteFire
WiFi

Hybrid	ICN	Network

Media	production

HTTP-ICN	
proxy

HTTP-ICN	proxy
TCP	to	hICN
hICN to	TCP

Internet

IP/MPLS/SR	
Core/Agg
Network

GPON	– DOCSIS	- DSL

hICN	ĄđĔVideo	Delivery

hICN
Server	
Stack

hICN in	
user	app

End-to-end	ċüĆ Proxy	��

hICN VNF
(ASR5500)

hICN
VNF

hICN
VNF	
(VPP)

DASH	players	
w ICN	rate	
adaptation,	
load-balancing	
and	transport

4K	VoD &	
Live	DASH	

ICN	Video	Analytics	(VQAN)

Android	7,	iOS10,	Mac	OS	Sierra

Ubuntu	16LTS
CentOS	7

VPP	17.4
Ubuntu	16LTS,	CentOS	7






