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Abstract

The increasing demand for high definition multin@dipplications in indoor environment requires aahaetwork design,
which should be devised on a clear understandirggiality-of-service (QoS) requirements of the agations. In this paper we
present an overview of the current and future Higtfinition (HD) multimedia applications, classifyem into four categories
with respect to their intrinsic QoS requirements Wscuss qualitatively and quantitatively all tQeS requirements for the
specified application categories at the servicerstdiork levels respectively. We specifically calesiin-house networks. We
believe this work can help in providing guidelirfes further design of the future home and officéwwrks capable of HD

multimedia provision fulfilling the users’ requir«mmtsl

1. Introduction To enable HD multimedia in home and offices, new

. . . architectures, techniques and ideas have been sedpfor
The advances in technologies of consumer electsamid an building such networks on the emerging high cagaitiio

unprecedented growth in number of manufacturershese technologies, such as radio-over-fiber and 60 Gédtior [3].

eIectromc devices .are qudmg a revolution . n . hom(f"\levertheless, it is of great importance to havéearcview of
entertainment and virtual office. In turn the conmication the QoS requirements for the networks before settands on
needs of customers across the globe are also duéiis the detailed network design. However, the curriéettdture on

groyvth. After a decade_ of high growth in mobile sm_a’ral QoS requirements has not given much insights wiipect to
devices the trend now is towards the future home fice HD applications, which intrinsically have more sgeént

environments where users are surrounded by higlacigp requirements on network performance compared to the

devipes .capable. (_)f suppqrting high definition (HD)prevaiIing VoIP or IPTV services. Thus in this papee
mu!t|m§d|a apphpanons, W_h'Ch provide us.ers 6,‘ morebrovide an overview and classification of differdgppes of
sa’usfymg .audlo-v.|sual experience. Thosg devicas either HD multimedia applications regarding their QoS
be fixed mstalla}nons of household devices suchL@D, requirements. Further, we quantify those requirdsnan the
Plasma HDT\,/ displays, or the personal portablgtrks/such service and the network levéls consensus with the earlier
as Laptop;, video game consoles and the next gemefa/D work on multimedia applications such as VolP antMP
technologies such as HD-DVD or Blue-Ray. A commonly The rest of the paper is organized as follows: iBec2

en\élsmned s((j:_enarlo |ndhome I;S thaﬁ theart]re-quakvideos overviews the current and future HD multimedia &gtions.
and surrounding sound are brought to the user graa A classification of the applications is discussedSection 3.

HDTV broadcasting system or from a multimedia. Pnnte Section 4 and Section 5 list qualitative and quatitie QoS
centre such as a Personal Video Recorder (PVRYiding requirements for the applications at the servicel ame

high- quality audio/videp distributio.n throughoutetrhouse. network levels respectively. Section 6 concludésditicle.
We also expect emerging HD applications in the tieture,

such as, Telepresence [1] and 3-D virtual reaf®ly fvhich
provide users an on-the-spot feeling despite theahphysical
distance.

1 This work was supported by Dutch IOP GenCom “Feitdome Networks” project.
2 We've proposed in [12] to use the term “level'ditferentiate from the OSI model and to abstract important functionalities such as service, whirks
to the user; and the network, which facilitates oamication supporting QoS by the network infrastue.
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2. Current and Future HD Multimedia the entire original image content and enables higddity
Applications exposure and color adjustments of the image.

We refer HD multimedia applications as the videadia and 3 C|assification of HD M ultimedia Applications
still image applications with an increased disptayvisual

resolution and higher quality stereo with multimbdaund. The HD multimedia applications can be regarded as a

The examples of HD multimedia applications are giselow. set of evolved traditional (non HD) multimedia

» HD Video: refers to the video with a frame size greatetapplications with the enhanced quality and the daise
than the standard definition video format which4BO  further manipulating the content. Thus we retrospige
lines for NTSC and 576 lines for PAL/SECAM. Normyall classification criteria used for the traditional ltiaedia

its resolution is 1080 or 720 lines and with a 16§Dect app“cat'ons and group HD multimedia app“ca“anls)'

lines). Two types of scanning are used: the pragres 1) HD Interactive: applications that provide the real-time

scanning (p) or interlaced scanning (1). The numbker HD audio/video communications along with sharing
frames per second_can be 24, 25/50, 30/60. T\_/vcst;zpe . applications in collaborative environment amongst
chroma subsampling schemes -- 4:2:2 with 10-bit  itiple parties in a distributed environment, et
guantization and 4:2:0 with 8-bit quantization are gaming, HD audio/video conferencing etc.
adqpted, the latter aiming at saving the ban_dwrtﬂﬁble ) HD Broadcasting: applications that allow users to access
1 gives the current types of HD Video and it albovss the real-time delivery of HD multimedia contentrfrca
the data rate and storage needed for each typeDof H  |iprary of multimedia database by using a multinaedi
video. terminal, e.g. HDTV and HD radio.

+ HDTV: refers to the digital television broadcastingteys  3) HD Streaming: applications that provide the transfer of
in which the content is in HD video format. Due to  HD audio/video contents from a server to a clienthe

differences of the power line frequencies usedfier@nt  request of an end user, allowing the user viewingeal
countries, the HD video format used in the US is  time and supporting additional commands such as fas
1280x720 pixels at 60 Hz, in Australia it is usyall forward, rewind, play-back and so on. The examples

1920/1440x1080 pixels at 50 Hz, and the formathef t HD audio/video on demand.
European HDTV satellite channel EURO1080 is4) HD Messaging: applications that enable the end user

1920x1080 pixels, progressive scanning at the fiate communication, by exchanging the composed multimedi
of 50 Hz. content, using “store and forward” method of

« HD Gaming: refers to the video game systems able to transmission, e.g. HD photo message, HD audio/video
output an HD signal, up to 1080p, which are sumzbhty downloading and viewing them at a later time.

the major video game providers. The recent advamce
gaming technology also enables 3-D virtual reatitiD 4., Service Level QoS Requirements for HD

format [2]. Multimedia Applications
» HD Audio: refers to the specifications released by Intel i . ” .
2004 for delivering HD audio [4], which is capalbé r]SO defines QoS as “the ability of a network eletrtenhave

A : : ome level of assurance that its traffic and servic
playing back more channels at higher quality tharr e A .
previously integrated audio codecs . It supportstaip requirements can be satisfied”. QoS can be coresideither

eight channels at 192 kHz/32-bit audio quality, Hes subjective or objective. On one hand, users cderdifi their

. . . tion of what is good quality and what is rat; the
enhanced voice capture and provides improvemeats thPereep . .
support better jack retasking, for example, when gther hand, QoS has to be parameterized and tesdignad

microphone is plugged into the speaker jack, tratesy with specific values in consensus for network ofigato

can automatically re-route the microphone datahtat t meet._lntrlnsmally,_ at the service level the pagters are more
jack. meaningful to be interpreted with the subjectivguieements

i ) by the end-user. From the user’s perspective tim, tQuality

 HD Radio: refgrs to a radio technology that gnables AMy; Experience (QOE) has been used instead of Qo8geribe
and FM radio stations to broadcast their programge perception of the users regarding how goodséimeice is
digitally in addition to providing their analog s&re of  gejivered. QoE is usually determined by severabaspsuch
the past. It enables the FM stations with CD-qualiund 55 equipment quality, human factors, environmefaetors,
and AM stations with FM-quality sound and transioiss 54 transport quality. Several testing methods hbeen
of digital information. proposed by ITU-T for subjective audio and videcaldy

» HD Photo: refers to Microsoft's HD Photo file format, measurement as indicated in its recommendationOP8(
known as Windows Media Photo [5]. HD Photo combiness.1070 [6].
both lossless and lossy image compression in theesa  Mapping the QoE of users into relevant service l| Q@S
design, and offers the increased image fidelitgsprves parameters allows service providers to handle aadage
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meaningful parameters for representation. Due éadirtherent
attributes of the individual application, differetypes of HD
multimedia applications have different QoS paramset®
fulfill QoE requirements. We present in Table 2 Bevice
level QoS parameters for the four types of HD rmuétiia
applications based on the suggestion in
recommendation G.1010 [7].

HD Interactive applications require very short gsldor
providing real-time interactions for the end usaith the HD
audio/video content. This delay is bounded by thaction
time (RT) of humans; mean auditory RT is in thegerof
140-160 ms and the mean visual RT is in the rafid&®-200
ms [8]. Due to the delay introduced by the coddcs,
example, the coding delay of MPEG-2 contributinghé&df of
the tolerable end-to-end delay [8], it is not picadtto use the
compressed HD audio/video content.

HD Messaging applications are not considered dgina
applications, thus the delay requirement is notessarily
guaranteed. The application required data rate esari
according to the media type of the content of tlessage. In

ITU-Tgeneral up to Mbps should be adequate.

5. Network level QoS requirement for HD

multimedia applications

Once the service level QoS parameters are set,niusy be
translated into those readable by protocols supp@oS at
the network level. Typically, throughput, delayttgr, and
packet loss are used as the representative Qo @@ to
evaluate the network performance.

In this case th

uncompressed application data rate is up to 1~2sGbpb.1 Throughput
referring to Table 1. An additional requirement fortg, support HD multimedia applications, the netwdaker

applications like video conferencing is that thelagle
difference between audio and video must be withoedain
limit to provide “lip-synchronization”. This alselies on the
human perception capability, which is normally ardul00
ms. Human eye can average out the picture to telexame
loss of information, so that some degree of padtss$ is
acceptable depending on the specific video codddtantype
of error protection scheme used. Assuming the figecket
loss concealment algorithms to minimize the effefcpacket
loss, the information loss is bound by 1%, as ssigge by
ITU G.1010.

HD Broadcasting applications can have less strindelay
requirement for displaying the audio/video conttrgn HD
interactive applications since no conversationament is
involved. From the moment of requesting the contiinit is
delivered to the end user, delay of a couple obsés should
be tolerable to ensure the real-time nature ofcthrgent. But
the delay introduced by system acknowledging ther’sis
request must be short enough to give the usemtieeactive
experience that they are controlling, (e.g., fastwérd,
rewind, start, pause) the display in real-time.c8irfior HD
content delivery the delay requirement is not simgént that
compression techniques can be applied to reducaatiaerate,
e.g., up to 80 Mbit/s for 1080i by MPEG-2. The effeof
other parameters, such as packet loss and delégredi€e
between audio and video are inherently dependerituoman
perception capability, and should be the same Her KD
interactive applications too.

HD Streaming applications can have less stringefayd
for displaying the audio/video content than HD hiceasting
applications, since the HD content is not streamedal-time.
Therefore, up to tens of seconds of delay can keratole.
Similar to HD broadcasting applications, the ddtaysystem
acknowledgement should be short enough to giveisee the
interactive experience.

throughput is required to be higher than the appbn data
rate required at the service level, due to thegmaltheaders,
e.g. 12Bytes for RTP, 20Bytes for IPv4 header @3y€s for

IPv6 header, and the control overhead such as RIREREP,

etc., within the network level. The control overteés

dependent on the specific networking protocols.sTitaguired
throughput at the network level should not be ldsm the
sum of the required data rate at the service lewel the
protocol overheads.

5.2 Delay

The overall delay in a HD multimedia communication
general comprises three parts: 1) the service
encoding/decoding and picture reordering delaysttier HD
media content compression; 2) interface delaysnfstwork
adaptation between network and codecs, which isiethe
encapsulation of the coded slices into transpdities of the
network, e.g. RTP packets, and is suggested toobmare
than 30ms; and 3) network delays further includedblay in
queuing, processing, transmission and propagatigrackets

in the network. Queuing delay is due to packetaghput in
queues at the routers and waiting to be transmitteébe next
hop node. The amount of delay that is introducquedds on
the router's queuing policy and the processor speed
Processing delay consists of the time used foratjper such

as looking up a route and changing the header.abe ©f
multiple interfaces, when a packet arrives, théaomay need

to decide on which interface it should be sent dhfs delay
mainly depends on the complexity of the routingoathms.
Transmission delay is the amount of time taken mpde in
the network to transport a packet on the mediaismdainly
determined by the medium access protocols. Fory full

level
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TABLE 1: Types of High Definition Video

Type Size Frames per Second Mbps GB per hour
720 24p 1280%720 23.976 fps progressive 4325C4(§%E:t jgg) igj
720 25p 1280x720 25 fps progressive 43:19 ((180%5&2202)) ;gg
720 25p 1280%720 29.97 fps progressive 545422 ((18(:35 jfgfg,) ;Zf
720 50p 1280x720 50 fps progressive 52?’27((;3(3:: jgg) ng
720 60p 1280%720 59.94 fps progressive 1?_?): gobltt)|?4220)2) igg
1080 24p 1920x1080 23.976 fps progressive J:f ((f’(:g:i jfgfg,) igg
1080 25p 1920x1080 25 fps progressive 1%33 g(bt;ft442202) ig?
. 994 (8-bit 4:2:0) 437
1080 30p 1920x1080 29.97 fps progressive 1243 (10-bit 4:2:2) 546
. ) . 829 (8-bit 4:2:0) 365
1080 50i 1920%x1080 50 fields per second/25 fpsladted 1037 (10-bit 4:2:2) 456
. ) . 994 (8-bit 4:2:0) 437
1080 60i 1920%x1080 60 fields per second/29.97rffeslaced 1243 (1¢bit 4:2:2 54¢
TABLE 2: Service level QoS parameters
HD MM Service level QoS
Category Media Type Typical datarates ) Oal
ne-way cay Information loss Other
delay variation
Interactive Lo N <150 ms (best) o A/V delay difference
HD Audio/video 1~ 2 Gbps (un(:ompressedL40c ms (limit) <lms <1% PLR 90 ms ~ +12(me
Broadcasting Lo 1 ~ 2 Gbps (uncompresse(l) <200 ms (control) <lms o AV delay difference
HD Audioideo | _ 144 Mops (MPEG-2) | <2 s (content) <1%PLR -90 ms ~ +120 ms
Streaming L 1 ~ 2 Gbps (uncompressed)<200 ms (control) <1lms o AV delay difference
HD Audiolvideo | _ 4 \ipos (MPEG-2) | < 10 s (content) < 1%PLR 90 ms ~ +120 ms
Messaging :—rinli;udlo/wdeo/ In the order of Mbps < 1% PLR

distributed MAC protocols (e.g. IEEE802.11), thekE are

delay. The queuing delay is generally bounded leyrthuter

homogeneous in the sense that every node usesathe s buffer size, the mean and variation of the inteivat time and

algorithm to determine transmission, thus the trassion
delay has the same statistical properties for fal modes.
However, the piconet based MAC protocols
IEEE802.15.3 based 60 GHz MAC protocol
designed to guarantee QoS, thus it is more faverfal high
data rate multimedia communications. In these cdbkes
different roles played by the controller and desicesult in
varied chances for the nodes to access mediumthargdit
should have

different abstraction for different links. Propé&ga delay is
the time the packet propagates on the air; andaltlee speed
of light, this delay is normally ignored for theckd wireless
networks. Thus the network delay can be taken estim of
queuing delay at each router, the transmissionydmizeach
hop and the processing delay with regard to theimgu
protocol. The network delays, together with theiogdielay
and the interface delay should be controlled witthie delay
requirements at the service level as specifiedainld 2.

To analytically model the delays at the networkelefor
HD multimedia applications, the abstraction of thervice
level delay is achieved by modeling the RTP packevals
with certain distribution of the coding delay anmuterface

the size of the incoming RTP packets. The transanisselay
can be estimated by the information captured froemMAC

(e.g.Jayer performance. With the knowledge of the queudelay
[10]) areand the transmission delay, we can thus genersaigian for

the proper routing solution for the system to ntbetservice
level QoS delay requirement, by making use of thalydical
model for routing protocols.

5.3 Jitter

As the variation in the network delay, Jitter candlleviated
by implementing jitter buffer at the destinationsually

dependent on the application. At network leveljitier across
the network should be limited to a range which @anageable
by the service level techniques to further cancdla quantify
the jitter requirement at network level, we follothe

suggestions in ITU-T Y.1541 [11] and take 50 ms IftD

multimedia applications.

5.4 Packet Loss

Packets can be lost while in transit in the netwdde to
various reasons such as the packet collision onitte router
buffer overflow. Besides if the packets fail toiaerwithin a
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reasonable period of time at the receiver thenai be

TABLE 3: The Network Level QoS requirement for HDukMmedia Applications

considered as lost.

HD MM )
Category Media Type Throughput IPTD IPDV IPLR IPER QoS class*
. HD _ <100 ms (best) 5 6 (best)
Interactive Audionvideo > 1 ~ 2 Gbps (uncompresse )<400 ms (limit) 50 ms 16 10 7 (limit)
. HD > 1 ~ 2 Gbps (uncompressed)<100 ms (control) 5 6 (control)
Broadcasting Audio/videc >= 100 Mbps (MPE-2) <2 s (MM content 50ms 10 10 - (MM conten)
. HD > 1 ~ 2 Gbps (uncompressed)<100 ms (control) 6 5 6 (control)
Streaming Audio/video >= 100 Mbps (MPEG-2) <10 s (MM content) 50 ms 10 10 - (MM content)
HD
Messaging Audio/video In the order of Mbps
/Image
* Refer talTU-T recommendatioY.1541

The judgment for threshold for whether to considefate
packet as a lost packet is basically dependentercontent
that will be given to the audio/video devices. kengral the
threshold should be restricted by the sum of delag jitter
requirements. If the packet arrives, but is comdptit is
counted as corrupted. With the help of error cdimec
techniques, one can retrieve the content of thekgtato
certain level, depending on the location of the biterror and
whether the error is affecting the understandinghef useful
information carried by the packet. Only those péskieat can
not be corrected after FEC are counted as packet lo

The packet loss can happen for both the controkgiac
and the application content packets. The loss efcdntrol
packets will result in more degradation of the &&#sSs
Therefore, the requirement for the packet loseawork level
should be much stricter than the service levelirequent. For
high bit rate applications, ITU-T Y.1541 networkrfsemance
objectives set bounds for IP packet loss ratio RPto 10°
and IP packet error ratio (IPER) to™10

5.5 Summary for the network level QoS requirement

In summary, we list the QoS requirement in TablevBich
specifies the bounds for the QoS parameters -- arktw
throughput, IP packet transfer delay (IPTD), IP kedacdelay
variation (IPDV), IP packet loss ratio (IPLR), aHel packet
error ratio (IPER), for the four HD multimedia amaltion
categories. In the meantime, we also suggest ain@ppthe
requirement of these four
categories onto the seven QoS classes defined byTIT
Recommendation Y.1541. We believe the parametets al
values listed in Table 3 can serve as a startinigt gor
network protocol design and evaluation, as we Isegtowing
importance and favor for service oriented architext

6. Conclusions

It is evident that the world is moving towards higbality
media transportation on the network. In this asticke

HD multimedia application

n

categories respectively at service and network Idevin
general, HD multimedia applications have the comipir
delay and jitter requirements to — whereas morengent
requirements on throughput and packet loss than he-
traditional multimedia applications such as VolRIdRTV.
We believe this work brings insights and helps ioviding
guidelines for further design of home and officéwaegks on
wireless infrastructure capable of delivering vasoHD
multimedia services with satisfied quality.
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