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Abstract—Because of frequent wireless packet losses and in-wireless link failures; and ii) unlike unicast, automatie- r
applicability of retransmission-based schemes due to the well- transmission request for link losses cannot be implemepeed
known NAK implosion problem, providing high quality video — 4cket and per receiver due to the well-known NAK implosion
multicast over Wireless Wide Area Networks (WWAN) remains . . .
difficult. Traditional joint source/channel coding schemes for problem [2]. (_3_“’9” a large recener group with a range of
video multicast—optimal bit allocation among source coding channel conditions, previous works like [3] have allocated
and channel coding such as Forward Error Correction (FEC) channel coding bits from a fixed transmission budget for
subject to a bitrate constraint—target a chosennth-percentile  forward error correction (FEC) to protect source packedmfr
WWAN user. Not only is FEC_ bitwise expensive, users_wnth poorer \\nvAN [osses, targeting a choserth-percentile receivér
reception than nth-perpentlle user suffgr substantial channel Not onlv is ch | coding bitwi - verdwit
losses, while users with better reception have more channel ot only 1S channel coding 'V_V'Se eXPe”S'Ve' rece|ver wi
coding than necessary, meaning too few bits are devoted for Channels worse thanth-percentile receiver’s (poor receivers)
source coding to reduce guantization noise and sub-optimal video suffer substantial losses, while receivers with bettemoeés
quality. (rich receivers) have more channel coding than necessary,

Instead, in this paper we perform joint source/channel coding j o ot enough bits are devoted to source coding to reduce
of WWAN video multicast for an entire collective of multi-homed L . . . ) .
guantization noise, resulting in sub-optimal video gyalit

ad-hoc peers in the same multicast group and connected via
Wireless Local Area Networks (WLAN). In a cooperative peer- ~ TO improve video quality for poor receivers, we have
to-peer repair (CPR) scenario, after each peer received a diffent  previously proposed a new packet-recovery paradigm for re-
subset of WWAN packets, the peer group repairs WWAN losses cejvers in the same video multicast group with multi-homed
locally by packet-forwarding to each other via WLAN. From capability—ones with both WWAN and WLAN (Wireless

an end-to-end system view, CPR means that a packet can be . .
transmitted from source to a peer either via WWAN directly, or -0cal Area Network) network interfaces —call€boperative

via WLAN local repairs exploiting neighboring peers’ WWAN  Peer-to-peer Repai(CPR) [4]. The idea is simple: after
links; the overall more general transmission condition means a receiving different subsets of packets from WWAN source,
clever joint source/channel coding scheme can now allocate more raceiver group forms an ad-hoc peer-to-peer network called
bits to source coding without suffering more packet losses, leading CPR collectiveand cooperatively exchange received packets

to higher video quality. To efficiently implement both WWAN . . h . .
FEC and WLAN CPR repairs, we propose to use network coding Via WLAN. The incentive for a peer to participate in CPR

for this dual purpose to reduce decoding complexity at the peers. IS an increase in streaming video quality in return. We have
We show through simulations that using our proposed scheme also shown that by first encoding received WWAN packets
dramatically improves video quality over existing optimization into coded packets [5] using network coding (NC) before CPR

scheme where joint source/channel coding was performed, but P
WLAN CPR was not used. by up to 8.4 dB, and over scheme exchange, further gain in packet recovery can be observed.

when WLAN CPR and WWAN joint source/channel coding were From an end-to-end system view, CPR presents a new

performed separately by up to 4.4 dB. and more general packet transmission condition than pre-
vious point-to-multipoint WWAN systems: a packet can be
|. INTRODUCTION transmitted from source to a receiver either via a WWAN

Providing sustained, high quality video multicast over &ir link directly, or indirectly via CPR repair routed through a
less Wide Area Networks (WWAN) over multicast channelgeighboring peer's WWAN link. Under this CPR paradigm,
like Multimedia Broadcast/Multicast Service (MBMS) in 3Ga transmitting WWAN source optimizing joint source/channel
networks [1] remains challenging because of two technicg®ding (JSCC) for the whole collective can now exploit this

difficulties: i) unavoidable packet losses due to temporafgore general transmission condition in two ways. First, the
source no longer needs to expend substantial channel coding
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for targetedn-percentile receiver, who can now depend on ricbast/multicast packets from rich receivers to poor recsive
receivers’ WWAN channels and subsequent CPR for reliablea WLAN. ([9] proposed similar scheme recovering WWAN
transmissions—we call this thisparity gain Second, even if broadcast/multicast losses, though our first work [4] pre-
all receivers experience similar WWAN channels, i.e., there dates theirs.) We have also designed structure on network
no differentiation between poor and rich receivers, a paiske coding [8] for a group of video pictures (GOP) to optimize
lost to the collectiveonly if WWAN transmissions to all peersvideo quality in a rate-distortion optimal manner givenitied
in the entire collective fail. The source can also explois thWLAN resources. Our current work differs in that we focus on
multiplier effect to allocate more bits to source codingheiit the optimization combining WWAN JSCC and WLAN CPR,
incurring more losses—we call this tlemsemble gain exploiting both disparity and ensemble gain made available
To efficiently implement WWAN-FEC and WLAN-CPR, wefrom the CPR paradigm to achieve end-to-end optimality,
propose to use NC for the dual purpose. Our proposal has twhile our previous works focused only on the local CPR side.
advantages: i) a WWAN receiver can encode and forward re-Network Coding (NC) has been a popular research area
ceived WWAN packets without first decoding WWAN-FEC, ssince Ahlswede’s seminal work [10]. [11] has shown gengrall
that peers receiving insufficient number of WWAN packets fdhat structures can be imposed in NC to induce partial decod-
WWAN-FEC decoding can still participate in CPR right awaying, and recent works [12], [13] have optimized NC strucsure
and ii) WWAN-FEC decoding and WLAN-CPR decoding carffor video streaming in different settings. While our struetl
be done at the same time, reducing decoding complexity. network coding work [8] also performed rate-distortion iept
summary, our contributions are summarized below: mized streaming, application of NC in the context of CPR,
« Instead of targeting aﬂh-percentile receiver, we proposéncluding a clever use of randomization when a peer selects
a WWAN JSCC framework targeting the entire CPRx NC group to code and transmit a packet in a distributed
collective to exploit both ensemble and disparity gain. manner, is novel. Moreover, our proposal to use NC for the
« We propose to use network coding for both WWAN-FE@ual purpose of both WWAN-FEC and WLAN-CPR is new.
and WLAN-CPR to achieve end-to-end optimality.

« We propose a fast iterative algorithm to solve the complex . o . _
mu'ti_parameter optimization prob|em_ To motivate our JSCC Optlmlzatlon, we overview CPR in

« We show through simulations that our JSCC improve§is section. We first discuss source and network models. We

over a previous scheme by up to 8.4 dB where JSCCtRen discuss two types of NC peers can use to encode WWAN
performed but CPR is not used, and up to 4.4 dB whd¥ackets: traditionalunstructured networking codingUNC)
CPR is used but WWAN JSCC is optimized separatelyand our proposedtructured network codin¢gSNC).

The outline of the paper is as follows. In Section Il, W&\ \jdeo Source Model & Assumptions
review related works and clarify our contributions compgri

to our previous works. We then overview CPR in Section llI
and discuss system model in Section IV. We present our JS
optimization for a CPR collective in Section V. Simulatio
results and conclusions are presented in Section VI and VI

Ill. COOPERATIVEPEER-TO-PEERREPAIR

We use H.264 codec for video encoding. A H.264 video
am is a series of GOP, each composed of a starting I-frame
ollowed by M —1 P-frames. CPR repairs one GOP at a time:
:flfter a media source transmits a GORbfframes via WWAN
in time durationY” (oneepoch), peers exchange CPR packets
Il. RELATED WORK via WLAN to repair this GOP in timeY during WWAN
Due to the We"_known NAK implosion prob'em [2], manymulticast of the next GOP. The initial playback buffer delay
video broadcast/multicast schemes over MBMS [3] have fd& thus two epochs, which usually is only several seconds.
gone feedback-based error recovery schemes and opteadnste Each P-frameF; uses its previous framé;_, for motion
for FEC. While FEC helps receivers with channels as good @@mpensation, and the GOP forms a dependency chain. We
the targetedith-percentile receiver, receivers with worse-thar@ssume that a framg; is correctly decoded if it is correctly
targeted channels suffer great losses. received, and the frame it referencégl_, is correctly de-
Recent research on ad-hoc group of multi-homed d@OdEd Each video frameg; is _enc_oded from original picture
vices [6], [7] proved useful transmission paradigms beyord” With source coding rate. 7 is subsequently divided
traditional server-client model can be constructed. [@vedd into R: = {S;J packets,P; = {pi1,piz2,-Pir:}, fOr
that aggregation of an ad-hoc group’s WWAN bandwidths caransmission, where,.; is the packet size. IF; is correctly
speed up individual peer’s infrequent but bursty large eont decoded, the resultindistortion reductionis d;.
download. [7] showed that smart striping of FEC-protected )
delay-constrained media packets across WWAN links can & Network Model & Assumptions
leviate single-channel burst losses, while avoiding Iatefing We assume a séf’ of peers of sizeV watch the same video
delay experienced in a typical single-channel FEC intgdea multicast using their multi-homed devices. For WWAN, we
[8] extends this research line on ad-hoc multi-homed peersassume peers in the same multicast group experience differe
local recovery of WWAN multicast packets. channel conditions, resulting in different subsets of ek
In essence, CPR exploits disparity gain in a heterogd/ WAN packets. For WLAN, though raw transmission rate
neous collective by redistributing received WWAN broadhke 802.11 is relatively large, peers need to contend fer th




shared medium in a distributed manner so that the occursence

of collision and interference are reduced. For brevity, wéto m—1 © ks x Bk
the discussion on a distributed algorithm [5] that schesiule  Q(m, ) ~ 3 (fj) (Z 5(@) ( > ﬁ(z‘)) ®)
peer transmissions. We assume a peer can redgivepair k=0 i=1 i=z+1

packets successfully via WLAN-CPR in an epoch, whictgq. (3) is the summation of a binomial random variable with
varies depending on available WLAN resources for CPR. probability of occurrence;_, 3(i) from 0 to m — 1, given
C. Unstructured and Structured Network Coding based CPE t.”a.ls' _Becagse of the superiority of SNC_over U.NC’ our
i o _ optimization will be built on SNC, as shown in Section V.

At a given WLAN-CPR transmission opportunity, what
packet should a peer broadcast locally to its neighbors via V. VIDEO MULTICAST SYSTEM OVERVIEW
WLAN? We have proposed to encode received WWAN pack- Given the existence of a CPR collective, we show how NC-
ets using NC before performing CPR exchange [5]. Gi#¢n based FEC can be added for WWAN transmission to protect
frames in a GOPF = {Fy,...,Fy}, we first denoteP* as video packets end-to-end in combination with WLAN-CPR.
the set ofhative packetin the GOP, i.e.P* = {Py, ..., Pu }- .

We denoteG,, C P* as the subset of na{tive packets}peé? Network Coding based WWAN-FEC
n received via WWAN multicast from media source, a@g 5 . o y o e
as the NC packets peer received via WLAN from peers. - RIS SRlan SERiaEn
Peern can then compute a UNC packgt for WLAN-CPR H ] ] I II I I II I I
exchange using,, and Q,, as follows: - - 3 - - B g

®
an = Z @i,jPi,j + Z bingm = Z ¢ijpig, (1) \</
Pi,j€EGn qm€Qn pi,j EP* ®,

where a; ;'s and b,,’s, random numbers in Galois Field @,
GF(O), are coefficients for the original packets and the
received encoded NC packets, respectively. As shown in  Fig. 1. An example NC-FEC GOP with three frame groups.
Ed. (1), g, can be rewritten as a linear combination of We use NC for the dual purpose of WWAN-FEC loss
only native packets usingative coefficient vectov = protection and WLAN-CPR packet recovery as follows. First,
(€115, C1RYs -y CM 15+« + s Cop RM - media source generates FEC packgts)'s for each defined

The shortcoming of UNC is that if a peerreceives fewer SNC frame group, as follows:
than P innovative (native coefficient vector of a packet is a(z) = Z CijDis 4)
not a linear combination of native coefficient vectors ofesth pi €PF €0,
packets) pgckets, theq this peer cannot recauer native Note FEC packets are generated using only native packets in
packets using the fecelved NC.: packets. ame groupO,, all of which are available at the source. We

T(.) addr_ess UNC’s sh(_)rtcomlng, we have proposed SNC [ finesegment, as the set of frames in frame gro@p. but
By imposing structure in the coefficient vector, we seek Wot@ L ie,F €0,\0, 1. As an example, Fig. 1 shows
partially decode at a peer even when fewer thaninno- an NéjFI,EC énéodedeogwith three frame éroups.
vatiye nativg or NC packets are received. Specifically, we The WWAN-FEC packets are sent along with source packets
define a series ok SNC. frame groups@h...,@X, where via. WWAN multicast to peers. Because WWAN-FEC are
©1C...COx =7 0 isthe ”_‘05‘ important frame 9roUb. e coded using the same SNC, to a receiving peer, received
followed by ©,, etc. Corresponding to each SNC frame 9roURNVAN-EEC packets are no different from WLAN-CPR pack-
9; is aSNC pack_et type. Let g(j) be index of the smallest ets. In so doing, a peer can construct and exchange CPR
frame group that ,|ncludes fran_i@ﬂ-. The NC packe%(:c) of ackets without first decoding WWAN-FEC, so that peers
type given peers set of received or decoded nat!ve pack Esceiving insufficient number of WWAN packets for WWAN-
G and set of received NC packeg, can now be written as: FEC decoding can still participate and contribute to CPR.

g(z) = > Ulg(i) <) aijpi (2) B. WWAN Collective Packet Loss Model
i, €Gn . . .
rae The working assumption for CPR is that a source packet
+ ZQ U(®(gm) < @) bmgm = Z@ Ci,jDij> is received by at least one peer in the collective via WWAN
qm€ELn Pi,j €O

multicast for CPR recovery to function. This is valid when
where ®(q¢,,,) returns the SNC type of packet,, andU(c) WWAN JSCC is optimized for theth-percentile receiver; rich
evaluates tal if clausec is true, and0 otherwise. In words, receiver with better channel statistics will correctly e®e
peer n constructs NC packet of SNC type by linearly packets with high probability. However, as we allocate more
combining received or decoded native packets of frames bits to source coding out of a fixed budget to exploit disparit
O, and received NC packets of SNC tygex. We write the and ensemble gailtyWAN collective packet loss probability
probability that fewer thanmn NC packets of group< = can the likelihood that a packet is lost to the entire collective
be delivered in a CPR epoch as: becomes larger and must be modeled carefully.



If packet losses are spatially uncorrelated, the collectiv
packet loss probability is simply the product of individual Pr(B) = Pr(CynCan...nCx) ©)
peer loss rate. Due to shadow effect and signal strength ~ - - ~
attenuation with respect to distance, peers with similgsizal Pr(C)Pr(C|C). Pr(Cx|Cx -1, ..., C1)-
locations may experience spatially correlated WWAN lossesach of the product terms in Eq. (9) can be obtained as:
We introducep as thespatial correlation factowhich captures )
this effect. p = 0 (= 1) implies fully spatially correlated Pr(Cy|Cy-1, s C1) ~ pyrn(3RL — 1,RY — 1y),  (10)
(uncorrelated) packet loss. Tleenditional WWAN collective ' It
packet loss probabilityl’_,, given a targeted peer has lost

col?

; wherep,,,(Rs—1, R.—1,y) is thegroup loss probabilityfor
the packet, can now be written as: Py y) group P i

, , p(N—1) NC groupy, if R;—1 source and?.—1 WWAN-FEC packets
leot H ()"~ (lavg) ' ) were used. The ™1” means at least one WWAN-FEC packet
meN\n of frame groupy must be used to repair the lost packets in
wherel,, is the individual loss rate for peer. In the absence previous frame groups, given there are packet loss in pusvio
of per peer channel statistics, source can instead Mgethe frame groups already. In words, Eq. (10) says that given the
average packet loss rate as the loss rate for all the userspiévious frame group®;,1 < i < y — 1, are not recovered,
practicel,,,’s are difficult to obtain, and hence we will uég,, the probability that the current frame growp, cannot be
for the rest of the paper. recovered is roughly the probability that &iTY_, R: source
V. JSCCFORA CPR CoLLECTIVE USING SNC packets cannot be reggvered givar WWAN'FEC packg?s.
Group loss probabilityp,,,(Rs, R.,y) is the probability

We introduce our JSCC optimization for a CPR collective ifhat more tharR, packets are lost in WWANand CPR cannot
this section. Beyond searching for the best resource afota yecover enough of those losses for full recovery:

for WWAN source and channel coding, we need to consider

jointly the SNC optimization. We first introduce the optimiz (Ro,Rory) = Rf Rs+ Re ) i (1 = lang) et e
tion objective, derive the optimization formulation andeih Pgrp{fts; e, Yy) = L i avs e
provide a fast JSCC optimization algorithm. % Peot (i, Res y), (12)

A. Optimization Objective where p.oi(i, Re,y) is the collective loss probability-the

The expected distortios, ¢ in one GOP for a CPR probability that the CPR collective cannot recover suffitie
collective, assumingl frame group,’s, can be written as: number of packets for grougs recovery given packets were
X . .
Z (Z ;00 Y ) ala), ©) lost by the collective on average, which can be represersed a

Dsyc =D —
T JESx pcol(i7 Rca y) = pisuf(i7 Rc) + (1 - pisuf(ia Rc)) Q(Z - RC7 y) (12)

where D is the distczrtioir_llof the GOP if no packets argsihe CPR collective has sufficient number of packets for CPR
received at a peet};(r,,r, ") is the distortion reduction for probability 1 — p;s. s (i, R.), then CPR is functional and

F; given F; and previous framé;_, are encoded with rates e peer suffers losses only when CPR fails. The collective

=1

_ T s o
rs and ™, and a(z) is segments, recovery probability. g fficient probability,p;s. ; (i, R.), can be written as:
> jes, di(rl, 7]~ ") is the distortion reduction for segmesyt. iR
Our objective is to minimize the expected distortion: Pisus (i, Re) = Z ( ( > (1= Uot) (L)' (13)
min  Dsic, @) = \J

ri,RL,04,8(x

. Eq. (13) says among thelost packets by the peer, only
packets are received through the collective and the rest are
+ Z R. < R, (8) also lost by the collective. Hence there is no way that the pee
i=1 can recover the whole packet group.

where S| RY is the total number of WWAN-FEC packets Using Pr(B, ), we can expres&r(B,) as:

and R is the WWAN packet budget available for a GOP. We Pr(Bz) = Pr(B1) + [1 — Pr(B1)|Pr(Bz|B1). 14)

assumeR is fixed, whilel.,, varies from GOP to GOP. In words, frames in segment, cannot be decoded if frames

B. Optimization Formulations in s; are nqt de?odeablé_?r(B2|Bl) can be written as:
PT(CQ NC3N...N Cx|B1)

= PT(CQ|Bl)PT(ég‘C'2, Bl) oo PT(C_V)(|C_VX71 [T CQ, Bl),

with WWAN transmission constraint:

TS
Z lrspkt

=1

We derive the segment recovery probabititf:) as follows.
We first define the following events:

o C,: NC frame group®, is recoverable where:
o B,: frames in segment, is correctly decodeableB, = Pr(Ce|Bi) ~ pyrp(R2, R2,2) Pr(Ch)
CoUCy1U...U Cx. I Pr(By)

With the two events, we can express the probability that &&m ~ A ~ i .
) ) P Cy-1,...,C2, B ~ r R, —1,RY - 1,y).
in segments; are not decodeable as: r(Cy|Cy 2 B) Para(2 )

=2



In words, given segment; is decodeableR? WWAN-FEC VI. EXPERIMENTATION

packets can be used to protef source packets only. See |, this section, we verify the effectiveness of our JSCC
[14] for a derivation of scaling facto%. optimization for a CPR collective. We first discuss simuati

By calculating Pr(B;) iteratively from segment; to sx, setup. Next we compare our system performance with previous
we find all the segment irrecoverable probabilities whe@&SCC schemes under various network settings.

z)=1— Pr(B;). . .
o(z) r(Be) A. Simulation Setup
o Two test video sequences were used for simulations: 300-
C. Fast JSCC Optimization frame MPEG class Aiews and class B or eman sequences

Eq. (7) involves the optimization of four sets of variablest CIF resolution $52 x 288), at 30 fps and sub-sampled in
source coding rates’’s, NC groups®,’s, WWAN-FEC R, time by 2. The GOP size was chosen at 15 frames: one I-frame
and B(z)’s. Exhaustively searching for the best combinatiofp!lowed by 14 P-frames. _ )
has exponential complexity and is not practical. Hence we pr e considered a CPR network of siz@0 x 500 m

pose to use an iterative algorithm to optimize source/ceiani/N€re peers were uniformly distributed. All the peers used
coding and SNC structure in turn separately. the broadcast mode of WLAN. Given one GOP was 15 frames

We first initialize the total number of WWAN-FEC packet and _V|deo wasketncpded &5 fpts’m?gg t()aptoch \leé/ was 1?h
to beT. GivenT and an initial segment recovery probabilit aximum packet sizeé was se ytes. We assume the

a’s, we find the optimal source bit allocatiofy’s. Then given MBMS multicast transmission budget 220 kbps. )
source bit allocation-i’s, we find the optimal SNC frame We explored two WWAN packet loss models: Homoge-
groupsO,’s and corresponding probabilitiégz)’s. We iterate neous iV and H__eterogeneouda-l’[‘) loss. InHM the WWAN
until we converge to a solution. We perform this for all fddesi packet loss was "q and5%!)| peigﬁ h‘;’“’e the same |osd)rate
values ofT" to find the best solution. In. HT, peers within t.heﬁ X Rl square had HM loss
. . . . . with loss rate0.15, while peers outside of the square had HM

. _Sour_ce Bit AIIocafuon.To obtain 2'3;'!?61' source bit al- loss with loss rated.45, which captured the spatial packet

location given total available resourd&"”", we use a well- loss. The overall average packet loss rate, however, remain

knoleT heur::gtlct atl)gqlgtf;rc} Int [15]. dThe c(rjux of tthelﬁlgfor'thﬁr] ft0.3. We assume WWAN losses among peers are not spatially
as follows. Frst, bul -Stage dependency treflis from 1eft. o ateq [16], and spatial correlation facipis 1. We used

to right where a stage corrgsponds o a frame. Each stage ARINet [17] for simulations. To have the freedom to vary
multiple states corresponding to possible quantizatioelée CPR bandwidth to reflect different WLAN resources for CPR

Thte;]n, fstartm?l from tgle flrtsttsta?e, |terat|vely tra<t:e aﬁsﬁble .under different network settings, we selected Abstract RiHY
paths from all possible states from one stage to a poss'%%alNet and used 802.11 MAC layer.

states in the neighboring stage, calculate the correspgndi
Lagrangian costs for the paths along the way. Finally, iflent B. Simulation Results

the path in Fhe trellis 'Fhat_ yields the minimum Lagrangian \ye compared resulting visual quality (PSNR) when the
cost; the optimal quantization levels of frames correspind 35 was optimized for the whole collective and for the dis-
the states of stages in the optimal path. parate average peer. Note for the latter case, we still peed

2) SNC Optimization:Givenr¢’s returned from source bit CPR to assist poor receivers recover lost WWAN packets. We
allocation, we obtain the distortion reductiey’s for each also compared performance of traditional system optirigrat
frame F;. Then, our SNC optimization algorithm finds the besicheme where JSCC was optimized for the average peer and
SNC structure®,’s, peers’ NC group selection probabilitiesCPR was disabled. Note that we did not include tranditional
B(x)'s, and the WWAN-FEC packet allocatio®®.’s. We FEC scheme comparison due to the following reasons: 1) NC
observe the following: because a GOP is a dependency chaifs & perfect code and can be no worse than other FEC schemes
frame is of greater importance than its descendant frannels, &n terms of packet recovery; 2) in terms of overall decoding
frame F; should not be allocated more resource than frdfe complexity, using NC for both WWAN and WLAN removes
J < i. This implies that a parent frame should not be assignéte need to decode before performing local repair.
a NC type larger than its children frames. which motivate our The top graph of Fig. 2 shows the video quality for the
design of a fast optimization scheme summarized as followsor eman sequence withHMpacket loss model and CPR data

To find the best NC structure, we start by assignig rates ranged from 0 to 1000 kbps. When the system was
NC types to theM frames. Then we iteratively find the besbptimized for the collective, we see that with the increake o
"merging” of neighboring frames, i.e., assign the same NCPR data rate, video quality was greatly improved. This was
type to the merged group. To obtakj, allocation, we divide in sharp contrast to the system optimized for the disparate
T by two and then assign half @f to the first group and the average peer, where CPR was only helpful at the beginning.
rest half evenly allocated to the other frames. We increlase fThis is due to the fact that when the system was optimized
number of frame groups to use the first half ‘Bfuntil the for the disparate average peer, the WWAN loss rate was fixed,
second implication is violateds, is obtained similarly. Due which resulted in a limited maximum PSNR achieved. On the
to space constraint, we refer readers to [14] for details.  other hand, our proposed JSCC optimization can still ekploi
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VIl. CONCLUSION

In this paper, we optimize joint source/channel coding
(JSCC) for a CPR collective for WWAN video multicast and
achieve significant performance gain over traditional eayst
optimization schemes. Specifically, we devote more bits to
source coding out of a fixed WWAN budget without an
increase in channel losses by exploiting the strength of .CPR
Simulations showed that our joint source/channel coding op
timization scheme outperformed a previous scheme by up to
8.4 dB where JSCC is performed but CPR is not used, and up
to 4.4 dB when CPR is used but JSCC is optimized separately.
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