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Abstract over dynamic networks, it is very desirable to develop the
OFDMA-based transmission scheme to treat the video in a
. : . . prioritized or preferential manner.

In this paper, an adaptive subcarrier and power aIIocatlc% P

algorithm is proposed for delivering fine granularity-l-he researches related to OFDMA s
: ystems have been
scalable (FGS) video stream over an OFDMA system. Th& o jvely studied in the past years. The fact, that the

proposed method targets at not only minimizing the overa ptimal loading algorithms in [3]-[5] help a single-user

transmission errors, but providing the similar visual qua”tyOFDM system quite a lot on the system bandwidth and

In thte m:aa;l—hsqutare error sensef tq atl'l usErs adt a POESer, has motivated several OFDMA approaches that can
constraint. € transmission optimization based On raig, fo,ng in the literature for multi-user environments [6]-

distortion theory is developed to achieve such a go ]. The optimization problem is formulated either to

which is |mplem¢ntepl In two_ steps. F|r§t, as&gnment inimize the overall transmit power at a given QoS or to
layers to §gbcarrlers is performed tp achieve the_ m.ax'mumwprove QoS of the users at a given overall transmit power.
power efficiency, and secondly, optimal power distributio hese algorithms were developed only for the general data

arc]rosshall subcarne:js IS f]e”"ffped- Thg S'”_‘“'ate‘; res‘L‘lltfsamsmis:sion purpose. Therefore, they might be inefficient
S OWt. at, compared to the uniform su carrier and powgh, ireless video transmission because video can be
allocation scheme, the proposed algorithm can aCh'e\eﬁocessed in a prioritized manner

significant performance improvement in terms of both th
overall transmission efficiency and the impartially quality.

o To tackle the above problem, some joint source-channel
division to each user.

coding schemes have been developed for scalable or
layered video transmission. In [9], power and source bit rate
. allocation among all subcarriers have been studied in
1. Introduction OFDM system. Pre-coded OFDM system with adaptive
vector channel allocation has also been studied in [10].
Wireless video communication has become one of thiéowever, both schemes did not consider the case of mutli-
major research fields in recent years. Although manyser. As a consequence, the overall transmission efficiency
researches have been done on this topic, several keyd quality balance of each user were not optimized
requirements still need to be satisfied to provide the reliabéénultaneously.
and efficient transmission. One of the main requirements is
that it needs to support a broad range of time-varyirig this paper, we propose an adaptive subcarrier and power
network bandwidth. Scalable video coding can easilgllocation algorithm for delivering scalable video stream
enable this requirement. Among the existing scalable videver an OFDMA system. MPEG-4 FGS video coding is
coding schemes, fine granularity scalable (FGS) videmmployed as the source coding scheme. The FGS video
coding [1] is one of the dominant techniques due to its firream is composed of a base layer bit-stream and one or
scalability vs. the coding efficiency. more enhancement layer bit-streams. Thus, the network
transmission system can easily treat the MPEG-4 FGS
A further main requirement of wireless videostream in a prioritized or preferential manner.
communication is that the transmission system needs to be
very flexible and effective in handling the video.The proposed algorithm targets at not only minimizing the
Orthogonal frequency division multiple access (OFDMApverall transmission errors, but providing the similar visual
has become a promising technology in the broadbandality in the mean-square error sense to all users at a
wireless transmission systems. It has been shown thmtwer constraint. Transmission optimization based on rate
OFDMA is a highly flexible and effective method fordistortion theory is developed to achieve such a goal. The
combating multi-path fading in high-speed wireless dataroposed algorithm is implemented with two steps. In the
transmission [2]. Since scalable video coding is ifirst step, transmission rate of each user is determined based
particular designed for delivering prioritized video strearon the principle that each user has the similar distortion of
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source coding, and then the corresponding layers daransmission optimizer periodically optimizes the power
assigned to subcarriers. In the second step, an optimizatadlocated to each subcarrier to transmission. Rate-distortion
algorithm is proposed for the transmitter to allocate pow€R-D) theory is employed in the above process, which will
to these subcarriers. be described in detail in Section 3.

The rest of this paper is organized as follows. The proposéte modulated signals on a number of subcarriers are then
system model is described in Section 2. The adaptigent to the inverse Fourier transform which combines the
subcarrier and power allocation strategy is discussed déomplex subsymbols into a set of real-valued time domain
Section 3. In Section 4, simulated results are presentsdmples. Cyclic extension of the time domain samples,
Finally, Section 5 concludes this paper. known as the guard interval, is then added to ensure

orthogonality between the subcarriers. The transmit signal

is then passed through different frequency selective fading

2. Pr oposed &/stem M odel channels to different users.

As shown in Fig. 1, for delivering scalable video over aH is clear that the base station has to inform each admitted

OFDMA system, the proposed system framework at tHiser about their allocated video layers with corresponding
base station side comprises three modules: scalable Vi&é@carrlers. At thek-th users receiver, the. Inverse
data buffer, transmission optimizer and an OFDMA syste roced_ures are p_erfor_med. The SL_Ibcarrler assignment and
The systerﬁ has K users and N subcarriers. We assume dwidth allocation information is used to extract the
the channel varies slowly (e.g., in an indobr low mobilit emodulated bits from the subcarriers assigned to different
environment) and the instantaneous channel gains on all f¥ers of each user.

subcarriers of all the users are known to the transmitter. In

order to reduce the system complexity, all the subcarriers

use the same modulation rég 3. R-D Based Transmission Optimizer
In this section, we first discuss the overall distortion
S— introduced by_ both source coding rate and transmi_sgion
R information| PTZET for K users errors over wireless channels. Second, a power-efficient
it ‘ RJ lp ISb/ — scheme is proposed to _allocate the sut_)carri(_ers to_different
| ek —— A layers of each user. Finally, an algorithm is derived to
l_ R minimize the channel distortion and quality variation
| Tl | Ro] powereficient LSﬁ IFFT among all users in the mean-square error sense.
T layer-to-subcarrier and Add guard
\ | scaror 1| R ignment Parrallel [ "] interval ) )
= Lo B ‘% & 3.1 Overall Distortion Model
It i
| C o | - : :
+ entancement | T | \st Selonnis P Suppose the bitstream of a frame in an FGS stream
bstream
LB st Subcarer = chamelforte | truncated by the source raig stops at layel. The overall
ifomation - e distortion can be represented by:
ubcarrier 1
Userk, rate Rk " Subcarrier 2 DT = Dc + DS(&) . (1)
layer Lk Subcarrier FFT and Remove
o senalto wad | DYR) is the source distortion caused by the bitrate
demoduator truncation, which can be approximately calculated by:
Subcarrier N
* _ (R-RL)(D -D,)
Fig.1. Block diagram of the proposed system model. D,(R)=Di,+ 1_ s @)
(R-R.)

Scalable video data buffer is partitioned into two parts: ONEhereD
for base layer (BL) bitstreams, and one for enhanceme&h at t
layer (EL) bitstreams. The BL is indicated by the O-th layer
(I=0) with the most important information. The EL Withg

smaller if‘dex. indicate the Ia_yer corresponding to th_e .bi elivered. Error resilient mode is adopted in enhancement
p'af‘e.s W|th_h|gher (|.e_. more 'mp‘?”?m) Igvel._Transm|SS|o||ayer_ In order to isolate the random or burst errors,
optimizer aims at achieving the similar distortion cause_d br% ynchronization markers proposed in [11] are embedded
source coding rate for each user under the constraint jf 40 g bitstream, which divide each layer into several
overall bandwidth. It first calculates the transmission rataelice Once any residual error is detected in a slice, the

for each_ user according o t'he scalable video source bit r fiole slice will be discarded and disable the corresponding
information. Afterwards, it instructs the scaler to truncatg; .. iy the higher layer. Then, the channel distortion of

the enhancement layer bitstream, and then assign the so SBancement layer can be expressed as:
layers to the subcarriers. And finally, to minimize the LW '
distortion and quality variation among all users, De =Y. P siceen (Vi E ) Daice (1)) (3)

i=1 j=1

is the distortion when the bitstream of the frame is
he end of layér andR is the rate of th&h layer.

. comprises channel distortion of the layers to be



where y; and E; are the channel protection ratio and thall users. The subcarrier allocation algorithm is outlined as

receiving bit energy of thiah layer, respectivelyH; is the
number of slices contained in tht® layer.Dgic(i,j) is the e
distortion reduction when thgh slice of theith layer is
correctly decodedP,; 4. (. E) is the fail probability of

acquiring information of slices of thi¢h layer, which can
be further represented as:

Pfail,slioe,dep(yi’Ei) = Pfail,slioe(yi' E )tl (1_Pfail,s|ice(}(’E| ) (4)

where P,

fail ,slice

ith layer.

(v;,,E) is the error probability of slices in the

Suppose Reed-Solomon (RS) code is used for channel error
protection. The length of one slice of tlih layer is
denoted ad engi;, and then the number of RS blocks in
one slice can be denoted as:

i )

dicei

wherer is the number of bits per symbol, amis the block
length of RS code oveBF(2'). Then P, 4.(y.E) can be
further represented as:

Pfajl,slice(yi E)=1-(1-R,« (% .BER E )))Ns'm" , (6)

where R, is the error probability of the RS coded block,

andBER is the bit error rate of the ith layer, which can be
calculated using QAM with Gray coding [12].

3.2 Subcarrier Allocation

The transmission rate of each user is first calculated under
the constraint of the total available bandwidth, so that each
user has the similar source distortion. And then the number
of subcarriers that each user requires can be achieved
according to the given bit rate distribution.

Note that an OFDMA system is defined as one, in which

each user is assigned a subset of the subcarriers and each

carrier is assigned exclusively to one user. Since the fading
pattern may be different for each user, the strongest carriers
for one user are likely to be different from the other users.
We want to assign the best subcarriers to each user. Thus
on one hand, dramatic improvement in received power in a
frequency selective channel can be achieved. On the other
hand, simultaneously transmitting the layers makes it easy
to assign the subcarriers with the better channel gain to the
layers with higher importance for each user.

DenoteGy, as the channel gain to noise ratio (CGNR) for

userk on subcarrien:
2

:‘Hk,n

n 2

: )
o

where Hy, is the frequency response for uskron
subcarriem. Assume that noise varianc@is the same for

follows:

Step 1: Given that the bitrate of scalable video
stream {R } ...cx o< » COMpute the number of

subcarriers that each layer of tktb user needs as

follows:
- RK,I 8
{ R, J (®)

whereRy is the bitrate of one subcarrier, which is
determined by the modulation level and the
configuration of OFDMA system. The algorithm in

this step aims at achieving the truncating bitrate
Ry s Of userk to satisfy:

;kaRrN :

wheres (I -1<s<l) is a point between laydrl
and layerl. s can be calculated with a linear
function of layer and bitrate defined by two points
of (-1, Rq.1) and (, R). The number of
subcarriers allocated to ttéh userC, can thus be
achieved.

Ck,I

)

Step 2: The problem to find the best subcarriers for
each user can be formulated as:

K &
max 3.3 &G

k=1n=1

(10)

whereay, is an indicator variable with value 0 or 1
and has to satisfy:

iakynzl for all nO{L,....C.} (11)
k=1
N
and Y a,=C foral kO{L..K} (12)
=1

We propose to solve this problem as follows:

1) Initialization:
Allocate C, subcarriers to th&th user , then a
list L, of subcarriers is made for each user

2) Approach the solution:

swapno « 0;
for each subcarrier=1:N, do
findt, p which satisfyn = L¢(p)
for k=1:K,k#t, do
fori =1Cy, do
delta(k, i) = G(L«(p))-G(L(p))
+G(L(1)) —G(L«(1))
end
end
k*,i*) «— argmax ddta(k,i)
1<ks<K, 1<i<Cy
ifdelta (k*,i*)>0
then swap.(p) andL-(i*),
swapno=swapno+1
end
if swapno = 0,— cannot allocate any more,
Sop!

3) Continue 2 until reacBtop!



» Step 3: Sort the subcarrier sets allocated to each us@omparisons are in terms of both the average PSNR and the
in decreasing CGNR order. MSE variation among all users. In OFDMA system with
fixed resource allocation, each wuser is assigned a
+ Step 4. For thekth user, thelth layer of scalable predetermined group of subcarriers and can only use those
video is assigned t&, subcarriers in the order of subcarriers exclusively through the whole transmission.
decreasing importance.
We consider an OFDM system with 256 subcarriers over a
5MHz band along with a total transmission rate equal to
3.3 Power Allocation 512 bits/symbol (or equally, 4-QAM is used to carry two
bits/subcarrier). The transmission power is assumed to be
After analyzing the layer-to-subcarrier assignment, weonstrained by 100mw. Four well-known video sequences,
continue to calculate the optimal power distribution across. Coastguard, Foreman, Flower and Mother in CIF format,
all subcarriers. Denoteg,, is the power sum of the are encoded with MPEG-4 FGS coding scheme at 25

subccarriers transmitting layerr of the kth user. For frames per second (totally 4 seconds of each sequence).

simplicity, we consider the subcarriers corresponding fach FGS s_tream is transmitted to one of the four users.
layer| of thekth user have the same chan®é, , i.e. the There are six enhancement layers for each FGS stream.
! Because of the importance of the base layer, Reed-Solomon

Sa!”?e.”ansmiSSiO” biterror raERkJ. Qur goal is to_ coding is applied to the BL with a protection ratio of 20%.
minimize the overall channel distortion and quality

variation among all the users under a power constraiRt; eyajuate the performance of both schemes, we have
Thus the distortion and quality variation minimized powegi jated 100 sets of two-path frequency selective

allocation cK:an be fo:mulated as: ‘L Rayleigh fading channels with an exponential power profile.
. 1 - . -
min (YD ¥+ (0. -B.)) st. Y YE,, <E;, (13) Each set of channels consists of 4 independent ghannels,
g Kic k=1 P one for each user. Table 1 shows the comparisons of

where D, is the distortion caused by the channel afteaverage PSNR with/without adaptive resource allocation

applying power allocation over each available subcarrier af:heme for each user. Fig.2 and Fig.3 illustrate the PSNR
. versus frame number results of two schemes. The curves of
the kth user and can be calculated through (3) toD6)is

_ i ) average PSNR of four users versus frame number for both
the average distortion of all users. The bit error rate of laygthemes are depicted in Fig.4. Fig.5 shows the resulting
| of thekth useBER,, is tightly approximated when using MSE variation versus frame number. From these illustrated
QAM [12] results, it can be seen that the video quality for all users is

improved about 0.8-0.95dB of PSNR, and meanwhile the
_ 3Ek,lc;k,l . - P .
BER, =4Q C -1 (14) distortion variations among all users tend to be consistent.
(8 -
where G, is defined as the CGNR averaged o®&r 5, Conclusion
subcarriers and is given in [8] as follows:

Ce. In this paper, we have presented a scalable video
kol ca 1 (15)  transmission system in a multi-user OFDM environment.
Zizl Gy The problem of minimizing the overall channel distortion

By solving the nonlinear optimization problem above, Wé;md quality variation among all users has been stated and

can achieve the optimal power allocation with minimize&OIVed by adaptively gllocating subcarriers to USers _and
channel distortion and quality variation. According to [8]power level to subcarriers. The proposed approach jointly

) tonsiders the properties of MPEG-4 fine granularity
once the power allocated to layeof the kih userE,, is scalable video stream and the diversity of users with time-

decided, the power allocated to a particular subcarrier yariant channel impulse response. Both power-efficient
computed by: layer-to-subcarrier assignment and power level allocation
. are simultaneously considered so as to minimize the overall
. izl (16) . . ; . o ; ;
channel distortion while keeping the similar visual quality
in the mean-square error sense among all users under the
constraint of transmission power.

E
Eeri=——

4. Simulated Results

In order to evaluate the proposed algorithm, so
simulations have been performed. Two different schemrtee; ACknOWIedgement

i.e. the proposed OFDMA system with adaptive subcarrier, ) . .
and power allocation and uniform resource allocation, afd'® Work in part has been supported by National Hi-Tech

compared. Peak signal to noise ratio (PSNR) is taken as fhgsearch Program (863) th China (2|002AA119010),
measure of visual quality and mean square error (MSE) National Fu_ndamental Research and Development Program
taken as the measure of distortion. Therefore, tHd?3)Of China (2001CCA03300).
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