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Power Minimization for Delivering Integrated
Multimedia Services over Digital Subscriber Line

Haitao ZhengMember, IEEEand K. J. Ray Liy Senior Member, IEEE

Abstract—We study the problem of designing an efficient ~ ADSL can support a wide variety of high bandwidth appli-
resource allocation scheme in the application of providing in- cations that were either not possible or ineffective through the
tegrated multimedia services over digital subscriber line. For .,ovantional dial-up technologies. Most of those services in-

tahrgﬁeﬂeivgusﬂgv ct);afet;]vgc?ra(an%Sit)tege%lg\r;é?ecn;n;:l%p?iitr? volve multimedia data, which have quite distinct features com-

can be reduced by applying the parallel transmission framework Pared to ordinary data. Normal data communication requires
previously proposed. Data streams are recognized as a set of layershit error rate to be maintained at a very low number, while
with different data rate and bit error rate requirements. The  for image and video only certain information requires low bit
characteristics of the telephone channel can be utilized to provide g4 rate. Some portion of the content can even sustain high
unequal error protection naturally and thus efficiently. Slmulqtlon bit te without ina t h visible fidelit bl
results provide comparison of the proposed parallel transmission iterror rate wi . ou <_:au5|ng 00 much visibie hidetl y_pro _em.
framework to the existing schemes designed for general data, Therefore, multimedia data are often decomposed into hierar-
and demonstrate significant performance improvement, such as chical perceptually relevant layers, each of which has different
0.5-2 dB power gain. perceptual importance and thus different error performance re-
Index Terms—DBigital subscriber line, image coding, modulation, quirement. Under such circumstances, unequal error protection
multimedia communication,_ quality of service, resource manage- (UEP) outperforms equal error protection. In [9], we show that
ment, unequal error protection. the proposed parallel transmission can provide proper UEP to
the layers, and achieve significant performance improvement
|. INTRODUCTION compared to the transmission schemes designed primarily for
. . . data communication. The goal of the algorithm is to minimize
SYMMETRIC digital subscriber line (ADSL) [1] uses thethe channel induced distortion, under a given power and bit rate

e_X|st|nghtW|sted-pa|r copper Ifot;)ps ;[joboffgr an effective a constraint. Therefore, the error performance is decided by the
ternative to the next generation of broadband access NetWoiKS, s imnortance and the available channel resources during

and to support high speed communications at very afforda optimization
princes. It was specifically designed to exploit the one-way N Some applications allow customers to manipulate the source

e e e\ yers. For exampl,they sre gven h feec 10 choose e
y uality associated with each layer. In this case, a layer's impor-

interactive control information is returngq. Typical applicatip nce should not be represented as the average distortion from a
of ADSL are fast access to Internet facilities (e.g., Web services gle bit error as defined in [9], but according to the customers’

and fast access to multimedia (e.g., VoD, Digital TV). Howeve're uest. In particular, the layer's BER performance can be spec-

:jri]feﬁxlctj; ;ﬁgit(')?:p'lne ;ily/e?:rogr?ylIgiig;:a:;r?ilelreisg,té?nmaﬁﬁi ified by the customers, hence, the objective of the optimization
: : ) ' "hecomes to the satisfy customer’s request while using the min-
carrier modulation (MCM) [2], also referred to as orthogonaﬁin fy q g

f divisi ltinlexi OFDM di i it imum amount of channel resources. Such consideration would
requency division multiplexing ( ) or discrete mult Or.]helpto increase the number of users that the system can support.
(DMT), is currently considered as a standard channel codin . L . .

e consider the problem of delivering multistream multi-

scheme for ADSL. Observing that the channel gain and no'{‘}eedia data over ADSL, with customer defined BER perfor-
vary greatly among the subchannels, a crucial aspect in the de-

sign of MCM system is the need to optimize the system tranance. The layers are not limited to a single source but can be

o 4 . . tegrated services, such as video, audio, and general data, or
[EST(IS?n bandwidth and power through a loading algorithm [1 ifferent source objects. We develop a loading algorithm which

handles the power and rate allocation for a specified BER distri-
bution based on the parallel transmission framework proposed
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TABLE |
DATA RATE AND BER FOR VARIOUS SERVICES Layer 1

Service | Data Rate | BER

Video Conferencing | 200K bits/s | 10~° Laver 2 »
Voice 10K bits/s | 1073 y

E-mail 04K bits/s | 107°

requirement. The proposed loading algorithm is then applied

to subband coded image transmission and integrated services

transmission over ADSL in Section V. We conclude the paper Layer N N
in Section VI.

CfmZZr>romowcw

(@)
Il. INTEGRATED SERVICES

The popularity of the Internet is fueling the emergence
of multimedia applications. A mixture of data, voice, and
video can provide entertainment, online services, interactive
shopping, and video conferencing. Therefore, modern wireline

S . . ; ' LayerN...2, 1

communication should provide an integration of the traffic >
flows from different services. Those services are associated
with different data rate and different QoS requirement (in terms
of BER). A typical example is shown in Table I, which involves
video conferencing, voice data, and e-mail. Those services can
be viewed as source layers with different bit rates and BER
requirements. We assume that each service is accompanied by
an efficient rate control scheme to achieve constant bit rate. ()

In addition to integrated services, single source stream can . -

. 1. The structure of the (a) parallel and (b) serial transmission systems.
also be decomposed into several substreams. Layer or scalalife
coded multimedia data, such as subband coded image and
video, are typical examples. Each layer may be associated’he goal in [9] is to minimize the channel induced distor-
with different QoS requirement. MPEG4 is an object basdtbn. Therefore, the layer's importance is defined as the average
multimedia coding standard [8]. It represents the source dalistortion caused by a single bit error, or the weighting factor.
in terms of “audio/visual objects,” or AVO'’s, organized in d-arger weighting factor leads to higher importance. Therefore,
hierarchical fashion. Examples include background, picture QoS is not customer defined; and it depends on the source char-
a talking person, and voice of the speaker, etc. Such a codaugjeristics. The layers with higher importance are transmitted
scheme has the advantage of allowing extraction and edititthgough the subchannels with higher channel gain to noise ratio
of an object, or having an object available in a scalable fordCGNR). Such assignment can provide UEP naturally even with
The background and speaker are coded as different objeegual power and bit rate assignment among the subchannels. To
Some customers want to observe the speaker clearly and g@ich the UEP to the importance distribution, a loading algo-
tolerate some effects in the background and the voice, whiithm was developed to optimize the power and bit rate alloca-
the others are more interested in background. Upon this, tien. Since the serial transmission transmits the layers consecu-
system should allow the customers to define the QoS of editely, the performance bottleneck is the huge power consump-
object. Therefore, the objects are equivalent to the layers withn for the important layers which requires very low error rate
different QoS. even at the subchannels with low CGNR. The advantage of the
parallel transmission is by transmitting the layers requiring low
error rate through only the subchannels with high CGNR, the
corresponding power consumption can be reduced at the cost

As shown in [9], telephone channels are mostly spectraldf the power consumption increase at the layers with high error
shaped, where the channel gain and noise variance diffate. The loading algorithm intends to find the best subchannel
tremendously among the subchannels. The loading algorithtodayer assignment as to achieve the optimal error rate distribu-
developed for data transmission deemed this property agian and thus the minimum channel distortion.
disadvantage and tried to eliminate it via a loading algorithm. For integrated services with a mixture of multiple services,
These algorithms were shown in [9] as serial transmissidhe serial transmission needs to compute the subchannel power
In contrast, we utilized it as an advantage and proposedaad bit rate assignment as well as the total power assigned to in-
parallel transmission framework which transmits the layedividual services, which involves frequent change at both the
simultaneously, each occupying a set of subchannels [9], [10Rnsmitter and the receiver. Rather than setting up different
Fig. 1 shows the system structure. transmission parameters to carry multiple services, the parallel

rmZZpmaowacwn

Ill. PARALLEL TRANSMISSION FRAMEWORK
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transmission can integrate various traffic flows with different
service requirements based on the current channel charactel
tics, and at the same time reduce the usage of transmitted powBERn
as we will show in later sections. Since the transmission param :
ters hold the same during the transmission, the parallel transmi
sio_n achieves significant complexity savings at transmitter/rem}R3
ceivers. BER2

IV. THE POWER OPTIMIZATION FOR GIVEN BER’s BER!

This section aims to develop a loading algorithm that
achieves a specified BER distribution by distributing the

transmitted power and bit rate among the subchannels. W Subchannel
assume that the layers are ordered in increasing BER ordk number
and the subchannels are indexed in decreasing CGNR ord Cl o o Cn

Similar to the loading algorithm in [9], the optimization can be

divided into the following two steps. Fig. 2. BER distribution for the subchannels.

1) The Optimization Inside a LayerSince the transmission
time of the layers are fixed to be the same, for a given dagtantl’ = 8.8 dB. Equivalently, the raté? can be expressed as
throughputBz, the number of bits of layeirto be transmitted a function of SNR and’,

at each ADSL is given by
SNR
b=log, <1 + T) (4)
B — Bit; Bt 0
"7 Bitiotal The goal is to minimize the overall transmitted powrfor

a set of M parallel subchannels with a given throughput and a
whereBit; represents the total bits of laygand Bitio.a1 Fep-  specific SNR gaf™. The throughput is the total bit sum over
resents the total bits of all the layers. Define the number of sWbe syubchannels. Water-filling algorithm computes the bit rate
channels transmitting layer asC;,« = 1 ... N. Foragiven ysing (4), so that the bit rate can be any real number. To avoid
{C:}L,, the algorithm computes the channel gain and noiggis, we use the optimum discrete loading algorithm described
variance of the subchannels transmitting each layer and op§1{3]. For subchannek, if using QAM, the transmitted power

mizes the power and bit rate allocation for each layer indepegyn e expressed via the gap approximation as
dently. The independence is also due to the knowledge of BER r

performance. For layere= {1 ... N}, the loading algorithm Enm(bm) = — (2bm _ 1) (5)
for data transmission can be applied to equalize the error perfor- o gm

mance to achiev& £ R; and data throughpus;. Fig. 2 shows \yherep,, and g, are the bit rate and CGNR of subchannel
the subchannel BER performance. m, respectively. Therefore, the incremental energyb,,, ) [3],

defined as the amount of additional power required to send the
A. Bitand Power Loading for a Given Number of Subchanned$: bit, can be computed as

For each layer, if the number of subchannels occupied is de-

cided, the loading algorithm developed for data communica- em(bm) = Em(bm) = Em(bm = 1)

tions can be used to allocate the power and bit rate among the _ L 2bm 1 (6)
subchannels transmitting the same layer, which is described in Gm
this section. A bit distributiond = b, b, ..., be, whereC is the number

Each subchannel is equivalent to an AWGN channel, witl s nchannels, isfficientif no movement of a bit from one

input energyE;, channel gain to noise ratié. And the max- g ;pchannel to another can reduce the overall transmitted power,
imum data rate or capacity is e

C =log, (1+ E,G). 2) max em(bm) < ér[lllnq en(bn +1). (7)

Any reliable and implementable system has to transmit a ddfaorder to make the bit distribution efficient, the loading al-
rate below such capacity. For a given symbol error probabiligorithm starts from an arbitrar; and approaches the optimal

Pe and rateb, an SNR gap is defined as distribution successively. Each time the algorithm selects a sub-
channel with the minimura,,, (b,,, + 1), a subchannel with the
2C _q SNR maximume,,(b,,), and move one bit from tom. It repeats the
I'=s =27 (3)  procedure until the efficiency is achieved.
The loading algorithm can start from any arbitrdby, }27_,

where SNR= FE,(G. The gap measures the SNR distance froufistributions, and approach the optimal solution successively.
capacity. For uncoded QAM?e = 10~° corresponds to a con- The algorithm first makes the distributiofb,,,} efficient by
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moving the bits among the subchannels. After this, if theonsumption and thus is not feasible. Since the total subchan-
Zf‘f:l b, is too high, the algorithm finds the subchannel witimels used can be less than the subchannels avaflahle/e in-

the most power reduction per bit and reduce the bit rate bytioduce anV + 1th layer which represents the subchannels not

On the other hand, if the sum is lower th&nthe bit rate of the in use. The power consumption and power variation associated
subchannel with the least power increase per bit is increasedth this layer are always zero. We define the subchannel dis-
Therefore, the initial selection of distribution is very importantribution efficiency and total subchannel efficiency.

To maximize the overall bit rate under a given power constraint, Definition 1—Subchannel Distribution Efficiencfor a

the same algorithm can be applied. The power constragiven number of total subchannels in use, if no movement of a
corresponds to the frame power, defined as the sum of tsiagle subchannel from one layer to another, excluding layer
transmitted power over all the subchannels. The algorithm firdt+ 1, can reduce the power consumption, then the subchannel
makes the starting distribution efficient and then if the totalistribution efficiency is achieved. Mathematically,

power consumption does not satisfy the constraint, increase the

bit rate of the subchannel with the least power increase per bifdi.x > 0, 7, k € {[1, N], C; > Cj min, Cp < Ck,max}

the power sum is sufficiently below the constraint, or decrease 9)

the bit rate of the subchannel with the most power reduction if

the power sum is above the constraint. Definition 2—Total Subchannel Efficiencylhis is to decide

1) The Optimization Among the Layerhis level of opti- theloptimal r]lymber of subchannels occupied by all thg layers,
mization decides the distribution 6£;})Y,, with a constraint definedas_;_, Ci = Cr —Cy 1. Ifno movement of a single
E{\il O, < Cr, whereCy is the number of subchannels insubchannel from layeiV + 1 to layer! € [1, N] can reduce
the MCM gystem. We assume that each subchannel can offi§ Power consumption, then the total subchannel efficiency is
transmit a single layer, and therefate € [1, 2, .. ]. achieved. Mathematically,

B. The Number of Subchannels Allocation Qnt1,1 >0, ke {[l, N], Cr < Cp,max}.  (10)

As described in [9], the layers with higher importance are The loading algorithm starts from the subchannel distri-
transmitted through the subchannels with higher CGNR valugution {C} in, C2, min, - -- » C~N,min}, Which satisfies the
We assume that the subchannel indexes are arranged in susblhannel distribution efficiency. If this distribution also
way that the subchannels with larger index have lower CGNdatisfies the total subchannel efficiency, then the solution is
value. The source layers are arranged in decreasing QoS requitdvieved, otherwise the algorithm finds the layer that max-
ment order, e.g., larger index leads to higher error rate requiigtizes the power reduction by adding one subchannel to it.
ment. Therefore, if the number of subchannels assigned to eadter updating the layers, the subchannel distribution efficiency
layer is defined, the subchannels assigned to each layer arenaaty not hold and, if so, the subchannel distributia?; }2Y
ranged accordingly. is optimized. Overall, a distribution that achieves both the

The number of subchannels occupied by the layét§%®_, subchannel distribution efficiency and the total subchannel
is used as optimization parameter. In practical realization, tbfficiency is deemed as the optimal solution.
number of modulator/demodulators at transmitter and receiverThe complexity of the algorithm depends on the computation
is limited to [Rumin, Bmax]- Using QAM as an example, if of Q, . The following theorem is derived to further reduce the
[Rumin, Rmax] = [2, 6], then the allowed modulation types aresomplexity. We define the starting subchannel for a particular
QAM4, QAM8, QAM16, QAM32, QAM64. The number of layer as the subchannel with the lowest index number assigned
subchannels transmitting laygr: = 1 --- N, is bounded by  to this layer, and the ending subchannel as the subchannel with

B, the highest index number.

Ci, min = R Theorem 1: Moving subchannels between layeand layer
gf‘x k (7 > k) will only affect the transmitted power and bit rate
Ci. max = 7 .. (8) distribution of the subchannels assigned to ldyetherek <
min l S J
In [9], C; is defined byB, /R, whereR; represents the av- Proof: Increasing or decreasing one subchannel from

erage bit rate per subchannel for layand is integer valued. As layerk will not affect the layers numbered less thagsince the
such, the selection @; is limited. In this paper, we allow; to  ending subchannel of layér— 1 remains the same. Therefore,
be selected from any integer number betwg&n,in, C; max]. Moving subchannels between laygrand £ will not affect
The number of subchannels used for all the layers is limited tive transmitted power and bit rate allocation for the layers
Cr. numbered less thak. The index of the starting subchannel of
We define; i as the total power variation by increasing théayer ;j + 1 will not change since the total number occupied by
number of subchannels that layeroccupies by one and de-layer1 throughj remains the same. Therefore, this movement
creasing the number of subchannels that lgymrcupies by one. will not change the allocation for the layers numbered larger
Or, Q;, . represents the overall power consumption increase fibian ;.
moving one subchannel from laygto layerk. Here the power  From Theorem 1, we divide the computation into the fol-
variation is defined as the difference between the power cdowing two categories.
sumption with and without the subchannel movemént;. > 0 1) j > k: As can be seen from Fig. 3 and Theorem 1, the
yields the conclusion that the movement increases the powpemver and bit rate allocation for the layers with index number
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Subchannels
assigned
to Layer K-1

Subchannels
assigned
to LayerK

K<J

Subchannels

assigned
to LayerJ

Subchannels
assigned
to Layer J+1

. p;_: the power variation at layer due to the subchannel
loss and the index increase. This is equivalent to removing
the starting subchannel of laygrand making the sub-
channel next to it the new starting subchannel. Therefore,
the average subchannel CGNR degrades which leads to
higher transmitted power consumptipb_ > 0.

Overall
j—1

Qix= Y b+t +0._,
I=k+1

>k (11)

Layer K LayerJ
Subchannels Subchannels + + .
assigned 4 . assigned For layerN +1, PNiy1 = PN+14+ =Pny1— = 0. Since the goal
to Layer K-1 to Layer J+1

Subchannels
assigned
to Layer J-1

Subchannels
assigned
to LayerJ

K>J

Subchannels
assigned
to Layer K

Subchannels
assigned
to Layer K+1

Subchannels
assigned
to Layer J-1

LayerJ

Layer K

Subchannels
assigned
to Layer K+1

is to achieve negative power variation (power reduction), so that
if pr+ +p}_ > 0, then moving subchannel frognto % is not
feasible. Furthermor&}; ; can be calculated recursively, since

Qi ok — Qj k+1 = pLH — Dkl + + Phet- (12)

Therefore, we start fron€); ;,_; since it involves the least
number ofp, computation
Qj -1 =Ppj—1,4+ + P}

Qi =Qj k1 +p;1+1 — Pht1, + + Prts

k=j—2 ..., 1 (13)

2) 7 < k: The layers with index number less thaar larger
than k will not be affected. The starting subchannel index of

layerj + 1, ..., k& will decrease by one. Similarly, the power
variation has three contributions.
epr,lelj+1,5+2 ..., k— 1]: the power variation at

layer! caused by the subchannel index decrease without
changing the number of subchannels. Since the sub-
channel CGNR increases as the index number decreases,
the performance is improved and this value is always
nonpositive.

. p,ﬁ+: the power variation at layek for an additional
subchannel as the starting subchannel. It is equivalent to
adding more bandwidth to Iayérandp,{qr <0.

» p;j—: The power variation at laygrby removing one sub-
channel. It is obvious that;_ > 0.

The above yields

Fig. 3. Effect of subchannel movement. k—1

Qik= D> P +Ppy+0is
I=j+1

j<k (14

less thank or larger thanj will not be affected. The starting
subchannel index for laydrwill not change but the indexes for Similarly, @; » can be computed recursively, starting from
layerk + 1, ..., 7 will increase by one. Therefore, the powef?;, j+1
variation is associated with layets ¥ + 1, ..., 7; andQ; !
contains the following three factors. Qj,j+1 =Dj41,+ T Dj-

Qj,k-i—l = Qj,k +pi +pi+17+ _pi7+- (15)

. plT, lelk+1 k+2, ...,7— 1]: the power variation
at layerl due to the subchannel index increase. Here theFrom the above analysis, in order to decide whether to move
number of subchannels occupied by layegemains un- one subchannel from layer to layer, the following parameter set
changed. Since the subchannel CGNR decreases asftg = {piy, plT_, p;, pli, plﬂr, ol =1,...,N+1is
index increases, additional transmitted power is requireequired. If a subchannel movement from layeo layerk can
to satisfy the QoS requirement. Therefqy{e,> 0. generate the maximum power consumption reduction, then only

* pr+: the power variation at layet because of the addi- the PS;, I = [4, ..., k|if j < korl =k, ..., j]ifj > k
tional subchannel. Because of the extra bandwidth, it iequires updating.
straightforward thap,+ < 0. Next, we describe the whole algorithm.
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TABLE I 'P - ' ' ' ' '
SIMULATION RESULT FORSUBBAND CODED IMAGE, By = 512 331 D Somal
BER Average Power(dB) | Performance sl
BERI1 BER2 | BER3 | Parallel Serial PSNR(dB)
_s8if
6-1076 | 7-10-6 | 7-1075 | 21.38 21.61 33.30 g
-
10— 104 1073 18.26 19.27 32.56 & ool
7-107% | 5-107* | 1072 16.44 17.85 31.06
291
3:107% | 7-1073 102 15.60 16.20 27.90
28
C. Loading Algorithm for Power Minimization i s . . s i

12 14 16 18 20 22 24 26

1) Initialization: Eavg (dB)

» Sort the layers in decreasing importance order, sort th@g.4. PSNR versus average power performance comparison at 0.5 bpp source
subchannels in decreasing CGNR order. rate.

* ComPUte{Cz min; Oz max} _,8as in (8) ”
* SetCN-I—l mm = C(T Ez:l C% maxs andCNH’maX = -
CT - Zz 1 Cz min- 35k Serial

» Sett = 0. Set{C W, = {Ci min Y, andCnyq =
Cn+1, max- COmpute the power and bit rate distributior s
for layer 1 to V using the algorithm described in Sec: :
tion IV-A. After the allocation, the bit distribution of the ssf............./
subchannels assigned to each individual layer should sz
isfy the bit distribution efficiency criterion, meaning thaéaz——
no movement of a bit from one subchannel to anoth®
within the same layer can further reduce the transmitte s1-
power consumption

e (e (0)

30

i=1...N  (16)

< . 170
< doin {eg(by + D},

wherec;,(b;) stands for the addition power required tc 2
send thebtf bit with respect to thé, — 1" bit at sub-
channelp for layeri.

SetC = Y| Ct, (here assumé' < Cy).

Here the subchannel distribution efficiency is satisfied
since the layers are associated with the minimum number ;
of subchannels. channel indexes of layen through N, compute
Compute PS; = {piy, pl_. P} pi> Pips 1=}, 1 = {PS
1, ..., N. Here if the subchannel index changes, the bit C) Test the subchannel distribution efficiency.
efﬂmency needs to be investigated and optimized. e Forj =1toN,

SetPSy,1 = {0,0,0,0, 0,0}, t = 0. If C; = Cj min g0 to b), otherwise

2) Achieve Efficiency: Fork :'fléo N,g #J t
—1 x < Ck, max COMpute

Eavg(dB)

Fig.5.
rate.

PSNR versus average power performance comparison at 1.0 bpp source

Otherwise, se€,,, = C,,, + 1 and update the sub-

=m"

a)t=t+1.
b) Test the total subchannel efficiency (note that at this point i1 N N )
the subchannel distribution eff|C|ency still holds). Z Dty tpi_, J>k
* COMPUIEQu sk = Timpas i + Phss o = Q=177 an
* Find Z pi +piy tpim G<k
—QN11, k- I=j+l1

m = arg InaX[kC[]‘?]\‘rLQN‘H’kéo}

« If no feasiblem is find, then the total subchannel
efficiency is achieved and therefore the solution is
reached. Algorithm end.

— end iteration fork.
* We can also use (13) and (15) to compa}g x
recursively.
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(@) (b)

Fig. 6. Received image fdt,., = 17 dB andB = 512. (a) Serial transmission. (b) Parallel transmission.

* Find j, = argmaxqrc(1, N+1], @, v <0, Cx<Ci.max} CONSUMPption is below the constraint, then the throughput is

—Qj k. increased by adding one bit into each laygr = B; + 1,
o g =—-Q; ;.. which yieldsB = B + N. It can be solved by finding the best
 end iteration forj. subchannel occupied by each layer to increase its data bit by
d) Findm = arg max;—1,__ n} 4;- one. The algorithm also checks if the subchannel distribution
e) SetC,, = C,, —1andC,,, = C,,, + 1. efficiency and total subchannel efficiency are violated by the

f) Update the subchannel indexes of layér I < action and then optimizes the subchannel allocation until the
[min{m, m,}, max{m, m,}]. And recompute PS; efficiencies are satisfied. If the computed power consumption
which will involve the optimization of the bit efficiency. is too high, the algorithm reduces one bit from each layer and

The other layers remain the same. optimizes the subchannel assignment to satisfy the efficiencies.
g) Ifnofeasiblem is found, then the subchannel distribution
efficiency is regained, go to 2), otherwise go to c). V. SIMULATION RESULT

The above algorithm provides adaptive loading capability.

For each optimization, the initial subchannel distribution as well This section will present the simulations carried out on typ-

as the power and bit rate assignment are chosen to be the oné _Iayered. source data. Th? perform_a nees of pOth the par-
el transmission and the serial transmission are illustrated for

signed for the latest channel condition and input characteristics. ) The data th hout and inout are desianed
Assuming a slight change each time, the algorithm can conve dnparison. The data throughput and source input are designe
to the new solution quickly; to be identical for the two transmission schemes in order to

' hieve a fair comparison. The simulation results under different

The proposed loading algorithm can also be applied | ; q ¢ : q
solve the problem of maximizing data throughput for a give?l annel parameters and source parameters are aiso compare

power constraint. This is indeed important since it deriveas.nd studied.

the maximum data throughput by making the best use of

available channel capacity where the modem should and déesSuPband Coded Image

transmit at full power. In this case, we still choose the numberWe apply the proposed loading algorithm to subband coded
of subchannel distribution as the optimization parameter. Threage transmission over ADSL. Each subband is classified
optimization needs to compute not only the optimal transmittes a layer. The number of subchannels allowed in MCM is

power assigned to each user, but also the maximum numidgr = 256. The bit rate is limited to the rang®,,;;, = 2 and

of bits from each layer to be transmitted per frame definell,,,, = 6. The images are four level subband decomposed
earlier as{B;}Y ;. The algorithm starts from an arbitraryusing Daubechies 16 wavelet filter and then vector quantized
B = Zf\;l B, and using the same algorithm for powewnsing full search LBG algorithm. The quantized results are

minimization to compute the transmitted power consumptiofix length coded in order to achieve more robustness against
It should be pointed out thgtB; 1Y, can be computed basedchannel noise. For simplicity, we assume that subband 1 has
on B and the data rate requirements of the layers. If the powBER1 requirement which correspondsltp, subband 2 and 3
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TABLE Il S0y ' . . —

SIMULATION RESULT FORINTEGRATED SERVICE — Parallel -
== Serial

28

Data Average Power(dB) -
Throughput e 6 R 12 D S SRR SUUPRURUUUIS STRRPLI U = i

Parallel Serial | Parallel Serial % 2
448 19.88  20.10 | 18.60 19.17 §;22 :
512 22.07 2234 | 20.65 21.10 0
576 2426 2470 | 22.20 22.86 ‘

18
640 26.19  26.63 | 24.00 24.50
1024 37.16 3748 | 32.30  32.54 k= 500 580 Thosghput 700 %0
Fig.7. Transmitted power consumption versus data throughp&far = 6.
TABLE IV

BER DISTRIBUTIONS FORDIFFERENT REQUIREMENTS

30 T T T T

——  Paralle .
—-—--  Serial :

28

Requirement | Service 1 Service 2 Service 3

200K bits/s | 64K bits/s | 10K bits/s

L1 1076 107° 1073 R
o
o4
L2 1075 1073 10-6 §
L3 10-3 10-5 10-6 E 22

20
with BER2(;) and the rest with BER3). The simulation
results of the serial transmission are obtained by applying t .,
loading algorithm described in Section IV-A and varying th
frame power during each layer’s transmission. Table Il shov | . :
the averaged transmitted power per subchannel, defined "us0 500 550 T 700 750
frame powerlr, at different BER distributions using “Lena” o
coded at 0.5 bpp with data throughp% = 512. The results Fig. 8. Transmitted power consumption versus data throughpufar, =
demonstrate advantages of the parallel transmission over ke
serial transmission. The performance improvement increases

as the difference among BER1, BER2, BER3 increases. Fig§r4nsmitted for each layer in an ADSL frame can be computed
and 5 plot the performance comparison as a function of dafg 5 given data throughput and sampling rate. As we pointed
throughputBy (448, 512, 576, and 640 bits per frame), whergyt pefore, the proposed parallel transmission has the advantage
the parallel transmission achieves as much as 2.5-dB PSRt if the content over the link has to change periodically, the
improvement or 2-dB transmitted power gain. Increasthg power and bit rate assignment remains the same, while for the
also increases the power consumption. The received imagesgiiga| transmission, frequent updating at both transmitter and re-

shown in Fig. 6. ceiver is required and thus yields inefficiency.
, ) The numerical results shown in Table Il are based on the
B. Integrated Service of Video, Voice, and Data integrated service whose components are illustrated in Table |.

Wireline transmission systems will have to meet the need&e transmitted power consumptions for the serial and parallel
of transmitting a variety of difference services, such as videgystem are compared, as a function of the transmission pa-
voice, and data. These services are associated with different dataeterBr and R,,,,.. Additional modulator selection (higher
rates and different QoS requirement (in terms of BER), as dBs,,x) helps to reduce the power consumption. The parallel
scribed in Section Il. We apply the parallel transmission schertransmission achieves as much as 0.5-dB power gain compared
to the integrated services shown in Table I. Based on the assurapthe serial transmission.
tion that each service is accompanied by an efficient rate con-Table IV shows the performance at different customer re-
trol scheme to achieve constant bit rate, the number of bits todigirements. The effect dt,,,.« is illustrated in Figs. 7 and 8 as
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Bt increases from 448 to 764. For L1, the extra 6 modulator$§10] ——, “Robust H.263 video transmission over spectrally shaped chan-

leads to nearly 2-dB power gain for the parallel transmission. nels using multicarrier modulation,” itEEE Proc. Workshop Multi-
media Signal Processingos Angeles, CA, Dec. 1998.

VI. CONCLUSION

We unveiled a new transmission system for deliverin®™
integrated multimedia services over ADSL. By using a robu
parallel transmission framework, the transmitted power co
sumption is reduced for a specified QoS distribution undcg
a data throughput constraint. The services are classified i
layers with different QoS requirement (in terms of BER), whic
are transmitted simultaneously through different subchanne
Such a scheme provides unequal error protection natura
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