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Abstract— We investigate the power consumed by two mobile can be relatively low. Hence unlike voice transmission wgher
terminals transmitting compressed source signals to a base station e target a CoOmmon;,4.¢, We set the distortion at the video
in a CDMA cellular system. The aim is to minimize total power receiverD,,; ; = Dy to meet our quality requirement. We will

consumption at the terminals by simultaneously adjusting the . . . - o
complexity of source compression and the transmitter power. We show in this paper that this will in general result in diffete

£nd that in general the complexity of source compression should Optimal~; for users with different path gains.
increase with increasing distance between a terminal and the  Some preliminary power control strategies for video com-

base station. However, the exact confguration of compression munications have been proposed in [3], [4], [5]. In [3], powe
and transmitter power depends on the interaction of the two consumption by an image/video terminal is minimized for a

terminals. The optimum operating points of the two terminals are . . . . .
contained in a pair of nonlinear equations. We use the example single user. In [4], an iterative algorithm is used to redut t

of a transform coder processing signals from a Gauss-Markov Optimal operating points for multiple terminals using H36]
source to explore the advantages of an adaptive system over asource coding algorithm. Our previous work [5] on minimgin

system with £xed compression. The analysis can be applied to athe sum of signal processing power dissipation and trarsmis
variety of source coders and be extended to a system with more ;5 power considers a single user and recognizes that the
than two users per cell. . S . . .
optimum combination depends on transmitter location. This
work formulates the problem as the minimization of power
consumption with distortion constraint. Distortion maslahd
Power control in a CDMA network is essential to increaspower consumption models are employed to study how power
capacity and conserve energy. Previous work on power donttan be optimally distributed among the source coder and
propose algorithms for voice and data services [1], [2]e¥atthe transmitter for £xed total distortion. We show that the
[1] brings together a large body of theoretical research @ptimization is affected by channel conditions and signifca
the subject of transmitter power control for telephone aign power saving could be achieved by our optimized strategy.
Each transmitter/receiver independently adjusts its pd@e In a practical cellular network with multiple users, the
aim for a target signal-to-interference-noise ratio (SJNFFor operating parameters so determined may not be appropriate,
data transmission, in [2] the base station broadcasts to @dnsidering the interference caused by the transmissiaepo
terminals the value Ofj.r4.: that optimizes network perfor- from different users. Essentially, such interference Hees t
mance. effect of lowering the SINR of the received signal of each
As video services are integrated into the network, thmobile. Hence in a multiuser environment the SINR can not
theory of optimum power control should be expanded toe determined by merely adjusting parameters at that mobile
include signal processing power at the mobiles. There ae other users cause interference by transmission. All the
two major differences between wireless video communigatiousers must cooperate in some way to reach an acceptable
and voice transmission in the sense of power control; (dljstortion at each mobile. Furthermore, prior researchsdoe
signal processing becomes a signi£cant portion of the ovelt present either a fast search algorithm or a closed-form
all power consumption?; (2) The distortion at the video solution. Numerical full search is used to select the optimu
receivers does not only result from transmission errors botit of all possible choices of parameters. Since the coritplex
also from lossy source compression. If we allow each vided full search depends on the search space, it is acceptable f
user to vary its video encoder parameters so as to allocate ¢ime single user case, but it will be formidable if there are
distortion and power consumption between the source codimgiltiple users in one cell.
and transmission, the target differs in users, as the coding In this paper, we address the problem of minimizing the
parameters affect the error resilience of the compressied dierall uplink power consumption of all users in one cell ihi
stream. Assuming a £xed channel coding scheme, when thearanteeing a certain quality at each mobile. We propose
coder operates in a more effcient but less resilient modeait algorithm applicable to multiple users, and to a variety
can only withstand a low channel error rate before the end-tf source encoders and channel models. Analytical solsition
end video distortionD;,; becomes unacceptable. This mearare presented to accurately and quickly determine the aptim
that v, must be relatively high. On the other hand, when theperating points. The paper is organized as follows. IniGect
coder operates at a less effcient but more resilient mede,ll we £rst introduce the optimization problem. The procedure
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TABLE |

D, ; is the source-coded introduced distortion per source
PARAMETERS FOR A MULTIUSERCDMA SYSTEM ’

sample at usef in terms of mean square error (MSE). Each

distortion function D.r(), Dos() source coder confguration has its own distortion-rate (DR)
Suis signal variance ol function. We assume the effects of adjustifigand choosing
receiver distortion Do a coding rateR, ; are multiplicative. Hence
source sampling rate fs,: (samples/s) ’
arameters for source U;,V; . A — . .
Ss,enc Eower consumption [ I Ds,z(Rs,za ﬁz) - DS,R(RS,Z)DS,ﬂ(ﬂZ)- (1)
Eﬁi‘;)kfgéat'on ]\Pf ((lz'ﬁsig;?sc)ket) For instance, with transform coding for the £rst order Gauss-
Sc,para | NOISE power oZ (watts) Markov source, if3; represents the transform dimension, then
path gain hi the distortion-rate function is [7],
Sscale scaling factor Cs P
source bit rate R ; (bits/sample) ) CBY — 2 (1 2 % —2R, ;
c source coder complexity 3; D i(Rs, 3:) = €05 (1 = p;) 2 ) (2)
transmission power P; ; (watts)

where ¢; depends on the quantizer used for the transform
coeffcients,p; is the correlation coeffcient of the Markov
for solving the optimization problem where there are twgource. This separable model is also applicable to videersod
users in one cell is described in detail. Examples are giveBing motion-compensated temporal prediction at the agg r

to illustrate the power control solutions in Section lll.cBen range.

IV describes work in progress including an extension of the Now consider the source power consumption. We assume
theory to more than two terminals per cell. that the power consumption is proportional to the computa-
tional complexity and can be modelled as

We consider a system withV (N > 2) users in the cell, Poi = cs(UiBi +Vi) - (watts), 3)
whose source coding parameters and transmission powerah@re c, is a device and implementation speci£c constant,
adjustable. We assume that the base station gathers chapReletermines how the power consumption is affected by the
information and determines the optimal operating points feoder complexity. Paramet&f is a constant. This model holds
each user. An algorithm which can be applied to a variefgr both a transform coder and a H.263 video coder where an
of source coders and channel models is derived. We StMNTRA-update scheme is employed [5]. The coding power
this problem by examining a two-user environment. Anagjtic consumption isP; ; = ¢ fs ;3 for the transform coder and
solutions are given, which not only expedite the optim@ati P, ; = c,[as + bs(1 — 3;)] for the H.263 video coder, where
process but also provide valuable insights regarding the-in ¢, andb, are video sequence specifc constants.

ence of different operating parameters on the overall power o
consumption. B. Transmission

Il. WIRELESS TRANSMISSION SYSTEM

We £rst discuss the distortion and power consumption We assume that the coded video bit stream is packetized
caused by source compression. Distortion and power consurapd transmitted through a channel of noise pow&iwatts).
tion due to transmission are modelled in the next subsectidrhe chip rateR. (chips/s) for all users is £xed. Errors can
Parameters used in this paper are summarized in Table I. occur because of channel noise. For a single cell system, the

expression for the SINR; of useri is given by

A. Source model R, hiP

For the source coder of thé" user in one cell, the = N 7 b 2 (4)

. . . Rs,rfs,z Z];ﬁz hJPt,j + o

performance is controlled by the bit raf, ; (bits/sample),
the sampling ratef, ; (samples/s), and adaptable parameteyderer ; is the transmission powel, is the path gain for the
controlling the source coder complexity, denoteddywhich " user. The traditional power control strategies [1], [2br
in turn may also control the trade-off between power consum@ constanty;.q.; for all users with different:; to guarantee
tion, coding effciency and error resilience. The complexitie quality at the receiver for voice/data service. Howgever
parameters; can be either a scalar or a vector, depending & our transmission system; will be also variable to adapt
the source coding algorithm being used. For example, fort@ different users. In our work a £xed packetization scheme
H.263 video coder [6], the complexity parametgrcould be and a £xed channel code are assumed, so the packet loss rate
the INTRA update rate. If more macroblocks are encoded fn,: is only determined byy; through a functiorp; ;(;). For
the INTRA-mode, less motion estimation is conducted, hene¥ample, suppose eacld compressed bits are grouped into
less computation is required. Increasing the INTRA upda@$e packet, DPSK is used for modulation [8] and there is
rate will also increase the source coder error resiliendbet N0 channel coding. If we assume any bit error in a packet
expense of the coding effciency. For transform codihgyill leads to a packet loss, then the packet loss raje j¢y;) =
be the transform vector dimension. By using a large transforl — (1 — %e*%‘)M [5].
dimension, the coding effciency is high, but computation If the packet is correctly received, the distortion at the
complexity is also high, and the error resilience is low. receiver is D, ;(Rs,;, ;) introduced by lossy compression




at the source encoder. On the other hand, we assume EheTheoretical Derivation
gy;tem contains a.CRC error—detectm_g gode. Whgn a packe\g\/e £rst investigate the scenario where there are only two
is incorrectly received, CRC check indicates this and all

samples in the packet are replaced by the mean value Users in one cell. To derive the solution for the optimizatio

the source, leading to the distortion of ;. Hence the total problem, ‘the Lagrangian Multiplier method is applied. We
Y h i . therefore minimize the functiow’ with respect toR ;, (;,

distortion Dy, ; of thei*" user due to source compression ang, - and \. for i=1. 2. where

transmission errors can be expressed as b ! "

2
Dioti = [1 = psi(¥)|Ds,i(Rais Bi) + pai(vi)ols (B)  j— Z {es(UiBi + Vi) + Pri + Ni[(1 = ps.i(7:)) Ds,i(Rs i Bi) + ps.i (i

i=1

C. Problem Formulation (8)

We now turn to formulate the power optimization problenBYy setting the derivatives of with respect toR, ;, §;, and
for the overall system. Our goal is to minimize the total,: t0 zero, we get six equations. We would like to use SINR
power consumption at the transmittelPs,, while guarantee- Variablesyi, v, to re-parameterize these equations. Rewriting
ing the end-to-end distortion of each user at a given leviéle resulting equations, invoking the distortion constissand
Diors = Do. We note that the optimization problem can b&sing the de£nition ofy; from Eqg. (4), we get
seen as an application of the Dynamic Algorithm Transform,,

(DAT) framework of [9], which is proposed as a systematicM o=  Ops,i 7i(Do — U?,z‘) i=1.9
framework for designing a recon£gurable system. DAT sets LlBs,R(Rs,i) ’ i [1=ps,i(vi)l[Do — Ps,v:(%‘)aii] 7 7
the optimization problem based on: (1) input state spade, (2 Do — ps.i(vi)o2,; )
con£Eguration space, (3) energy models and (4) DSP algorithm Dsp(Bi) = (1= pei(7)]Ds R(}gs Pk i=12
performance models. The state spagecollects all input ’ ’ ’
parameters, which are £xed for the given channel environ- Py = — , 1=1,2

’ hi biba — 7172

ment, the given source, and the type of source encoder. The
state vectors for our video transmission system includes (1)y2 ~; (v, + by) o2 o2 2
parameters for the total distortion;;=[Ds,r(.) Dss(.) 02, hibibs — e 2| (h_l +ar— a2) + (h_l +a1 - a2) -
fs.i Dol, (2) parameters for the power consumption models L
of the source encodes; .,.=[U; V;], (3) parameters of the o2 ya(m + b1) 1 2 9 2
channel modes, ,.-=[M R. o* h;], (4) the scaling factors b —ie 2|7 (— —a1+ az) + (— —a1+ az) -
Sseate=[cs]. The confguration vectat consists of source bit 2 “172 ~ 7172
rate R, ;, source coding complexityg; and transmission power ,
P, ;. This is summarized in Table I. wherea; = —ggg; gf‘“ggi;chiRm, b; = Rs":‘}s -. From
Assuming the scaling factors for all users are the samgg. (9) and Eq. (10), we are able to £nd the ‘relationship

the total power consumed by the transmitting mobile devigRtween the optimaR, ; and~;, and the relationship between
consists of power dissipated by the source encoders aAd optimal3; and ;. Hence Eq. (12) and Eq. (13) can be
transmitters of all users: rewritten as a pair of nonlinear equations only as a funaion

N N (71, 72)- This pair of equations can be solved by certain search
Puoi(c) =Y (Pui+Pri) =Y les(UiBi + Vi) + P.i] . (6) algorithms implemented img, ~2) space. Now we can plug so

i=1 i=1 determined optimal, v3) back to Eqg. (9), Eqg. (10) and Eq.
In our work, we will keep the end-to-end distortion for eacﬁll) and get the optimal conguration \{ec(dif;i, 0 Pl
mobile at a specifc leveD, while minimizing the total power * ~ 1,2}. Note now the search for optimal solution can be

. : . lemented in4 ) space instead of in the conf£guration
consumption by all users in the cell. Therefore, using DAF'P et A, 72
P y g pace with six variablesH; 1, 81, Pi1, Rs2, B2, Pi2). We

terminology, our optimization problem is now to £nd out the | illustrate thi timal solution f | d
optimal operating point in the conEguration space will tllustrate this optimal solution for an examplé System

the next section. We argue when there Araisers, the search
Copt = argmin {Pyo¢(c) : Dyor,i(c) = Dy, i=1,---,N}. (7ppace will be 41, - - -, vn) instead of R, 1, B1, 71, - Rs N,

BN, vn), Which can expedite the search signiEcantly.
In a practical system, we envision implementing the progose The derivation applies to the case where there is only one
adaptation framework in the following way. After each shoffiser in the cell or where the interference is not considered.
time interval (Wthh depends on how fast the channel COﬂssuming this Sing|e user in the cell has path gblm the
ditions and scene change), a “power manager” updates Htion can easily derived by settiig = 0. Note thatR, ,
source parametees;;s, Ss.cn. and channel parametess ..« and g3, are related toy; through
in the state spac8, and then determines the optimal operating

pointc,,: in terms ofR, ;, B3;, P;;. Alternatively, we can pre- [ Dir(fe1) p _  _9pea 71 (Do—02 ,)

. ’ ’ . : Dy r(Rs1) sl 3vi [1—ps1(v)[Do—ps1(71)o2 ]’
compute the optimat,,: for a set of possible state variables; Do—pat(n)o =1 (14)
and store them in a look-up table. Dy (1) = [ 00D AT

o 1172 + (b1 +ba — by)
1




For hy = 0, EQ. (12) becomes

0_2’71Rs,1fs,1 _ 7D;.,R(R871) D, 3(61)

TABLE I

PARAMETERS FOR A SIMULATED SYSTEM WITH TWO USERS

CsUle,l- (15)

signal variance

o2 =1

/ S,%
ha Re D51R<R871) DS-ﬂ(ﬁl) receiver distortion Do =0.1
Using Eq. (14), Eq. (15) can be written as an equation which pﬁ_c"etts'ze 1}‘%4 :?Of b't1508 —
. . . chip rate c=1.4 X chips/s
h;as only one unknown, Wlth the solijtlor[**. Afier getting hoise power 2= 10-T5 watis
73, the optimal con£guration vectdiR} ;, 37, P;’;} can be source sampling raté fs;, = 380160 samples/s
derived from Eq. (14) and’,; = & 2flarfen scaling factor cs =54 %1077

hl Rc
Ill. PERFORMANCESTUDIES OF AN EXAMPLE SYSTEM

In common video coders, a frame is predicted from a
previous frame and the prediction error is compressed using
transform coding. The prediction error can be crudely mod-
elled as a Gauss-Markov process. Similarly, Gauss-Markov
process is also a reasonably good model for speech and audio
signals, and modern audio coders are all based on transform
coding (in the form of subband coding). Study of such a
system can lead to insights that are useful for designing

10°

—— first user

— second user

-+~ first user (no interference)
--- second user (no interferenge,

@10

............................

wireless multimedia systems. Therefore, in this sectioa, w 1078 10 1 1072
apply the general analytical solution derived in Sectioto ldn . ‘ (@)
example system, where a Gauss-Markov source is transmitted = frstuser
through an AWGN channel after transform coding. No channel + firstuser (no interference) |
2 second user (no interferende) o

coding is considered. The source bit raté?is;, and transform
block size is5;. EachM compressed bits are grouped into one
packet. DPSK is used for modulation.

For this case, the source distortion is

[
@a

Bit rate (bits/sample)

B;—1

Dy(Rs,3:) = 61103,1(1 —p3) A2 e = (1 — P?)i‘%&f?ﬁ@)
wheree,; = €;02,(1 — p?). We haveD; g(R; ;)=272Fs,

’ 1
Ds 5(Bi)=€s:(1 — p?)”Pi. Source power consumption is
Psi = csfsifi, 1., U = fsi, Vi = 0. The bit error rate
in terms ofy; iS pe; = %e‘”i [8]. We assume any bit error
in a packet will lead to a packet loss, so that the packet loss

10 h 10°

rate isp,,;(v;) =1— (1 — 3e77)" [5]. > 10
For this particular set-up, Eq. (9) and Eq. (10) become
M e be )M (Dy—0? ) 1| = seconsuser
R T T2 (-1 (Do (- Lo VoZ J” a7 ool NS
ﬁ’ In(1—p?) 1%—18 0° 0% 1022
@ Ine.(1—%e= )M —In{Do—[1—(1—Le=71)M]o? }—2In2R, ;" ()

Fig. 1. The optimal operating transform block sizes, sourteates and

We next use Eq. (17) to express , ,
receivedy; when there are two users in one cell.

a — 21n2¢,U; Ry, 52
{ R s (18) base station. We adopt the familiar exponential propagatio
bi = Reifs,i’ model for the path gainh;=c d—%, whered is the distance

Using Eq. (17) and (18);; andb; can be written as functions between the terminal and the base station. The scalingrfacto
of o] andry2 0n|y_ P|ugg|ng these values back in Eq (12) anés can affect the Optimization results SigniECantly. It is kmow

Eq. (13), we have two equations with two unknowns, witfhat in today’s wireless devices, the power consumed by-base
the solutiony; and~;. Then the optimal confguration spacdand signal processing and by transmission are roughly the

vector{R* ,;, 3, P;,} is ready to be solved from;, 74, Eq. Same [10]. Therefore, we choosg so thatP; ; and P, ; are

(17) and Eq. (11). on the same order of magnitude. The choice of parameters are
summarized in Table II.

A. Parameters

We £x ho = 0.5 x 107'° and carry out the optimization
Note that the optimal depends on channel path gdin  for various values of.;. The optimal block sizes, source code
which in turn depends on the distance from the mobile to thates and receiver SINRs are shown as solid lines in Fig, 1(a)
base station. Consequently, the optimal operating passet(b) and (c), respectively. These values are summarizedile Ta
R}, Bf, and P}, all depend on the distance from mobile tdil. Both users try to keep the same end-to-end distortion,

S,17



TABLE Il
OPTIMAL OPERATING POINTS(R, i, B;, Pt,;) AS A FUNCTION OF PATH
GAIN FOR TRANSFORM CODING ANDAWGN CHANNEL.

the base station, it imposes slightly increasing interfeee
(h1 P 1) on the second user. However, to minimize the overall
- - — e — = pawer orFumwtion in the cell, the second user tends to keep
10-1%) | (10-15) . ’ > its, Lerieleticel to the £rst user low, and to adjust its source

(bits/sample) (watts) | (bits/sample) A !
0.08 0.5 0.61 13| 14.04 0.70 7 [parameters 3o meet the quality requirement. Overall, tieesus
2.72 05 0.85 4 0.56 0.73 6 |sek/tmprovéd ¢channel condition and follow the same trend in
32.9 05 0.96 3 0.05 0.73 6

adj3éting #i¥ir operating parameters.
10 — opimized In the same £gures, the operating parameters without con-
E:§5RR°09§6VV1§’039 sidering interference are shown as dashed lines for com-
' parison. Even though both sets of operating points follow
same trends, we observe that the one without considering
interference operates at lower source coding complexityet
SINR and higher bit rate.

The total power consumption is summarized in Fig. 2. We
observe wherh; gets large, indicating a better channel con-
W o o o dition, the total power consumption gets smaller. We compar

i i . ) our algorithm with other schemes in Fig. 2 and Fig. 3. We
Fig. 2. The comparison of total power consumption between dapiive . . .
algorithm and the algorithm in which a common receiveg, 4.+ is targeted. consider two alternatives: (1) a COMMQhyger 1S targeted
and source parameters are £xed; and (2) the source coding
parameters and receiver SINR are kept £xed, thougland
by either adjusting source parameter (, ;) to vary error 7. are different. In Fig. 2, we keeg;, R,;, (3} to be
resilience of the compressed signal, or adjusting tranemitthe same constant values meeting the distortion constraint
power to change the channel error rate, depending on whimong all users, simulating a classical power control exfsat
option reduces the distortion more with the same amount where receivedy; is kept constant to guarantee a desired
power consumption. It is obvious that whén = ho, both quality. We observe this scheme with common parameters
users have the same operating block size, source rate;ands only good for a small range space.For instange;,=3,
However, two mobiles will have different operating points f R, ;=0.96, 7;=10.3} is good for large path gairh;, and
other channel conditions. When the £rst mobile moves towafd;=25, R, ;=0.56, 7;=10.9} is good for smallh;. It may
the base station, that i5 gets large, reliable transmission carpe interesting to see how we can choose a common parameter
be guaranteed by less transmission power. Hence the sigsefl based ork; and h.. In Fig. 3 we consider two different
processing power for mobile one becomes relatively costly, parameter sets which are good for different channel canditi
we would like to operate at less compression complexity, i.éor examplec={(R; 1, 81, P1), (Rs,2, B2, P:,2)}={(0.56, 25,
smaller transform vector size and higher source bit rate. @A.9), (0.63, 11, 10.8) is good for whem; is small, where
the other hand, when the £rst mobile moves in the reverte £rst terminal is far away from the base station. Though
direction, i.e.,h; < hq, the transmission power is dominantjt adapts to the smalk; very well, it consumes signi£cantly
we would like to send fewer bits. Hence the £rst source codaore power than the minimal power consumptionkasgets
must compress more and less bits are generated by the solgrge. We observe at the largést, the non-adaptive algorithm
However, the bit stream is less resilient to transmissioargr consumes twice as much as the adaptive algorithm. On the
and to keep the distortion constant at the receiver, a higrher hand, at the smalledt;, 77% power saving can be
SINR 7, is in demand. We observe from Fig. 1(c) that thachieved by the adaptive one over the other setting where
optimal receivery; are not the same for users with different={(Rs,1, 81, P: 1), (Rs,2, B2, P:2)}={(0.96, 3, 10.3), (0.73,
path gains, as expected. 6, 10.6)}. We conclude that by jointly optimizing the source
As for the second user, when the £rst mobile moves towagdding parameters and transmission parameters, we have a
larger space for our optimization than classic transmissio
power control, so that a large portion of power saving can
- Optimized be achieved by our optimization algorithm over the alganith

--- 1stuser:(0.56,25,10.9),2nd user: (0.63,11,1().8; . .
— 1stuser0.96,3,10.3)2nd user: (0.73,6,10.4 where the con£guration space vector is £xed.

10°

10°

IV. CONCLUSION AND FUTURE WORK

a1 In this work, we propose an algorithm to minimize the sum

of source compression and radio transmission powers for a

multiuser CDMA cellular network. Distortion at the recaive

l is used as the quality measure. To guarantee all users achiev
o 10° h 10 107 the desired quality, the optimal operating source codirg bi

Fig. 3. The total power consumption for (1) our optimal algerit (2) rates, source coding complexity, and transmission power ar

non-adaptive algorithm. selected based on their path gains. We consider the irgeder

10!
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between two users and analytically derive the operatingtpoi
for both users simultaneously. We compare our algorithrh wit
(1) both users target at a common receiygiand (2) two users
have different target;, and source coding parameters are kept
constant over all possible channel environment. We observe
that with our adaptive algorithm, one can achieve signi£cant
power savings.

We observe from the derivation of optimal operating points
for two users that our algorithm can be extended No
N > 2, users. Similar to Eq. (12) and Eg. (13), there will be
an array of N equations to determine the optimal operating
points for N users in one cell. It is also of interest to see in
which region of input space is there a solution f§rusers
simultaneously. Another possible research topic is tordete
the maximum number of users in one cell under a certain
quality requirement, such as total distortion.

To carry different kinds of information formats, such as
voice and video in one cell, the theory of power control must
be expanded to cover different formats simultaneously. The
problem can be formulated as determining the operatinggoin
for all kinds of information formats, each with its own bitea
and QoS requirement.
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