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Abstract —In this work we consider the uplink scenario of 
a single cell multi carrier code division multiple access (MC-
CDMA) in which the channel between a given user and the 
base station receiver is assumed known and stable for the 
duration of the transmission. We propose an algorithm that 
uses the greedy interference avoidance method as well as 
power update to adapt the transmitter waveform of users. 
Then we illustrate the algorithms with examples. 

Keywords — Interference Avoidanc, waveform adaptation, 
MC-CDMA, signature sequence, power control. 

I. INTRODUCTION

HE high data rate communication systems require 
modulation techniques that improve the band 
efficiency and system robustness against fading. One 

of the modulation methods that can be used to accomplish 
these demands is MC-CDMA [1]. In MC-CDMA, instead 
of applying spreading sequences in the time domain, we 
can apply them in the frequency domain, mapping a 
different chip of a spreading sequence to an individual 
OFDM subcarrier. Hence each OFDM sub carrier has a 
data rate identical to the original input data rate and the 
multi carrier system “absorbs” the increased rate due to 
spreading in a wider frequency band [2].  

For a multiple access channel, the main limiting factor 
is the multiple access interference (MAI). Several works 
performed to overcome the effect of MAI in a multiple 
access system. These works falls under two major areas: 
optimization of transmitted power and signal design [3]. In 
this paper we use the adaptive greedy interference 
avoidance approach and power allocation jointly, to 
mitigate the interference seen by each user at 
corresponding receiver in the base station subject to the 
constraint on SINR and received power for each user. An 
algorithm for constructing optimal spreading codes and 
powers in DS-CDMA is presented in [4,5]. Another 
adaptive algorithm based on distributed noncooperative 
game theory under the ideal channel (slow and frequency 
non selective fading channel with unit gain) is proposed in 
[6] that converges to spreading codes and powers that is 
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identical to optimal solution derived in [4,5]. Greedy 
interference avoidance algorithm is applied to uplink 
CDMA dispersive channel with fixed and equal power for 
all users [7]. In this case no constraint considered except 
unity norm of signature sequences. It is shown that, sum 
capacity of channel monotonically increases and hence, the 
codeword ensemble derived from algorithm, maximizes the 
sum capacity for given set of user powers. Very recently, a 
game theoretic algorithm based on [6] proposed to joint 
transmitter adaptation and power control [8]. 

Our goal is to generalize the algorithm presented in [6-
8]. In our new scenario, each carrier of a given user 
experiences a channel gain which is different from other 
carriers. Furthermore, we consider an additional constraint 
on the received power of each user. We will show that the 
derived spreading sequence ensemble and power set are the 
well known generalized Welch bound equality (GWBE) 
sequences. 

The paper organized as follows. We describe the 
system model and problem statement in Section II. In 
section III we present the update rules based on 
interference avoidance algorithm for joint signature 
sequence and power adaptation. Then we propose our 
algorithm in section IV. In section V we perform the 
simulation results of the algorithm. 

II. SYSTEM MODEL AND PROBLEM STATEMENT 

A. System Model 
We consider the uplink of a synchronous MC-CDMA 

system, where there are K simultaneous users that spread 
data on N orthogonal subcarriers using different spreading 
codes. The transmitted signal of the data symbol of the k th 
user, ( )ks t 1,...,k K  in j the pulse duration is 

02 ( )
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where kb  and kp  are the symbol transmitted by k th user 
and its power, respectively. i

kc  for 1,...,i N is the i th 
chip of the spreading sequence corresponding to user k
and df  is the subcarrier separation. ( )p t in equation (1) is 
a time shifted rectangular signaling pulse, given by  
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The received signal corresponding to k th user is 
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where i
kh is the frequency response of the channel to i th 

subcarrier of k th user and dt  is the time delay. Hence, the 
received signal can be expressed as: 

1
( ) ( ) ( ),

K

k
k

r t r t n t  (4) 

where ( )n t  is the additive white Gaussian noise at the 
receiver. Let us represent the vector of MC-CDMA 
spreading code as ic , the signature sequence of user k .
Hence, equation (4) can be written as 

1
,

K

k k k k
k
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where 1 2( , ,..., )N
k k k kH diag h h h  and 

1 2[ , ,..., ]N T
k k k kc c cc  are the channel matrix and signature 

sequence of user k , respectively, and n is an independent 
and identically distributed (i.i.d.) Gaussian vector with 
covariance matrix 2

NW I , which is independent of the 
transmitted symbols. We note that all user signature 
sequences take values in the N dimensional sphere with 
radius 1, i.e. 

1 1,..., .T
k k k Kc c  (6) 

Also we consider a received power constraint P  for all 
users. For the next analysis we define 

,r k k
k

k k

H
H

cc
c
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and
2 ,r

k k k kp p H c  (8) 

as normalized received sequence and received power, 
respectively. 

B. Structure of Optimum Linear Receiver 
It is well known that the MMSE receiver is the 

optimum linear receiver, optimum in the sense of 
maximizing the SINR of each user. As mentioned in [4], 
MMSE receiver and matched filter (MF) show the same 
performance at the optimal solution. Thus we can assume 
that matched filters are employed at the receiver to detect 
users, where the decision variable kd  for user k  is 

1
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K
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Thus, the SINR of user k  becomes: 

,
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where

,T
k k k k k kp H HR R c c  (11) 

is the interference of user k  plus noise correlation matrix 
and

1

K
T T

k k k k k
k

E p H HR rr c c W  (12) 

is the correlation matrix of received signal. We define the 
interference function of user k  as denominator of k th 
user SINR  

( ) ( ).r T r
k k k ki c R c  (13) 

C. Problem Statement 
As mentioned before, in our setup individual users 

adjust their signature sequences and powers to meet a set of 
specified target SINRs * * *

1 ,..., , ...,k K  with minimum 
transmitted power and signature sequences that minimize 
the interference seen by each user. But for this reason, the 
admissibility condition must be satisfied. Admissibility 
condition is presented for special case in which all of the 
users have the same target SINR [4]. After a few 
mathematical manipulations, we can generalize the 
admissibility condition as follows: 

Definition: K users (each having target SINR 
*
k 1,...,k K ) are admissible in the system with 

processing gain N and received power constraint P  if and 
only if 

*
2

1
.

K

k
k

K Pe N
K P N

 (14) 

where * * */ 1k k ke is known as effective 
bandwidth. Note that admissibility condition without power 
constraint is an especial case of (14) ( P ). 

Each user optimizes its signature sequence and power 
in two steps 

1) Signature sequence Selection such that minimize its 
interference function for constant power. i.e 

min subject to ( ) ( ) 1,
r
k

r T r
k k ki

c
c c  (15) 

2) power Adjustment to meet its target SINR. i.e. 
*r

k k kp i  (16) 

III. JOINT SIGNATURE SEQUENCE AND POWER 
ADAPTATION

In this section we solve the problem stated in the 
previous section. It is easy to show that the problem (15) is 
convex. As mentioned in [6], this ensures that solving of 
problem (15) by individual users in each iteration 
converges to optimal solution. The solution is 
straightforward [6] and implies that the best strategy for 
user k is a greedy interference avoidance procedure in 
which user k ’s received signature sequence r

kc  is 
replaced by the minimum eigenvector of matrix kR  which 
minimizes the effective interference corrupting user k ’s 
signal at the receiver k  [9]. 

We show that this choice of received signature 
sequence r

kc  is equivalent to replace the signature 
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sequence of user k  by the minimum eigenvector of 
matrix 1

k k kH HR .

Proof: As mentioned before, the solution of problem 
(15) is the minimum eigenvector of matrix kR , i.e. 

min ,r r
k k k kR c c  (17) 

where min
k  is the minimum eigenvalue of matrix kR .

Using (7) and (17) we have 

min ,k k k k
k k

k k k k

H H
H H

c c
R

c c
 (18) 

and hence 
1 min .k k k k k kH HR c c  (19) 

It is worth mentioning that, the equality 
eig AB = eig(BA)  implies that min

k is the minimum 
eigenvalue of 1

k k kH HR , as well.                                     

Thus, in each signature sequence update we have: 

1 ,k kt tc x  (20) 

where k tx  is the minimum eigenvector of 1
k k kH t HR .

Furthermore, using (8) and (16), power update for each 
user can be performed as follows 

*
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However, applying (20) and (21) may lead to a new 
user signature sequences that are distant from the current 
user signature sequence in signal space, and/or abrupt 
power variation. This behavior is not desirable since it may 
lead to increase error probability at the receiver. Also, 
when connection loss between the transmitter and the base 
station occurs, base station is not able to adapt to these 
sudden changes. Thus, as in [6], the users change their 
signature sequence and powers in small increments, with 
corresponding incremental changes of the receiver filter 
that follow the transmitter changes. 

We define the signature sequence update rule as 

1 ,k k
k

k k

t m t
t

t m t
c x

c
c x

 (22) 

where sgn( )T
k km t tc x  and  limits the Euclidean 

distance between two successive signature updates in 
signal space. 

Also we define the power update rule as 
*

2

( )
( 1) (1 )

( )
k k

k k
k k

i t
p t p t

H tc
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where 0 1 .

IV. DYNAMIC WAVEFORM ADAPTATION        
ALGORITHM

In this section we present our waveform adaptation 
algorithm by considering non ideal channel between user 
and base station, and received power constraint on each 
user. A formal statement of the algorithm is given below: 

1) Initial setup: Start with randomly selected signature 
sequences, powers, and channel gain matrices.

2) Admissibility Check: IF the target SINRs and 
received power constraint satisfy (14) GO TO step 3 
ELSE STOP: users can not be admissible.

3) Convergence Check: IF the difference between two 
successive convergence factor such as SINR are greater 
than  GO TO step 4, ELSE STOP: an optimal 
configuration has been reached. 

4) Adaptation Stage: FOR each user 1,...,k K  DO 
a) Evaluate current correlation matrix using 

equation (11) and then 1
k k kH t HR ,

b) Determine the minimum eigenvector k tx ,

c) Replace the current signature sequence using 
update equation (22), 

d) Replace the current power using update 
equation (23). 

5) GO TO step 3. 
It has been shown that this algorithm converges to 

optimal fixed point stated in [4]. 

V. SIMULATION RESULTS

In this section, we provide numerical examples to 
evaluate our algorithm. It has been shown that optimal 
received spreading codes are orthogonal to each other for 
K N  [4]. Thus, without loss of generality we assume 
that K N . In our simulations, we consider the signal 
space dimension 4N  and white noise with 2 0.1 .
The simulation constants are  and 
tolerance 5 .

In our first experiment, we consider 5K  users with 
target SINRs * {1.5, 2, 2.5,3.5, 4}  and received power 
constraint 0.8P . Note that, the sum of effective 
bandwidths is equal to 3.5587<3.6364 and (14) is 
satisfied. We begin our simulation with randomly 
generated spreading codes and powers and following 
channel matrices. 

1

2

3

4

5

0.9473,0.4624,0.8473,0.8418

0.7371,0.5105,0.7583,0.5800

0.4805,0.5276,0.9370,0.4429

0.5455,0.4323,0.6650,0.4080

0.9383,0.5180,0.4560,0.5844 .

H diag

H diag

H diag

H diag

H diag
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(a) 

(b) 

Fig. 1. Channel variation tracking. (a) SINR variation. (b) 
Received power variation  

We define the N K  signature sequence matrix C  in 
which the columns are the transmitted signature sequences 
by users. Our algorithm yields the matrix C  and 
transmitted power vector as follows 

0.5504 -0.6162 -0.2194 -0.4031 -0.0932
-0.6267 0.6460 -0.4806 -0.8160 -0.0620
-0.3994 -0.1616 0.0332 0.0785 -0.9803
-0.3805 -0.4204 -0.8484 0.4069 0.1628

[ 0.9833 1.7232 2.7538 3.5733 3.6968]

C

P

We compute received signature sequence and powers from 
(7) and (8), respectively and construct the N K
signature sequence matrix 1 ,...,r r r

KC c c  and received 

power vector 1 ,...,r r r
Kp pP .

The weighted received signature sequence correlation 
matrix is: 

4( ) ( )( ) 0.8063r r r TdiagC P C I

and is within (10-4) tolerance from the corresponding 
matrix implied by [4]. This corresponds to a GWBE set. 

We repeat the experiment once more time with 
received power constraint 2P  and following target 
SINRs  

* 1, 1.5, 2, 2.5, 10 .

Note that, according to [4], the user 5 is oversized and the 
weighted received signature sequence correlation matrix is 
not scaled identity and hence, the signature sequence set is 
not a GWBE set. We also survey the cross-correlation 
matrix of user signature sequences 

1.0000 -0.4974 0.3966 -0.3212 0
-0.4974 1.0000 0.3016 -0.2443 0

( ) ( ) .0.3966 0.3016 1.0000 0.1948 0
-0.3212 -0.2443 0.1948 1.0000 0
0 0 0 0 1

r T rC C

This shows that oversized user 5 is orthogonal to the other 
non-oversized users. 

We complete our work by illustrating the tracking 
ability of the algorithm, for fixed number of active users 
and slowly changing channel. We assume that a steady 
state configuration is reached. Then we change the channel 
gains randomly within (0 ~ 10)%  of their initial values. 
Fig. 1 shows that user SINRs, transmitted power and 
received powers vary smoothly during this channel 
variation. Note that convergence speed after channel 
variation is considerably less than convergence speed with 
randomly chosen channel. 

REFERENCES
[1] L. L Yang and L. Hanzo, “Multicarrier DS-CDMA: A Multiple 

Access Scheme for Ubiquitous Broadband Wireless 
Communication,” IEEE Commun. Mag., vol. 41, pp. 116-124, Oct. 
2003. 

[2] L. Hanzo, M. Münster, B. J. Choi, T. Keller, OFDM and MC-
CDMA for broadband multi-user communication, WLANs and 
Broadcasting, IEEE PRESS, 2003. 

[3] D. C. Popescu, C. Rose, “Codeword Optimization for Uplink 
CDMA Dispersive Channel,” IEEE Trans. Wireless Commun. Vol. 
4, NO. 4, pp. 1563-1574, Jul. 2005. 

[4] P. Viswanath, V. Anantharam, and D. Tse. “Optimal Sequences, 
Power Control and User Capacity of Synchronous CDMA Systems 
with Linear MMSE Multiuser Receivers,” IEEE Trans. on 
Information Theory, vol. 45, NO. 6, pp. 1968-1983, Sept. 1999. 

[5] P. Viswanath and V. Anantharam, “Optimal sequences for CDMA 
under colored noise: A Schur-Saddle function property,” IEEE 
Trans. on Information Theory, vol. 48, no. 6, pp. 1295–1318, Jun. 
2002. 

[6] C. L c tu  and C. Popescu, “Adaptive Interference Avoidance for 
Dynamic Wireless Systems: A Game Theoretic Approach,” IEEE 
Journal of Selec. Topics in Sig. Processing, vol. 1, NO. 1, Jun 2007. 

[7] D. C. Popescu and C. Rose, “Codeword optimization for uplink 
CDMA dispersive channels,” IEEE Trans. Wireless Commun., vol. 
4, NO. 4, pp. 1563–1574, Jul. 2005. 

[8] D. C. Popescu, D. B. Rawat, O. Popescu and M. Saquib, “Game-
Theoretic Approach to Joint Transmitter Adaptation and Power 
Control in Wireless Systems,” IEEE Trans. on Systems, MAN, and 
Cybernetics, part B: Cybernetics, vol. 40, NO. 3, Jun 2010. 

[9] D. C. Popescu and C. Rose, Interference Avoidance Methods for 
Wireless Systems, New York, 2004. 

403



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


