
EEL6503:SpreadSpectrumandCDMA

ProblemSet1 (Fall 2001)

(due Class 4)

1. Suppose
���������	��

������

is anorthonormalbasisfor thesignalspacespannedby a set � of square-

integrablesignalwaveforms. We representa waveform � ���	� in � by a � -dimensionalvector��� � � ��� ��� ��������� � � �"! whose # -th coordinate� � , for # � $ ��%&�����'��� � � is given by the inner

productof � �(�	� and
�)�*�(�	�

, i.e., � � � � � ���)�+�-,�/.102 0 � ���	�3�)�4�(�	�657���
(a) Show thatwecanuniquelydeterminethesignal � ���	� from thevector � or viceversa.

(b) For any �'8 �(�	��� ��9 ���	�;: � , prove thefollowing two identities:� ��8 � ��9 � ,� . 02 0 �'8 �(�	� ��9 �(�	�	57� �<� !8 � 9 �5 � � ��8 � ��9 � ,� . 02 0 � �'8 �(�	�>= ��9 ���	� � � 57� �@?A� 8 = � 9 ? � �
where � 8 and � 9 arethevectorrepresentativesof �'8 �(�	� and ��9 �(�	� , respectively.

(c) For any square-integrablesignal B �(�	� (maynot
: � ) and � �(�	�C: � , show that. 02 0 B �(�	� � �(�	�	57� �ED ! � �

whereDF�G� B ��� B'� ��������� B �H�I! and B � �<J 02 0 B �(�	�	�)�4�(�	�	57� for # �K$ ��%&�������A� � .

2. Definition: Let L bea randomsampleof a finite-dimensionalrandomvectorwith a probability

densityfunction(pdf) M �(NCOQP7� indexedby a parameter
P1:SR

, and T �VU � L � bea statisticof L
whosepdf is givenby W �(XYO P7� . Then T is asufficientstatisticfor

P
if andonly ifM �(N;O P7� �/Z ��N[� W � U �(N[��OQP7���
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where Z ��N[� doesnotdependon
P

for everyfixedvalueof
N

.

Basedonthisdefinition,show that D � (definedin Section1.1)is sufficientfor determiningwhich

signal is being sentin the sensethat D � is a sufficient statisticfor \ , given the observationD
]^�_� B �A� B�� ��������� B ] �"! for each̀bac� .

3. Suppose� �(�	� �ed for
�Ff: �gd �	h � in Figure1.3.Show thatthecorrelatorandthematchedfilter are

equivalentin thesensethatthey give thesameoutputwhenthereceivedsignal B �(�	� is theinput

to them.

4. Considera 9-QAM communicationsystem. The 9 equallyprobablesignalsaregiven by, fori �ed � $ �����'����j ,
�'k �(�	� � lmn mo p %�qr� i �s= $ �*t'u7v���wyxz�	�|{ p %�q}� i � = $ �*v	~��|��wyxz�	�A� d�� �;�^hY�d � otherwise,

where
wsx�h � % #�� for someinteger # andi � � � i��+��� � thequotientof i dividedby 3

�i � � i = � � i��+��� � theremainderof i dividedby 3
�

Notethat ��� � representsthelargestintegerthat is not largerthan � . Assumethatthechannelis

corruptedby AWGN with two-sidedspectraldensity �-� � % , andthatML receiver is used.

(a) Find anorthonormalbasisfor the9 signalsdescribedabove. Draw thesignalconstellation

basedon yourorthonormalrepresentation.

(b) Find the union boundon the conditionalprobability of symbolerror given ��� �(�	� is sent.

You canassumethat only the signalsthat areclosestto ��� ���	� contribute significantly in

theunionbound;thatis, youcanneglectthosesignalsthatarenot thenearestneighborsof��� ���	� in yourunionboundexpression.Findtheunionboundsfor thecasewhen � ���(�	� is sent

andthecasewhen �'� ���	� is sent.Again,you only needto considerthenearestneighborsin

theunionbounds.

(c) Find theboundon theaveragesymbolerrorprobabilityby usingtheresultsin (b).
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5. If # ���	� is a WSSprocesswith zeromeanandpower spectraldensity � �4��wC� satisfyingthenar-

rowbandassumption,then # ���	� � #�� ���	�*t'u7v���wyxz�	�;= #�� �(�	�*v3~��|��wsx��	� , where #�� ���	� and #�� ���	� are

zero-meanjointly WSSprocesses.By employing the stationarityof the randomprocessesin-

volved,show that � ���7�(��� � � ���+�(���A�� �'�3���+�(��� � = � �'�	�'���(���A�� �4�(��� � � � � �(�)�*t�u7v���wsx��)�>= � � � � � �(���*v3~��|��wyxz�)���
6. Suppose��8 �(�	� for \ �<d � $ �'�����A����= $ arebandpasssignalswith complex envelopes��'8 �(�	� . Re-

derivethecoherentML receiver in Section1.1usingthecomplex enveloperepresentation.Note

thatif
� ��)��
 0����� is anorthonormalbasisfor thespaceof complex square-integrablesignals,then

acomplex square-integrablesignal �B �(�	� canberepresentedby acomplex vector �D�� � �B �A� �B�� �����'� � !
whosecoordinatesaregivenby, for ¡ � $ ��%&�'����� ,�B�9 � .¢02 0 �B ���	� ���£9 ���	�	57���
Moreover, if thereceiver vector �D¢� �� 8 { �¤ , wherethecoordinatesof �¤ areiid complex sym-

metricGaussianrandomvariableswith zeromeanandvariance�-� , thentheconditionalpdf¥ � �B�9 O ��'8y9 � � $% �|�-� ¦A§&¨ª© = $% �-� O �B�9 = ��'8s9 O �	« �
for ¡ �K$ ��%¬�������A� � , where � is thedimensionof thesignalspace

� ���8 ���	��

­ 2 �8 � � .
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