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1 Introduction 

1.1 Increasing Demands for Bandwidth 
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1.2 Multiframe Interleaving for Improved Performance 
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1.3 Purpose and Scope 
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1.4 Experimental Approach 
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1.5 Summary of Results 
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1.6 Outline 
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2 Background 

2.1 CDMA 

2.1.1 Fundamentals 
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2.1.2 Cellular System Architecture 
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2.1.3 Mobile Radio Environment 

2.1.3.1 Propagation Effects 
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2.1.3.2 Envelope Fading 
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2.1.3.3 “Signal to Noise” Terms 
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2.1.4 Physical Layer 
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2.1.4.1 Encoding 
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2.1.4.2 Burst Assignments 
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2.1.4.3 Walsh Codes 

)��������
�����'��
���

������������
�����
������
������
�������
����:�������=%�)�����

���
�� ��'
� �� �����
� 
���

������� ����
���K��
�� ��
� ����������%� ��� ���
�� :����#�

)����� ���
�� ��
� �����
� 
������ ����� ����� ���
��� :���� �� )����� ���
� ���� ����� �
�

�
��'
�
��������
�
�'
�������������
���

�)��������
%�&������
������������
��������
��

������=�����������
%�

 �
�)���������
������
��
��
�
��
�������������
�����������

�:�
�
�
�������
����

��������������������
����
�������
���

���

��
'
�%�&�)�������

�������:����������
�/%�

 �
�)����� ���
� ���������
������
� ���� �
� �������� ��� ��� ��
� ����� ������� �:�� ������

���
�%�  ���#� ��
� ��
� ��� �� ����������� )����� ���
� ��
'
���� ��
� ��
� ��� ���� ��� ����

I���
�����%J������
�
��
#���
�����
����
���������
��

�
�#���
�����
����
�)��������
�

�

�������
������
���

%�

����	/#���
�
���
�F$�)��������
���
�����������F$�3<������
��#����/!�!<������
��#����

3F� $<� �����
��#� 
��%#� ���� ��
� :��� ��� $� 3F<� �����
��@%� 0�	$#� �
�
��
� &� ���� 3!2� 3<�

�����
���:������
�<�
�
����$�/!<������
��%1�&��������
'
������
�����
�)��������
��

��
��
��������
<������� ��
���

#� ��
����
��
'
���'������
���
� ������������������'
��
���

�����
���0�%
%������#�����#�����������������
��1%�

�

16x walsh8x walsh4x walsh
2x walsh1x walsh

�
(������3/�������
����:����
<�
��
����)�������

�:����F$�)��������
�%�

2.1.4.4 Power Control 
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2.1.5 Forward Link Scheduler 

2.1.5.1 Overview 
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2.1.5.2 Required rate decision 
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2.1.5.3 Supported rate decision 
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2.1.5.4 First user for next round 
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2.2 Time Diversity 
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2.3 Multiframe Interleaving 
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2.4 Prior Work 
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2.4.1 Symbol Splitting 
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2.4.2 Multiframe Interleaving (Jun, et al) 
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3 Experimental Environment 

3.1 Implementation 

 �
���������

����
��
�'�����
����
�:����
��


��
�����?A&5	B��9�����F3""3�

�����
�� ��������
������������� ��� ��������:��
����
����
#�=��:����� ��
������0�����

���
���������
������:��
1%�&����������������
������
�	�������

�����������
%�

3.1.1 Decoder/Deinterleaver Setup 
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3.1.2 RDA Issues 
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3.1.3 RLP Issues 
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3.2 Lab Setup 
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4 Performance Analysis 
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4.1 Demodulator Performance 
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4.1.1 Test Setup 
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4.1.2 Data 
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4.1.3 Analysis 
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4.1.4 BER vs. FER 
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4.2 Link Level Performance 
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4.2.1 Test Setup 
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4.2.2 Data 
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4.2.3 Analysis 
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4.3 Throughput Performance 
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4.3.2 Maximum Application Throughput 
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4.3.3 Data 
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4.4 Scheduler Performance 
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4.4.1 Test Setup 
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4.4.2 Data 
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4.4.3 Analysis 
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4.5 Latency 

*
�
#� :
� �����;
� ��������

� ���
��
�'���� ���
� �� ����
�
��� �
���
���'
>� ��
� ���
��

���
�������$"�����2"
���	*����

�%�����
���
����

����
�����
�#���������������
��
���
�

���=� ��� ���=��������������
���%�)
� ��
���
� ��
��
�������
�����:����

����
��'���
�#�

���� ��
� �
������ ��
� �������
��� ���� �����
� ���

� �����
�������%� *�:
'
�#� ��
�
� ���

��
<�����
���
��'����:�
���:�����

����
������
���
�%�
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4.5.2 Data 
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5 Conclusions 

5.1 Summary of Performance Analysis 
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5.2 Future Work 
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7 Appendix A—MFI issues with RLP 

7.1 Introduction 
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7.2 Issue 
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8 Appendix B—Demodulator Performance Results 
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8.1 Summary 

8.1.1 Convolutional, 20ms vs. 40ms vs. 80ms 
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8.1.2 Turbo, 20ms vs. 40ms vs. 80ms 
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8.2 FER vs. Mean Ec/Ior 

8.2.1 Convolutional Encoding 
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8.2.2 Turbo Encoding 
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8.3 BER vs. Mean Ec/Ior 

8.3.1 Convolutional Encoding 
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8.3.2 Turbo Encoding 

$%&����� �	
�%�8���

&�2:�(9��):��;5��"<�����#:�-�
9'�:�(������:�'����:��+=-:�� 

0.000001

0.00001

0.0001

0.001

0.01

0.1

1

-20 -18 -16 -14 -12 -10 -8 -6 -4



�����7����0�C1

C
�
�

3G%!7�=���#.R,3�C# �������
#!"
�

/2%$7�=���#.R,3�C# �������
#!"
�

HF%27�=���#.R,3�C# �������
#!"
�

3@/%F7�=���#.R,3�C# �������
#!"
�

/"H%!7�=���#.R,3�C# �������
#!"
�

3G%!7�=���#.R,3�C# �������
#$"
�

/2%$7�=���#.R,3�C# �������
#$"
�

HF%27�=���#.R,3�C# �������
#$"
�

3@/%F7�=���#.R,3�C# �������
#$"
�

/"H%!7�=���#.R,3�C# �������
#$"
�

/2%$7�=���#.R,3�C# �������
#2"
�

HF%27�=���#.R,3�C# �������
#2"
�

3@/%F7�=���#.R,3�C# �������
#2"
�

/"H%!7�=���#.R,3�C# �������
#2"
�

�



�
�

� HF�

8.4 FER vs. BER 

8.4.1 Convolutional Encoding 
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8.4.2 Turbo Encoding 
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9 Appendix C—Link Level Performance Results 
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9.1 Summary 

9.1.1 Convolutional Encoding 
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9.1.2 Turbo Encoding 
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9.2 Ec/Ior vs. Geometry 

9.2.1 Convolutional Encoding 

9.2.1.1 AWGN, 1 path 
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9.2.1.2 Rayleigh, 1 path, 3kmph 
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9.2.1.3 Rayleigh, 1 path, 30kmph 
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9.2.1.4 Rayleigh, 2 path, 3kmph 
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9.2.1.5 Rayleigh, 2 path, 30kmph 
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9.2.2 Turbo Encoding 

9.2.2.1 AWGN, 1 path 
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9.2.2.2 Rayleigh, 1 path, 3kmph 
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9.2.2.3 Rayleigh, 1 path, 30kmph 
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9.2.2.4 Rayleigh, 2 path, 3kmph 
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9.2.2.5 Rayleigh, 2 path, 30kmph 
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10 Appendix D—Throughput Performance Results 

 �
������:���������������
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������$%/%�

10.1 Maximum Throughputs 
Conv/Turbo, Mux PDU 3 9.6/1, 20ms 19.2/2, 40ms 38.4/4, 80ms 19.2/1, 20ms 38.4/2, 40ms 76.8/4, 80ms

Max App Thruput (Bytes/sec) 960.4 2066.6 2113.5 3172.9 3266.6 3313.5
(Kbytes/sec) 1.885 1.933 1.933 2.927 2.927 2.927

Conv, Mux PDU 5 9.6/1, 20ms 19.2/2, 40ms 38.4/4, 80ms 19.2/1, 20ms 38.4/2, 40ms 76.8/4, 80ms
Max App Thruput (Bytes/sec) 1036.4 960.4 960.4 960.4 960.4 960.4

(Kbytes/sec) 1.885 1.956 1.933 2.975 2.927 2.975

Turbo, Mux PDU 5 9.6/1, 20ms 19.2/2, 40ms 38.4/4, 80ms 19.2/1, 20ms 38.4/2, 40ms 76.8/4, 80ms
Max App Thruput (Bytes/sec) 960.4 960.4 960.4 960.4 960.4

(Kbytes/sec) 1.956 2.016 2.975 3.093 3.152

Conv/Turbo, Mux PDU 3 38.4/1, 20ms 76.8/2, 40ms 153.6/4, 80ms 76.8/1, 20ms 153.6/2, 40ms 153.6/1, 20ms
Max App Thruput (Bytes/sec) 2160.4 960.4 960.4 960.4 960.4 960.4

(Kbytes/sec) 4.917 4.917 4.917 8.896 8.896 16.854

Conv, Mux PDU 5 38.4/1, 20ms 76.8/2, 40ms 153.6/4, 80ms 76.8/1, 20ms 153.6/2, 40ms 307.2/4, 80ms 153.6/1, 20ms 307.2/2, 40ms 307.2/1, 20ms
Max App Thruput (Bytes/sec) 962.3 962.4 962.3 963.4 963.3 963.4 965.3 965.4 965.4

(Kbytes/sec) 4.917 5.012 5.012 9.085 9.085 9.559 17.233 18.180 35.422

Turbo, Mux PDU 5 38.4/1, 20ms 76.8/2, 40ms 153.6/4, 80ms 76.8/1, 20ms 153.6/2, 40ms 307.2/4, 80ms 153.6/1, 20ms 307.2/2, 40ms 307.2/1, 20ms
Max App Thruput (Bytes/sec) 965.4 961.4 960.4 960.4 960.4 960.4 960.4 960.4 960.4

(Kbytes/sec) 5.248 5.367 5.426 9.796 9.914 9.973 18.890 19.009 37.080

�

10.2 Clean Channel, Infinite Burst 
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-0.018 -0.016 -0.014 -0.012 -0.010 -0.008 -0.006 -0.004 -0.002 0.000

RC3, conv, 9.6/1kbps , 20ms

RC3, conv, 19.2/1kbps , 20ms

RC3, conv, 38.4/1kbps , 20ms

RC3, conv, 76.8/1kbps , 20ms

RC3, conv, 153.6/1kbps , 20ms

RC3, turbo , 19.2/1kbps , 20ms

RC3, turbo , 38.4/1kbps , 20ms

RC3, turbo , 76.8/1kbps , 20ms

RC3, turbo , 153.6/1kbps , 20ms

RC4, conv, 9.6/1kbps , 20ms

RC4, conv, 19.2/1kbps , 20ms

RC4, conv, 38.4/1kbps , 20ms

RC4, conv, 76.8/1kbps , 20ms

RC4, conv, 153.6/1kbps , 20ms

RC4, conv, 307.2/1kbps , 20ms

RC4, turbo , 19.2/1kbps , 20ms

RC4, turbo , 38.4/1kbps , 20ms

RC4, turbo , 76.8/1kbps , 20ms

RC4, turbo , 153.6/1kbps , 20ms

RC4, turbo , 307.2/1kbps , 20ms
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RC3, conv, 19.2/2kbps , 40ms

RC3, conv, 38.4/2kbps , 40ms

RC3, conv, 76.8/2kbps , 40ms

RC3, conv, 153.6/2kbps , 40ms

RC3, turbo , 19.2/2kbps , 40ms

RC3, turbo , 38.4/2kbps , 40ms

RC3, turbo , 76.8/2kbps , 40ms

RC3, turbo , 153.6/2kbps , 40ms

RC4, conv, 19.2/2kbps , 40ms

RC4, conv, 38.4/2kbps , 40ms

RC4, conv, 76.8/2kbps , 40ms

RC4, conv, 153.6/2kbps , 40ms

RC4, conv, 307.2/2kbps , 40ms

RC4, turbo , 19.2/2kbps , 40ms

RC4, turbo , 38.4/2kbps , 40ms

RC4, turbo , 76.8/2kbps , 40ms

RC4, turbo , 153.6/2kbps , 40ms

RC4, turbo , 307.2/2kbps , 40ms
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10.3 Fading Channels, Infinite Burst 

10.3.1 Model A, 1 path, 3kmph 

10.3.1.1 RC3 
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10.3.1.2 RC4 
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10.3.2 Model B, 3 paths, 10kmph 

10.3.2.1 RC3 
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10.3.2.2 RC4 
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10.3.3 Model C, 2 paths, 30kmph 

10.3.3.1 RC3 
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10.3.3.2 RC4 

'"����" �
����%�8���:�&�2

�������:�� :�3��0� ":�=B����$:����:�4?�(%&:�(����:��,����,�3

0

5

10

15

20

25

30

35

40

-26 -23 -20 -17 -14 -11 -8

��7����0�C1

 
�
��
��
�
�
��
�0
-
C
��

�
7
�1

���'#�!"
�

�����#�!"
�

���'#�$"
�

�����#�$"
�

~16x

~8x

~4x

~2x~1x

�



�
�

� 3"G

'"����" �
����%�8���:�&�2

�������:�� :�3��0� ":�=B����$:����:�4?�(%&:��,����,�4

0

5

10

15

20

25

30

35

40

-26 -23 -20 -17 -14 -11 -8

��7����0�C1

 
�
��
��
�
�
��
�0
-
�
��

�
7
�1

���'#�!"
�

�����#�!"
�

���'#�$"
�

�����#�$"
�

~32x

~16x

~8x

~4x

~2x

~1x

�

10.3.4 Model D, 1 path, 100kmph 

10.3.4.1 RC3 
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10.3.5 Model E, 1 path Rician, 1kmph 

10.3.5.1 RC3 
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10.3.5.2 RC4 
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10.3.6 1 path, 10kmph 
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10.4 MFI Gain vs. Speed 
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11 Appendix E—Scheduler Performance Results 
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11.2 Turbo Encoding 

11.2.1 Sector Throughput 
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11.2.2 SCH Assignment History 
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11.2.3 Throughput Efficiency vs. Speed 
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11.3 Convolutional Encoding 

11.3.1 Sector Throughput 

Sector Throughput vs Geometry
1 path, 10kpmh, PCS, 5% Fer, Convo, 128 Frame Bursts
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11.3.2 SCH Assignment History 
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11.4 Burst Duration 
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12 Appendix F—Latency Results 
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12.1 Ping Packet Size and Data Rate 

# SCH Rate Size Rate Size
1 4x (38.4/1,20) 32 bytes 2x (19.2/2,40) 32 bytes
2 4x (38.4/1,20) 99 bytes 4x (38.4/2,40) 99 bytes

20ms 40ms
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12.2 Ping Data 
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