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1. Introduction

This document shows the simulation results of the BER/FER performance for the channel interleavers, where the simulation conditions are the same as agreed conditions in [1].  We performed the simulations for two proposals: modified MIL (proposed by NTT DoCoMo) [2] with optimized puncturing (proposed by Siemens) [3] and algebraic interleaver with recommended puncturing (proposed by Nortel) [4] and also performed for the original FS-MIL [5] as references.  
2. Simulation Conditions

2.1 Common simulation conditions

The following conditions are commonly used in the simulations:

- Frame structure: dedicated uplink physical channel frame structure

- Antenna space diversity: 2-branch

- Rake combining: 2-finger/branch

- Channel estimation: 3-slot averaging with power weighting of 0.4:1:0.4

- Channel coding: convolutional coding (R=1/3, k=9), Soft-decision Viterbi decoding

- Transmit Power Control (TPC): SIR- base closed loop power control (1-slot control delay, 1dB step size, additive 4 % control command error)

- Vehicular speeds: 30 km/h and 3 km/h
- Channel model: 2-path Rayleigh fading channels (each path having equal average power)

2.2 Simulated formats and assumed interleaving/puncturing schemes/patterns

- Simulated formats for the one TrCH multiplexing cases (using no dummy bits, total 4 formats) are as follows:

Interleaving span = 10 ms, DPDCH bit rate = 64 kbps, DPCCH bit rate = 16 kbps



Format #
Input data
Tail for Conv.
Coded data
Puncturing

Punctured data

Dummy
DPDCH


Bit/TrBlk
Bit/TrBlk
Bit/TrBlk
Bit/frame
%
Bit/frame
%
bit/frame
bit/frame

1
206
8
642
2
0.31
640
100.0
0
640

2
258
8
798
158
19.80
640
100.0
0
640

Interleaving span = 80 ms, DPDCH bit rate = 256 kbps, DPCCH bit rate = 16 kbps



Format #
Input data
Tail for Conv.
Coded data
Puncturing

Punctured data

Dummy
DPDCH


Bit/TrBlk
Bit/TrBlk
Bit/TrBlk
Bit/frame
%
Bit/frame
%
bit/frame
bit/frame

11
6824
8
20496
2
0.08
2560
100.0
0
2560

12
8520
8
25584
638
19.95
2560
100.0
0
2560

- Simulated formats for the two TrCHs multiplexing cases (using dummy bits as second TrCH, total 12 formats) are as follows:

Interleaving span = 10 ms, DPDCH bit rate = 64 kbps, DPCCH bit rate = 16 kbps



Format #
Input data
Tail for Conv.
Coded data
Puncturing

Punctured data

Dummy
DPDCH


Bit/TrBlk
Bit/TrBlk
Bit/TrBlk
bit/frame
%
Bit/frame
%
bit/frame
bit/frame

3
184
8
576
0
0.00
576
90.0
64
640

4
232
8
720
144
20.00
576
90.0
64
640

5
99
8
321
1
0.31
320
50.0
320
640

6
125
8
399
79
19.80
320
50.0
320
640

7
14
8
66
2
3.03
64
10.0
576
640

8
18
8
78
14
17.95
64
10.0
576
640

Interleaving span = 80 ms, DPDCH bit rate = 256 kbps, DPCCH bit rate = 16 kbps



Format #
Input data
Tail for Conv.
Coded data
Puncturing

Punctured data

Dummy
DPDCH


Bit/TrBlk
Bit/TrBlk
Bit/TrBlk
bit/frame
%
Bit/frame
%
bit/frame
bit/frame

13
6136
8
18432
0
0.00
2304
90.0
256
2560

14
7672
8
23040
576
20.00
2304
90.0
256
2560

15
3408
8
10248
1
0.08
1280
50.0
1280
2560

16
4256
8
12792
319
19.95
1280
50.0
1280
2560

17
680
8
2064
2
0.78
256
10.0
2304
2560

18
840
8
2544
62
19.50
256
10.0
2304
2560

- Assumed interleaving/puncturing schemes/patterns in simulation results are as follows:

(a) Curves named “Modified FS-MIL”
For format #1- #8: 1st interleaving: none ( Puncturing: optimized puncturing [7] ( 2nd interleaving: modified MIL [6].

For format #11- #18: 1st interleaving: modified MIL (8-column) [6] ( Puncturing: optimized puncturing [7] ( 2nd interleaving: modified MIL [6].

(b) Curves named “Algebraic”
For format #1- #8: 1st interleaving: algebraic interleaver [9] ( Puncturing: recommended puncturing [10] ( 2nd interleaving: none.

For format #11- #18: 1st interleaving: algebraic interleaver [9] ( Puncturing: recommended puncturing [10] ( 2nd interleaving: none.

(c) Curves named “Original FS-MIL”
For format #1, 7: 1st interleaving: none ( Puncturing: optimized puncturing [7] ( 2nd interleaving: original FS-MIL [8].

For format #11, 17: 1st interleaving: original FS-MIL (8-column) [6] ( Puncturing: optimized puncturing [7] ( 2nd interleaving: original FS-MIL [8].

3. Simulation Results

3.1 One TrCH cases

Simulation results for format #1 (64 kbps DPDCH, no puncturing, 10 ms interleaving span)

- Average BER/FER curves are shown in Figure 1(a) and 1(b).
- Simulation iterations: 50,000 frames for lowest BER/FER sample.

Simulation results for format #2 (64 kbps DPDCH, 20 % puncturing, 10 ms interleaving span)

- Average BER/FER curves are shown in Figure 2.

- Simulation iterations: 50,000 frames for lowest BER/FER sample.

Simulation results for format #11 (256 kbps DPDCH, no puncturing, 80 ms interleaving span)

- Average BER/FER curves are shown in Figure 9(a) and 9(b).
- Simulation iterations: 30,000*8 frames for lowest BER/FER sample.

Simulation results for format #12 (256 kbps DPDCH, 20 % puncturing, 80 ms interleaving span)

- Average BER/FER curves are shown in Figure 10.

- Simulation iterations: 30,000*8 frames for lowest BER/FER sample.

3.2 Two TrCHs cases

Simulation results for format #3, #5 and #7 (64 kbps DPDCH, no puncturing, 10 ms interleaving span)

- Average BER/FER curves are shown in Figure 3, 5 and 7, respectively.

- Simulation iterations: 50,000 (100,000) frames for lowest BER/FER sample of format #3, #5 (#7).

Simulation results for format #4, #6 and #8 (64 kbps DPDCH, 20 % puncturing, 10 ms interleaving span)

- Average BER/FER curves are shown in Figure 4, 6 and 8, respectively.

- Simulation iterations: 50,000 (100,000) frames for lowest BER/FER sample of format #4, #6 (#8).

Simulation results for format #13, #15 and #17 (256 kbps DPDCH, no puncturing, 80 ms interleaving span)

- Average BER/FER curves are shown in Figure 11, 13 and 15.

- Simulation iterations: 30,000*8 (50,000*8) frames for lowest BER/FER sample of format #13, #15 (#17).

Simulation results for format #14, #16 and #18 (256 kbps DPDCH, 20 % puncturing, 80 ms interleaving span)

- Average BER/FER curves are shown in Figure 12, 14 and 16.

- Simulation iterations: 30,000*8 (50,000*8) frames for lowest BER/FER sample of format #14, #16 (#18).

3.3 Other formats

In order to confirm the performance of the modified MIL for all kind of DPDCH bit rates, additional simulations are performed for the lowest DPDCH bit rate (16 kbps) and the highest DPDCH bit rate (1024 kbps) of the dedicated uplink physical channel.  

- Additional simulated formats for the one TrCH multiplexing cases (using no dummy bits, total 2 formats) and the results are as follows:

Interleaving span = 10 ms, DPDCH bit rate = 16 kbps/1024 kbps, DPCCH bit rate = 16 kbps



Format #
Input data
Tail for Conv.
Coded data
Puncturing

Punctured data

Dummy
DPDCH


Bit/TrBlk
Bit/TrBlk
Bit/TrBlk
Bit/frame
%
Bit/frame
%
bit/frame
bit/frame

21
46
8
162
2
1.23
160
100.0
0
160

31
3406
8
3414
2
0.06
10240
100.0
0
10240

Simulation results for format #21 (16 kbps DPDCH, no puncturing, 10 ms interleaving span)

- Average BER/FER curves are shown in Figure 17.

- Simulation iterations: 50,000 frames for lowest BER/FER.

Simulation results for format #31 (1024 kbps DPDCH, no puncturing, 10 ms interleaving span)

- Average BER/FER curves are shown in Figure 18.

- Simulation iterations: 10,000 frames for lowest BER/FER.

4. Conclusion

- The modified MIL has almost same BER/FER performance with the original FS-MIL for 16 kbps – 1024 kbps DPDCH formats: format #1, #7, #11, #17, #21 and #31.

- Comparing to the modified MIL, some performance degradations of algebraic interleaver are observed in 20 % puncturing, 30 km/h cases: format #1, #2, #4 - #6, #8, #11 - #14, #16 and #18.  The differences of the required Eb/No for FER=1% is maximum 0.2 –0.3 dB in e.g. format #6, #11, #12 and #18.

From the above BER/FER performance advantages and the hardware implementation advantages [11], the modified MIL is superior to the algebraic interleaver taking total factor into consideration.
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Figure 1(a).   64 kbps DPDCH, no puncturing, 10 ms interleaving span.
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Figure 1(b).   64 kbps DPDCH, no puncturing, 10 ms interleaving span.
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Figure 2.   64 kbps DPDCH, 20 % puncturing, 10 ms interleaving span.
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Figure 3.   64 kbps DPDCH, no puncturing, 10 ms interleaving span.
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Figure 4.   64 kbps DPDCH, 20 % puncturing, 10 ms interleaving span.
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Figure 5.   64 kbps DPDCH, no puncturing, 10 ms interleaving span.
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Figure 6.   64 kbps DPDCH, 20 % puncturing, 10 ms interleaving span.
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Figure 7.   64 kbps DPDCH, no puncturing, 10 ms interleaving span.
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Figure 8.   64 kbps DPDCH, 20 % puncturing, 10 ms interleaving span.
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Figure 9(a).   256 kbps DPDCH, no puncturing, 10 ms interleaving span.

Figure 9(b).   256 kbps DPDCH, no puncturing, 10 ms interleaving span.




Figure 10.   256 kbps DPDCH, 20 % puncturing, 10 ms interleaving span.




Figure 11.   256 kbps DPDCH, no puncturing, 10 ms interleaving span.




Figure 12.   256 kbps DPDCH, 20 % puncturing, 10 ms interleaving span.


Figure 13.   256 kbps DPDCH, no puncturing, 10 ms interleaving span.




Figure 14.   256 kbps DPDCH, 20 % puncturing, 10 ms interleaving span.




Figure 15.   256 kbps DPDCH, no puncturing, 10 ms interleaving span.




Figure 16.   256 kbps DPDCH, 20 % puncturing, 10 ms interleaving span.

Figure 17.   16 kbps DPDCH, no puncturing, 10 ms interleaving span.

Figure 18.   1024 kbps DPDCH, 20 % puncturing, 10 ms interleaving span.
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