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1. Introduction

This document shows the results of ASIC and DSP implementation complexity analysis for the modified MIL [1].  The comparisons of the ASIC implementation complexity are also shown for two proposed channel interleavers: the modified MIL [1] and the algebraic interleaver [2].

2. ASIC implementation complexity

2.1 ASIC implementation of Modified MIL
The modified MIL consists of two-step interleaving process: 1st (inter-frame) interleaving and 2nd (intra-frame) interleaving. Both 1st interleaving and 2nd interleaving schemes of the modified MIL is based on a same interleaving scheme and its interleaving address generation circuit is shown in Figure 1.  Note that the modified MIL basically allows that one interleaving circuit is commonly used for both 1st interleaving and 2nd interleaving.  This is a very important advantage for ASIC implementation aspect and more small interleaving circuit could be achieved in the actual hardware. 
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Figure 1.   Address generation circuit of modified MIL
2.2 ASIC implementation of algebraic interleaver
As the 1st interleaver address generation circuit of algebraic interleaver, FIGURE 2 of [2] is assumed (the part of “FIFO” and “Decoder” is not counted into total complexity of algebraic interleaver).  Furthermore, as the 2nd interleaver address generation circuit of algebraic interleaver, Figure 2 of this document is assumed (two TrCHs multiplexing case) and this circuit is based on FIGURE 1 of [2].
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Figure 2.   Assumed 2nd interleaver address generation circuit of algebraic interleaver

2.3 Gate-counts estimations for modified MIL and algebraic interleaver

In the following gate-counts estimations, two model cases: case-A and case-B are assumed.

Case-A:

This case is corresponding to the agreed format #5 [3] and it is assumed two TrCHs are multiplexed.

- 1st interleaving: 10 ms interleaving span and 320-bit interleaving bit size for both TrCHs

- 2nd interleaving: 10 ms interleaving span, 640-bit interleaving bit size

Case-B:

This case is corresponding to the agreed format #15 [3] and it is assumed two TrCHs are multiplexed.

- 1st interleaving: 80 ms interleaving span, 10240-bit interleaving bit size

- 2nd interleaving: 10 ms interleaving span, 2560-bit interleaving bit size

Table 1 and Table 2 shows the estimated gate-counts of both the modified MIL and the algebraic interleaver for 1st interleaver and 2nd interleaver respectively.  

In the actual ASIC design, the one 1st interleaving circuit could be commonly used for the different TrCH interleaving.  Furthermore, in the modified MIL, one interleaving circuit could also be used for the 1st interleaving and 2nd interleaving circuit.  In table 3, total gate-counts and gate-ratio of the modified MIL and the algebraic interleaver are shown assuming two implementation structures: individual circuit structure and common circuit structure.  Figure 3 and 4 also shows the total gate-counts of the proposed interleavers.

Table 1.   Gate counts for 1st interleaving

Circuit
Gate-counts for Case-A
Gate-counts for Case-B

Modified MIL
Adder
0
108


Shifter
0
63


Column counter
0
91


Row counter
0
65


Mapping circuit
0
40


Total
0
367

Algebraic interleaver
Counter Nr
39
39


Counter Nc
78
143


Multiplier alpha_c
70
70


Multiplier alpha_r
200
380


Multiplier m
180
220


1/0 adder Nr
54
99


1/0 adder Nc
90
126


Compare&subtract Nr
54
99


Compare&subtract Nc
90
126


Total
855
1302

Table 2.   Gate counts for 2nd interleaving

Circuit
Gate-counts for Case-A
Gate-counts for Case-B

Modified MIL
Adder
90
126


Shifter
45
99


Column counter
65
143


Row counter
65
65


Mapping circuit
40
40


Total
305
473

Algebraic interleaver
Input multiplexer
33
45


Subtract
99
135


Compare
20
20


Adder
99
135


Output multiplexer
33
45


Total
284
380

Table 3.   Total gate-counts for two channel interleavers


Individual circuit structure
Common circuit structure


Gate-counts for 

Case-A
Gate-counts for

Case-B
Gate-counts for

Case-A
Gate-counts for

Case-B

Modified MIL
305
1313
305
473

Algebraic interleaver
1994
2984
1139
1682


Gate-ratio for 

Case-A
Gate-ratio for 

Case-B
Gate-ratio for 

Case-A
Gate-ratio for 

Case-B

MIL : AL
1 : 6.5
1 : 2.3
1 : 3.7
1 : 3.6

(a) Case-A                                                                               (b) Case-B
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Figure 3.   Comparisons of ASIC implementation complexity

(Individual circuit structure)
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(a) Case-A                                                                               (b) Case-B

Figure 4.   Comparisons of ASIC implementation complexity

(Common circuit structure)

3. DSP implementation complexity

The DSP implementation complexity of modified MIL is very similar to the complexity of the ordinary rectangular block interleaving.  Table 4 shows the required steps of DSP implementation for the case-A and case-B.  In this table, additional steps for the main steps that is corresponding to the required steps of the ordinary rectangular block interleaving having the same column and row numbers are shown and this additional steps are depend on the length of the column permutation patterns.  The required step/interleaving bit of the modified MIL is very small.

Table 4.   DSP implementation complexity of the modified MIL


Case-A
Case-B


1st interleaving
2nd interleaving
1st interleaving
2nd interleaving

Main steps
0
640
10240
2560

Additional steps
0
160
40
160

Total steps
0
800
10280
2720

Required step/interleaving bit 
0
1.250
1.004
1.063

4. Conclusion

- When the common circuit structure is adopted, the modified MIL could achieve the complexity less than 30 % of the algebraic interleaver for e.g. case-A and case-B.
- The required step per interleaving bit for the modified MIL is very small and it is similar to the ordinary rectangular block interleaver.

From the above hardware implementation advantages and the BER/FER performance advantages [4], the modified MIL is superior to the algebraic interleaver taking total factor into consideration.
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