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1. Introduction

This document shows the results of ASIC and DSP implementation complexity analysis for the modified MIL fit for 15-slot frame (the proposed MIL) [1].  The comparisons of the ASIC and DSP implementation complexity are also shown between the modified MIL in the current specification (the current MIL) [2] and the proposed MIL.

2. ASIC implementation complexity

2.1 ASIC implementation of the current MIL
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The current 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.  In this figure, a subtractor for the pruning, which would be needed when the interleaving bit size is not a multiple of the column number, is included.  However, for the case of that the interleaving bit size is a multiple of the column number, this subtractor could be deleted.

Figure 1.   Address generation circuit of the current MIL
2.2 ASIC implementation of the proposed MIL
Figure 2 shows the address generation circuit of the proposed MIL.  In this circuit, a small modification has been done for the calculation circuit of the offset values based on the row counter output.  This modification is caused due to the change of the column number from 32 to 30.  However, in this change, the additional multiplier is not needed and the very small hardware impact is then achieved in this circuit. 
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Figure 2.  Address generation circuit of the proposed MIL
2.3 Gate-counts estimations for the current MIL and the proposed MIL

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 #105 [3] and it is assumed two TrCHs are multiplexed.

- 1st interleaving: 10 ms interleaving span and 300-bit interleaving bit size for both TrCHs

- 2nd interleaving: 10 ms interleaving span, 600-bit interleaving bit size

Case-B:

This case is corresponding to the agreed format #115 [3] and it is assumed two TrCHs are multiplexed.

- 1st interleaving: 80 ms interleaving span, 9600-bit interleaving bit size

- 2nd interleaving: 10 ms interleaving span, 2400-bit interleaving bit size

Table 1 and Table 2 show the estimated gate-counts of both the current MIL and the proposed MIL 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 current MIL and the proposed MIL are shown assuming two implementation structures: the individual circuit structure and the common circuit structure.   From this table, it can been seen that both the current MIL and the proposed MIL have the almost same gate counts.  Here, the gate counts in this table is taking account the non-pruning for the case of that the interleaving bit size is a multiple of the column number (for the reference, the values, which the pruning is always assumed, is also shown as the values in the bracket*).

Table 1.   Gate counts for 1st interleaving

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

Current MIL

with 32-column
Adder
0
126


Shifter
0
99


Row counter
0
143


Column counter
0
39


Mapping circuit
0
24


Total (without pruning)
0
431


Subtractor  for pruning
0
140


Total (including pruning)
0
571

Proposed MIL

with 30-column
Adder
0
126


Row counter
0
143


Column counter
0
39


Mapping circuit
0
24


Multiplexer
0
42


FF
0
112


Total (without pruning)
0
486


Subtractor  for pruning
0
140


Total (including pruning)
0
626

Table 2.   Gate counts for 2nd interleaving

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

Current MIL

with 32-column
Adder
90
108


Shifter
45
63


Row counter
65
91


Column counter
65
65


Mapping circuit
40
40


Total (without pruning)
305
367


Subtractor  for pruning
100
120


Total (including pruning)
405
487

Proposed MIL

with 30-column
Adder
90
108


Row counter
65
91


Column counter
65
65


Mapping circuit
40
40


Multiplexer
30
36


FF
80
96


Total (without pruning)
370
436


Subtractor  for pruning
100
120


Total (including pruning)
470
556

Table 3.   Total gate-counts


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

Current MIL

with 32-column
405
1349
405
613

Proposed MIL

with 30-column
370
1408
370 (470*)
528 (668*)


Gate-ratio for 

Case-A
Gate-ratio for 

Case-B
Gate-ratio for 

Case-A
Gate-ratio for 

Case-B

Current : Proposed
1.00 : 0.91
1.00 : 1.04
1.00 : 0.91 (1.16*)
1.00 : 086 (1.09*)

3. DSP implementation complexity

The DSP implementation complexity of the modified MIL is very similar to the complexity of the ordinary rectangular block interleaving.  Table 4 shows the required steps of DSP implementation for both the current MIL and the proposed MIL assuming the case-A and the case-B.  In this table, the additional 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.  It can been seen that the required step/interleaving bits difference between both MILs are not so big.  Here, the proposed MIL with 30-column has the smaller required steps for the specific cases because in those cases, the current MIL with 32-coulmn has to execute the additional steps including the steps i.e. necessary for the pruning.

Table 4.   DSP implementation complexity of the modified MIL


Case-A
Case-B


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

Current MIL

with 32-column
Main steps
0
600
9600
2400


Additional steps
0
320*
40
320*


Total steps
0
920
9640
2720


Required step

/interleaving bit 
0.000
1.533
1.004
1.133

Proposed MIL

with 30-column
Main steps
0
600
9600
2400


Additional steps
0
150
40
150


Total steps
0
750
9640
2550


Required step

/interleaving bit 
0.000
1.250
1.004
1.063

4. Conclusion

- From the results of the ASIC implementation complexity analysis, the proposed MIL with 30-column has the almost same gate counts with the current MIL.

- From the results of the DSP implementation complexity analysis, both the current MIL and the proposed MIL have almost same required step/interleaving bits and for the specific cases, the proposed MIL with 30-column has smaller required steps compared to the current MIL. 

From the above hardware implementation evaluations (also the BER/FER performance evaluations [3]) and the advantage for the total processing load in multiplexing/coding chain [1], the proposed MIL is recommended as the channel interleaver for the new frame structure i.e. having 15-slot per frame.
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