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0.0 Summary

In this contribution, we present a complexity comparison of optimized Algebraic Channel
Interleaver vs. Modified FS-MIL Channel Interleaver.
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1.0 Optimized Algebraic I nterleaver and QoS Blocks M ultiplexing

1.1 Optimized 1% Channel Interleaving Algorithm
To make the Algebraic Interleaver simple, we use the following matrix permuting rules:

STEP-1: Convert a coded tranport block with length N in TTIx10 msinto a
N, " N. block matrix by row-by-row write-in.

For TTI = 1,2,4,8, we chose N, = [Ntg] and a N, " 8
(N, = 8) block matrix with g = [8, 4, 2, 1] respectively.

STEP-2: Do matrix row and column permutation based on the following rules:

Column Permutation 1.(1) = [a.l +f(k)]modN,
Row Permutation I, (k) = [a,k+e(l)]JmodN,
where

parameter a, is chosen asthe largest prime number less than
| N clogz(Nr)J :

parameter a . is chosen asthe largest prime number lessthan | N |,

the function e(l) = ml + [N, + 1]Jmod2, where parameter
m = [N, N |+ [[ N, N, |Imod2, i.e. the largest even number
lessthan [ N, £N. .

thefunction f(k) = 2| ke N, N, =N/ | | + [N, + 1]mod2 . and
N, isthe number of row after rate matching.

STEP-3: Read out the matrix column-by-column. And the interleaved radio frame can
be constructed by using ¢ = [8, 4, 2,1] columns per radio frame respec-
tively.

1.2 The 2" Channel | nterleaving and QoS Block M ultiplex Algorithm

The optimized 1% channel interleaving allows to eliminate the need of 2" channel inter-
leaver. The Rate Matching algorithm is employed to perform the shuffling operation for




the multiplexing of the different QoS blocks. For 2nd multiplexing QoS blocks
(TrChgos 1, TrChqgs 2.- - TrChgos ), We can use the following shuffling procedure.

STEP-1: Concatenate the QoS blocks in arbitrary order, determine two groups of
the combined QoS blocks, the first groups with block size:

LQOS].: L1+ L2,..LM, and LQOQ: LM+1+""LN’ where M = rN c2—| .

STEP-2: Perform the shuffling shown in Figure 1.

FIGURE 1. shuffling M ultiplexing Algorithm
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Note, arecursive suffhling algorithm can be used to perform the 2nd stage interleaving and
QoS multiplexing with the same hardware complexity.




2.0 ASIC Implementation of Algebraic & FSMIL Channel
| nterleaver

One of the significant advantage of the proposed Algebraic Interleaver is the low com-
plexity in implementation. In Figure 2, a hardware implementation is shown in detail.

FIGURE 2. Implementation of 1% Stage Algebraic I nterleaver
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The incremental complexity related to the classical block interleaver isin the shaded area.
Note that in this implementation we use the following relations to simplify the hardware:

Row Permutation I, (k) = [a, +1,(k=1) +¢e(l)]JmodN,
Column Permutation l.(I) = [a.+ (I =1) + f(k)JmodN,

where  e(l) = m+e(l-1) f(I) = 2+f(I-1)
1,(0) = 1,(0) = 0 e(0) = {0,1} f(0) ={0, 1}

The function f(1) and e(k) can be simply implemented asin Table 1.




Figure 3 isthe ond stage interleaver, which is in fact a shuffling multiplexing of different
QoS transport channels.

TABLE 1. Algebraic Interleaver Initial State Setting

Operation I mplementation Initial State
[N, + 1]mod2 Select theinverted LSB of N, Select the inverted
[N, N, JJmod2 Slecte the 3rd bit of N, Buffer D1 FSB oy
[N, +1]mod2 Select the inverted LSB of N, Select the inverted
| N, clog(N,) | Down shift N, non-zero bit of N, Buffer D2 LSBof N,

The hardware complexity in Table 1 is negligible.

FIGURE 3. Implementation of 2nd Stage Shuffling MUX
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In fact the shuffling operation performs exactly the same as the Rate Matching computing.
It can be re-used from the rate matching. Furthermore, note that the computing unit for
shuffling multiplexing in Figure 3, is the same as common computing unit in 1st stage
interleaver.

The 1% and 2 stage FS-MIL interleaver are shown in Figure 3 and 4.




FIGURE 4. Implementation of 1% Stage FS-MIL Interleaver
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FIGURE 5. Implementation of 2nd Stage FS-MIL Interleaver
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3.0 Implementation Complexity Analysis and Comparison

3.1 ROM T able Requirement

The ROM table size for Algebraic/FS-MIL Interleaver arelisted in Table-2

TABLE 2. ROM Requirement Algebraic/FS-MIL Interleavers

Algebraic FSMIL
20 hits 3x32=160 hits
10 gates 80 gates

Comments:

 Algebraic Interleaver can re-use the prime number stored for Turbo interleaver, or
it need only 5 primes.

. 2nd stage FS-MIL requires a pre-stored Look-Up-Table (LUT).
3.2 Gate Countsfor Interleaving Address Computing Units

The computing and control unit gate count are listed for Algebraic/FS-MIL interleaversin
Table 3.

TABLE 3. Gate Countsfor Algebraic/FS-MIL Interleavers

Unit Specification Gates
4 adders (19& 2" Interelaver) 12bits 288
o 1 adder (1% Interleaver) 3bits 18
g Counters (1%& 2" Interleaver) 2-12bits 240
% Buffer (159& 2" Interleaver) 2-12bts/ 1-3bits 27
Comparator (1% Interleaver) 15-bit (address pruning) 90
Total 663
2 Counters(1% Interleaver) 12-bits/5-bits 170
2 Counters(1% Interleaver) 12-bits/5-bits 170
§ MUX (1% Interleaver) 3:1/2:1 Selectors 12
) Comparator (182" Interleaver) 2-15bit s(address pruning) 180
Gluelogic (2™ Interleaver) Address Config/31-bits FIFO) 93
Total 625




Note, in the above analysis we use the rule of thumb as follows: 1-bit ROM is equivalent
0.5 gates, 1-bit full adder is equivalent to 6 gates, 1-bit reconfigurable flip-flop is equiva-
lent to 10 gates.

As a comparison the ROM requirement and Gate Count for the computing unit are shown
in Figure 6.
FIGURE 6. Complexity Comparison of Algebraicand FS-MILL Channel I nterleavers
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4.0 Summary of Complexity Estimation

Thetotal gate counts comparisonislisted in Table 4.

TABLE 4. Overall Complexity Comparison

Algebraic

FSMIL

673 gates

705 gates




