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1. Introduction
As for the two stage rate matching, since systematic bits and parity bits after second rate matching are still separable, the SMP scheme is easily applicable as shown in figure 1. We show two alternatives to implement SMP interleaver and propose the text proposal.  
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Figure 1 Channel coding structure for HSDPA

2. Implementation of SMP 

2.1  Physically independent two interleaver

Figure 2 shows SMP interleaver implemented by physically independent two interleaving buffers. Since we can just apply Rel99 interleaving algorithm to each interleaving buffer, it may be the simplest way to implement SMP. One drawback is to need two interleavers. P/S in figure 2 represents parallel to serial conversion and is not an extra operation since it is required to collect systematic(S) and parity(P) bits coming from rate matching block even if conventional single interleaver is considered. Since 16QAM is a unique high order modulation scheme in HSDPA, P/S outputs S & P bits 2 by 2 in turn for R=1/2 and 3 by 1 in turn for R=3/4.
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Figure 2 physically independent two interleaver structure
· Advantage: backward compatibility with Rel99 interleaving algorithm, compatible with 2 stage rate matching.

· Disadvantage: need two interleavers.

2.2  Logically partitioned single interleaver 

For effective buffer management and no hardware complexity increase, single interleaver in figure 3 would be proper and it is operated by modified rel99 interleaving algorithm described in detail in chapter 3. 
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Figure 3 logically partitioned single interleaver structures
· Advantage: no hardware complexity increase, compatible with 2 stage rate matching

· Disadvantage: some modification of Rel 99 interleaving algorithm

3. Implementation of logically partitioned single interleaver

The writing and reading algorithm of rel99 are modified to provide the appropriate symbol patterns for SMP.

3.1 Write and read algorithm

S bits and P bits are written from the start and the end of the buffer, respectively, as shown in figure 4. The end position is determined from the number of bits in one radio frame for one PhCH. The upper side and lower side are equally divided. The bits in upper and lower side are mapped to high and low reliable bit position of each symbol respectively. After the same column permutation as rel99 algorithm, bits are read from the upper side and lower side alternatively, i.e., two bits from the upper side and two bits from lower side and so on.
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Figure 4 Writing patterns for R=1/2 and 3/4

The output of interleaver is satisfied the SMP scheme that reliability of systematic bits is higher than that of parity bits for 16QAM as shown in figure 5. The same algorithm could be used for QPSK since there is no reliability change in one symbol for QPSK. In order to clearly show how this algorithm could be implemented, modified rel99 interleaving algorithm is included in the following section 3.2.
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Figure 5 Output patterns of interleaver for R=1/2 and 3/4

3.2 Modified rel99 algorithm for SMP

---------------------------start of modified rel99 algorithm (TS25.212 V3.5.0) ------------------------------------
The 2nd interleaving is a block interleaver and consists of bits input to a matrix with padding, the inter-column permutation for the matrix and bits output from the matrix with pruning. 

The systematic bits and parity bits input to the block interleaver are denoted by 
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, respectively, where p is PhCH number, Us and Up are the number of systematic and parity bits, respectively, and the sum of Us and Up is the number of bits in one radio frame for one PhCH. The output bit sequence from the block interleaver is derived as follows:
(1) Assign C2 = 30 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2, … , C2 - 1 from left to right.

(2) Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:

U =Us+Up( R2 ( C2.
The rows of rectangular matrix are numbered 0, 1, 2, …, R2 - 1 from top to bottom and matrix is logically partitioned into lower and upper side, where upper side has the rows numbered 0,1, … , (R2 / 2) –1 and lower side has the rows numbered (R2 / 2), (R2 / 2) +1, … , R2 – 1. 

(3) Write the input bit sequence 
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 into the R2 
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 C2 matrix row by row starting with bit 
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 in column 0 of row 0 and write the input bit sequence 
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 into the R2 
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 C2 matrix backward row by row starting with bit 
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 in column X-1 of row R2-1, where integer X is the residue of U/C2 and if X-1 is negative then add C2. 
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where 
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 for k = 1, 2, …, U and if R2 ( C2 > U, the dummy bits are padded such that 
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 = 0 or 1 for k = U + 1, U + 2, …, R2 ( C2.  These dummy bits are pruned away from the output of the matrix after the inter-column permutation.
(4) Perform the inter-column permutation for the matrix based on the pattern 
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 that is shown in table 7 (in TS 25.212 V3.5.0), where P2(j) is the original column position of the j-th permuted column. After permutation of the columns, the bits are denoted by 
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(6) The output of the block interleaver is the bit sequence read out column-by-column 2 by 2 in turn from upper side and lower side of the inter-column permuted R2 
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 C2 matrix. The output is pruned by deleting dummy bits that were padded to the input of the matrix before the inter-column permutation, i.e. bits 
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 with k>U are removed from the output. The bits after 2nd interleaving are denoted by 
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where first two bits vp,1 and vp,2 corresponds to the bits 
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from the upper side with smallest index k and second smallest index l after pruning, next two bits vp,3 and vp,4 corresponds to the bits 
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from the lower side with smallest index k and second smallest index l after pruning, and so on.

--------------------------------------------- end of modified rel99 algorithm ------------------------------------------
4. Text proposal

---------------------------------start of text proposal for TR 25.858, v.0.0.x, section 5.7 ---------------------------
5.7 Interleaving


Since the HS-DSCH TTI is static, only one interleaving (corresponding to Release-99 2nd interleaving) is needed. The interleaver has to be adapted to HSDPA such that as many systematic (or high priority) bits as possible are mapped to high reliability bits while parity (or low priority) bits are, in most cases, mapped to low reliability bits.  

For TDD, interleaving adaptation has to be done to the HS-DSCH TTI length.

------------------------------ ---end of text proposal for TR 25.858, v.0.0.x, section 5.7 ---------------------------
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