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1. Introduction 

In our previous contribution [1], problems of rel99 channel interleaver with 16-QAM modulation were considered, and a simple modification to the interleaver was proposed: 15(4 elements in the top-right corner of the interleaver were suggested to be left empty. In this document, some further considerations of the partially filled interleaver are presented. Symbol mapping based on bit priority [2] is discussed briefly, too.

2. Partially filled block interleaver
In [1] we pointed out that the 2nd interleaver of 3GPP rel99 causes a serious clustering problem with 16-QAM modulation: the bits of the original data stream form clusters which are alternately mapped into reliable and unreliable positions of 16-QAM constellation, the size of the cluster being 60 bits. This happens because the number of bits in a HSDPA packet with 2-ms TTI is always such that the number of rows in the 30-column block interleaver is divisible by 4. When data are written into the inter​leaver row by row and read out column by column, all bits in the first two rows from the top are mapped into reliable positions, all bits on the next two rows are mapped into unreliable positions, etc. The deteriorating effect of this phenomenon on BLER perform​ance is demonstrated in Fig. 1, which shows link simulation results of the error rate of HSDPA packets vs. geometry G, which is defined as the ratio between the received own-cell power and the other cell interference. Simulations were done in AWGN channel. The length of the HSDPA packet was 3 slots (2 ms), turbo code rate was 1/2, and 16-QAM modulation was used. HSDPA power was 80% (i.e., –1 dB) of the total power of the cell. As Fig. 1 shows, the 2nd interleaver of rel99 degrades the performance by about 0.3 dB compared to the situation when no interleaver is used at all. 
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Figure 1. BLER of HSDPA packet with 16-QAM modulation in AWGN channel as a function of geometry G with the second interleaver of 3GPP rel99 (filled circles, red solid line), with the proposed partially filled interleaver (filled diamonds, dark green solid line), and when no interleaver is used at all (open squares, blue dashed line). The fourth trace (filled triangles, pink solid line) corresponds to the "SMP interleaver" which is discussed in Section 3.
In [1] we proposed a simple solution to this problem: leave the 15(4 elements in the top-right corner of the interleaver matrix empty and prune them away from the output. In this way the number of elements in none of the columns of the interleaver matrix is divisible by 4, and the clustering problem is solved. Figure 1 shows that this partially filled interleaver solves the clustering problem in AWGN channel, and the simulation results in a fading channel, which were presented in [1], showed that the performance of the partially filled interleaver is better than that of rel99 interleaver even at high UE velocities. The partially filled interleaver would remove the clustering problem with other high-order modulation schemes (like 8-PSK and 64-QAM), as well, but those are not relevant for HSDPA. In [1] we already showed that the performance of the partially filled interleaver is equivalent to that of the rel99 interleaver with QPSK modulation, in which case the clustering problem does not exist. 
3. Some considerations of symbol mapping based on bit priority

Samsung has proposed another, quite complicated way of interleaving, which also removes the clustering problem: SMP, or symbol mapping based on bit priority [2]. In this scheme, systematic and parity bits are interleaved separately, and as many systematic bits as possible are mapped into the reliable positions of 16-QAM modulation, and parity bits are preferably mapped into the unreliable positions. As was explained already in [1], we have performed simulations with an interleaver which is similar to SMP in the sense that all systematic bits are mapped into reliable positions and all parity bits into unreliable positions when 16-QAM modulation with 1/2 code rate is used. AWGN results of Fig. 1 show that the performance obtained with this method is not better than that obtained with our simple partially filled interleaver. 

In a recent draft contribution, Samsung has presented results which would indicate a gain of about 0.25 dB of SMP vs. partially filled interleaver. We do not understand where the discrepancy between their and our results comes from. It would be easier to compare the results if Samsung had also presented their results with the rel99 interleaver and without any interleaver, but those results were missing from their draft.

4. Conclusions

The text proposals in the annex is proposed to be included to TR 25.858. It is proposed that the 2nd interleaver of rel99 is modified for HSDPA in such a way that 15(4 elements in the top-right corner of the interleaver matrix are left empty.

Partially filled interleaver is a simple way to remove the clustering problem when 16-QAM modulation scheme is used. The same interleaver can be used with all code rates and with both QPSK and 16-QAM modulations. The performance gain compared to the rel99 interleaver in AWGN channel for 16-QAM at 1/2 code rate is 0.25 dB. The performance obtained by this simple method is as good as that obtained with the much more complicated SMP scheme.
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Annex 1: text proposal for TR 25.858, section 5.7

-----------------------------------start of text proposal for TR 25.858, v.0.0.4, 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 in such a way that 15(4 elements in the top-right corner of the interleaver matrix are left empty. 

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

-----------------------------------end of text proposal for TR 25.858, v.0.0.4, section 5.7 ----------------------------------------
