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1. Introduction 

In this contribution, problems of rel99 channel interleaver with 16-QAM modulation are considered, and a simple modification to the interleaver is proposed. Symbol mapping based on bit priority [1] is discussed briefly, too.

2. Rel99/Rel4 channel interleaver

2.1 Raw bit error rate

It is well known that when higher-order modulation like 16-QAM is used instead of QPSK, the reliability of transmission of a bit depends on its position in the data stream. For example, when 16-QAM is used together with Gray coding, bits are mapped into reliable ("R") and unreliable ("U") positions as R-R-U-U-R-R-, etc. This causes a problem when a block interleaver like the 2nd interleaver of 3GPP rel99 is used: the bits of the original data stream form clusters which are alternately mapped into reliable and unreliable positions of 16-QAM. 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. This is demonstrated in Fig. 1, which shows simulated raw BER as a function of the bit position in the frame for 16-QAM modulation. Clustering of reliable and unreliable bits caused by the 30-column block interleaver (current 2nd interleaver in release99) is evident when the results are compared to the case when no interleaving is used at all. Such clustering causes a noticeable deterioration of the performance of the system. 
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Figure 1. Raw BER before turbo decoding as a function of bit position for the first 250 bits of a HSDPA packet with 16-QAM modulation.

2.2 BLER in AWGN channel

The BLER performance is demonstrated in Fig. 2, 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 ½, and 16-QAM modulation was used. HSDPA power was 80% (i.e., –1 dB) of the total power of the cell. As Fig. 2 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. Thus, the 2nd interleaver of 3GPP rel99 is not useful with HSDPA, and something else should be used instead.
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Figure 2. 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 4.

3. Proposed modification

The target is to have a simple interleaver which does not cause strong clustering of reliable and unreliable bits. Our proposal is to use the present 2nd interleaver of rel99 but to leave it partly empty, in such a way that the number of elements in none of the columns is divisible by 4. For HSDPA with 2-ms TTI this can be done simply by not filling the 15(4 elements in the top-right corner of the interleaver matrix but leaving them dummy, and pruning the dummy bits away from the output. Dummy bits and pruning are already allowed for the 2nd interleaver of rel99. If the input data stream of the interleaver is 0, 1, 2, 3, 4, 5, ..., it is written into the interleaver as shown in Table I. Data are read out column by column in the order determined by the inter-column permutation pattern of the 2nd interleaver of rel99 (0, 20, 10, 5, ...) as follows: 0,15,30, ..., 80, 110, ..., 10, 25, 40, ... 

Table I. Construction of the partially filled 30-column interleaver.
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The partially filled interleaver removes in a simple way the clustering problem of the 2nd interleaver of rel99, without altering the interleaving properties at high UE speeds. The former property is demonstrated in Fig. 2, which shows that the BLER performance with the partially filled interleaver is very close to that achieved without interleaving in AWGN channel, when actual interleaving is not needed. Figures 3 – 6 on the following pages show simulation results of BLER vs. SIR in a 1-tap flat fading channel at UE velocities of 3 km/h, 30 km/h, and 120 km/h. SIR is the value of the signal-to-interference ratio of HSDPA after despreading, measured over 2-ms period. One HSDPA channel with spreading factor of 16 was simulated, and HSDPA power was 10% (-10 dB) of the total power of the cell. TTI was 2 ms (3 slots). Figures 3 and 4, which correspond to 16-QAM modulation and code rates 1/2 and 3/4, respectively, indicate that the performance gain of the partially filled interleaver can be more than 0.2 dB compared to the "full" 2nd interleaver of rel99 at low UE velocities. The partially filled interleaver has some gain compared to the rel99 interleaver even at 120 km/h, which indicates that the "clipping" of the matrix does not cause any deterioration of actual interleaving properties. This is demonstrated in Figs. 5 and 6, as well, which show that the performance of the partially filled interleaver is as good as that of the rel99 interleaver in the case of QPSK.
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Figure 3. BLER vs. SIR for 16-QAM with 1/2 coding at different UE velocities with release99 2nd interleaver and partially filled 30-column interleaver.
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Figure 4. BLER vs. SIR for 16-QAM with 3/4 coding at different UE velocities with release99 2nd interleaver and partially filled 30-column interleaver.
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Figure 5. BLER vs. SIR for QPSK with 1/2 coding at different UE velocities with release99 2nd interleaver and partially filled 30-column interleaver.
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Figure 6. BLER vs. SIR for QPSK with 3/4 coding at different UE velocities with release99 2nd interleaver and partially filled 30-column interleaver.
4. Some considerations of symbol mapping based on bit priority

It is quite apparent that systematic bits are more important than parity bits for the performance of Turbo decoder. This lead Samsung to suggest the scheme which they call SMP (symbol mapping based on bit priority). In this scheme, 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. This method gives a clear gain in terms of bit-error-rate (BER), at least at large values of BER. In Ref. [1] Samsung presents simulation results of frame-error-rate (FER), or block-error-rate (BLER), which also indicate about 0.3 dB gain of SMP compared to the "conventional method" for 16-QAM modulation and 1/2 coding. 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. 2 show that the performance of this interleaver ('SMP interleaver') is better than that of the rel99 interleaver by more than 0.2 dB, but the performance without any interleaver or with the partially filled interleaver is even better. Thus, mixing both parity bits and systematic bits into the reliable and unreliable positions with a simple interleaver can give a better performance than SMP method, if the clustering problem is avoided. This is what our partially filled interleaver does.
5. 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.

There have been several proposals to somehow modify the mapping of bits to different constellation points between retransmissions since different constellation points have different reliability levels. It should be noted that if interleaver structure is changed to improve the performance, this gives gain already in the first transmission, not only in retransmissions. The clustering problem of block interleavers should also be remembered when considering symbol mapping schemes based on bit priority, in which systematic bits are mapped into reliable positions and parity bits into unreliable ones [1]. The better BLER performance of those schemes compared to the conventional scheme comes at least partly from the bad performance of the interleaver in "conventional 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 ----------------------------------------
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