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1. Introduction 
At last HSDPA Adhoc meeting in Sophia Antipolis, it was pointed out by Nokia [1] that clustering of high and low reliable bits of Rel99 2nd interleaver could deteriorate the system performance. In this contribution, we clarify that SMP (Symbol Mapping based on bit Priority) interleaver, proposed by Samsung [2], is free from clustering phenomenon and show that the performance of SMP interleaver is better than that of partially filled interleaver proposed by Nokia [1]. 
2. Issue of clustering phenomenon for SMP interleaver

According to the current WG1’s conclusions, 8PSK and 64QAM are not included in Rel'5 and 16QAM is a unique high order modulation scheme. When 16QAM is used with Rel99 2nd interleaver whose row number is divisible by 4, there could be a clustering phenomenon of high and low reliable bits. Fig. 1 shows the simulated raw BER before Turbo decoding as a function of the bit position in the frame of 16QAM. It is clear from Fig. 1 that Rel99 2nd interleaver has the clustering phenomenon. Nokia proposed one solution to remove the clustering phenomenon by using so called “partially filled interleaver”, which is basically a Rel99 2nd interleaver with dummy bits inserted. Nokia also commented that SMP interleaver would also have a clustering phenomenon and partially filled interleaver shows the better performance than SMP interleaver. However we would like to clarify that SMP interleaver has no clustering phenomenon. 

When SMP interleaver is used, as many systematic(S) bits as possible are mapped to high(H) reliability bits while parity(P) bits are, in most cases, mapped to low(L) reliability bits. Since the input stream of Turbo decoder, when 16QAM with 1/2 rate is used, is S,P,S,P,S,P,…, the reliability pattern of the input stream should be H,L,H,L,H,L,…Therefore the reliability pattern of SMP interleaver changes bit by bit and SMP interleaver has no clustering phenomenon. In case of coding rate 3/4, since the input stream of Turbo decoder is S,S,S,P,S,S,S,P,… the reliability pattern of the input stream should be H,H,L,L,H,H,L,L,…, where some S bits maps to L reliability bits because there are not enough H reliability positions for all S bits. In this case, the reliability pattern of SMP interleaver changes by every other bit. Table 1 summarizes reliability change rate of SMP for coding rate 1/2 and 3/4.

	Coding Rate
	Input for Turbo Decoder
	Reliability Pattern
	Reliability Change Rate

	1/2
	S P S P S P S P ( ( (
	H L H L H L H L ( ( (
	Bit by Bit

	3/4
	S S S P S S S P ( ( (
	H H L L H H L L ( ( (
	Every other bit


Table 1 Reliability change rate of SMP for coding rate 1/2 and 3/4
Fig. 1 also shows the simulated raw BER patterns of no interleaver, partially filled interleaver and SMP interleaver for coding rate 1/2. It is clear that the BER of SMP interleaver changes bit by bit, which means that, with respect to clustering phenomenon, SMP interleaver is superior to partially filled interleaver and no interleaver. 
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Fig. 1 Raw BER before turbo decoding with 16QAM 1/2 rate
3. Simulation

FER performance of SMP is compared with that of partially filled interleaver proposed by Nokia [1]. In this simulation, 16QAM with Turbo code rate 1/2 is used in AWGN channel and Rayleigh fading channel at 3km, 30km, and 120km. On the contrary to the result shown in [1], SMP performance is better than that of the partially filled interleaver by about 0.2~0.25dB. 
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 Figure 2 Comparison of FER for SMP and Partially filled interleaver in AWGN
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Figure 3 Comparison of FER for SMP and Partially filled interleaver in Rayleigh Fading

4. Conclusion
We clarified that SMP interleaver has no clustering phenomenon of high and low reliable bits. It was shown that the performance of SMP interleaver is better than that of partially filled interleaver. If clustering phenomenon may degrade the system performance as pointed out by Nokia, it is natural that SMP interleaver should show better performance than partially filled interleaver. Furthermore, SMP interleaver obtains the performance gain by controlling the mapping of systematic and parity bits while partially filled interleaver has no control at all.

Based on this result and previous results from Samsung [2]-[3] and other companies [4]-[6] for the benefit of SMP, we strongly suggest that SMP should be included in TR. 
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