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1. Introduction 
This document summarizes SMP technique introduced in [1]-[3]. 

SMP has considerable improvement of the performance for initial transmission and its effect still remains for retransmission without any advanced retransmission technologies, e.g., Signal Constellation Rearrangement [5], Adaptation of Rate Matching [7], and Interleaver Variation [8]. Also, since main purpose of SMP is not for retransmission, SMP can cooperate well with all advanced retransmission technologies mentioned above with certain expense of symbol combining. SMP has extra advantages such as possible symbol combining, well-cooperation with other techniques and so on.

2. SMP technique
Logically divided two interleavers are feasible for the modulator to map bits with higher priority to higher reliability position on symbol. 

2.1 Concept

In HSDPA, high order modulations, e.g., 16QAM, 64QAM, are used, whose symbol consists of bits with different reliability such as MSB (Most Significant Bit) and LSB. Thus, it is expected that the overall system performance would be improved if higher priority bits have higher reliability. Fortunately, The output of Turbo encoder consists of systematic (S) bits and parity (P) bits and it is well known that S bits have higher priority than P bits for the decoder performance. According to this idea, as shown in figure 1, S bits can be mapped to high reliability bits and P bits to low reliability bits using proposed interleaver.  
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Figure 1 Basic principal of SMP

2.2 Structure

Figure 2 shows the proposed interleaver structure that the original interleaver in [4] is replaced by logical two interleavers but physical single interleaver under the control of AMCS. Total size of logical two interleavers is same as original interleaver.
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Figure 2 logical and physical interleaver structures for SMP technique

Figure 3 shows the examples of output patterns of proposed interleaver for different coding rate and modulation order. Every symbol includes S bits and P bits and the size of two parts could be different according to the coding rate. Note that right 2 bits has high reliability and left 2 bits has low reliability for 16QAM and in case of 64QAM, middle 2bits has medium reliability in case of figure 3.
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Figure 3 the outputs of interleaver for different MCS level
2.3  Performance gain

SMP technique shows similar performance gains (FER) under AWGN and Rayleigh fading environment [3], [6]. 

· 16QAM

rate 1/2 ( about over 0.3dB1, rate 3/4 ( about over 0.1dB

· 64QAM 

rate 1/2 ( about over 0.5dB, rate 3/4 ( about over 0.2dB

Throughput gains for 16QAM and rate 1/2 were about 0.3dB-0.6dB when bit level combining was applied [2]. If symbol level combining is applied, then the gains will be increased between SMP and IR (incremental redundancy) but not for CC (chase combining) since symbol level combining is also possible for CC. Therefore, we need to be careful when we compare the gain with CC, i.e., the comparison should be done between CC with symbol combining and other advanced techniques if they can’t do symbol combining.

2.4  Interaction with other techniques 

SMP technique cooperates well with the other technologies such as HARQ, AMCS and advanced retransmission technologies. SMP can achieve considerable gains regardless of any HARQ types [2]. Also, since SMP is irrelevant to the modulation part, it does not disturb a symbol combining. Without considering symbol combining, the SMP can be combined well with the advanced symbol mapping methods for HARQ retransmission, e.g. Signal Constellation Rearrangement [5], Adaptation of Rate Matching [7], and Interleaver Variation [8]. Mutual synergy effect can be obtained since SMP is effective for both for the initial transmission and retransmission, while they are effective only for retransmission.      

2.5  Complexity

Basically, SMP doesn’t require high complexity increase since interleaving buffer size is physically same. But it needs different Read/Write interleaving algorisms according to several MCS levels.  

3. Conclusion

We have discussed several issues for SMP. In HSDPA, high order modulation is required for   providing high data rate, which cause sever detection problem. Therefore, we need more advanced technologies, and SMP may have the right qualification as one of them. Now, we strongly suggest that the proposed SMP technology be considered for HSDPA and included in RAN WG1 technical report. If this proposal is accepted in WG1, text proposal will be presented continuously in chapter 5.
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6.7 Adaptive Modulation and Coding (AMC)

6.7.1 Performance Evaluation <throughput, delay>

6.7.2 Complexity Evaluation <UE and RNS impacts>

6.7.3 Complexity Impacts to UE

6.7.4 Advanced Technologies

6.7.4.1 Interference Canceller and Equalizers for High Modulation

6.7.4.2 Symbol Mapping based on Priority (SMP) for High Modulation

In HSDPA, high order modulations, e.g., 16QAM, 64QAM, are used, whose symbol consists of bits with different reliability such as MSB (Most Significant Bit) and LSB (Least Significant Bit). In order to benefit from the different reliabilities, systematic (S) bits would be mapped to high reliability bits and parity (P) bits to low reliability bits. To accomplish a purpose, logically separated two interleavers replace single interleaver to prevent mix of S and P bits prior to modulation. 

The FER performance of the SMP was evaluated in WG1. Figure 1 shows the FER results for 16QAM and 64QAM as a function of Ior/Ioc in AWGN. SMP technique shows different gains according to MCS levels and it is more effective for higher order modulation and lower coding rate. The SMP could achieve the synergy gains if it is combined with HARQ schemes and advanced retransmission technologies.    
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Figure 1 FER for 16QAM and 64QAM 
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1 TI evaluated SMP for 16QAM and rate 1/2 in [6] and the results were about 0.2dB for both of AWGN and fading. But our re-simulation results still showed over than 0.3dB.
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