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Symbol Vector Interleaving for Chase-Combining HARQ
Marvell Semiconductor Inc.
1. Introduction
Chase-combining as a simple and effective HARQ scheme should be considered for IEEE802.16m, and it is already specified in 16e legacy systems. Chase-combining HARQ, however, may not be very efficient when the channel varies slowly and the time-diversity is limited. We propose a symbol vector interleaving for chase-combining for slow-varying channels, which enables the optimal symbol-level combining for HARQ at the same time.
2. HARQ with Symbol-level Combining for DL MIMO

In this section, we first briefly introduce symbol level combining. As a duplicate copy of signals is transmitted after the first attempt is failed, the mobile can have different approaches to combine the multiple copies of signals. A typical approach is to combine the log-likelihood-ration (LLR) of the corresponding bits, or bit-level combining (BLC). Although optimal for SISO channels, bit-level combining is clearly suboptimal in MIMO channels. Symbol-level combining, as shown in Figure 1, has been proved to be optimal for MIMO HARQ, which is equivalent to bit-level combining for SISO channels.
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Figure 1. Symbol-level combining for MIMO channels
Assume the signal 
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 is transmitted using chase-combining HARQ, where the received signal from the i-th retransmission is
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. The symbol level combiner represented the received signals at the N-th retransmission as
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where 
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is the equivalent MIMO channel after the pre-processor for the space-time codes (e.g., reorder and stack Hi for STBC). Symbol-level combining has been published in [2][3]. 
Figure 2 compared bit-level combining and symbol-level combining performance for chase-combining HARQ. Assume a VA-120km/h channel. STBC (Matrix-A) is used over a 2x2 MIMO channel with high correlation. The transmit signal is QPSK and rate-1/2 coded. Symbol-level combining shows a 2.5dB gain over bit level combining for 2 transmissions.
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Figure 2. Link performance comparison of bit-level combing and symbol-level combining for VA-120km/h, 2x2 STBC.
3. Symbol Vector Interleaving for Chase Combining

For MIMO chase combining retransmissions, the coded symbol vectors can be passed through a symbol interleaving to exploit frequency selectivity. Explicitly, a reordered symbol vector-to-subcarrier mapping is used for retransmissions. After a symbol deinterleaver at the receiver end, the symbol-level combining can be deployed for optimal demodulation and decoding. The system is given in Figure 3.
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Figure 3. Symbol interleaving for Chase Combining
The symbol vector interleaving can be employed at different resolution. For example, a simple interleaver just rotates the allocated RU’s in the retransmissions. More complicated interleavers include randomly rearranging symbols vectors to subcarrier mapping. The complexity of symbol interleaver is minor, but it efficiently exploits the frequency selectivity and improves the performance at the help of symbol-level combining. 

Figure 4 shows the performance with symbol-level combining and symbol interleaving with chase-combining HARQ. Assume an ITU PedB-3km/h channel. Spatial multiplexing (Matrix-B) is used over a 2x2 MIMO channel with high correlation. The transmit signal is 16QAM and rate-3/4 coded. Suppose AMC allocation is used, and all subcarriers are assigned to a mobile. Retransmission occurs after two 5ms frames. Symbol interleaving is implemented in two fashions: a logical band shift, or a random rearrangement across 2 logical bands. Symbol-level combining (SLC) shows a 2dB gain over bit level combining (BLC) for 2 transmissions, and symbol interleaving provides 2dB gain in addition.
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Figure 4. Performance of symbol level combining and symbol interleaving for CC HARQ
The symbol vector interleaver is implemented in frequency domain in Figure 3. It can be further generalized in spatial domain. Namely, a different space-time coding scheme will be employed on the duplicate symbol vector at retransmissions. 
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Figure 5. General symbol-level interleaver for CC HARQ
A simple example is to construct STBC across HARQ transmissions [4]

 REF _Ref201996645 \r \h 
[5]. Namely, on a subcarrier, the symbol vector 
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is transmitted, and in the 2nd transmission, the alamouti-coding pair 
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is transmitted. Symbol-level combining will treat retransmissions as STBC (Matrix-A). Figure 6 shows the performance with symbol-level combining and spatial symbol interleaving (HARQ STBC) with chase-combining HARQ. The same simulation parameters as Figure 4 are reused here. Spatial symbol vector interleaving provides 4dB gain.
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Figure 6. Performance of spatial interleaver for CC HARQ
More complicated spatial symbol vector interleaving includes applying different precoding matrix across retransmissions and etc. 
4. Conclusions
The optimal receiver for MIMO chase-combining HARQ is symbol-level combining. To improve the performance of chase-combining over slow varying channels and employ symbol-level combining at the same time, a symbol vector interleaving concept is proposed, to rearrange the coded symbol vectors in frequency and spatial domain for HARQ retransmissions. 
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� Although chase combining is discussed in this contribution, the same concept of symbol-level combining can be applied with Incremental Redundancy (IR).
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