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An Enhanced UL MU-MIMO scheme with interleaver
Xiaolu Dong, Ying Du, Jianhua Liu, Zhuo Gao, Xin Su, Huiying Fang

CATR, ASB, Datang Mobile, Tsinghua Univ, ZTE
1. Introduction
In section 5.7 of SRD, it is described that ‘For the MS, a minimum of one transmit and two received antennas shall be supported’. With the limitation of the number of MS transmit antenna, multi-user MIMO is the primary MIMO scheme for uplink.
For MU-MIMO, with error and delay of quantized channel state information (CSI) feedback, MAI (Multiple Access Interference) can’t be avoided. In this contribution, a new MAI elimination method using interleaver is provided.
2. Scheme Description
For further multi-user interference suppression, different interleavers for different streams for uplink are introduced. If the iterative detection method is supported in receiver, interference can be suppressed further and better performance can be obtained. Otherwise the performance is similar to that of MU-MIMO without interleaver.
The transmitter structure of the proposed scheme is shown in figure 1, which is under consideration with n users’ streams. After the input data sequences from different users are encoded by encoder unit, the got sequences are fed into different interleaver for different users.
The function of interleaver in transmitter is to suppress interference of spatial multiplexing by randomizing data of different users, and the receiver suppress the multiple access interference by iterative processing as the different user adopts different interleaver. And if the interleavers are generated independently and randomly, the affection of suppressing MAI will be optimal by iterative processing. 
The iterative decoding part of receiver structure is represented as Figure 2. 
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Figure 1 Structure of transmitter
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Figure 2 Structure of receiver
3. Analysis of iterative process

Here we consider an iterative multi-user receiver based on the interference cancellation and iterative decoding. And in order to highlight interleaver advantage, we can compare interference cancellation with interleaver and with scrambling. 
Here we consider that two user transmit simultaneously using MU-MIMO in one sector. In the first iteration, the single-user decoding is performed for user 1. Assuming after the decoding, a given information bit in the frame is relatively unreliable (log-likelihood ratio (LLR) is small), as shown in Fig.3 (a). Then the information bits will be re-encoded. Thus the unreliable information bit is converted to a number (in the sample, the number is 4) of unreliable code bits, as shown in Fig. 3 (b). As in Fig. 3 (c), the 4 unreliable code bits will be distributed to discontinuous positions after re-interleaving for user 1. Then the user 2’s signal is obtained by subtracting the user 1’s from the received signal. After the interference subtraction, the 4 unreliable bits in the user 1’s frame will affect the decoding of the corresponding bits in the user 2’s frame, as shown in Fig. 3 (d). Then the user 2’s signal will be fed to the de-interleaver of user 2. In the case of scrambling, since the two cells use the same interleaver pattern, the 4 unreliable bits will be re-assembled together, as shown in Fig.3 (e). However, if different interleavers are used, the user 2 is employing a different interleaver pattern from user 1. Hence the 4 unreliable in the frame will be distributed to another series of discontinuous positions, as shown in Fig.3 (f). As well known, a number of adjacent bit errors (as in Fig. 3 (e)) are more difficult to be corrected than a number of distributed bit errors (as in Fig. 3 (f)). Hence in the second iteration, scheme with interleaver will have a better decoding performance than that with scramling.
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Fig. 3 How interleaver working with iterative decoding
4. Conclusion
In the proposal, an enhanced MU-MIMO scheme is proposed. Compared with existing MU-MIMO schemes, the proposed scheme can suppress MAI and improve the SINR gain more effectively.
5. Text Proposal
------------------------------------Start text proposal------------------------------------
[Adopt the following text in the ToC of P802.16m System Description Document (SDD)]
11.x.x MU-MIMO

For uplink, different interleaver should be assigned for each stream. The signals for each stream should be interleaved with its assigned interleaver before modulation.
------------------------------------End text proposal------------------------------------
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