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An Enhanced Multi-user MIMO System
Martin Liu, Qi Li, Yinwei Zhao, Xin Chang, Jianmin Lu
Huawei
1. Introduction
MU-MIMO (Multi-user multiple-input multiple-output) communication techniques have been an important area of focus for next-generation wireless systems because of their promising improvement in terms of performance and bandwidth efficiency. However, when the number of receiver antenna is less than transmit antenna, the general method of MIMO is failure. In another word, the key factor of restricting performance of MU-MIMO is MAI (Multiple Access Interference) in this situation. To suppress MAI, the transmitter adopts pre-processing such as precoding, intelligent beamforming, etc. Either precoding or beamforming essentially is the precoding technology. If the transmitter selects exact precoding matrix, the MAI can be eliminated effectively. However, the determination of precoding matrix needs accurate CSI (Channel State Information), which is difficult in practical MU-MIMO system. Generally, there are two approaches to solve this problem. One is that each MS feeds back its quantized CSI to the BS respectively, and the BS selects preferred precoding matrix based on the whole CSI’s. However, it is difficult to apply since the overhead of CSI feedback is large. Another approach is the codebook-based scheme. In this scheme, each MS reports one or more index of selected precoding matrix based on its local channel state, and then the BS can schedule appropriate MS’s for MU-MIMO transmission. Since every MS cannot have the knowledge of CSI’s of other MS’s, the precoding matrix selected by one MS may have strong MAI to other MS’s that leads to the performance degradation.
In this contribution, we propose an efficient solution to enhance the performance of existing MU-MIMO system. The transmitter and receiver structure of the enhanced MU-MIMO scheme are outlined. Then some simulation results are provided to demonstrate the advantage of the proposed scheme.
2. Scheme Description
For further multi-user interference suppression, different interleavers for different streams are introduced. And general process method and Turbo-type iterative detection method are supported by the receiver. When CRC of general detection failed, the Turbo-type iterative detecting will take into practice. Typical structure of the scheme is shown in Figure 1 and Figure 2.
The transmitter structure of the proposed scheme is shown in figure 1, which is under consideration with K users’ streams. The input data sequences are encoded by encoder unit. And the coded sequences are fed into interleaver, then into modulation unit. Afterward, the modulated symbols are processed by MU-MIMO pre-processing such as precoding, beamforming, etc.
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 receiver structure is represented as Figure 2. The received signal is firstly buffered. Simultaneity, the channel response parameters can be obtained by channel estimator unit, and then are fed into buffer unit. The received data is decoded by general process, which includes channel equalizating, demodulating, de-interleaver ing as well as decoding. If the CRC is right, the decoded data is directly delivered to next operation. Otherwise, the Turbo-type iterative process takes effect.
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Figure 1 Structure of transmitter
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Figure 2 Structure of receiver
The advantages are as following:
· MAI is further suppressed by Turbo-type iterative process. Thus, the performance of receiver can be further enhanced.
· Compared with existing MU-MIMO scheme, the requirement of CSI can be loose. 
· If the transmitter of MU-MIMO deploys precoding process, the number of feedback codeword can be reduced.
3. Simulation
The link-level simulation is investigated in the section. Assumed MS has acknowledge of H, which is fed back to BS. For simulating the deviation of H due to feedback error or loss, BS is considered to receive H plus 
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 are i.i.d zero mean complex Gaussian random variables with variance
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. Precoding is utilized at BS by SVD (singular value decomposition) according to disturbed H. And the channel equalization of general process scheme adopts LMMSE. The performance of the proposed scheme and general scheme with different 
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 is studied in the simulation.
Link-level simulation assumptions are listed in Table 1.
Table 1 Simulation Assumptions
	Parameter
	Value

	Channel
	TU 6 paths

	Num of Antenna at BS
	3

	Num of User
	3

	Num of Antenna at Each User
	1

	Num of Stream Transmitted to Each User
	1

	Mod Type
	QPSK

	Code Type
	Turbo 1/3  12 tail bits

	Num of Bit Before Encoding
	1024

	MS Speed 
	30 km/p
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Figure 3 Comparison of performance between the proposed scheme and general scheme
From figure 3, we can conclude that the gain of proposed scheme compared to general scheme gradually increase as Std Dev (standard deviation) become larger, which is shown as table 2, with BLER @ 0.1.




table 2  The gain of the proposed scheme with BLER@0.1
	Std Dev = 0
	Std Dev = 0.2
	Std Dev = 0.4

	0.35db
	0.7db
	1.7db


4. Conclusion
In the proposal, an efficient 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

The signals for each stream should be interleaved before modulation and different users should be assigned different interleavers. 

------------------------------------End text proposal------------------------------------
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