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MU-MIMO with limited signaling overhead for 16m system
FUJITSU

1. Introduction

It is required in 16m SRD [1] that MU-MIMO schemes should be supported in the system, where channel knowledge of the different users is exploited to schedule multiple users on the same time and frequency resource. Two kinds of MU-MIMO schemes can be supported. One is codebook based pre-coding, where the pre-coding vector index (PVI) is select in each UE side and feedback for BS scheduling. The other is non-codebook based pre-coding employing TDD channel reciprocity. Codebook based pre-coding can further divided into unitary pre-coding, non-unitary pre-coding and Zero-forcing (ZF) pre-coding. For unitary pre-coding, the codebook comprises of several matrixes and the vectors in these matrixes are orthogonal with each other. Non-unitary pre-coding and ZF pre-coding have no such limitation and BS can select arbitrary number of users to be scheduled, but each scheduled user only knew partial pre-coding matrix information related to its feedback information. It would be beneficial for these two schemes if the receiver is aware of the multiuser interference. Therefore the transmission of the pre-coding matrix information in BS side should be supported and well designed. Here a scheme is proposed to dynamically select the number of users being scheduled using limited downlink control signaling overhead.
2. DL signaling issues
Figure.1 shows a general multi-user MIMO structure, where each UE calculates SINR corresponding to each vector in the codebook using the estimated channel and feedback the largest SINR as CQI and the corresponding PVI to the BS side. Using these feedback values, BS can select appropriate UEs according to a certain scheduling rule and transmit multiple data streams to these UEs simultaneously.
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Figure 1--- Multi-user MIMO structure

As mentioned above, for non-unitary pre-coding and ZF pre-coding, it would be beneficial to be able to suppress interference cause by other scheduled users in the UE side. This needs the pre-coding matrix information to be known in advance in UE side. There are at least two options to transmit the pre-coding information. The first is explicitly signaling the index of the allocated pre-coding vectors. The second is to use the pre-coded dedicated pilots. Taking the first scheme into consideration, using a 4 bits (16 vectors) codebook as an example, the possible number of simultaneously scheduled UEs will be two, three or four. Then the information to be transmitted in a straightforward way include the number of users been scheduled (2 bits) and the individual pre-coding vector index been employed (totally 16 bits for 4 users). The pre-coding information can also be transmitted using a brute-force way, where UEs can be allocated into user group with the number of users in each group be 2, 3 or 4. The total number of user groups can be denoted as 
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, where K denotes the number of vectors in the codebook. Therefore the number of bit for 4 bits codebook to signal the pre-coding matrix is 
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bits. These two signaling schemes are either too complex or need too many resources. 
3. Limited signaling scheme
Taking 4 bits Grassmannian codebook as an example, the steps of the designed limited signaling overhead scheme are listed as follows.
Firstly, due to the fact that the inter-stream interference will be decreased if the selected vectors to form the pre-coding matrix have low correlation values for any pair of them, each vector 
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in the codebook is designed to maintain a set denoted as 
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. The correlation values between each vector in the set and vector 
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Then a trellis based structure is proposed, as shown in Figure.2, where each vector in the codebook stands for a state. The number of the columns in the trellis is equal to the maximum number of users that can be scheduled. Figure.2 is only for illustration and describes several state transitions for simplicity. An example is used here to illustrate the state transitions. For state 1 in the first column, its next states are the vectors in its maintained vector set, which can be denoted as
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. It should be noted that each vector in 
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 also has its own maintained set as in step 1. Supposing the maintained vector set for 
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can be denoted as
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Further, to reduce the redundant state transitions, it is designed that the index of the vectors transmitted from current vector is always larger than the current vector index, i.e., the index of the vectors in the set 
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. This process is the same for the subsequent transitions. As a result, 
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are assumed to be the set consisting of matrices corresponding to the whole 1 states transition, 2 states transition, 3 states transition, respectively. 
After the trellis is constructed, all the state transitions in the trellis are uniformly numbered and allocated with a unique index. With 4 bits Grassmannian codebook and 
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, it can be calculated that 126 possible user groups can be obtained and 
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bits are needed to convey the user group index through control channel. 
The total number of the user groups is directly related to the pre-defined threshold and the maximum number of the scheduled users. The threshold can be designed with different values for different number of scheduled users in order to balance the total number of state transitions.
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Figure 2--- trellis structure
The resultant user groups and corresponding useful information deducted from the trellis can be stored in each BS and MS for user group numbering and scheduling. An example stored table is proposed as shown in Table.1.

Table 1 Information stored in BS and MS
	Number of vectors 
	Contained vectors 
	Upper vector combination index 
	Vector combination index 

	2 
	s1 , s2 
	NA 
	1 

	2 
	s1 , s4 
	NA 
	2 

	… 
	… 
	… 
	… 

	3 
	s1 , s2, s9 
	1 
	k1 

	3 
	s1 , s4, s9 
	2 
	k2 

	… 
	… 
	… 
	… 

	4 
	s1 , s2, s9, s14   
	k1,   1 
	kn 

	4 
	s1 , s4, s9, s14  
	k2,   2 
	kn+1 

	… 
	… 
	… 
	… 


The first column of Table 1 denotes the number of users in each user groups. The corresponding vectors contained in each user group in denoted in column 2. Column 3 denotes the upper (father) vector combination index for each user group, which is useful for BS scheduling in section 4. The index of each user group in illustrated in last column.
4. BS scheduling
Max-sum-rate scheduling method is employed as an example. With the proposed trellis structure and user group select scheme, the scheduling method can be presented as follows.
a. Find if there are 4 vectors that can form a matrix contained in 
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 matrices can be formed and denoted as
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corresponding to the highest SINR can be denoted as:
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where 
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b. Find if there are 3 vectors that can form a matrix contained in 
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 matrices can be formed and denoted as
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. The highest SINR and the corresponding matrix can be found in a similar way as described in step a.
c. Find if there are 2 vectors that can form a matrix contained in 
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d. Find the highest SINR of these three steps and the corresponding matrix. This matrix is used as pre-coding matrix after zero-forcing operation. Then BS conveys the matrix index to the scheduled terminals.
5. Text proposal
Insert the following text into SDD Sections indicated below
---------------------------text start-----------------------------
11. x Advanced multiple antenna technique
11.x.1 SU-MIMO technique
11.x.1.1 Open loop
11.x.1.1 Closed loop
11.x.2 MU-MIMO technique
11.x.2.1 Non-codebook based pre-coding
11.x.2.2 codebook based pre-coding

11.x.2.2.1 UL feedback design
11.x.2.2.2 DL pre-coding schemes
11.x.2.2.3 DL signaling scheme
11.x.3 Cooperative MU-MIMO technique

11.x.4 Unified SU-MIMO and MU-MIMO technique

11.x.4.1 Unified codebook for SU-MIMO and MU-MIMO. 
11.x.4.2 Feedback design
11.x.2.3 DL signaling scheme
For non-unitary pre-coding and Zero-forcing pre-coding schemes, it would be beneficial to be able to suppress interference caused by the other scheduled users in the UE side. This needs the pre-coding information to be known in advance in the UE side. Therefore DL signaling carrying the pre-coding matrix information should be well designed with limited signaling overhead. To do that, each vector in the codebook maintains a set and the correlation between this vector and each vector in the set is below a pre-defined threshold. A trellis can be constructed using the maintained sets and the state transitions in the trellis can be obtained and uniformly numbered. When the pre-coding matrix is selected, its corresponding state transition index in the trellis is signalled in DL.
---------------------------------text end---------------------------
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