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1 Introduction
The MU-MIMO design progress has been quite slow. In RAN1#49 the following working assumption was stated:
Way forward on size of UE feedback codebook

· 2 tx antenna: at max 3 bits

· 4 tx antenna: at max 4 bits

In this contribution, we address the codebook design and associated control signalling aspects for MU-MIMO.
2 Codebook and CTRL signalling aspects of MU-MIMO
In this MU-MIMO contribution, we define 

1. Two UE codebooks whose sizes are 3 bits (8 codewords) for the 2 transmit antenna case, and is 4bits (16 codewords) for the 4 transmit antenna case (the detailed codebook definitions are in the later sections). Both codebooks should be constant modulus. 
2. Node-B codebooks, which contain codewords of precoding matrices or precoding vectors. The codewords in the codebooks should enable PA power balance defined such that for a given precoder matrix, the average power per physical antenna is the same for antenna 1, 2, (3, and 4). 

3. To limit the impact of control overhead in both DL/UL,  we also require

a. The per SB feedback should not exceed that of SU-MIMO (currently 11-12 bits for 4Tx). 
b. The periodicity of feedback should be reduced according to the number of UEs supported per SB, which is at most the number of transmit antennas at Node-B. (For example: In a large UE population, each UE can feedback a very small amount of information)
c. The DL control message, the allowable additional payload for the purpose of MU-MIMO should not exceed SU-MIMO per SB.
4. A Node-B switch indicating whether to operate in a “Subset codebook” mode or “Full codebook” mode.  This switch is set semi-statically by the Node-B, and in order to simplify the process, this is applied to all UEs in the cell.  
a. Additional MU-MIMO configuration information may be signalled together with the semi-static switch.

In the “Subset codebook” mode, the following applies to the UE and Node-B behaviours
1. [Node-B] The Node-B codebook is identical to the UE codebook.

2. [Node-B] The Node-B selects a subset of codeword vectors, where the subset size is denoted by Nc. This subset is known as a sub-codebook, and the choice of the sub-codebook is semi-statically broadcast to all UEs in the cell. NB Broadcast to all UE's.  
a. The subset size can be equal or less than the number of transmit antennas at base station, indicating full-rank or non-full-rank choices at Node-B.  The non-full-rank case is useful, for example, in a correlated antenna case where the Node-B detects that all UEs are located within a subset of spatial beams. 

3. [UE]  The UE calculate the CQI seen on each precoder index corresponding to the codewords in the sub-codebook, assuming other vectors in the sub-codebook as interference. The UE feeds back the precoder index that corresponds to the largest CQI, as well as the largest CQI.  Additionally, the UE can feedback other information to help the Node-B scheduling as long as it does not exceed the limit on feedback size per SB.

4.  [Node-B] At any given time, the Node-B selects at most Nc UEs, each are assigned a spatial weight vector according to one of the codewords in the sub-codebook.  
5. [UE] The Node-B indicates in the DL control the spatial weight vector for each UE selected for transmission NB signals to each UE it's code. (UE implicitly knows the interfering codes). If the Node-B does not indicate the precoder index then the UE can assume that the scheduled precoder index is the same as the reported weight.
In the “Full codebook mode”, the following applies to the UE and Node-B behaviours
1. [Node-B] The Node-B creates the Node-B precoding codebook by selecting and ordering multiples of Nc UE codebook vectors and forming the corresponding Node-B codebook matrices. 

2. [UE] The UE calculate the CQI seen on each possible spatial codeword vectors corresponding to all the codewords in the codebook, assuming rank Nc transmission. The UE feedback (at least) the largest CQI, together with index of the largest CQI within the codebook 
3. [Node-B] At any given time and for each SB, the Node-B selects up to Nc  UEs and a precoding matrix by selecting a codeword from the Node-B codebook
4. The Node-B transmission rank value Nc  is also semi-statically broadcasted to all UEs in the cell. 
5.  [Node-B] One way is to use the 4bits (4Tx case) to indicate the Node-B choice of transmission vector for this UE, after ZF/MMSE operation and vector quantization. The implication is that the task of residue interference suppression is left to the UE.
In Both Modes: 

1.  The Node-B creates and semi-statically broadcasts a valid Node-B precoding codebook 

2. The UE reports at least the preferred vector from the available codebook.

3.  The UE calculates and reports at least one CQI based on prior knowledge of the current mode and the channel conditions.  
4. The Node-B may, to reduce DL control signalling, not indicate the precoding codeword leaving the UE to assume that the reported UE codebook index is used in the selection of Node-B precoding codeword.

5. The used precoding matrices ensure a balanced PA operation.

2.1 Codebook for 2-Tx MU-MIMO
The codebook in Table 1 is believed to be a minimum 2-Tx antenna codebook with minimum control overhead. The codebook is believed to provide a reasonable trade-off between size and performance while at the same time addressing several important scenarios including correlated and uncorrelated fading setups
Table 1: Codebook for 2-Tx antennas MU-MIMO
	
	Codebook 
	Codebook Size

	Full codebook
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	Examples of  subset codebooks
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Note that for notational brevity, a scaling factor normalizing each codebook element has been intentionally omitted from the table. This scaling factor ensures the total transmit power is constant regardless of which precoder element is applied.

2.2 Codebook for 4-Tx MU-MIMO
The codebook in Table 2 is believed to be a minimum 4-Tx antenna codebook with minimum control overhead. The codebook is believed to provide a reasonable trade-off between size and performance while at the same time addressing several important scenarios including correlated and uncorrelated fading setups.

Table 2: Codebook for 4-Tx antennas MU-MIMO
	
	Codebook 
	Codebook  Size

	Full codebook
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	Example Set of sub-codebooks
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Note that for notational brevity, a scaling factor normalizing each codebook element has been intentionally omitted from the table. This scaling factor ensures the total transmit power is constant regardless of which precoder element is applied.
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