
3GPP TSG RAN WG1 Meeting #82
R1-154174
Beijing, China, Aug 24th – Aug 28th 2015
Agenda item:
7.2.5.3.1
Source: 
Samsung
Title: 
FD-MIMO codebook framework for 12 and 16 port CSI-RS
Document for:
Discussion and Decision

1 Introduction
In RAN#68, WI on EBF/FD-MIMO was agreed [1], and the objectives of the WI include the following aspects:
· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
· Specify enhancements on CSI reporting in the following areas [RAN1]

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
This contribution proposes an FD-MIMO codebook design framework to be used for various 2D antenna configurations, channel conditions and deployment scenarios. 
2 Antenna configurations for the WI
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Figure 1 Proposed “transpose” indexing

Figure 1 illustrates the prioritized antenna configurations and the transposed indexing method proposed in [2]. 12 port and 16 port codebooks should be designed in this SI, and these four antenna configurations can be taken as priority configurations, for the standards specification design. Here, the antenna configurations correspond to the TXRU configurations in the SI, in which case an antenna port may comprise multiple antenna elements forming 1D or 2D uniform arrays according to sub-array or full-connection architecture. Hence, the antenna port configurations in Figure 1 may correspond to various 2D physical antenna configurations, with various antenna spacing and total number of antenna elements. It would be desirable if the newly designed codebook can support these various antenna configurations. 
On the other hand, according to the proposed antenna indexing in Figure 1, a single codebook is sufficient for both “wide” and “tall” 2D configurations of Config A and B for each of 12 and 16 port cases as discussed in [2]. 
A summary of those observations made in this section is provided below:

Observations: 

1. 12 port and 16 port antenna configurations correspond to various physical antenna configurations through TXRU to antenna element mapping. 

2. According to the indexing in Figure 1 one codebook can support for both “wide” and “tall” configurations for each of 12 and 16 port configurations.
3 Proposed codebook framework

In order to support various scenarios and configurations with maintaining specification efforts small, a “big” master codebook can be designed for 12 and 16 port CSI-RS, which captures a large number of precoding matrices. It is proposed that the master codebook should have both Kronecker and double-codebook structure, so that x-pol and 2D antenna array can be supported by the master codebook. 
In the sequel, for convince of the codebook design and description, a “long” dimension of the 2D antenna array is referred to the first dimension, and a “short” dimension of the 2D antenna array is referred to the second dimension. Hence, when 16 port config A in Figure 1 is assumed, 1st (long) and 2nd (short) dimensions respectively correspond to the horizontal and the vertical dimensions; when 16 port config B is assumed, on the other hand, 1st and 2nd dimensions correspond to the vertical and the horizontal dimensions.

In this case, a rank-1 16-port master codebook comprises precoding vectors in the following form: 
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 are block diagonal matrices for the 1st (long) and the 2nd (short) dimensions respectively; and 
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 comprises L1 and L2 oversampled DFT beams of length (N1, N2) = (4, 2).
· 
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 corresponds to a column selection and co-phase;
· 
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N

 = number of configured CSI-RS ports in the CSI-RS resource, e.g., 12, 16.
· 
[image: image9.wmf]3

,

2

,

1

,

0

,

4

2

=

=

p

e

p

p

p

j

 is a co-phase.
When legacy 8-Tx and 4-Tx codebook design parameters (oversampling factor, number of beams, etc.) are re-used for this master codebook design, the total numbers of beams for the two dimensions are both 32, and 16x16 beam groups for the two dimensions can be indicated by the two first PMIs of i1,1 and i1,2. The total number of combinations for the beam and co-phase selection to be indicated by i2 in this case would be 26 = 64, if each beam group comprises 4x4 = 16 beams in the two dimensions and QPSK is used as the co-phase alphabet. The total number of rank-1 codewords in the master codebook becomes 214, which will be useful to support FD-MIMO operations in various channels, antenna configurations and deployment conditions. However, this big codebook size also poises challenges in UE complexity and feedback overhead, if no other mechanisms are in place. 
In order to maintain UE complexity small and to keep the specification efforts reasonable, while at the same time to cope with various antenna configurations, channel conditions and deployment scenarios (e.g., UMa, UMi, high rise, small cells, etc.), a possible approach would be to configure codebook parameters UE specifically to restrict the codebook size. In the legacy codebook subset restriction (CSR), the PMI payload stays the same and only the codebook search space is UE-specifically reduced; and the CSR is configured according to a bitmap in the higher layer. These legacy approaches are not attractive for FD-MIMO with a large-size master codebook of as large as 214 codewords per rank, as it cannot reduce UE complexity and high signaling overhead for the CSR configuration. Hence, for the new CSR for FD-MIMO, it is proposed (1) to correspondingly reduce the UE PMI payload and (2) configure the codebook parameters (rather than a bitmap) in the higher layer to minimize the signaling overhead. 
This new CSR can serve as a main mechanism to reduce the UE PMI payload and complexity, and hence it is proposed to upper-limit the maximum number of bits for the PMIs after the CSR, for example:

· (Total number of bits for the first and the second PMIs) ≤ [10];

· Split of W1 and W2 information bits:

· Alt 1: (Number of bits for W1) ≤ 6, and (Number of bits for W2) ≤ 4;
· Alt 2: (Number of bits for W2) ≤ 4, and (Number of bits for W2) ≤ 6;

The exact numbers for the upper limit is FFS.

Example codebook parameters for CSR include beam spacing (s1, s2) and number of beams (L1, L2) in each beam group for the two dimensions. The beam spacing has been discussed in the 4-Tx advanced codebook discussions, and it has been argued that wide beam spacing is beneficial for robust performance for widely spaced antenna cases, while narrow beam spacing has performance benefits for narrowly spaced antennas [3]. For Alt 2, by restricting the choices for the number of beams (L1, L2), the 2nd PMI (i2) overhead can correspondingly be constrained. For example, if the CSR allows only (L1, L2) = (4,1), (1,4) and (2,2), the number of bits for the 2nd PMI (i2) is still 4 bits (same as the legacy codebook). 
A summary of those proposals in this section is provided below:

Proposal:

1. Two new master codebooks, for 12 port and 16 port cases, should be constructed.

2. UE shall be able to be configured with CSR parameters, and the PMI payload gets reduced according to the CSR parameters. 

3. The maximum number of bits for the PMIs after CSR should be constrained to:

a. (Total number of bits for the first and the second PMIs) ≤ [10];

b. Split of W1 and W2 information bits:

i. Alt 1: (Number of bits for W1) ≤ 6, and (Number of bits for W2) ≤ 4;

ii. Alt 2: (Number of bits for W2) ≤ 4, and (Number of bits for W2) ≤ 6;

4 Conclusion

This contribution has investigated codebook design principles for FD-MIMO, and made the following observations and proposals.
 Observations: 

1. 12 port and 16 port antenna configurations correspond to various physical antenna configurations through TXRU to antenna element mapping. 

2. According to the indexing in Figure 1 one codebook can support for both “fat” and “tall” configurations for each of 12 and 16 port configurations.

Proposal:

1. Two new master codebooks, for 12 port and 16 port cases, should be constructed.

2. UE shall be able to be configured with CSR parameters, and the PMI payload gets reduced according to the CSR parameters. 

3. The maximum number of bits for the PMIs after CSR should be constrained to:

a. (Total number of bits for the first and the second PMIs) ≤ [10];

b. Split of W1 and W2 information bits:

i. Alt 1: (Number of bits for W1) ≤ 6, and (Number of bits for W2) ≤ 4;

ii. Alt 2: (Number of bits for W2) ≤ 4, and (Number of bits for W2) ≤ 6;
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