
3GPP TSG RAN WG1 Meeting #82
R1-154157
Beijing, China, Aug 24th – Aug 28th 2015
Agenda item:
7.2.5.1.2
Source: 
Samsung
Title: 
Antenna configurations and antenna port numbering for FD-MIMO
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 discusses FD-MIMO antenna configurations for designing the specifications, and proposes antenna port numbering to align the discussion in the RAN1 meetings. 
2 Antenna configurations for the WI
[image: image1.emf]
Figure 1 Prioritized antenna configurations

The WID describes that 12- and 16- port CSI-RS and codebook design should be specified for supporting 2D antenna arrays. Only 4 TXRU configurations correspond to this description with P = 2 (dual pol): (MTXRU, N, P) = (4, 2, 2), (2, 4, 2), (3, 2, 2) and (2, 3, 2) as illustrated in Figure 1. Considering the Rel-13 timeline, other antenna configurations, such as 8-port and 1D configurations (i.e., either MTXRU or N is one) should be de-prioritized. 

3 Antenna port numbering 

[image: image2.png]



(a) 16 port Config A
[image: image3.emf]Alt 1

Alt 2


(b) 16 port Config B
Figure 2 2D Antenna configurations and antenna numbering
For the codebook design purpose and for efficient discussions in RAN1, it seems necessary to align the method to enumerate those antenna ports in the 2D antenna configurations. Such an indexing scheme, although not included in specifications, ensures that simulation results from different companies are comparable since they are based on the same mapping between antenna ports and precoding weights. A natural way of extending the 8-port numbering considered during 8-Tx and 4-Tx codebook enhancement discussions is described in Figure 2. Considering the W1W2 PMI codebook structure considered in the SI, it seems to make sense to index all the antennas with a first polarization first and move on to the next polarization. Within a polarization, considering the Kronecker structure of the codebook, the antenna port numbers can be assigned in a row-first manner (illustrated Figure 2(a)(c) – Config A). For the corresponding tall configurations, two alternatives can be considered: 

· Alt 1. Use the “transpose” indexing.

· Alt 2. Use the same indexing method as that for Config A, i.e., row-first manner. 
To see benefits of Alt 1 and Alt 2 better, consider a KP precoding matrix in a form of 
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· 
[image: image5.wmf]CSIRS

N

 = number of configured CSI-RS ports in the CSI-RS resource, e.g., 12, 16.
· 
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 is an Nx1 oversampled DFT vector for a first dimension.
· 
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 is an Mx1 oversampled DFT vector for a second dimension.
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Figure 3 Application of precoders on 2D antenna array

With Alt 1, when (N, MTXRU) is set to (4, 2), the rows of the precoding matrix 
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 can apply to antenna ports 0 – 15 for both configuration of 16-port config A and B as illustrated in Figure 3. Hence, only one codebook seems to be sufficient for each of 16 port and 12 port 2D antenna configurations. 
On the other hand, Alt 2 implies that separate codebooks should be configured for Config A and B: (MTXRU, N) should be configured as (4, 2) and (2, 4) respectively for Config A and B. 

The best codebook parameters for “wide” and “tall” antenna configurations (Config A and B) may not be the same and that may give some benefits to Alt 2 as compared to Alt 1. However, “wide” and “tall” configurations are just one of antenna configurations that motivates parameterized codebook [2]; other configurations include antenna spacing, number of elements per TXRU, deployment scenario, and so on. If those parameters are configured, it does not seem to be necessary to separately configure the antenna dimension parameters (MTXRU,N). Hence, it is proposed to adopt the “transpose” indexing of Alt 1, as illustrated in Figure 4. 
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Figure 4 Proposed “transpose” indexing
4 Conclusion

This contribution has investigated antenna configurations to focus in this WI and antenna port numbering schemes. Based upon the observations in this contribution, the following is proposed:

Proposal 1: Prioritize antenna configurations of (MTXRU,N,P) = (4,2,2), (2,4,2), (3,2,2), (2,3,2) for the codebook design.

Proposal 2: Adopt “transpose indexing” illustrated in Figure 4 for further discussion of codebooks in this WI. 
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