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1. Introduction

In RAN#71 meeting, the WID for eFD-MIMO [1] has been approved with objectives shown in the followings.
	· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 

· Evaluate and, if needed, specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation 

· Extend specification support for CSI reporting in the following areas [RAN1]

· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D

· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS

· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded

· Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas [RAN1]
· Necessary CSI reporting scheme, including with and without PMI; and/or

· Necessary open-loop transmission scheme


In this contribution, we discuss the codebook designs to support eFD-MIMO. 

2. Discussion on codebook design for eFD-MIMO
In the Rel-14 eFD-MIMO, {20, 24, 28, 32} CSI-RS ports are newly defined, and thus codebook design should be discussed to properly support new CSI-RS ports. Firstly, we discuss the 1D and/or 2D antenna port layout of the newly defined CSI-RS ports. Table 1 lists the possible antenna layouts for each {20, 24, 28, 32} CSI-RS ports where (N1, N2) indicate the number of antenna elements in vertical and horizontal domain, respectively.  Also, an example of 20-port antenna layout is depicted in Figure 1. 
Table 1. Possible antenna layout for {20, 24, 28, 32} CSI-RS ports
	# of CSI-RS ports
	Possible antenna port layout (N1, N2)

	20
	(2,5), (5,2), (1,10), (10,1)

	24
	(2,6), (6,2), (4,3), (3,4), (1,12), (12,1)

	28
	(2,7), (7,2), (1,14), (14,1)

	32
	(2,8), (8,2), (4,4), (1,16), (16,1)


As shown in Table 1, there are total 19 possible antenna port layouts. Thanks to the scalability of Class A codebook developed in Rel-13, the 2D antenna layouts marked with green color can be easily supported by applying Rel-13 codebook with proper parameters (N1, N2, O1, O2) where (O1, O2) represent the oversampling factor in vertical and horizontal domain, respectively. Of course, codebook for 1D port layout can be easily extended using Config 1 and Config 4 in Rel-13 codebook. However, due to the lack of dimensionality compared to 2D layout, the 1D antenna layout can be too wide or tall in practice. Thus, we should carefully consider the practical antenna design as well.  
Proposal 1: Support 2D antenna port layouts in eFD-MIMO. For 1D layout, which antenna port layout will be supported in eFD-MIMO is FFS.  
Proposal 2: In Rel-14, Rel-13 Class A codebook can be reused with the proper parameters (N1, N2, O1, O2). The values for (N1, N2, O1, O2) are FFS.
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Figure1. An example of possible 20-port antenna layout
In terms of MU-MIMO performance enhancement, narrow beams are more beneficial compared to wide beams, and the narrow beams can be supported with an aid of larger antenna array and high resolution feedback. For high resolution feedback, several feedback mechanisms based on implicit and/or explicit feedback can be considered. One simple example of an implicit feedback is based on existing dual codebook structures with larger oversampling factors and increased W2 feedback bits. In other words, since high resolution beam group in 2D codebook can be obtained by a larger value of oversampling factor, increased W2 feedback bits can provide high resolution short-term feedback consisting of beam selection and co-phasing. 
Observation 1: High resolution feedback can be achieved by codebook based feedback mechanism with larger oversampling factors and increased W2 feedback bits. 
Generally, inter-cell interference mitigation can be achieved by the codebook subset restriction. In Rel-13, the codebook subset restriction can be configured by a bit map of overall 2D beams, then the certain vertical beams generating strong interference to other cell can be switched off. Another approach for mitigating the inter-cell interference is reducing the transmission power of precoders containing certain vertical beams generating strong interference to other cell. In this case, UE may need information of reduced power information of precoder to compensate the CQI calculation. 
Observation 2: To mitigate the inter-cell interference generating by certain vertical beams, power control of precoder can be considered. 
3. Conclusion
In this contribution, we discussed issues on the codebook designs to support eFD-MIMO. The observations and proposals based on the discussion are given below:
Observation 1: High resolution feedback can be achieved by codebook based feedback mechanism with larger oversampling factors and increased W2 feedback bits. 
Observation 2: To mitigate the inter-cell interference generating by certain vertical beams, power control of precoder can be considered. 

Proposal 1: Support 2D antenna port layouts in eFD-MIMO. For 1D layout, which antenna port layout will be supported in eFD-MIMO is FFS.  

Proposal 2: In Rel-14, Rel-13 Class A codebook can be reused with the proper parameters (N1, N2, O1, O2). The values for (N1, N2, O1, O2) are FFS.
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