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Introduction
In 3GPP RAN1#86bis, the following conclusions were made for non-precoded CSI-RS codebook for eFD-MIMO [1]:
Conclusions:
· The need for extending design principles of Rel.13 Class A codebooks with {20, 24, 28, 32} ports is to be decided in RAN1#87. 

In this contribution, we further discuss codebook design for the newly supported number of non-precoded CSI-RS ports for eFD-MIMO.
Discussion 
For codebook design for the newly supported number of non-precoded CSI-RS ports, one possible solution is to extend Rel-13 Class A codebook by introducing additional (N1, N2) combinations. However, it may not achieve the optimal performance since the effective DoA range covered by a set of beams in W1 codebook is significantly reduced due to the increased number of antenna ports. Therefore, it was proposed to enhance W1 codebook with a large beam group to avoid performance degradation for relatively large ASD/ESD. 
In [2] several approaches for W1 codebook enhancements were proposed. Although some throughput gain can be observed for the proposed new W1 codebook, the performance benefits were not fully convinced. Therefore there is no conclusion whether to enhance the codebooks with {20 24, 28, 32} ports or simply extend from Rel-13 Class A codebook.
During the online discussion, there was another proposal to design only the advanced CSI codebook for more than 16-ports to reduce the specification efforts. However, this proposal is not acceptable. It is noted that advanced CSI is mainly targeted for improving MU-MIMO performance thus only supporting rank 1-2. There is any way a need to design rank 3-4 codebook for more than 16-ports. Secondly, compared to Rel-13 codebook extension, there is significant increase on the codebook size and also the PMI feedback overhead for advanced CSI. Therefore UE supporting more than 16-ports shall not be requested to support only the advanced CSI. There shall be other codebook options, e.g., beam selection based codebook to address CSI measurement complexity. For such low spatial resolution codebook it is preferred that the total PMI overhead is comparable to the legacy Rel-13 so that the increase on UE’s computational efforts is manageable.
Proposal 1: Codebooks with {20, 24, 28, 32} ports shall support both low spatial resolution based on beam selection and high spatial resolution using beam combining.
[bookmark: _GoBack]For low spatial resolution codebooks, if Rel-13 Class A codebook extension is used then codebooks with {20, 24, 28, 32} ports can be extended from 16-ports codebooks. In other words, additional (N1, N2) combinations are supported for 16-ports codebook table. If there is any concern on limited W1 beam coverage, an enhanced W1 codebook with a large beam group can be considered. For example, for 2D port layout, e.g., N2>1, a new CodebookConfig with (L1, L2) = (2,8) is used for which four non-uniformly distributed beams are selected as shown in Figure 1. Compared to Rel-13 codebookConfig, the four beams in W1 codebook could provide larger beam coverage. According to performance evaluation in [3] there is about 5-9% throughput gain for cell edge UE for this new CodebookConfig. Similarly, for 1D port layout, e.g., N2=1, a CodebookConfig with large beam group as shown in Figure 2 can be used.  It is also noted that for the proposed new CodebookConfig, the Rel-13 Class A W2 codebook can be reused since the total number of beams per W1 group is not changed.
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Figure 1: CodebookConfig with large beam group for 2D port layout
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Figure 2: CodebookConfig with large beam group for 1D port layout

Proposal 2: The low spatial resolution codebooks with {20, 24, 28, 32} ports can be extended from the Rel-13 Class A 16-ports codebook. FFS on enhancing W1 codebook with a large beam group.
If Rel-13 Class A codebook extension is used for more than 16-ports, the overhead of the first and second PMI for 32-ports with different CodebookConfig is listed in Table 1 and Table 2 below for rank 1-2 and rank 3-4, respectively. It can be seen the total 1st PMI overhead including both i11 and i12 is only increased by 1 bit to up to 10 bits for which can be supported by PUCCH format 2. 
Table 1: Rank 1-2 PMI overhead estimation for 32-ports (N1, N2)=(4,4)
	
	CodebookConfig1
	CodebookConfig 2/3/4

	i11
	log2(N1O1)=5
	log2(N1O1/2)=4

	i12
	log2(N2O2)=4
	log2(N2O2/2)=3

	i2
	2
	4



Table 2: Rank 3-4 PMI overhead estimation for 32-ports (N1, N2)=(4,4)
	
	CodebookConfig1
	CodebookConfig2
	CodebookConfig3
	CodebookConfig4

	i11
	log2(2*N1O1)=6
	log2(4*N1)=4
	log2(2*N1)=3
	log2(2*N1)=3

	i12
	log2(N2O2)=4
	log2(2*N2)=3
	log2(2*N2)=3
	log2(4*N2)=4

	i2
	1
	4 bits for rank 3 and 3bits for rank 4



Therefore, the Rel-13 Class A PUSCH-based A-CSI reporting modes and PUCCH-based P-CSI reporting modes can be also extended for more than 16-ports. There is no need to use PUCCH format 3 for PUCCH-based P-CSI reporting. 
Proposal 3: Specify extension of Rel-13 Class A PUSCH-based A-CSI reporting modes and PUCCH-based P-CSI reporting modes for more than 16-ports.
Conclusion
In this contribution, we discuss the non-precoded CSI-RS codebook for more than 16-ports. We have the following proposals.
Proposal 1: Codebooks with {20, 24, 28, 32} ports shall support both low spatial resolution based on beam selection and high spatial resolution using beam combining.
Proposal 2: The low spatial resolution codebooks with {20, 24, 28, 32} ports can be extended from the Rel-13 Class A 16-ports codebook. FFS on enhancing W1 codebook with a large beam group.
Proposal 3: Specify extension of Rel-13 Class A PUSCH-based A-CSI reporting modes and PUCCH-based P-CSI reporting modes for more than 16-ports.
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