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1. Introduction
In RAN1#86, the (N1, N2, O1, O2) combinations for non-precoded CSI-RS (Class A) codebooks for {20, 24, 28, 32} ports were discussed [1]. Due to lack of consensus, an email discussion on this is currently ongoing [2]. In this contribution, Samsung’s view on (N1, N2, O1, O2) combinations, and Class A codebook extension for these newly added CSI-RS ports, and enhancement to cover channel spread using W1 beams for sufficiently tall or wide antenna port layouts are discussed.
2. (N1, N2, O1, O2) Combinations
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[bookmark: _Ref462669713]Figure 1: Antenna port layouts for {20, 24, 28, 32} ports
The possible antenna port layouts for {20, 24, 28, 32} CSI-RS ports are shown in Figure 1. To determine (N1, N2, O1, O2) combinations, we can start with considering all (N1,N2) values and two Rel. 13 (O1,O2) values for each (N1,N2). However, the total number of (N1, N2, O1, O2) combinations is too many (38), and the usefulness of some of these combinations is unclear. Realizing this, RAN1 is currently discussing to reduce the number of (N1, N2, O1, O2) combinations and a proposal was made in [3], which reduces the number of combinations to 25. The proposed (N1, N2, O1, O2) combinations are shown in Table 1. 


[bookmark: _Ref462671214]Table 1: Supported configurations of and 
	Number of 
CSI-RS antenna ports, P
	

	


	
	
	

	20
	(2,5)
	(8,4)

	
	(5,2)
	(8,4), (4,4)

	
	(10,1)
	(4,-), (8,-)

	24
	(2,6)
	(8,4)

	
	(3,4)
	(8,4)

	
	(4,3)
	(8,4), (4,4)

	
	(6,2)
	(8,4), (4,4)

	
	(12,1)
	(4,-), (8,-)

	28
	(2,7)
	(8,4)

	
	(7,2)
	(8,4), (4,4)

	
	(14,1)
	(4,-), (8,-)

	32
	(2,8)
	(8,4)

	
	(4,4)
	(8,4), (4,4)

	
	(8,2)
	(8,4), (4,4)

	
	(16,1)
	(4,-), (8,-)



In our view, however, some of the combinations in Table 1, in particular (O1, O2) values, are not necessary. Two reasons for this are:
· For 1D port layouts, the minimum number of ports is 10 and hence for (O1, O2) = (8,-), we will have 80 beams in total, which is far too many. We can restrict the O1 value to 4, for example. The performance difference between (O1, O2) = (4,-) and (8,-) is expected to be small as has been shown through simulations (or mentioned) by many companies in RAN1#86. In addition to this, O1 = 8 results in four W1 beams to be quite close which may lead to channel coverage issue discussed in Section 4. 
· Instead of trying to determine oversampling factors (O1, O2) in two dimensions, it is perhaps technically more preferable to determine the total number of beams (O1N1, O2N2) necessary for reasonable performance.  
To address this issue, we propose to determine (N1, N2, O1, O2) combinations as follows. For each (N1,N2) in Table 1, we keep only those Rel. 13 (O1, O2) value (or values) which corresponds to the number of beams, either O1N1 or O2N2, smaller than or equal to the maximum of Rel. 13 {O1N1, O2N2} values, which is 32 for 2D port layouts and 64 for 1D port layouts. The (N1, N2, O1, O2) combinations according to this proposal (Alt 0) is summarized in Table 2. To support only one (O1, O2) for all (N1,N2) values, an alternate proposal (Alt 1) in which (O1, O2) = (8,4) for N1 ≥ N2 and (4,4) otherwise is also shown in Table 2.


[bookmark: _Ref462673119]Table 2: Supported configurations of and 
	Number of 
CSI-RS antenna ports, P
	

	
: 
Alt 0
	
: 
Alt 1

	20
	(2,5)
	(8,4)
	(8,4)

	
	(5,2)
	(4,4)
	(4,4)

	
	(10,1)
	(4,-)
	(4,-)

	24
	(2,6)
	(8,4)
	(8,4)

	
	(3,4)
	(8,4), (8,8)
	(8,4)

	
	(4,3)
	(8,4), (4,4)
	(4,4)

	
	(6,2)
	(4,4)
	(4,4)

	
	(12,1)
	(4,-)
	(4,-)

	28
	(2,7)
	(8,4)
	(8,4)

	
	(7,2)
	(4,4)
	(4,4)

	
	(14,1)
	(4,-)
	(4,-)

	32
	(2,8)
	(8,4)
	(8,4)

	
	(4,4)
	(8,4), (4,4)
	(8,4)

	
	(8,2)
	(4,4)
	(4,4)

	
	(16,1)
	(4,-)
	(4,-)


Proposal 1: For {20, 24, 28, 32} ports, the Class A codebook is designed for (N1, N2, O1, O2) combinations according to one of Alt 0 and Alt 1 in Table 2. 
3. Proposed Class A Codebook
The Rel. 13 Class A codebook has been designed for both 1D and 2D port layouts of 8, 12, and 16 NP CSI-RS ports. If the so-called “full-port” CSI-RS design is supported to facilitate UE measurements with 20, 24, 28, or 32 CSI-RS ports, the existing Class A codebook needs to be extended to 1D and 2D port layouts of larger number of NP CSI-RS ports including 20, 24, 28, and 32. 
The Class A codebook extension for {20, 24, 28, 32} ports can be parameterized by 5 parameters, namely
· N1, N2, which respectively are number of NP CSI-RS ports in 1st and 2nd dimensions;
· O1,O2, which respectively are oversampling factors for 1st and 2nd dimension DFT beams; and
· Codebook-Config, which configures beam grouping depending on rank. 
These parameters are configured via higher-layer RRC signaling parameters codebook-Config-N1, codebook-Config-N2, codebook-Over-Sampling-RateConfig-O1, codebook-Over-Sampling-RateConfig-O2, and Codebook-Config. The supported values of Codebook-Config are 1, 2, 3, and 4, which corresponds to the same beam groupings as in Rel. 13. 
Proposal 2: Extend the existing parametrization (consisting of 5 codebook parameters) of Rel. 13 Class A codebooks for {20, 24, 28, 32} ports and for (N1, N2, O1, O2) combinations proposed in Proposal 1.


[bookmark: _Ref458602386]Figure 2: Codebook design for {8, 12,16, 20, 24, 28, 32} ports
In RAN1#86 [1], an agreement was made that advanced CSI will be specified in Rel. 14 eFD-MIMO to improve eNB precoding based on the linear combination (LC) codebook W = W1W2 in which W1 is for WB basis vectors, and W2 is for per SB linear combining coefficients of basis vectors. In companion contributions [4-6], one such LC codebook is proposed. In order to minimize codebook design efforts and more efficient discussions, Class A codebook extension can be merged with linear combination codebook discussion in advanced CSI. For example, the codebook for {8, 12, 16, 20, 24, 28, 32} ports can be a dual-stage codebook W = W1W2 supporting both Class A and LC codebook as shown in Figure 2, where
· W1 is Rel. 13 Class A W1 and is common to both Class A and LC codebooks; and
· one of the two types of W2 can be configured using RRC signaling:
· Class A W2: Rel. 13 Class A W2 for {8, 12, 16} ports and its extension for {20, 24, 28, 32 ports.
· LC W2: proposed in [4-6].
Proposal 3: Class A codebook extension and linear combination codebook for advanced CSI can be discussed together. A dual-stage codebook W = W1W2 can be considered, where
· W1 is Rel. 13 Class A W1 and is common to both Class A and LC codebooks; and
· One of Class A W2 and LC W2 [4-6] can be configured using RRC signaling. 
4. Enhancement
[image: ]
[bookmark: _Ref446105955]Figure 3 Beams getting narrower as number of ports doubles
As the number of antenna ports increases, the DFT beams get narrower. An illustration of this phenomenon is shown in Figure 3. For instance, for N1 = 16, the approximate half power beam-width is 6 degree assuming a uniform array with half of carrier wavelength spacing between two adjacent antenna ports. This may be an issue, especially for 1D antenna port layouts, because four adjacent beams indicated by (i1,1,i1,2) in case of Codebook-Config = 2,3,4 may not be able to capture the channel AoD spread, which in turn may lead to performance loss because of poor dominant channel direction quantization. In order to overcome this issue, an enhancement to Class A codebook can be considered so that the four beams (for Codebook-Config = 2,3,4) can cover the channel AoD spread. One such enhancement is based on configurable beam spacing. The channel AoD spread can be captured by introducing a new codebook parameter pair, (p1,p2), for the inter-beam spacing within a beam group indicated by the first PMI pair (i1,1,i1,2). For dimension d = 1,2, starting from the beam index i1,d, indices of four DFT beams forming a beam group are i1,d , i1,d  + pd,, i1,d  + 2pd,, and i1,d  + 3pd,, where example values of pd  include {1, 2}. The parameter (p1,p2) can be configured via higher-layer RRC signaling. A few examples of W1 beam groups for four beam spacing parameter pairs (p1,p2) = (1,1), (1,2), (2,1), and (2,2) are shown in Figure 4.


[bookmark: _Ref462695865]Figure 4: W1 beam groups with configurable beam spacing parameters (p1, p2) for Config = 2, 3, and 4
Proposal 4: For Class A codebook enhancement to cover channel spread, introduce RRC configurable parameter (p1,p2) for spacing between two adjacent beams in the W1 beam group, where values of p1,p2 include {1,2}.
5.  Conclusion
This document discusses the Class A codebook extension for {20, 24, 28, 32} ports. The proposals made can be summarized as follows.
Proposal 1: For {20, 24, 28, 32} ports, the Class A codebook is designed for (N1, N2, O1, O2) combinations according to one of Alt 0 and Alt 1 in Table 2. 
Proposal 2: Extend the existing parametrization (consisting of 5 codebook parameters) of Rel. 13 Class A codebooks for {20, 24, 28, 32} ports and for (N1, N2, O1, O2) combinations proposed in Proposal 1.
Proposal 3: Class A codebook extension and linear combination codebook for advanced CSI can be discussed together. A dual-stage codebook W = W1W2 can be considered, where
· W1 is Rel. 13 Class A W1 and is common to both Class A and LC codebooks; and
· One of Class A W2 and LC W2 [4-6] can be configured using RRC signaling. 
Proposal 4: For Class A codebook enhancement to cover channel spread, introduce RRC configurable parameter (p1,p2) for spacing between two adjacent beams in the W1 beam group, where values of p1,p2 include {1,2}.
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