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1. Introduction
In RAN #71, a new WID related to enhancements to FD-MIMO (eFD-MIMO) has been approved [1]. The objective of the eFD-MIMO WID as captured in [1] includes the following (copied from Section 4.1 of [1]).
The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 1D and 2D port layouts with cross-poles at eNBs. The detailed objectives are as follows. 
· 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
· …….
As highlighted above in bold, the Class A codebook for the newly supported number of non-precoded (NP) CSI-RS ports, i.e., {20, 24, 28, 32} ports and for a subset of possible port layouts, both 1D and 2D, need to be specified. This contribution proposes a Class A codebook for these newly added number of NP CSI-RS ports.
2. Antenna Port Layouts

[bookmark: _Ref443643087]Figure 1: Dual-polarized antenna port layouts for {20, 24, 28, 32} ports
[bookmark: _Ref446520864]Table 1: Possible (N1,N2) values
	Number of NP 
CSI-RS antenna ports
	


	
	

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

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

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

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



Assuming 1D or 2D rectangular dual-polarized port layouts, the set of all possible of (N1,N2) values can be determined as in Table 1. The corresponding antenna port layouts are shown in Figure 1. According to Table 1, there are 19 possible port layouts in total for these newly supported number of NP CSI-RS ports. Since these port payouts are in general different, we may need to prioritize or down-select a subset of them for Class A codebook design. The prioritization or down-selection can be based on the fact that which of these 19 port layouts are more likely in practical deployments. Since very ‘tall’ or ‘wide’ port layouts are unlikely to be deployed in real deployments, such port layouts should be deprioritized. In particular, the eight 1D port layouts in Table 1 can be deprioritized unless some use cases for such 1D port layouts (with very large widths or lengths in terms of form factor) are identified in RAN1. This is in accordance with the WID [1], which also mentions that, a subset of these 19 port layouts need to be selected. 
Proposal 1: Prioritize or down-select a subset of all possible port layouts or (N1,N2) values from Table 1 to design Class A codebook for {20, 24, 28, 32} ports. The priority can be given to 2D port layouts over 1D port layouts. 
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. However, if only the so-called “partial-port” CSI-RS design is supported to facilitate UE measurements with 20, 24, 28, or 32 CSI-RS ports, extending the existing CLASS A codebook may not be necessary (see detailed discussion in [3] regarding the definition of “full-port” and “partial-port”). 
Conditioned on the decision to specify “full-port” CSI-RS design for {20, 24, 28, 32} ports, 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. The set of supported values of (N1,N2) and (O1,O2) can be as shown in Table 2.


[bookmark: _Ref447011196]Table 2: Supported configurations of and 
	Number of 
CSI-RS antenna ports, P
	

	


	
	
	

	20
	(1,10)
	(-,4), (-,8)

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

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

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

	24
	(1,12)
	(-,4), (-,8)

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

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

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

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

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

	28
	(1,14)
	(-,4), (-,8)

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

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

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

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

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

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

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

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



Proposal 2: Conditioned on the decision to specify “full-port” CSI-RS design for {20, 24, 28, 32} ports, extend the existing parametrization (consisting of 5 codebook parameters) of Rel. 13 Class A codebooks for {20, 24, 28, 32} ports and for prioritized or down-selected subset of port payouts for these ports.
4. Oversampling Factor
[image: ]
[bookmark: _Ref446105955]Figure 2 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 2. 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, the codebook should be able to capture the channel AoD spread. A few alternatives for this can be as follows.
Alt 1: 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 possible values of pd can include 1, 2, and Od. The parameter (p1,p2) can be configured via higher-layer RRC signaling.
Alt 2: Smaller oversampling factor
Smaller oversampling factors can be used when the number of CSI-RS antenna ports is large. With a smaller oversampling factor, the angular coverage of the four DFT beams (for Codebook-Config = 2, 3, or 4) is increased. Additional values of (O1,O2) can be allowed in Table 2, which include at least one of (O1,O2) = (2,2), (2,4), (4,2), (8,2), (2,8), and/or (4,8) depending on the port layouts. 
Alt 3: More than 4 beams in a beam group
Another alternative to capture channel AoD spread is to have more than four DFT beams in a beam group. For instance, the number of DFT beams can be doubled in the longer of the two dimensions. 
Comparing the three alternatives, Alt 2 requires the least change in order to extend Rel. 13 Class A codebook for newly added number of ports. Also, smaller oversampling factor in Alt 2 means potentially less feedback overhead for the first PMI. However, the impact on angular coverage profile of W1 beams needs to be studied. Since each of the four beams is narrower, the array gain is expected to be uneven across different AoD (angle of departure) values. Compared to Alt 2, Alt 1 will need a new codebook parameter for beam spacing, and will require more feedback overhead, whereas Alt 3 will require even more feedback overhead because of doubling the number of beams in a beam group.
Proposal 3: However, the impact on angular coverage profile of W1 beams needs to be studied. Since each of the four beams is narrower, the array gain is expected to be uneven across different AoD (angle of departure) values.
5. Conclusion
This document proposes the Class A codebook for {20, 24, 28, 32} ports. The proposals made can be summarized as follows.
[bookmark: _GoBack]Proposal 1: Prioritize or down-select a subset of all possible port layouts or (N1,N2) values from Table 1 to design Class A codebook for {20, 24, 28, 32} ports. The priority can be given to 2D port layouts over 1D port layouts. 
Proposal 2: Conditioned on the decision to specify “full-port” CSI-RS design for {20, 24, 28, 32} ports, extend the existing parametrization (consisting of 5 codebook parameters) of Rel. 13 Class A codebooks for {20, 24, 28, 32} ports and for prioritized or down-selected subset of port payouts for these ports.
Proposal 3: However, the impact on angular coverage profile of W1 beams needs to be studied. Since each of the four beams is narrower, the array gain is expected to be uneven across different AoD (angle of departure) values.
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