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Introduction
[bookmark: _Ref426729914]In RAN1#86bis, the following agreement and conclusions were reached on the non-precoded CSI-RS codebooks for 20 - 32 ports [1]:
Agreement: 
· Agree on all (N1, N2) combinations on slide 4 of R1-1010560
· Agree on the following table for (O1, O2) combinations (Alt1 of the left table on slide 4 of R1-1610560)

	Number of CSI-RS antenna ports, P
	
	 

	20
	(2,5)
	(8,4)

	
	(5,2)
	(4,4)

	
	(10,1)
	(4,-)

	24
	(2,6)
	(8,4)

	
	(3,4)
	(8,4)

	
	(4,3)
	(4,4)

	
	(6,2)
	(4,4)

	
	(12,1)
	(4,-)

	28
	(2,7)
	(8,4)

	
	(7,2)
	(4,4)

	
	(14,1)
	(4,-)

	32
	(2,8)
	(8,4)

	
	(4,4)
	(8,4)

	
	(8,2)
	(4,4)

	
	(16,1)
	(4,-)



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 discuss Class A codebook designs for 20,24,28 and 32 ports in Rel-14.
Non-precoded CSI-RS codebook design for 20-32 ports
Extending of Rel-13 Class A codebook
With the agreed port layouts for 20 to 32 ports, it is straight forward to extend the Rel-13 class A codebook to support 20 to 32 ports.  The same set of codebook parameters, i.e. {N1, N2, O1, O2, config#}, should be used for the non-precoded CSI-RS codebooks in Rel-14. The same codebook configs 1-4 also should be used in Rel-14. Only the parameter ranges of {N1, N2} need to be extended. Therefore, the same set of RRC parameters can be used with the following new parameter ranges:
· codebookConfigig-N1:  range (2,3,4,5,6,7,8,10,12,16)
· codebookConfig-N2: 	range (1,2,3,4,5,6,7,8)
· codebook-Over-Sampling-RateConfig-O1: range unchanged
· codebook-Over-Sampling-RateConfig-O2: range unchanged
· CodebookConfig:  range (1,2,3,4) unchanged
The allowed {N1, N2, O1, O2} combinations should follow the agreed port layouts and oversampling combinations. With this extension, there is only limited spec changes required in 36.213 and 36.331. 
Observation 1:
· The same class A codebook configuration in Rel-13 can be used for non-precoded CSI-RS codebook in Rel-14. Only the range of N1 and N2 need to be extended.
Proposal 1:
· Reuse the Rel-13 class A codebook configuration parameters for Rel-14 non-precoded CSI-RS codebook
Support of codebook enhancements
In the previous RAN1 meetings, some concerns were raised on the potential lack of angular coverage with 4 beams per beam group in W1 in Configs 2-4 for more than 16 ports and some codebook enhancements were proposed. However, there are no simulation results showing that there is indeed a coverage problem. Our simulation results [2] with the following three port layouts and codebook configurations show negligible differences between 4 and 8 beams in W1 in 3D UMi.  
1. 1x16 (vertical x horizontal) port layout:  Config4 with 4 and 8 beams in W1
2. 2x8 (vertical x horizontal) port layout: 	Config2 with 4 with 8 beams in W1 (i.e. 2x2 and 2x4 beam arrangement)
3. 8x2 (vertical x horizontal) port layout: 	Config2 with 4 and 8 beams in W1 (i.e. 2x2 beams and 4x2 beam arrangement)
Note that these antenna port layouts have the narrowest beamwidths among the Rel-14 port layouts and if there is an angular coverage issue, these would represent the worst case scenarios.   The results, however, show no big performance difference with 4 and 8 beams in W1. 
Observation 2:
· Similar SU-MIMO performance is observed for W1 with 4 beams per beam group and W1 with 8 beams per beam group in Configs 2 & 4 for 32 ports
In [3], it was proposed to enhance Class A rank1-2 codebook with two new configs, i.e. “codebook1” and “codebook2” as shown Figure 1.  
(a) Codebook 1
(b) Codebook 2

[bookmark: _Ref465428276]Figure 1: codebook enhancements proposed in [3]

According to [4],  for both codebook1 and codebook2, there seems to be some small performance gains comparing to Class A codebook with config2.  However, when compared to a Class A codebook with config3, both codebook1 and codebook 2 have either very small  cell edge gains (<2%)  or losses as shown in Table 1 and Table 2 below, where the data were extracted from Table 4 and Table 5 in [4], respectively.
[bookmark: _Ref465419744]Table 1: Performance comparison with various codebooks in 3D-UMi with (N1, N2, O1, O2) = (4,4,4,4) [4].
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Config 3
	2.9976
	0.00%
	0.8316
	0.00%
	0.27
	2

	Codebook 2
	2.9939
	-0.12%
	0.8475
	1.91%
	0.27
	

	Codebook 1  
	2.996
	-0.05%
	0.8333
	0.20% 
	0.27
	



[bookmark: _Ref465419757]Table 2: Performance comparison with various codebooks in 3D-UMa with (N1, N2, O1,O2) = (4,4,4,4) [4].
	 
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Config 3
	2.3394
	0.00%
	0.5556
	0.00%
	0.27
	2

	Codebook 2
	2.3181
	-0.91%
	0.5391
	-2.97%
	0.27
	

	Codebook 1 
	2.3428
	0.15%
	0.5658
	1.84%
	0.34
	



Observation 3:
· When compared to config3 results in [4], negligible performance gain or even loss were observed with codebook1 and codebook2 as proposed in [3]
Given observations 2 and 3 above, we have the following proposal:
Proposal 2:
· The codebook Configs 1-4 of Rel-13 are used also in Rel-14 for 20,24,28 and 32 ports, unless a new config can be justified by performance gains
Conclusions
In this contribution, we have discussed extending of Rel-13 class A codebook to support 20 to 32 ports in Rel-14 non-precoded CSI-RS. Based on the discussions, we have the following observations and proposals:
Observation 1:
· The same class A codebook configuration in Rel-13 can be used for non-precoded CSI-RS codebook in Rel-14. Only the range of N1 and N2 need to be extended.
Observation 2:
· Similar SU-MIMO performance is observed for W1 with 4 beams per beam group and W1 with 8 beams per beam group in Configs 2 & 4 for 32 ports
Observation 3:
· When compared to config3 results in [4], negligible performance gain or even loss were observed with codebook1 and codebook2 as proposed in [3]
Proposal 1:
· Reuse Rel-13 class A codebook configuration parameters for Rel-14 non-precoded CSI-RS codebook
Proposal 2:
· [bookmark: _GoBack]The codebook Configs 1-4 of Rel-13 are used also in Rel-14 for 20,24,28 and 32 ports, unless a new config can be justified by performance gains
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