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Introduction
In RAN1#85, the following were concluded on Class A codebook enhancement for up to 32 ports [1]:
Conclusion:
· Class A codebook enhancement: 
· Starting from Rel-13 Class A codebook design structure by enabling different N1 and N2 combinations 
· Reduce the number of combinations of codebook parameters (N1, N2, O1, and/or O2) 
· To be concluded in RAN1#86
· Examples: 
· Down select from 19 (N1,N2) combinations; and/or
· Reduce the number of (O1,O2) combinations
· Other possibilities are not excluded 

In this contribution, we discuss  possible ways to reduce the number of combinations of  codebook parameters (N1, N2, O1, O2). 
[bookmark: _Ref426729914]Port Layouts for 20, 24, 28 and 32 Ports
With a simple extension of the Rel-13 port layouts and oversampling parameters, the possible port layouts and oversampling parameters for 20, 24, 28 and 32 ports are shown in Table 1, which results in a total of 15 port layouts.  For a given number of antenna ports, port layouts with both N1>N2 and N2>N1 are included in Table 1, but with different oversampling factors (O1, O2).  For example, (O1, O2) = (8,4) and (8,8) are supported for N1>N2 while (O1,O2)=(8,4) and  (4,4) are supported for N1<N2.
  
[bookmark: _Ref450469652]Table 1:  Antenna port layouts with 20,24,28 and 32 ports with simple extension of Rel-13.
	Number of 
CSI-RS antenna ports, P 
	(N1,N2)
	(O1, O2)

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

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

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

	24 ports
	(4,3)
	(8,4), (8,8)

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

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

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

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

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

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

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

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

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

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

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



If the port layouts are to be specified as in Table 1, then for a given antenna array, changing the oversampling factors (O1,O2) from (4,4) to (8,8) requires a change of   (N1,N2) mapping to the physical antenna port.  An example is shown in Figure 1, where an 2x6 (vertical x horizontal) antenna array is deployed.  As shown in Figure 1, in order to use (O1,O2)=(4,4), the (N1,N2) values have to be set to N1=2 and N2=6.  On the other hand, if (O1,O2)=(8,8) is desired, then the (N1,N2) values have to be set to N1=6 and N2=2.   Note that when (N1,N2) mapping changes from Figure 1(a) to Figure 1(b) , the port indices change too. In other word, changing (O1,O2) from (4,4) to (8,8) (and vice versa) would cause change of the antenna port mapping. This is undesirable as the same signal needs to be routed to a different physical port, which would complicate the implementation. It is also noted that the codebook configuration is UE-specific and different UEs may be configured with different oversampling factors. If the port mapping has to be changed in order to change the oversampling factor, UEs with different oversampling factors cannot share the same CSI-RS resource, and a duplicate CSI-RS resource containing the same antenna ports but with a permutated port numbering has to be used. This is an obvious waste of resources.
   Furthermore, note that in case of (N1,N2)=(2,6) as shown in Figure 1(a),  it cannot support legacy Rel-13 UEs with 16 ports, while legacy Rel-13 UEs with 16 ports can be supported with (N1,N2) = (6,2) as shown in Figure 1(b). Therefore, for a given physical antenna array it is not always easy to switch (O1,O2) given the configuration suggested by Table 1.  

Observation 1: 
· For a given antenna array of 20 to 32 ports, the same legacy Rel-13 port layout cannot always be supported when changing between N1>N2 and N1<N2
· Undesirable data to antenna port routing changing is required when changing between N1>N2 and N1<N2
· This can make UEs configured with different oversampling factors unable to share the same CSI-RS resource.
Not a valid 
configuration for 
16 ports
Legacy 16 ports

[bookmark: _Ref450471830]Figure 1. A 24 ports example of port mapping change when switching (O1,O2) with simple Rel-13  extension


A simpler way in Rel-14  may be to include only port layouts with N1>=N2 for 20, 24, 28 and 32 ports.  An example is shown in Table 2, where the total number of port layouts are reduced to 10 from 15.   With port layouts restricted to N1>=N2, all oversampling factors may be supported for a given port layout with the same number of (N1,N2,O1,O2) combinations.  By doing so, there is no need to change antenna port indexing when oversampling factors are changed. This would simplify implementation and also reduce potential implementation/deployment errors when different sampling factors are to be configured in different deployment scenarios. In addition, the same legacy UE support can be maintained.    

[bookmark: _Ref447097992]Table 2:  Alternative supported antenna port layouts with 20,24,28 and 32 ports
	Number of 
CSI-RS antenna ports, P  
	(N1,N2)
	(O1, O2)

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

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

	24 ports
	(4,3)
	(4,4),(4,8),(8,4), (8,8)

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

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

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

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

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

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

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



Observation 2:  
· Restricting the supported port layouts with N1>=N2 can reduce the number of port layouts to specify and also simplify implementation 

From a performance perspective, there is not a large performance difference between oversampling factor 4 and 8 for SU-MIMO. Table 3 shows some performance comparisons between different (O1,O2) configurations for two 32 ports layouts. The simulation assumptions can be found in the appendix. It can be seen that the performance differences between (O1,O2)=(8,8) and (8,4) are less than 3% in the worst case.
Observation 3:
· There is no large performance difference between oversampling factor 4 and 8 for SU-MIMO

[bookmark: _Ref458787767]Table 3: Performance comparison between different (O1,O2) configurations under 3D UMi
	Antenna Array
	(N1,N2)
	Codebook config #
	(O1,O2)
	Mean UE throughput
	Cell edge throughput

	(M,N)=(16,2)
	(8,2)
(N1 in vertical dimension)
	1
	(4,4)
	0%
	0%

	
	
	
	(8,8)
	1%
	-1%

	
	
	
	(8,4)
	1%
	0%

	
	
	2
	(4,4)
	0%
	0%

	
	
	
	(8,8)
	2%
	5%

	
	
	
	(8,4)
	1%
	2%

	(M,N)=(4,8)
	(8,2)
(N1 in horizontal dimension)
	1
	(4,4)
	0%
	0%

	
	
	
	(8,8)
	1%
	3%

	
	
	
	(8,4)
	0%
	2%

	
	
	2
	(4,4)
	0%
	0%

	
	
	
	(8,8)
	1%
	3%

	
	
	
	(8,4)
	0%
	3%



Higher oversampling factor can potentially be beneficial for MU-MIMO. However, since it has been agreed that advanced CSI will be specified in Rel-14, the need for higher oversampling factors for MU-MIMO in Rel-14 codebooks based on Rel-13 codebook extensions seems to be less.  So the oversampling combinations may be further reduced as shown in Table 4. 

[bookmark: _Ref458377620]Table 4: Possible port layouts and oversampling factors in Rel-14
	Number of 
CSI-RS antenna ports, P  
	(N1,N2)
	(O1, O2)

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

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

	24 ports
	(4,3)
	(4,4),(8,4)

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

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

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

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

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

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

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



Following the Rel-13 assumptions that there are 4 different codebook configurations per 2D layout and 2 different codebook configurations per 1D layout, we compare the number of codebooks in the alternative port layout proposals in Tables 1 and 4 in Figure 2.  As can be seen in the figure, the total number of codebooks can be reduced by roughly 38% with the port layout proposal in Table 4 when compared to that in Table 1.  It should also be noted that in the port layout proposal of Table 4, the 1D layout only require one third the number of codebooks when compared to 2D layouts.  Hence, given the performance benefits of 1D layouts (discussed briefly below and also in our companion paper [3]), further down-selection of the 1D layouts in Table 4 are not desirable. 

[image: ]
[bookmark: _Ref458794167]Figure 2.  Number of Codebooks for the alternative Port Layout proposals in Tables 1 and 4

From a performance perspective, 1D port layouts should be supported for each of the 20/24/28/32 antenna ports.  This is because, for a given number of antenna ports, a 1D port layout in horizontal direction performs better than a 2D port layout under 3D UMa. As discussed in a companion paper [3], 1D port layout of 1x16 performs significantly better than the 2D layouts of 8x2, 4x4 and 2x8 in 3D UMa.  
Observation 4: 
· Under 3D UMa, a 32 port 1D 1x16 port layout performs better than 2D port layouts 8x2,4x4,2x8

Based on the above observations, we have the following proposal:
Proposal 1: 
· Consider to support the port layouts and over sampling factors listed in Table 4 in Rel-14.

Conclusions
In this contribution, we have discussed the support of antenna port layouts and oversampling factor combinations of (N1,N2,O1,O2) for 20, 24, 28 and 32 antenna ports, and also possible extension of Rel-13. Based on the discussions, we have the following observations and proposal:
Observation 1: 
· For a given antenna array of 20 to 32 ports, the same legacy Rel-13 port layout cannot always be supported when changing between N1>N2 and N1<N2
· Undesirable data to antenna port routing changing is required when changing between N1>N2 and N1<N2
· This can make UEs configured with different oversampling factors unable to share the same CSI-RS resource
Observation 2:  
· Restricting the supported port layouts with N1>=N2 can reduce the number of port layouts to specify and also simplify implementation 
Observation 3:
· There is no large performance difference between oversampling factor 4 and 8 for SU-MIMO

Observation4: 
· Under 3D UMa, a 32 port 1D 1x16 port layout performs better than 2D port layouts 8x2,4x4,and 2x8
Proposal 1: 
· Consider to support the following  port layouts and over sampling factors  in Rel-14:
	Number of 
CSI-RS antenna ports, P  
	(N1,N2)
	(O1, O2)

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

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

	24 ports
	(4,3)
	(4,4),(8,4)

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

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

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

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

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

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

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

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	Antenna Configurations
	32 ports:  4x8and 16x2 with 2x1 virtualization 
tilt for 3D-UMi: 130°


	Cell layout
	57 sectors in total

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi),

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modeled.

	Codebook
	Rel-13 codebook extension to 32 ports

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB
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(b) port indexing to support oversampling factor (O1,O2)=(8,8) with (N1,N2) =(6,2)


