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Introduction
The following areas were identified in the eFD-MIMO WID for further enhancements of FD-MIMO in Rel-14 [1].
· 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
· CSI reporting mechanism to support joint utilization of different CSI-RS types at the UE such as between non-precoded CSI-RS and beamformed CSI-RS as well as between different types of beamformed CSI-RS
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
· Analog feedback is not precluded
In this contribution, we discuss the support of 1D and 2D antenna port layouts with 20, 24, 28 and 32 non-precoded CSI-RS ports and the corresponding Class A codebook design considerations.
[bookmark: _Ref426729914]Port Layouts for 20, 24, 28 and 32 Ports
In Rel-13, the supported antenna port layouts and the corresponding oversampling factors are summarized in Table 1.  These oversampling factors may be straightforwardly extended for 20, 24, 28 and 32 ports, as shown in Table 2, resulting in 15 port layouts in total. 
With existing Rel-13 definition of (N1,N2),  N1 can be mapped to either horizontal or vertical dimension, and N2 to other dimension.   Since N1 (and N2) can be mapped to either horizontal or vertical, including both layouts with N1>N2 and N1<N2 seems to be unnecessary. Both were included because each port layout supports different oversampling factors (O1,O2).  For example, for (N1,N2) =(4,2)  only (O1,O2)=(8,4) and  (8,8) are supported.  To use oversampling factor (O1,O2)=(4,4), (N1,N2) = (2,4) port layout has to be used.  This means for a given antenna deployment, changing oversampling factors requires re-indexing of the antenna ports. An example is shown in Figure 1, where an antenna with 2 rows and 4 columns of ports is deployed.  It can be seen that for the same physical antenna, changing the oversampling factors from (O1,O2) =(4,4) to (8,8) requires the ports to be re-indexed.  This means data path to physical antenna port remapping, i.e. data routed to a different antenna port, which makes implementation unnecessarily complicated.  


[bookmark: _Ref450469179]Table 1:Supported configurations of and  in Rel-13
	Number of 
CSI-RS antenna ports, P
	

	


	
	
	

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

	12
	(2,3)
	(8,4), (8,8) 

	
	(3,2)
	(8,4), (4,4) 

	16
	(2,4)
	(8,4), (8,8) 

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

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



[bookmark: _Ref450469652]Table 2:  Antenna port layout with 20,24,28 and 32 ports with simple extension of Table 1.
	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,-)
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[bookmark: _Ref450471830]Figure 1. An example on different port indexing required to support different  oversampling factors for a given antenna in Rel-13. 

An simpler way in Rel-14 would be to include only port layouts with N1>=N2 for 20, 24, 28 and 32 ports as shown in Table 3, where the total number of port layouts is reduced to 10.   With port layouts restricted to N1>=N2, all oversampling factors can be supported for a given port layout.  By doing so, there is no need to change antenna port indexing when oversampling factor is changed. This would simplify implementation and also reduce potential implementation/deployment errors when different sampling factors are configured. In addition, the same antenna can be deployed either horizontally or vertically with the same cabling.  Furthermore, it also allows different oversampling factors to be configured to different UEs in a cell.    
[bookmark: _Ref447097992]Table 3:  Possible supported antenna port layout 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 1:  
· Restricting the supported port layouts with N1>=N2 can reduce the number of port layouts to be specified and also simplify implementation 
From a performance perspective, we think that 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 always performs better than a 2D port layout under 3D UMa. 
Table 4 shows a performance comparison between 1x16 and 4x4 port layouts with 32 ports under 3D UMa. The Rel-13 Config 1 codebook is extended to 32 ports.  It can be seen that the system with 1x16 antenna has a much higher gain in both mean and cell edge throughput than the system with 4x4 antenna.  
Observation 2: 
· Under 3D UMa, a 32 port 1D 1x16 port layout performs much better than a 32 port 2D 4x4 port layout, similar to the 16 port case. 
[bookmark: _Ref447099050]Table 4: System performance comparison between 1D 1x16 vs. 2D 4x4 antennas: 3D UMa
	Antenna port layout
	  1x16
	  4x4

	
	32 ports
	32 ports

	@Baseline RU = 50 %
	Gain
	Gain

	Mean user throughput
	0%
	-24%

	Cell-edge user throughput
	0%
	-39%



Based the above observations, we have the following proposal:
Proposal 1: 
· [bookmark: _GoBack]Support the port layouts listed in Table 3 with only N1>=N2  in Rel-14.
Codebook Design for 20, 24, 28 and 32 antenna ports
Feedback over PUCCH
As discussed in the previous section, codebooks of Rel-13 for 8, 12 and 16 ports can be extended to 20, 24, 28 and 32 ports in a straight-forward way for SU-MIMO. With an increased number of antenna ports, the codebook size will be increased in general for a given oversampling rate.  The direct impact of this is the increase of i_11 and i_12 bits that need to be reported back by the UE.  With simple extension of the Rel-13 codebook, the maximum number of bits for i_1 (i.e. i_11 plus i_12) would be 11 bits as shown in Table 6 for Config 1. It occurs when the oversampling rate is 8x in both dimensions for ranks 3 and 4.  11 bits are the maximum payload size for PUCCH format 2, but nevertheless it can still be carried by PUCCH format 2. 
[bookmark: _Ref447101489]Table 6: Bit width of PMI feedback with 20/24/28/32 ports with Config 1.
 [image: ]
For other Configs (i.e. 2/3/4), the maximum bit widths for i_1 are either 7 or 8 bits, so there seems to be no issue in feedback over PUCCH. Note that although Config 2/3/4 have a smaller i_1 bit width,  their overall feedback overhead is much larger than Config1 due to  larger per subband i2 feedback.  We have, therefore, the following observation:
Observation 3:
· PMI overhead increase with up to 32 ports can be accommodated with PUCCH Format 2.
Performance comparison between W1 with 4 and 8 beams in Configs 2-4
The RAN1#84bis, some concern were raised on the potential lack of angular coverage with 4 beams in W1 in Configs 2-4 for more than 16 ports [4]-[6]. To verify whether it is a real issue for up to 32 ports, we have conducted some system simulations with the following port layouts and codebook configurations under 3D UMi. Both (O1,O2)=(4,4) and (8,8) are simulated. Other simulation assumptions can be found in Appendix. 
a. 1x16 (vertical x horizontal) port layout
· Config4 with 4 beams in W1, config4 with 8 beams in W1
b. 2x8 (vertical x horizontal) port layout: 	
· Config2 with 4 beams (2x2) in W1, Config2 with 8 beams (2x4)  in W1
c. 8x2 (vertical x horizontal) port layout: 	
· Config2 with 4 beams (2x2) in W1, Config2 with 8 beams (2x4)  in W1
The results are shown in Figure 2 to Figure 4, where curves labelled “New_CB” are results with Rel-13 codebook extension but with W1 containing 8 beams and “osf_axb” means oversampling factors of a and b in each dimension. It can be seen that the performance differences between W1 with 4 beams and W1 with 8 beams are negligible for all four antenna port layouts.   The performance differences between (O1,O2)=(4,4) and (O1,O2)=(8,8) are also small.  
Observation 4:
· Similar SU-MIMO performance is observed for W1 with 4beams and W1 with 8beams in  Configs 2 & 4 for 32 ports
· Similar performance is also seen between (O1,O2)=(4,4) and (O1,O2)=(8,8) for 32 ports
Proposal 2:
· No change of W1 for Configs 2-4 for up to 32 ports and no need to introduce a new Config with increased number of beams in W1.

[image: ][image: ]
[bookmark: _Ref450486077]Figure 2. UE throughputs with Class A Config4 codebook based CSI feedback using W1 with 4beams  vs. W1 with  8beams: 1x16 port layout
[image: ][image: ]
Figure 3. UE throughputs with Class A Config2 codebook based CSI feedback using W1 with 4beams  vs. W1 with  8beams: 2x8 port layout
[image: ][image: ]
[bookmark: _Ref450486085]Figure 4. UE throughputs with Class A Config2 codebook based CSI feedback using W1 with 4beams  vs. W1 with  8beams: 8x2 port layout

Performance comparision between Config1 and Configs 2-4 with 32 ports
In addition, we have also simulated the above scenarios with Config1 (in which W1 has a single beam) and the results are shown in Figure 5. It can be seen that there is very small performance differences between Config1 and Configs 2 &4.
Observation 5: 
· Similar performance is observed for  Config1 and Configs 2 and 4 for 32 ports even though Config 1 has lower overhead and lower UE complexity
[image: ]. [image: ]
(a) Port layout 1x16: Config 1 vs. Config4
[image: ][image: ]
(b) Port layout 2x8: Config1 vs. Config4
[image: ][image: ]
(c) Port layout 8x2: Config1 vs. Config4
[bookmark: _Ref450490297]Figure 5. Performance comparison between Config1 and Configs 2-4 for port layouts 1x16, 16x1,2x8 and 8x2.
Conclusion
In this contribution, we have discussed the support of antenna layouts for 20, 24, 28 and 32 antenna ports, and also possible extension of Rel-13 codebook for the antenna layouts and potential impact on CSI feedback over PUCCH. Based on the discussion, we have the following observations and proposals:
Observation 1:  
· Restricting the supported port layouts to  N1>=N2 can reduce the number of port layouts to specify and also simplify implementation 
Observation 2: 
· Under 3D UMa, a 32 port 1D 1x16 port layout performs better than a 32 port 2D 4x4 port layout, similar to the 16 port case. 
Observation 3:
· PMI overhead increase with up to 32 ports can be accommodated with PUCCH Format 2.
Observation 4:
· Similar SU-MIMO performance is observed for W1 with 4beams and W1 with 8beams in  Configs 2 & 4 for 32 ports
· Similar performance is also seen between (O1,O2)=(4,4) and (O1,O2)=(8,8) for 32 ports
Observation 5: 
· Similar performance is observed for  Config1 and Configs 2 and 4 for 32 ports even though Config 1 has lower overhead and lower UE complexity
Proposal 1: 
· Support the port layouts listed in Table 3 with only N1>=N2  in Rel-14:
	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,-)


Proposal 2:
· No change of W1 for Configs 2-4 for up to 32 ports and no need to introduce a new Config with increased number of beams in W1
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Appendix

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD, 3D UMa 500m ISD

	Antenna Configurations
	16 ports: 2x8, 8x2,8x4 with 2x1 virtualization
32 ports:  2x16, 32x1, 4x8, 16x2, 8x4 with 2x1 virtualization 
tilt for 3D-UMi: 130°
tilt for 3D-UMa: 122°

	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), 46 dBm (UMa) 

	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 and its 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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