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1 Introduction
According to the objective of the study item, enhancements for 8 or more TXRU should be evaluated. Increasing the number of TXRU for an AAS involves in general more complexity and it is therefore relevant to study whether specification enhancements, such as the 2D codebook, could bring benefits also to the 8 TXRU case. Moreover, it should be noted that current RAN4 requirement on AAS only supports 4TXRU with decent quality. Whether the requirements scale to 8 TXRU needs to be discussed in RAN4 (while the AAS spec is definitely broken for more than 8 TXRU). 

We have evaluated the benefit of CSI feedback enhancements using a 2D codebook for 2DAA with smaller dimensions, limited to 8 TXRU. Our conclusion and proposal is that such enhancements is needed also this case.    
2 Evaluation
We have evaluated and compared the performances for 2DAA with approximately the same antenna area, the 8x1, 4x2, 2x4 arrays. For the 4x2 array we evaluated both with the Rel.10 codebook (mapped to a 2D array) and a new 2D codebook consisting of grid of beams. The 2x1 sub-array has been used to virtualize the 8 TXRU with 122 and 130 degree tilt for UMa and UMi respectively. 
The results for 3D UMa can be seen in Table 1 and 2 below for two load points. 

Table 1 UMa, 50% RU

	UMa, 2x1 subarray, 122°
	8x1, Rel 10 CB
	4x2, Rel 10 CB
	4x2, 2D CB
	2x4, Rel 10 CB

	Cell edge [bps/Hz/user]
	0.306
	0.357
	0.415
	0.572

	Normalised User [bps/Hz/user]
	1.830
	1.986
	2.032
	2.446

	Cell edge gain [%]
	0
	17
	36
	87

	Normalized user gain [%]
	0
	8
	11
	34


Table 2 UMa, 70% RU

	UMa, 2x1 subarray, 122° 
	8x1, Rel 10 CB
	4x2, Rel 10 CB
	4x2, 2D CB
	2x4, Rel 10 CB

	Cell edge [bps/Hz/user]
	0.114
	0.210
	0.278
	0.441

	Normalised User [bps/Hz/user]
	1.201
	1.558
	1.709
	2.153

	Cell edge gain [%]
	0
	83
	143
	285

	Normalized user gain [%]
	0
	30
	42
	79


We make the following observations for the 8TXRU implementation in UMa:

· Increasing the number of horizontal antenna ports improves performance significantly. The wide array with 4 columns is superior to the tall array with a single column.

· For the 4x2 array, there is a significant benefit to support a 2D codebook compared to re-using the Rel.10 CB, especially on the cell edge (32% gain).
The associated results for 3D UMi can be seen in Table 3 and 4 below for the two load points. 

Table 3 UMi, 50% RU

	UMi, 2x1 subarray, 130° 
	8x1, Rel 10 CB
	4x2, Rel 10 CB
	4x2, 2D CB
	2x4, Rel 10 CB

	Cell edge [bps/Hz/user]
	0.40169
	0.27918
	0.34758
	0.37361

	Normalised User [bps/Hz/user]
	2.0704
	1.7833
	1.9538
	2.0584

	Cell edge gain [%]
	0
	-30
	-13
	-7

	Normalized user gain [%]
	0
	-14
	-6
	-1


Table 4 UMi, 70% RU

	UMi, 2x1 subarray, 130° 
	8x1, Rel 10 CB
	4x2, Rel 10 CB
	4x2, 2D CB
	2x4, Rel 10 CB

	Cell edge [bps/Hz/user]
	0.16119
	NaN
	0.154
	0.11145

	Normalised User [bps/Hz/user]
	1.4308
	NaN
	1.3599
	1.3166

	Cell edge gain [%]
	0
	NaN
	-4
	-31

	Normalized user gain [%]
	0
	NaN
	-5
	-8


We thus make the following observations for the 8TXRU implementation in UMi:

· Increasing the number of horizontal antenna ports does not improve performance. The tall 8x1 array is superior.

· For the 4x2 array, there is a significant benefit to support a 2D codebook compared to re-using the Rel.10 CB.
The most general conclusion from these results is that the channel environment and 3D user distribution has a large impact on what array orientation is most beneficial. Site specific solutions are needed to get most performance out of the network. Hence, the standard needs to be flexible to support many different array configurations for FD-MIMO, both tall, wide and square. In addition, also for 8 TXRU cases, spec enhancements for 2DAA show significant benefit and should not be precluded. As increasing the number of TXRU radically raises the implementation complexity, enhancements for fewer TXRU is relevant, and significant gains is achievable at macro deployments. 
Hence, we make the following proposal:

Proposal:  Introduce CSI feedback enhancements for 2D codebook for Ma vertical antenna ports and Na horizontal antenna ports per polarization, where MaNa≥4 
This ensures that also the smallest 2DAA for 8TXRU benefit from the CSI feedback enhancements. 
3 Conclusion

We propose the following:

Proposal:  Introduce CSI feedback enhancements for 2D codebook for Ma vertical antenna ports and Na horizontal antenna ports per polarization, where MaNa≥4 
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5 Appendix

For the system simulations, these assumptions were used:

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

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

	Cell layout
	1 vertical sector per azimuthal sector (baseline), 57 azimuthal sectors in total

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	Aperiodic mode 3-2

	Outer loop LA
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm UMi, 46dBm UMa

	Traffic model
	Non-full buffer, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for 2 CRS ports.

	DMRS overhead
	2 antenna ports

	CSI-RS
	Overhead accounted for.  

Channel estimation error modeled.

	Codebook
	2D Grid of Beams based on DFT [1]

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB



