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1 Introduction
In this paper, we evaluate the performance of a scalable 2D codebook [1] with codebook subset restriction applied for a specific performance enhancing purpose.  Our results show that restricting the UE to select precoders corresponding to DFT-beams away from the horizon provides significant performance gains.  Given that the extension of currently specified codebook subset restriction mechanisms to 2D codebooks will incur large RRC signaling overheads, we propose that codebook subset restriction enhancements to reduce this overhead, taking into account performance benefits, should be studied further.
2 Performance Evaluation

Here, we consider the performance impact of codebook subset restriction on the scalable 2D codebook discussed in our companion paper [1].  A 4x2 array and an 8x1 array, both with 16 TXRUs are evaluated.  In addition, a 5x3 array with 30 TXRUs is evaluated.  In all three cases, we assume SU-MIMO operation and that the eNB adopts the recommended precoder from the UE.  Detailed simulation assumptions are given in the Appendix.  The performance of the scalable 2D codebook with and without codebook subset restriction is compared in Tables 1-4.  For the case with codebook subset restriction, the precoders corresponding to the DFT-beams close to the horizon in the vertical domain are excluded to minimize the interference to UEs served by adjacent cells.

The results for 3D UMa can be seen in Tables 1 and 2 below for 50% and 70% RU 1.

Table 1 UMa, 50% RU
	Metric
	UMa, 4x2 array
	UMa, 5x3 array
	UMa, 8x1 array

	
	Unrestricted
	Subset Restricted
	Unrestricted
	Subset Restricted
	Unrestricted
	Subset Restricted

	Cell edge UPT [bps/Hz/user]
	0.36
	0.47
	0.41
	0.57
	0.30
	0.61

	Mean UPT [bps/Hz/user]
	1.81
	2.12
	1.88
	2.30
	1.71
	2.50

	Cell edge UPT gain [%]
	0
	31%
	0
	39%
	0
	103%

	Mean UPT gain [%]
	0
	17%
	0
	22%
	0
	46%


Table 2 UMa, 70% RU
	Metric
	UMa, 4x2 array
	UMa, 5x3 array
	UMa, 8x1 array


	
	Unrestricted
	Subset Restricted
	Unrestricted
	Subset Restricted
	Unrestricted
	Subset Restricted

	Cell edge UPT [bps/Hz/user]
	0.16
	0.34
	0.21
	0.40
	0.17
	0.50

	Mean UPT [bps/Hz/user]
	1.23
	1.75
	1.32
	1.88
	1.33
	2.30

	Cell edge UPT gain [%]
	0
	112%
	0
	90%
	0
	194%

	Mean UPT gain [%]
	0
	42%
	0
	42%
	0
	73%


We make the following observations with regards to the scalable 2D codebook with subset restriction in UMa:

· Removing the precoders corresponding to DFT-beams close to the horizon provides significant performance gains.
· For the 4x2 array, performance gains of 31%-112% (cell edge throughput) and 17%-42% (normalized user throughput) are achieved via codebook subset restriction.

· For the 5x3 array, performance gains of 39%-90% (cell edge throughput) and 22%-42% (normalized user throughput) are achieved via codebook subset restriction.

· For the 8x1 array, performance gains of 103%-194% (cell edge throughput) and 46%-73% (normalized user throughput) are achieved via codebook subset restriction.
The associated results for 3D UMi can be seen in Table 3 and 4 below for the 50% RU and 70% RU load points.

Table 3 UMi, 50% RU

	Metric
	UMi, 4x2 array
	UMi, 5x3 array
	UMi, 8x1 array

	
	Unrestricted
	Subset Restricted
	Unrestricted
	Subset Restricted
	Unrestricted
	Subset Restricted

	Cell edge UPT [bps/Hz/user]
	0.41
	0.58
	0.48
	0.63
	0.35
	0.59

	Mean UPT [bps/Hz/user]
	2.00
	2.27
	2.06
	2.34
	1.89
	2.39

	Cell edge UPT gain [%]
	0
	41%
	0
	31%
	0
	69%

	Mean UPT gain [%]
	0
	14%
	0
	14%
	0
	26%


Table 4 UMi, 70% RU
	Metric
	UMi, 4x2 array
	UMi, 5x3 array
	UMi, 8x1 array

	
	Unrestricted
	Subset Restricted
	Unrestricted
	Subset Restricted
	Unrestricted
	Subset Restricted

	Cell edge UPT [bps/Hz/user]
	0.21
	0.32
	0.23
	0.39
	0.19
	0.38

	Mean UPT [bps/Hz/user]
	1.37
	1.71
	1.44
	1.84
	1.89
	2.39

	Cell edge UPT gain [%]
	0
	52%
	0
	70%
	0
	100%

	Mean UPT gain [%]
	0
	25%
	0
	28%
	0
	44%


We thus make the following observations with regards to the scalable 2D codebook with subset restriction in UMi:

· Removing the precoders corresponding to DFT-beams close to the horizon provides significant performance gains.

· For the 4x2 array, performance gains of 41%-52% (cell edge throughput) and 14%-25% (normalized user throughput) via use of codebook subset restriction.

· For the 5x3 array, performance gains of 31%-70% (cell edge throughput) and 14%-28% (normalized user throughput) via use of codebook subset restriction.

· For the 8x1 array, performance gains of 69%-100% (cell edge throughput) and 26%-44% (normalized user throughput) via use of codebook subset restriction
These results highlight the importance of controlling how the interference is transmitted. The 2D antenna arrays using adaptive beams in elevation may, if used incorrectly, create a hostile interference environment to adjacent cells.

In order to have this interference under control, the UEs should not report PMI for beams that should be avoided in the transmission. Hence, significant gains can be achieved by employing the scalable 2D codebook with codebook subset restriction and where beams towards the horizon are avoided.  It should be noted that codebook subset restriction is currently specified in the current standards [2] and the currently specified codebook subset restriction utilizes a bitmap where each bit is associated with a precoder.   However, this bitmap approach cannot be extended to the scalable 2D codebook since it will require an even larger, possibly two-dimensional bitmap leading to very high overheads.  Therefore, to reap the performance benefits of the scalable 2D codebook with subset restriction, enhancements to codebook subset restriction needs to be discussed. For instance, it may not be necessary that all possible beams can be restricted, it is sufficient to be able to perform subset restriction of the beams that impact the performance the most. This will lead to a more efficient subset restriction signaling. As this signaling is handled by RAN2, it is important that RAN1 gives the proper guideline based on performance evaluations in RAN1. 
3 Conclusion

Based on the results in this contribution, codebook subset restriction is beneficial for 2D codebooks as well. We propose the following:

Proposal:  Study how to efficiently signal codebook subset restriction for the scalable 2D codebook [1].
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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), 46 dBm (UMa) 

	Traffic model
	FTP Model 1, 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


� The 8x1 UMa results in Table 2 correspond to the 65% RU load point.





