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1 Introduction
In RAN1#82, the following codebook construction is agreed in R1-154861 [1].
For each of [8], 12 and 16 Tx ports, a precoding matrix W in the codebook is represented as:
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 is a N1xL1 matrix with L1 column vectors being an O1x oversampled DFT vector of length N1: [image: image10.png]
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 is a N2xL2 matrix with L2 column vectors being an O2x oversampled DFT vector of length N2: [image: image14.png]v, 2t
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· N1  and N2 are the numbers of antenna ports per pol in 1st and 2nd dim.
· FFS whether to select different beams (e.g. different X1 or X2) for the two pols
· FFS column selection from KP applied to W1
A first alternative to construct such a codebook is:
· Tall, [square] and wide arrays are supported with a single codebook for each of [8], 12 and 16 CSI-RS ports
· For PUSCH and PUCCH reporting, a codebook subset can be separately selected via RRC signaling of codebook subset selection parameters or a bitmap
· FFS beam subset selection/restriction and related mechanism
· FFS which and how the parameters (in Table 1) are related/configured

A second alternative to construct such a codebook is:
· Tall, [square] and wide port layouts are supported with parameters N1, N2 
· Values of N1 and N2 are RRC signaled
· The parameters (in Table 1) define the codebook
· Configurable oversampling factors, RRC signaled, values FFS
· Other parameters are to be determined
· FFS beam subset selection/restriction and related mechanism

Table 1 Codebook parameters
	Parameter per dimension
	Remark

	Oversampling factors Od
	Determines total number of beams Qd = Od · Nd, d = 1,2  in the codebook.

	Beam group spacing
	Difference of the leading beam indices of two adjacent beam groups

	Number of beams in each beam group
	May depend on rank and/or W1

	Beam spacing
	Difference of two adjacent beam indices in each beam group


A few proposals for the pre-coder and PMI construction are also agreed in [2]. According to the agreed codebook design alternatives, rank 1-2 and rank 3-8 codebooks are proposed in [3] and [4], respectively. In this contribution, the system-level performance evaluation results are provided for the proposed rank 1-2 codebooks. Based on these results, important observations and proposals are made. 

2 System-level performance of the proposed rank 1-2 codebook
The non-full-buffer SU-MIMO and MU-MIMO system-level performance evaluation is carried out for UMa-200m and UMi-2GHz channel models in low (20% target RU) and heavy (70% target RU) traffic loading scenarios. The detailed results of all the simulation scenarios can be found in Appendix I. The results are provided for 16 antenna ports with 1D subarray-partition architecture where (N1,N2) = (4,2) (“fat”) and (2,4) (“tall”). Here, we assume that the first dimension is horizontal and the second dimension is vertical. The downtilt angles in the elevation domain are according to [5]. In these simulations, the full-port non-precoded CSI-RS are provided for CSI estimation, and the corresponding CSI-RS overhead is taken into account in the final throughput calculation.
Cell association antenna pattern is approximated by one-TXRU pattern, and proportional fair scheduling (max 4 layers per time-frequency resource) have been used. For MU-MIMO, SLNR precoding is considered, and for SU-MIMO, conjugate beamforming is used. The relevant simulation parameters are enlisted in Table 4. The rest of the simulation assumption is according to [5].

As proposed in [3], in order to support a variety of deployment scenarios and antenna configurations, some of the codebook parameters in Table 1 should be made configurable. To simplify the evaluation, the beam group spacing and beam spacing parameters for the two dimensions are fixed. In particular, the beam group spacing parameters (s1,s2) are set to be s1 = s2 = 2, and the beam spacing parameters (p1,p2) are set to be p1 = p2 = 1. For (N1,N2) = (4,2), the codebook performance is compared for the following:
· Beam grouping (BG) schemes (number of beams in the two dimensions):

· BG0: (L1,L2) = (4,1)
· BG1: (L1,L2) = (2,2) - “square” with the following three rank-2 options proposed in [3]
· BG1 (Option 0) - 2-Tx rank-2 beam pairs
· BG1 (Option 1) - diagonal
· BG2: (L1,L2) = (2,2) - “checker board”
· Oversampling factors:

· (L1,L2) = (8,4), (8,8)

For (N1,N2) = (2,4), the same set of simulations are performance by swapping the oversampling factors and the beam grouping schemes between the two dimensions.

The summary of SU and MU simulation results are provided in Table 2 and Table 3, respectively. The comprehensive set of all the results (avg. UPT, 50% UPT, and 5% UPT) are provided in Appendix I. For comparison, the percentage gains in avg. UPT, 50% UPT, and 5% UPT are calculated assuming the beam grouping scheme BG0 as our baseline, which is shown in red colors in the result tables in Appendix I. The proposed BG schemes and the two oversampling factors (4 and 8) in the shorter dimension (2 ports) are compared in terms of avg. UPT gain and 5% UPT gain. The scheme achieving the maximum avg. and 5% UPT gains are listed in Table 2 and Table 3. 
Table 2: SU Results Summary

	Antenna port configuration (N1,N2)
	Channel
	Load
	Oversampling factor (O1,O2)
	Avg UPT gain
	Best scheme 
	5% UPT gain
	Best scheme

	(4,2)


	UMa-200m
	Low
	(8,4)
	101.8%
	BG1 (Option 0)
	107.7%
	BG1 (Option 0)

	
	
	
	(8,8)
	101.6%
	BG1 (Option 0)
	104.5%
	BG1 (Option 1)

	
	
	Heavy
	(8,4)
	104.2%
	BG2
	105.7%
	BG1 (Option 0)

	
	
	
	(8,8)
	100.8%
	BG2
	102.7%
	BG1 (Option 1)

	
	UMi-2GHz
	Low
	(8,4)
	101.2%
	BG2
	102.6%
	BG1 (Option 1)

	
	
	
	(8,8)
	100.9%
	BG2
	101.9%
	BG1 (Option 1)

	
	
	Heavy
	(8,4)
	104.1%
	BG2
	106.1%
	BG1 (Option 1)

	
	
	
	(8,8)
	102.1%
	BG1 (Option 0)
	104.1%
	BG1 (Option 0)

	(2,4)


	UMa-200m
	Low
	(4,8)
	101.6%
	BG2
	101.8%
	BG2

	
	
	
	(8,8)
	101.8%
	BG2
	106.9%
	BG2

	
	
	Heavy
	(4,8)
	103.5%
	BG1 (Option 0)
	109.3%
	BG1 (Option 1)

	
	
	
	(8,8)
	104.1%
	BG1 (Option 1)
	108.4%
	BG1 (Option 0)

	
	UMi-2GHz
	Low
	(4,8)
	101.5%
	BG1 (Option 0)
	103.4%
	BG1 (Option 1)

	
	
	
	(8,8)
	100.8%
	BG1 (Option 0)
	101.4%
	BG1 (Option 1)

	
	
	Heavy
	(4,8)
	102.4%
	BG2
	103.4%
	BG2

	
	
	
	(8,8)
	101.9%
	BG1 (Option 0)
	101.9%
	BG1 (Option 1)


Table 3: MU Results Summary

	Antenna port configuration (N1,N2)
	Channel
	Load
	Oversampling factor (O1,O2)
	Avg UPT gain
	Best scheme 
	5% UPT gain
	Best scheme

	(4,2)


	UMa-200m
	Low
	(8,4)
	101.9%
	BG1 (Option 0)
	105.5%
	BG1 (Option 0)

	
	
	
	(8,8)
	101.2%
	BG1 (Option 0)
	105.2%
	BG2

	
	
	Heavy
	(8,4)
	105.3%
	BG1 (Option 0)
	109.0%
	BG1 (Option 0)

	
	
	
	(8,8)
	100.6%
	BG1 (Option 0)
	100.0%
	BG0

	
	UMi-2GHz
	Low
	(8,4)
	101.3%
	BG2
	103.3%
	BG2

	
	
	
	(8,8)
	100.9%
	BG1 (Option 0)
	102.3%
	BG1 (Option 0)

	
	
	Heavy
	(8,4)
	105.2%
	BG2
	115.9%
	BG2

	
	
	
	(8,8)
	101.6%
	BG1 (Option 0)
	102.4%
	BG2

	(2,4)


	UMa-200m
	Low
	(4,8)
	102.1%
	BG2
	109.3%
	BG1 (Option 0)

	
	
	
	(8,8)
	101.5%
	BG1 (Option 0)
	100.9%
	BG2

	
	
	Heavy
	(4,8)
	101.1%
	BG2
	100.9%
	BG2

	
	
	
	(8,8)
	103.5%
	BG2
	105.5%
	BG1 (Option 0)

	
	UMi-2GHz
	Low
	(4,8)
	101.3%
	BG1 (Option 0)
	101.9%
	BG1 (Option 1)

	
	
	
	(8,8)
	101.0%
	BG1 (Option 0)
	104.4%
	BG2

	
	
	Heavy
	(4,8)
	101.1%
	BG2
	102.3%
	BG2

	
	
	
	(8,8)
	103.3%
	BG2
	103.1%
	BG2


Based on these results and the comprehensive results in the Appendix I, the following observations can be made:
Observation 1: Performance of different beam grouping schemes vary dependent upon the traffic, simulation scenarios, and antenna port layouts. In other words, there is no beam grouping scheme that is universally superior in performance over other beam grouping schemes in all scenarios.
Observation 2: There is slight performance loss with the oversampling factor = 4 compared to the oversampling factor = 8 in the shorter dimension (with 2 ports).
Observation 3: BG1 (Option 0) outperforms BG1 (option 1) in many different scenarios, hence between the two, BG1 (Option 0) should be selected as a rank-2 option if BG1 is configured.

Based on these observations, the following proposals are made:

Proposal 1: The rank 1-2 codebook should support multiple beam grouping schemes. A UE should be configured with a beam grouping scheme from the set of supported beam grouping schemes.
· BG1 (Option 0) should be selected for rank-2 codebook whenever BG1 is configured.

· The configured beam grouping scheme should be rank-specific.
3 Conclusion
This contribution has evaluated the performance benefits of the proposed rank 1-2 FD-MIMO codebooks, and made the following observations and proposals:
Observation 1: Performance of different beam grouping schemes vary dependent upon the traffic, simulation scenarios, and antenna port layouts. In other words, there is no beam grouping scheme that is universally superior in performance over other beam grouping schemes in all scenarios.

Observation 2: There is slight performance loss with the oversampling factor = 4 compared to the oversampling factor = 8 in the shorter dimension (with 2 ports).

Proposal 1: The rank 1-2 codebook should support multiple beam grouping schemes. A UE should be configured with a beam grouping scheme from the set of supported beam grouping schemes.

· BG1 (Option 0) should be selected for rank-2 codebook whenever BG1 is configured.

· The configured beam grouping scheme should be rank-specific.
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Appendix I
Table 4: Simulation Parameters
	Parameters
	Values

	Simulation Type
	Non-full-buffer (low load 20% RU, heavy load 70% RU)

	Channel model
	UMi-2GHz, UMa-200m

	Number of BS (H,V) antenna elements
	(8,8), x-polarized, subarray partition

	(N1,N2, P) 
	(4,2,2), (2,4,2)

	BS (H,V) antenna spacing
	(0.5, 0.8)λ

	BS and MS antenna polarizations
	BS: (+45°,-45°); MS: (0°, 90°)

	Number of UE antennas
	2

	MU pre-coding
	SLNR

	Scheduling
	(1) SU, Proportional fair
(2) MU, Proportional fair, up to 4 layers

	Channel estimation
	Ideal

	Transmission rank
	1, 2

	Receiver 
	MMSE-IRC


Results for (N1,N2) = (4,2) - “fat” configuration” and UMa-200m channel model

Table 5: Low load SU-MIMO results: UMa-200m and (N1,N2) = (4,2)

	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	1.5
	(8,4)


	BG0
	20%
	36.86
	100.0%
	34.37
	100.0%
	13.83
	100.0%
	17.9%

	
	
	BG1 (Option 0)
	20%
	37.51
	101.8%
	35.61
	103.6%
	14.90
	107.7%
	17.4%

	
	
	BG2
	20%
	37.18
	100.9%
	35.13
	102.2%
	13.62
	98.5%
	17.7%

	
	
	BG1 (Option 1)
	20%
	37.19
	100.9%
	34.46
	100.3%
	14.18
	102.5%
	17.6%

	
	(8,8)
	BG0
	20%
	36.94
	100.0%
	35.11
	100.0%
	13.90
	100.0%
	17.8%

	
	
	BG1 (Option 0)
	20%
	37.54
	101.6%
	35.92
	102.3%
	14.41
	103.7%
	17.4%

	
	
	BG2
	20%
	37.04
	100.3%
	34.68
	98.8%
	13.84
	99.6%
	17.7%

	
	
	BG1 (Option 1)
	20%
	37.32
	101.0%
	35.42
	100.9%
	14.53
	104.5%
	17.5%


Table 6: Low load MU-MIMO results: UMa-200m and (N1,N2) = (4,2)

	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	1.5
	(8,4)


	BG0
	20%
	36.06
	100.0%
	34.17
	100.0%
	13.27
	100.0%
	17.9%

	
	
	BG1 (Option 0)
	20%
	36.74
	101.9%
	34.77
	101.7%
	14.00
	105.5%
	17.4%

	
	
	BG2
	20%
	36.46
	101.1%
	34.19
	100.1%
	12.90
	97.2%
	17.6%

	
	
	BG1 (Option 1)
	20%
	36.48
	101.1%
	34.14
	99.9%
	13.91
	104.8%
	17.6%

	
	(8,8)
	BG0
	20%
	36.51
	100.0%
	34.19
	100.0%
	13.38
	100.0%
	17.5%

	
	
	BG1 (Option 0)
	20%
	36.93
	101.2%
	34.19
	100.0%
	13.82
	103.2%
	17.3%

	
	
	BG2
	20%
	36.82
	100.9%
	34.81
	101.8%
	14.08
	105.2%
	17.3%

	
	
	BG1 (Option 1)
	20%
	36.72
	100.6%
	34.55
	101.1%
	13.74
	102.7%
	17.4%


Table 7: Heavy load SU-MIMO results: UMa-200m and (N1,N2) = (4,2)

	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	3.3
	(8,4)


	BG0
	70%
	19.19
	100.0%
	15.56
	100.0%
	3.99
	100.0%
	58.6%

	
	
	BG1 (Option 0)
	70%
	19.99
	104.1%
	16.26
	104.5%
	4.22
	105.7%
	56.3%

	
	
	BG2
	70%
	19.99
	104.2%
	16.36
	105.2%
	4.18
	104.8%
	56.6%

	
	
	BG1 (Option 1)
	70%
	19.55
	101.8%
	15.96
	102.6%
	3.99
	100.0%
	57.8%

	
	(8,8)
	BG0
	70%
	20.02
	100.0%
	16.20
	100.0%
	4.14
	100.0%
	56.5%

	
	
	BG1 (Option 0)
	70%
	20.13
	100.5%
	16.66
	102.9%
	4.10
	98.9%
	56.6%

	
	
	BG2
	70%
	20.18
	100.8%
	16.45
	101.6%
	4.08
	98.4%
	56.5%

	
	
	BG1 (Option 1)
	70%
	20.03
	100.0%
	16.33
	100.8%
	4.26
	102.7%
	56.6%


Table 8: Heavy load MU-MIMO results: UMa-200m and (N1,N2) = (4,2)

	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	3.1
	(8,4)


	BG0
	70%
	20.47
	100.0%
	17.10
	100.0%
	4.69
	100.0%
	53.5%

	
	
	BG1 (Option 0)
	70%
	21.56
	105.3%
	18.39
	107.6%
	5.11
	109.0%
	51.5%

	
	
	BG2
	70%
	21.42
	104.6%
	18.18
	106.3%
	5.04
	107.6%
	52.2%

	
	
	BG1 (Option 1)
	70%
	21.26
	103.9%
	18.02
	105.4%
	5.15
	109.9%
	52.0%

	
	(8,8)
	BG0
	70%
	21.54
	100.0%
	18.01
	100.0%
	5.20
	100.0%
	51.6%

	
	
	BG1 (Option 0)
	70%
	21.68
	100.6%
	18.43
	102.3%
	5.16
	99.4%
	51.3%

	
	
	BG2
	70%
	21.71
	100.8%
	18.33
	101.7%
	5.08
	97.8%
	51.8%

	
	
	BG1 (Option 1)
	70%
	21.62
	100.4%
	18.35
	101.9%
	5.19
	99.9%
	51.4%


Results for (N1,N2) = (4,2) - “fat” configuration” and UMi-2GHz channel model
Table 9: Low load SU-MIMO results: UMi-2GHz and (N1,N2) = (4,2)

	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	1.6
	(8,4)


	BG0
	20%
	37.77
	100.0%
	35.61
	100.0%
	15.38
	100.0%
	16.9%

	
	
	BG1 (Option 0)
	20%
	38.20
	101.1%
	36.15
	101.5%
	15.78
	102.6%
	16.7%

	
	
	BG2
	20%
	38.24
	101.2%
	36.43
	102.3%
	15.78
	102.6%
	16.7%

	
	
	BG1 (Option 1)
	20%
	37.99
	100.6%
	36.12
	101.4%
	15.78
	102.6%
	16.8%

	
	(8,8)
	BG0
	20%
	38.10
	100.0%
	35.99
	100.0%
	15.64
	100.0%
	16.8%

	
	
	BG1 (Option 0)
	20%
	38.33
	100.6%
	36.37
	101.1%
	15.54
	99.3%
	16.7%

	
	
	BG2
	20%
	38.46
	100.9%
	36.71
	102.0%
	15.61
	99.8%
	16.6%

	
	
	BG1 (Option 1)
	20%
	38.20
	100.3%
	36.14
	100.4%
	15.93
	101.9%
	16.7%


Table 10: Low load MU-MIMO results: UMi-2GHz and (N1,N2) = (4,2)

	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	1.6
	(8,4)


	BG0
	20%
	37.94
	100.0%
	37.04
	100.0%
	15.42
	100.0%
	16.3%

	
	
	BG1 (Option 0)
	20%
	38.33
	101.0%
	37.29
	100.7%
	15.82
	102.6%
	16.2%

	
	
	BG2
	20%
	38.44
	101.3%
	37.74
	101.9%
	15.93
	103.3%
	16.1%

	
	
	BG1 (Option 1)
	20%
	38.23
	100.8%
	37.04
	100.0%
	15.77
	102.3%
	16.2%

	
	(8,8)
	BG0
	20%
	38.11
	100.0%
	36.70
	100.0%
	15.55
	100.0%
	16.3%

	
	
	BG1 (Option 0)
	20%
	38.45
	100.9%
	37.04
	100.9%
	15.92
	102.3%
	16.1%

	
	
	BG2
	20%
	38.29
	100.5%
	36.77
	100.2%
	15.82
	101.7%
	16.1%

	
	
	BG1 (Option 1)
	20%
	38.16
	100.1%
	36.87
	100.5%
	15.64
	100.6%
	16.3%


Table 11: Heavy load SU-MIMO results: UMi-2GHz and (N1,N2) = (4,2)

	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	3.6
	(8,4)


	BG0
	70%
	18.17
	100.0%
	14.82
	100.0%
	3.95
	100.0%
	58.7%

	
	
	BG1 (Option 0)
	70%
	18.89
	104.0%
	15.15
	102.3%
	4.13
	104.6%
	57.4%

	
	
	BG2
	70%
	18.92
	104.1%
	15.26
	103.0%
	4.10
	103.7%
	57.3%

	
	
	BG1 (Option 1)
	70%
	18.70
	102.9%
	15.13
	102.1%
	4.19
	106.1%
	57.7%

	
	(8,8)
	BG0
	70%
	18.70
	100.0%
	15.19
	100.0%
	4.08
	100.0%
	57.8%

	
	
	BG1 (Option 0)
	70%
	19.10
	102.1%
	15.38
	101.3%
	4.25
	104.1%
	57.2%

	
	
	BG2
	70%
	18.91
	101.1%
	15.24
	100.4%
	4.24
	103.8%
	57.5%

	
	
	BG1 (Option 1)
	70%
	19.09
	102.1%
	15.47
	101.9%
	4.11
	100.7%
	57.1%


Table 12: Heavy load MU-MIMO results: UMi-2GHz and (N1,N2) = (4,2)

	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	3.3
	(8,4)


	BG0
	70%
	19.87
	100.0%
	16.50
	100.0%
	4.83
	100.0%
	53.3%

	
	
	BG1 (Option 0)
	70%
	20.74
	104.4%
	17.43
	105.7%
	5.43
	112.5%
	51.8%

	
	
	BG2
	70%
	20.91
	105.2%
	17.47
	105.9%
	5.60
	115.9%
	51.6%

	
	
	BG1 (Option 1)
	70%
	20.67
	104.0%
	17.46
	105.9%
	5.46
	113.0%
	51.8%

	
	(8,8)
	BG0
	70%
	20.88
	100.0%
	17.66
	100.0%
	5.39
	100.0%
	51.5%

	
	
	BG1 (Option 0)
	70%
	21.22
	101.6%
	17.86
	101.1%
	5.51
	102.3%
	51.0%

	
	
	BG2
	70%
	21.10
	101.0%
	17.88
	101.2%
	5.52
	102.4%
	51.3%

	
	
	BG1 (Option 1)
	70%
	20.96
	100.4%
	17.67
	100.1%
	5.40
	100.1%
	51.5%


Results for (N1,N2) = (2,4) - “tall” configuration” and UMa-200m channel model

Table 5: Low load SU-MIMO results: UMa-200m and (N1,N2) = (2,4)

	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	1.5
	(8,4)


	BG0
	20%
	32.85
	100.0%
	29.18
	100.0%
	11.64
	100.0%
	19.5%

	
	
	BG1 (Option 0)
	20%
	33.16
	101.0%
	29.60
	101.4%
	11.26
	96.7%
	19.2%

	
	
	BG2
	20%
	33.36
	101.6%
	29.35
	100.6%
	11.85
	101.8%
	19.1%

	
	
	BG1 (Option 1)
	20%
	33.29
	101.4%
	29.74
	101.9%
	11.82
	101.5%
	19.1%

	
	(8,8)
	BG0
	20%
	33.17
	100.0%
	29.19
	100.0%
	11.67
	100.0%
	19.2%

	
	
	BG1 (Option 0)
	20%
	33.63
	101.4%
	29.78
	102.0%
	12.20
	104.6%
	18.8%

	
	
	BG2
	20%
	33.75
	101.8%
	30.25
	103.7%
	12.47
	106.9%
	18.9%

	
	
	BG1 (Option 1)
	20%
	33.55
	101.1%
	29.83
	102.2%
	11.78
	100.9%
	18.9%


Table 6: Low load MU-MIMO results: UMa-200m and (N1,N2) = (2,4)

	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	1.5
	(8,4)


	BG0
	20%
	32.98
	100.0%
	28.63
	100.0%
	11.51
	100.0%
	18.7%

	
	
	BG1 (Option 0)
	20%
	33.62
	102.0%
	29.45
	102.9%
	12.58
	109.3%
	18.5%

	
	
	BG2
	20%
	33.68
	102.1%
	29.83
	104.2%
	12.29
	106.7%
	18.5%

	
	
	BG1 (Option 1)
	20%
	33.21
	100.7%
	29.44
	102.8%
	12.32
	107.0%
	18.8%

	
	(8,8)
	BG0
	20%
	33.69
	100.0%
	29.43
	100.0%
	12.62
	100.0%
	18.5%

	
	
	BG1 (Option 0)
	20%
	34.19
	101.5%
	30.63
	104.1%
	12.64
	100.2%
	18.1%

	
	
	BG2
	20%
	34.04
	101.0%
	30.04
	102.1%
	12.74
	100.9%
	18.2%

	
	
	BG1 (Option 1)
	20%
	33.89
	100.6%
	30.08
	102.2%
	12.25
	97.1%
	18.3%


Table 7: Heavy load SU-MIMO results: UMa-200m and (N1,N2) = (2,4)

	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	3.3
	(8,4)


	BG0
	70%
	14.72
	100.0%
	11.32
	100.0%
	2.07
	100.0%
	66.0%

	
	
	BG1 (Option 0)
	70%
	15.23
	103.5%
	11.51
	101.6%
	2.22
	107.5%
	65.2%

	
	
	BG2
	70%
	15.08
	102.5%
	11.55
	102.0%
	2.17
	104.7%
	65.6%

	
	
	BG1 (Option 1)
	70%
	15.16
	103.0%
	11.72
	103.5%
	2.26
	109.3%
	65.2%

	
	(8,8)
	BG0
	70%
	15.13
	100.0%
	11.74
	100.0%
	2.21
	100.0%
	64.8%

	
	
	BG1 (Option 0)
	70%
	15.69
	103.7%
	12.21
	104.0%
	2.40
	108.7%
	63.9%

	
	
	BG2
	70%
	15.65
	103.5%
	12.11
	103.2%
	2.30
	104.1%
	64.4%

	
	
	BG1 (Option 1)
	70%
	15.74
	104.1%
	12.08
	102.9%
	2.39
	108.4%
	63.8%


Table 8: Heavy load MU-MIMO results: UMa-200m and (N1,N2) = (2,4)

	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	3.1
	(8,4)


	BG0
	70%
	16.13
	100.0%
	13.12
	100.0%
	3.08
	100.0%
	59.6%

	
	
	BG1 (Option 0)
	70%
	16.15
	100.1%
	13.15
	100.2%
	2.97
	96.3%
	60.2%

	
	
	BG2
	70%
	16.32
	101.1%
	13.38
	102.0%
	3.11
	100.9%
	59.4%

	
	
	BG1 (Option 1)
	70%
	16.12
	99.9%
	13.25
	101.0%
	2.96
	95.9%
	60.2%

	
	(8,8)
	BG0
	70%
	16.61
	100.0%
	13.69
	100.0%
	3.23
	100.0%
	58.2%

	
	
	BG1 (Option 0)
	70%
	17.09
	102.9%
	13.90
	101.6%
	3.40
	105.5%
	57.4%

	
	
	BG2
	70%
	17.20
	103.5%
	14.18
	103.6%
	3.32
	103.0%
	57.5%

	
	
	BG1 (Option 1)
	70%
	16.94
	102.0%
	13.79
	100.8%
	3.29
	102.0%
	58.0%


Results for (N1,N2) = (2,4) - “tall” configuration” and UMi-2GHz channel model
Table 9: Low load SU-MIMO results: UMi-2GHz and (N1,N2) = (2,4)
	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	1.6
	(8,4)


	BG0
	20%
	35.89
	100.0%
	33.19
	100.0%
	13.48
	100.0%
	18.6%

	
	
	BG1 (Option 0)
	20%
	36.44
	101.5%
	34.03
	102.5%
	13.85
	102.8%
	18.3%

	
	
	BG2
	20%
	36.14
	100.7%
	32.95
	99.3%
	13.90
	103.1%
	18.4%

	
	
	BG1 (Option 1)
	20%
	36.25
	101.0%
	34.00
	102.5%
	13.94
	103.4%
	18.4%

	
	(8,8)
	BG0
	20%
	36.35
	100.0%
	33.38
	100.0%
	14.11
	100.0%
	18.3%

	
	
	BG1 (Option 0)
	20%
	36.63
	100.8%
	34.14
	102.3%
	14.22
	100.8%
	18.1%

	
	
	BG2
	20%
	36.56
	100.6%
	33.30
	99.8%
	14.00
	99.2%
	18.2%

	
	
	BG1 (Option 1)
	20%
	36.49
	100.4%
	33.43
	100.1%
	14.30
	101.4%
	18.2%


Table 10: Low load MU-MIMO results: UMi-2GHz and (N1,N2) = (2,4)
	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	1.6
	(8,4)


	BG0
	20%
	34.99
	100.0%
	31.25
	100.0%
	13.42
	100.0%
	18.7%

	
	
	BG1 (Option 0)
	20%
	35.46
	101.3%
	32.32
	103.4%
	13.50
	100.6%
	18.6%

	
	
	BG2
	20%
	35.42
	101.2%
	32.52
	104.1%
	13.53
	100.8%
	18.4%

	
	
	BG1 (Option 1)
	20%
	35.36
	101.1%
	31.84
	101.9%
	13.67
	101.9%
	18.5%

	
	(8,8)
	BG0
	20%
	35.65
	100.0%
	33.07
	100.0%
	13.47
	100.0%
	18.3%

	
	
	BG1 (Option 0)
	20%
	36.01
	101.0%
	33.33
	100.8%
	13.95
	103.5%
	18.1%

	
	
	BG2
	20%
	35.79
	100.4%
	33.06
	100.0%
	14.06
	104.4%
	18.2%

	
	
	BG1 (Option 1)
	20%
	35.91
	100.7%
	33.42
	101.1%
	14.03
	104.2%
	18.1%


Table 11: Heavy load SU-MIMO results: UMi-2GHz and (N1,N2) = (2,4)
	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	3.6
	(8,4)


	BG0
	70%
	12.50
	100.0%
	9.39
	100.0%
	1.89
	100.0%
	67.9%

	
	
	BG1 (Option 0)
	70%
	12.68
	101.4%
	9.69
	103.2%
	1.93
	102.3%
	67.5%

	
	
	BG2
	70%
	12.80
	102.4%
	9.70
	103.3%
	1.96
	103.4%
	67.1%

	
	
	BG1 (Option 1)
	70%
	12.70
	101.6%
	9.67
	103.0%
	1.94
	102.3%
	67.3%

	
	(8,8)
	BG0
	70%
	13.08
	100.0%
	10.09
	100.0%
	2.09
	100.0%
	66.6%

	
	
	BG1 (Option 0)
	70%
	13.34
	101.9%
	10.05
	99.6%
	2.09
	100.2%
	65.9%

	
	
	BG2
	70%
	13.32
	101.8%
	10.07
	99.8%
	2.09
	100.4%
	66.0%

	
	
	BG1 (Option 1)
	70%
	13.27
	101.5%
	10.09
	100.0%
	2.13
	101.9%
	66.1%


Table 12: Heavy load MU-MIMO results: UMi-2GHz and (N1,N2) = (2,4)
	Lambda
	OS
	Beam grouping
	Target RU
	Avg UPT
	Gain
	50% UPT
	Gain
	5% UPT
	Gain
	RU

	3.3
	(8,4)


	BG0
	70%
	14.61
	100.0%
	11.49
	100.0%
	2.70
	100.0%
	61.1%

	
	
	BG1 (Option 0)
	70%
	14.35
	98.2%
	11.18
	97.3%
	2.52
	93.4%
	61.7%

	
	
	BG2
	70%
	14.77
	101.1%
	11.70
	101.8%
	2.76
	102.3%
	60.8%

	
	
	BG1 (Option 1)
	70%
	14.42
	98.7%
	11.14
	96.9%
	2.60
	96.2%
	61.7%

	
	(8,8)
	BG0
	70%
	15.03
	100.0%
	11.91
	100.0%
	2.87
	100.0%
	60.5%

	
	
	BG1 (Option 0)
	70%
	15.46
	102.8%
	12.24
	102.8%
	2.92
	101.8%
	59.7%

	
	
	BG2
	70%
	15.52
	103.3%
	12.66
	106.3%
	2.96
	103.1%
	59.4%

	
	
	BG1 (Option 1)
	70%
	15.36
	102.2%
	12.25
	102.9%
	2.90
	101.3%
	59.7%
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