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[bookmark: DocumentFor]Introduction
In RAN1#82, it was agreed that two CSI reporting classes are supported for Rel.13 EB/FD-MIMO: class A (aimed for non-precoded CSI-RS) and class B (aimed for beamformed CSI-RS) [1]. In RAN1#82bis, the support for class B with K=1 and 1<K≤8 NZP CSI-RS resources was agreed [2][3]. For K=1, both W2-only (based on class A codebook [4]) and the legacy CSI reporting schemes are supported. 
In this contribution, system level simulation results are presented for the class B K=1 scheme with W2-only feedback using the codebook design given in [5]. This scheme enables UE-specific beamformed (BF) CSI-RS operation with K=1 NZP CSI-RS resource. 

[bookmark: _Ref430963607]Description of scheme
The simulated class B scheme can be summarized as follows (see also [4][5]):
· The eNodeB configures the UE with two CSI processes. This is termed the “hybrid” CSI-RS scheme in [4]. 
· Process 1: 16-port class A 
· Process 2: NP–port class B with K=1 
· The eNodeB performs UE-specific wideband beamforming on a 16-port NZP CSI-RS resource. This beamforming operation reduces the number of CSI-RS ports that the UE shall measure from 16 to NP. The eNodeB derives the necessary beamforming vector/matrix by utilizing the UE feedback associated with CSI process 1. The 16-port codebook used in this simulation is taken from [5]. This UE feedback is reported at a low rate.
· Upon measuring the NP CSI-RS ports (which are associated with NP/2 “micro-beams” [2]), the UE calculates and reports CSI (for process 2) where its corresponding PMI represents micro-beam selection(s) (1 or 2 out of NP /2, depending on the transmission rank) and co-phasing. This can be implemented by reusing the W2 components of the existing Rel.12 8-port codebook or the Rel.13 16-port class A codebook [3]. This CSI reporting is done at a higher rate. 

Simulation results
Throughput metrics including average user throughput, 5% user throughput, 50% user throughput, and average served load are compared for different schemes. ‘Class A only’ is used as a reference. As described in Section 2, the class B K=1 scheme simulated in this contribution utilizes non-precoded CSI-RS (and hence class A) and thus labelled ‘Class B K=1 + Class A’. The following transmission periodicity (and hence UE measurement periodicity) is assumed:
· ‘Class A only’: 5ms
· ‘Class B K=1 + class A’: 5ms for class B (UE-specific BF CSI-RS) and 50ms for class A (non-precoded CSI-RS) 
· ‘Class B K=1 + SRS: 5ms for class B (UE-specific BF CSI-RS) and 50ms for SRS 
Table 1 depicts the results for RU=20% with NP=4 and 2-Rx UEs. In this case, the maximum transmission rank is 2. Some notable performance gain in user TP is observed over the reference scheme (‘class A only’). This net gain comes from a combination of reduced CSI-RS overhead and improved CSI-RS coverage due to UE-specific beamforming. This notable gain comes together with reduced UE measurement complexity. That is, instead of measuring performing channel measurement and CSI computation associated with 16 CSI-RS ports every 5ms, the UE performs channel measurement and CSI computation associated with 4 CSI-RS ports every 5ms (except for once every 50ms). 

Table 1: Throughput performance NP=4 and 2-Rx UEs, max rank = 2: RU=20%
	Channel model
	Scheme
	Throughput (Mbps)

	
	
	Average user TP
	5% user TP
	50% user TP
	Average served load

	UMa-200m
	Class A only (reference) Mbps
	37.542
	14.679
	36.197
	5.990

	
	Class B K=1 + Class A Mbps
	39.461
	15.043
	36.658
	5.990

	
	Class B K=1 + Class A relative to reference (%)
	105 %
	103 %
	102%
	100%

	
	Class B K=1 + SRS Mbps
	40.250 
	15.344 
	37.025 
	5.990

	
	Class B K=1 + SRS relative to reference (%)
	107%
	105%
	102%
	100%

	UMi-2GHz
	Class A only (reference) Mbps
	38.269
	15.669
	36.480
	6.217

	
	Class B K=1 + Class A Mbps
	40.609
	15.925
	38.090
	6.212

	
	Class B K=1 + Class A relative to reference (%)
	106 %
	102 %
	104 %
	100 %

	
	Class B K=1 + SRS Mbps
	40.203 
	15.607 
	38.092
	6.212

	
	Class B K=1 + SRS relative to reference (%)
	105%
	100%
	104%
	100%



Tables 2A and 2B depict the results for RU=20% with NP=4 and 4-Rx UEs. In this case, the maximum transmission rank is either 2 (Table 2A) or 4 (Table 2B). A similar trend for the relative gain over ‘class A only’ is observed. In addition, setting the maximum rank to 4 offers some substantial gain over maximum rank of 2. Comparing Table 2A with 2B, it is evident that the average user throughput increases by 29-34% while the other throughput metrics remain comparable. This implies that introducing rank 3 and 4 in this low-load scenario results in more UEs serviced with rank-3 and 4 (hence higher throughput) transmission. 

Table 2A: Throughput performance NP=4 and 4-Rx UEs, max rank = 2: RU=20%
	Channel model
	Scheme
	Throughput (Mbps)

	
	
	Average user TP
	5% user TP
	50% user TP
	Average served load

	UMa-200m
	Class A only (reference) Mbps
	49.353
	23.796
	56.672
	5.888

	
	Class B K=1 + Class A Mbps
	53.425
	25.099
	61.152
	5.904

	
	Class B K=1 + Class A relative to reference (%)
	108 %
	106 %
	108 %
	100 %

	UMi-2GHz
	Class A only (reference) Mbps
	49.169
	24.73
	56.672
	6.248

	
	Class B K=1 + Class A Mbps
	53.061
	25.503
	61.152
	6.262

	
	Class B K=1 + Class A relative to reference (%)
	108 %
	103 %
	108 %
	100 %



Table 2B: Throughput performance NP=4 and 4-Rx UEs, max rank = 4: RU=20%
	Channel model
	Scheme
	Throughput (Mbps)

	
	
	Average user TP
	5% user TP
	50% user TP
	Average served load

	UMa-200m
	Class A only (reference) Mbps
	67.943
	23.015
	60.909
	5.800

	
	Class B K=1 + Class A Mbps
	71.627
	23.225
	63.439
	5.754

	
	Class B K=1 + Class A relative to reference (%)
	105 %
	101 %
	104 %
	99 %

	UMi-2GHz
	Class A only (reference) Mbps
	65.748
	21.330
	57.341
	6.170

	
	Class B K=1 + Class A Mbps
	68.593
	22.756
	59.457
	6.129

	
	Class B K=1 + Class A relative to reference (%)
	104 %
	107 %
	104 %
	99 %



Conclusion
[bookmark: _GoBack]In this contribution, system level simulation results are presented for class B K=1 scheme described in [3][4][5]. It is observed that some notable gain can be obtained from class B K=1 scheme (used in conjunction with a low duty cycle 16-port non-precoded CSI-RS or SRS) over its class A reference – while at the same time significantly reducing UE channel measurement complexity. Furthermore, it is observed that increasing the maximum rank from 2 to 4 (with 4-Rx UEs) for class B K=1 scheme results in substantial gain in average user throughput.

Appendix: Simulation assumptions
[bookmark: _Ref427254851]Table 5: Simulation Parameters
	Parameters
	Values

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

	Channel model
	UMi-2GHz, UMa-200m

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

	(N1,N2, P) for class A
	(4,2,2), 16 ports

	Number of ports NP for class B (K=1)
	4

	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, 4

	MU pre-coding
	SLNR

	Scheduling
	SU, Proportional fair

	Channel estimation
	Modeled

	SRS channel estimation [6]
	, 

	SRS processing gain  [6]
	9 dB

	Transmission rank
	Rank adaptation:1, 2, 3, 4

	Receiver 
	MMSE-IRC



Table 6: Uplink Power Control Parameters
	Parameters
	Values [7]

	UE max Tx power
	23 dBm

	P0
	-81

	alpha
	0.8

	PC mode
	Open loop

	SRS bandwidth
	24 PRB

	SRS offset
	0 dB
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