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1. Introduction

In the RAN1 #80 meeting, high level categories for CSI-RS and feedback enhancements were agreed as follows:

· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS

This contribution discusses operation scenarios of beamformed CSI-RS based schemes and presents evaluation results.
2. Operation Scenario of Beamformed CSI-RS based FD-MIMO
2.1. Multiple CSI-processes based operation
In multiple CSI-process based operation, eNB configures multiple CSI processes where NZP-CSI-RS of each CSI process are vertically beamformed towards different angles. By combining PMI and vertical steering angle corresponding to a selected CSI process, eNB can obtain 3D channel direction information. The eNB can also obtain CQI/RI corresponding to the 3D channel direction from the selected CSI process. This scheme is standards-transparent if number of CSI processes is less than 3. Further details are described in our companion contribution [1]. Figure 1 illustrates multiple CSI-process based operation.
A simple specification enhancement to improve this scheme is to increase maximum number of CSI processes > 3 so that eNB can get vertical direction information with finer granularity. This approach, however, causes higher UE implementation complexity as well as more CSI-RS and feedback overhead (Note that the maximum number of CSI processes supported is up to UE capability, i.e., “supportedCSI-Proc” field in [2]). 
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Figure 1. Illustration of multiple CSI processes based scheme
3. Simulation Results
In this section, we show relative performance gain of the aforementioned scheme as against the phase-1 reference. We assume that subarray partition TXRU virtualization, and one-to-many CSI-RS to TXRU mapping are used where each CSI-RS port mapped to all the TXRUs corresponding to one column of co-polarized antenna elements using DFT vector. To see the performance of beam index feedback based FD-MIMO as increasing number of beams, we used tilting angles for each scenario as follows:
·  3 vertical beams: 80°, 95°, 110° for 3D-UMi / 100, 110, 120 for 3D-UMa ISD 500m
·  4 vertical beams: 80°, 90°, 108°, 110° for 3D-UMi / 95, 103, 111, 120 for 3D-UMa ISD 500m
·  8 vertical beams: 75°, 80°, 85°, 90°, 95°, 100°, 105°, 110 for 3D-UMi / 90, 95, 99, 104, 109, 114, 119, 125 for 3D-UMa ISD 500m
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Figure 2. RU performance of beamformed CSI-RS with multiple CSI-processes against the phase-1 reference 
(64 TXRUs)
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Figure 3. Relative UPT performance of beamformed CSI-RS with multiple CSI-processes schemes against the phase-1 reference (64 TXRUs)
Observation: It is observed that beamformed CSI-RS with multiple CSI-processes shows slightly better performance compared to phase-1 results. 
4. Discussion and Conclusion

In this contribution, we have investigated beamformed CSI-RS based FD-MIMO schemes with multiple CSI processes and showed evaluation results, and made the following observations:
Observation-1: It is observed that Beamformed CSI-RS with multiple CSI-processes shows slightly better performance compared to phase-1 results. System performance improves when jointly selected H and V channel directions are available at the eNB.
Observation 2: Multiple CSI-process based schemes are not scalable, as CSI-RS/feedback overhead and UE complexity significantly increases if to support more than 3 vertical beam based operation.
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Appendix I. Simulation Assumptions
	Parameters 
	Value 

	Homogeneous scenarios 
	3D-UMa with ISD 200m and 500m,  
3D-UMi ISD with 200m 

	Carrier frequency 
	2GHz 

	System BW 
	10MHz 

	BS antenna configuration 
	BS: X-pol (+/-45), 0.5λ for azimuth,0.8λ for elevation

	TXRU virtualization 
	Full connection / Subarray 

	UE attachment 
	Based on RSRP from CRS#0 

	Traffic model 
	Non full-buffer : Traffic model-1 

	Scheduler 
	PF, subband scheduling 

	Receiver 
	MMSE-IRC receiver 

	Transmission scheme 
	TM10, SU-/MU-MIMO


Appendix II. Simulation Results
Table 1. Performance evaluation for Beamformed CSI-RS for 3D-UMi with ISD 200m
	(M,N,P,Q)
	(
	Scheme
	Avg. UPT
	50% UPT
	5% UPT
	RU [%]

	(8,4,2,64)
	1.67
	Phase-1
	100%
	100%
	100%
	18.9

	
	
	3 CSI processes 
	102%
	102%
	102%
	18.7

	
	
	8 CSI processes
	
	
	
	

	
	4.17
	Phase-1
	100%
	100%
	100%
	48.6

	
	
	3 CSI processes 
	
	
	
	

	
	
	8 CSI processes
	
	
	
	

	
	6.25
	Phase-1
	100%
	100%
	100%
	68.2

	
	
	3 CSI processes 
	
	
	
	

	
	
	8 CSI processes
	
	
	
	

	(8,4,2,32)
	1.67
	Phase-1
	100%
	100%
	100%
	18.9

	
	
	3 CSI processes 
	113%
	107%
	104%
	17.9

	
	
	8 CSI processes
	
	
	
	

	
	4.17
	Phase-1
	100%
	100%
	100%
	48.6

	
	
	3 CSI processes 
	123%
	113%
	111%
	44.7

	
	
	8 CSI processes
	
	
	
	

	
	6.25
	Phase-1
	100%
	100%
	100%
	68.2

	
	
	3 CSI processes 
	
	
	
	

	
	
	8 CSI processes
	
	
	
	


Table 2. Performance evaluation for Beamformed CSI-RS for 3D-UMa with ISD 500m
	(M,N,P,Q)
	(
	Scheme
	Avg. UPT
	50% UPT
	5% UPT
	RU [%]

	(8,4,2,64)
	1.67
	Phase-1
	100%
	100%
	100%
	21.0

	
	
	3 CSI processes 
	111%
	111%
	105%
	19.5

	
	
	8 CSI processes
	
	
	
	

	
	3.57
	Phase-1
	100%
	100%
	100%
	52.0

	
	
	3 CSI processes 
	107%
	106%
	106%
	49.9

	
	
	8 CSI processes
	
	
	
	

	
	5.00
	Phase-1
	100%
	100%
	100%
	68.1

	
	
	3 CSI processes 
	
	
	
	

	
	
	8 CSI processes
	
	
	
	

	(8,4,2,32)
	1.67
	Phase-1
	100%
	100%
	100%
	21.0

	
	
	3 CSI processes 
	110%
	108%
	105%
	19.7

	
	
	8 CSI processes
	
	
	
	

	
	3.57
	Phase-1
	100%
	100%
	100%
	52.0

	
	
	3 CSI processes 
	117%
	110%
	109%
	48.4

	
	
	8 CSI processes
	
	
	
	

	
	5.00
	Phase-1
	100%
	100%
	100%
	68.1

	
	
	3 CSI processes 
	101%
	121%
	106%
	69.9

	
	
	8 CSI processes
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