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1
Introduction
In RAN1 #86, the following has been agreed for CSI-RS overhead reduction [1]:
Agreement: 

At least for Class A NZP CSI-RS with more than 16 CSI-RS ports:

· All ports in a CSI-RS resource are transmitted within the same subframe 

· i.e. CSI-RS overhead reduction is done in the frequency domain

· CSI-RS density d ∈ {1,1/2, and at least one other value <= 1/3} RE/RB/port 

· Other values of d are not precluded (e.g. 2/3, ¾)

· FFS whether different ports in a CSI-RS resource may have different densities

· FFS PDSCH rate matching in the REs in PRBs with no CSI-RS ports within a group  

· Opt-1: comb like transmission

· Opt-2: frequency domain measurement restriction

· FFS the detailed signalling design

In this contribution, we discuss on the CSI-RS density and evaluate the performance according to the CSI-RS density used.
2
CSI-RS density
The frequency domain CSI-RS overhead reduction has been agreed in the last RAN1 meeting for class A NZP CSI-RS with more than 16 CSI-RS ports. To minimize the performance degradation due to frequency density of the CSI-RS, PRB level CSI-RS nulling is used, where only a subset of PRB may be used for a CSI-RS transmission. Although the frequency density of the CSI-RS is reduced, spatial correlation properties can be relatively accurately estimated as all antenna ports are located in the same PRB.
The CSI-RS density candidate has been agreed to include 1/2 (i.e., even or odd numbered PRBs carries the CSI-RS) and at least one other value. It is always beneficial to have a larger number of CSI-RS reuse pattern as the CSI-RS collision from neighboring cells can be coordinated. Therefore, reducing CSI-RS density may provide potential benefit of increased CSI-RS reuse patterns as a different set of PRBs can be used at different eNBs as similar to CRS v-shift.

In order to introduce additional CSI-RS density candidates, the performance of each CSI-RS density candidates should be carefully evaluated. The table 1 and table 2 shows the performance loss of CSI-RS density candidates according to the density and duty cycle. 
Table 1. Class-A performance according to the CSI-RS density and duty cycle in 3D UMi

	CSI-RS density RE/RE/port
	Duty cycle [ms]
	Mean [Mbps]
	5%-tile [Mbps]
	50%-tile [Mbps]
	95%-tile [Mbps]
	RU[%] 

	1
	20
	23.340
	4.382
	19.131
	51.440
	57.2

	
	40
	21.118
	3.438
	16.865
	50.848
	61.2

	1/2
	20
	22.907
(-1.9%)
	4.277
	18.960
	50.829
	58.0

	
	40
	20.564
(-2.6%)
	3.360
	16.403
	50.265
	62.2

	1/3
	20
	22.821
(-2.2%)
	4.167
	18.482
	50.959
	58.5

	
	40
	20.484
(-3.0%)
	3.178
	16.213
	49.618
	62.5

	1/4
	20
	22.600
(-3.2%)
	4.156
	18.142
	50.785
	58.4

	
	40
	20.314
(-3.8%)
	3.164
	15.550
	50.991
	63.5


Table 2. Class-A performance according to the CSI-RS density and duty cycle in 3D UMa

	CSI-RS density RE/RE/port
	Duty cycle [ms]
	Mean [Mbps]
	5%-tile [Mbps]
	50%-tile [Mbps]
	95%-tile [Mbps]
	RU[%] 

	1
	20
	17.162
	2.540
	12.670
	47.855
	67.9

	
	40
	16.000
	2.540
	11.507
	47.389
	70.1

	1/2
	20
	17.067
(-0.6%)
	2.470
	12.544
	47.824
	68.2

	
	40
	15.857
(-0.9%)
	2.346
	11.302
	47.036
	70.9

	1/3
	20
	16.875
(-1.7%)
	2.653
	12.228
	47.221
	68.1

	
	40
	15.730
(-1.7%)
	2.312
	11.281
	47.252
	70.4

	1/4
	20
	16.814
(-2.0%)
	2.507
	12.114
	46.325
	69.0

	
	40
	15.617
(-2.4%)
	2.428
	10.829
	47.870
	71.1


As seen in the table, the performance loss from the reduced CSI-RS density seems to be insignificant up to ¼ although its performance loss gets increased as the CSI-RS density gets reduced.
Observation: the performance loss from the reduced density is not significant up to 1/4.
Given that the performance loss is relatively marginal from the reduced density of the CSI-RS, supporting multiple CSI-RS density values may provide an increased CSI-RS reuse pattern by shifting the CSI-RS as similar to CRS v-shift which may be beneficial for a multi-cell operation.

Proposal: support CSI-RS density 1/3 and 1/4

3
Summary
In this contribution, we evaluated the potential CSI-RS density candidates. From the observation, we propose following:

Proposal: support CSI-RS density 1/3 and 1/4
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Annex
Table A. System Level Simulation Assumptions

	Parameter
	Assumption

	Network layout
	7-site 21-cell wraparound

	Channel model
	3D Urban Macro (3D-UMa) 2 GHz ISD 500 downtilt 100

3D Urban Micro (3D-UMi) 2 GHz ISD 200 downtilt 100

	eNB antenna configuration
	(8,4,2) V4H8

	UE antenna configuration
	[image: image2.png]


 cross-polarization, 0o/90o

	UE attachment
	RSRP on CRS port 0

	Number of UEs per cell
	10

	UE distribution
	uniformly dropped

	Traffic model
	non-full buffer FTP model 1, packet size 0.5M bytes 

	Scheduler
	proportional fair (PF)

	Transmission scheme
	SU/MU-MIMO dynamic switching with SU-MIMO feedback, transparent MU-MIMO 

	Codebook
	O1 = O2 = 4

	Link adaptation
	AMC with OLLA, 10% BLER target 

	Receiver 
	MMSE-IRC, ideal channel estimation, ideal interference  modelling

	Feedback
	PUSCH 3-1, CQI and PMI reporting triggered every 10ms 

	Receiver 
	feedback delay is 5 ms 

	Maximum number of HARQ retransmission
	4


