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Introduction
In RAN1#86bis, the following agreements were made with regards to overhead reduction for Class B CSI-RS in eFD-MIMO:
Agreement: 
· [bookmark: _Toc463622442]For Class B NZP CSI-RS: 
· Support CSI-RS density of d ∈ {1,1/2} RE/RB/port
· Additional values of d=1/3 and/or 1/8 are not precluded for Class B if significant benefit can be shown at RAN1#87.

In this contribution, we present simulation results on the different CSI-RS densities (i.e., d values) that should be supported in addition CSI-RS densities of 1 and 1/2.  Based on our results, we propose that the additional density value 1/3 should be supported in Rel-14 eFD-MIMO for Class B NZP CSI-RS.
Hybrid CSI-RS operation
The typical way to operate with hybrid CSI-RS is illustrated in Figure 1. The non-precoded (class A) CSI-RS, corresponding to a high number of ports, is transmitted rather infrequently in a cell specific manner. Based on the corresponding CSI-RS reports the eNodeB will be able to detect a set of channel subspaces where different UEs are located. Since the channels will be correlated in time the eNodeB can further utilize the detected channel subspaces by assuming that the UEs will be located within these subspaces also in the following subframes. Hence, it may be sufficient for the eNodeB to transmit UE specific beamformed (Class B) CSI-RS, corresponding to a low number of ports, within the detected subspaces in the following subframes.  Note that Tf  and Ts in Figure 1 respectively denote the periodicity of Class B CSI-RS and Class A CSI-RS, respectively. 
[image: ]
[bookmark: _Ref458674117]Figure 1. Hybrid CSI-RS operation.
Results with Different CSI-RS Densities
In our simulations we have considered an 4x8 antenna using 2x1 virtualization; this antenna layout will hence correspond to 32 ports. We furthermore simulate hybrid CSI-RS operation where we transmit the non-precoded CSI-RS, hence 32 ports, once every 50 subframes. 
For each UE, based on the report corresponding to the non-precoded CSI-RS one Class B CSI-RS within a pool of eight 4-ports CSI-RSs is selected. The pool of class B CSI-RSs is transmitted once every 5 subframes except in the subframe where the non-precoded CSI-RS is transmitted. Each of the eight class B CSI-RSs are beamformed in different horizontal directions. Within a class B CSI-RS there are 4 ports CSI-RS beamformed vertically. The CSI-RS feedback thus allows a selection in the horizontal plane every 50ms and, within the selected horizontal direction, in the vertical plane every 5ms. 
Furthermore, both the class A and class B CSI-RSs are operating with a density reduction of d. All 32 CSI-RS ports, for the class A CSI-RS, are located in the same PRB within a set of 1/d PRBs (e.g., the even PRBs)  giving a reduced density d. The same holds also for the eight Class B CSI-RSs. 
The performance comparisons between different CSI-RS densities is given in Tables 1-2 for 3D-UMi and 3D-UMa where a CSI-RS reuse factor of 1 is assumed.  The performance gains shown in Tables 1-2 are relative to a 32 port hybrid CSI-RS mode scheme with 1 RE/RB/port, hence d=1.  From the tables, it is seen that a configuration with CSI-RS density 1/3 operates on par with a CSI-RS density 1/2 in terms of cell edge and mean user throughput for 3D-UMi.  Also a density reduction of 1/4 performs better than the baseline but reducing the density even further results in performance losses. For 3D-UMa, a higher CSI-RS density appears to be required. Here the performance starts to drop already for a CSI-RS density of 1/3.
[bookmark: _Toc466857699]With CSI-RS reuse 1, Class B CSI-RS densities 1/3 and 1/4 can outperform a configuration with CSI-RS density 1 in terms of cell edge and mean user throughput for 3D-UMi.
[bookmark: _Toc466857700]With CSI-RS reuse 1, a Class B CSI-RS density of 1/8 results in performance losses compared to a configuration with CSI-RS density 1. 
Hence, given these observations, we propose the following:
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Table 1. Performance comparison between different CSI-RS densities for 3D-UMi for a non full buffer simulation at 50% resource utilization.
	CSI-RS Reduced Density d
	1
	1/2
	1/3
	1/4
	1/8

	Cell edge gain [%]
	0
	12
	8
	5
	-23

	Normalized user throughput gain [%]
	0
	5
	4
	5
	-5



Table 2. Performance comparison between different CSI-RS densities for 3D-UMa for a non full buffer simulation at 50% resource utilization. 
	CSI-RS Reduced Density d
	1
	1/2
	1/3
	1/4
	1/8

	Cell edge gain [%]
	0
	6
	-5
	-17
	-44

	Normalized user throughput gain [%]
	0
	4
	-1
	-5
	-18




Conclusions
In this contribution, we presented simulation results on the different CSI-RS densities (i.e., d values) that should be supported for Class B in addition to CSI-RS densities of 1 and 1/2.  Based on our results, we made the following observations and proposal:
Observation 1	With CSI-RS reuse 1, Class B CSI-RS densities 1/3 and 1/4 can outperform a configuration with CSI-RS density 1 in terms of cell edge and mean user throughput for 3D-UMi.
Observation 2	With CSI-RS reuse 1, a Class B CSI-RS density of 1/8 results in performance losses compared to a configuration with CSI-RS density 1.

Proposal 1	For Class B eFD-MIMO, a CSI-RS density value of 1/3 should be supported in addition to CSI-RS density values of 1 and 1/2.
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	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D-UMi 200m ISD, 3D-UMa 500m ISD

	Antenna Configurations
	4x8 with 2x1 virtualization 
tilt: 130° 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (3D-UMi), 46 dBm (3D-UMa) 

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	2 CRS ports, Colliding CRS.

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modelled.

	Codebook
	2D Grid of Beams based on DFT

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB
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