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1
Introduction
In RAN1 #85, the followings have been agreed on non-precoded CSI-RS design for a larger number of antenna ports [1]:
Agreement:
· For {20, 24, 28, 32} ports, a CSI-RS resource for class A CSI reporting is aggregated as follows (where Mk is the # of CSI-RS ports in a CSI-RS configuration) 
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8

· For {20, 28} ports, FFS till RAN1#86 (including possible down-selection)

· Alt 1: ∑k Mk ∈ {20, 28}, Mk is either 4 or 8, where the same Mk = M used for all k

· Possible down-selection till RAN1#86 regarding Mk=4 vs. 8. 

· If Mk=8 is supported, FFS the details

· Alt 2: ∑k Mk ∈ {20, 28}, Mk ∈ {4, 8}, where Mk may be different for different k

· FFS port numbering 

· FFS N vs. M

In this contribution, we discuss and evaluate the potential CSI-RS overhead reduction schemes for a larger number of antenna ports.
2
Discussion
So far, several CSI-RS overhead reduction schemes have been discussed in (e)FD-MIMO including TDM of CSI-RS ports, FDM of CSI-RS ports, and partial ports transmission. It has been observed that the spatial correlation properties which may be used for CSI reporting is relatively consistent over time and frequency although the spatial channels are frequency and/or time selective. However, if spatial channels are not estimated in the same and time frequency resource, the spatial correlation properties may not be properly estimated due to channel variation.
The TDM of CSI-RS ports multiplexes groups of CSI-RS ports in different subframe locations. Therefore, a UE may need to measure the spatial channels in multiple time locations. In this case, the spatial channel correlation property measurement gets inaccurate as a Doppler frequency goes higher and/or a CSI-RS duty cycle becomes longer.

The FDM of CSI-RS ports multiplexes groups of CSI-RS ports in a different set of PRBs which results in increased frequency spacing of CSI-RS port from 12 REs to 24 REs. In addition, due to the frequency domain multiplexing of CSI-RS ports, a UE may need to measure the spatial channels in multiple PRBs which may lead to inaccurate spatial channel correlation property measurement in highly frequency selective channel.

Observation 1: TDM and/or FDM multiplexing of CSI-RS ports may result in errorneous spatial channel correlation estimation as the spatial channels are measured in different time and/or frequency locations    
In order to address the problems of TDM and FDM multiplexing while reducing CSI-RS overhead, PRB-level CSI-RS nulling may be used. For example, for 32 CSI-RS ports, all 32 CSI-RS ports are transmitted in a subset of PRBs (e.g., even-numbered PRBs), which result in the same CSI-RS overhead as FDM multiplexing of 32 CSI-RS ports (e.g., a first 16 CSI-RS ports in even-numbered PRBs and a second 16 CSI-RS ports in odd-numbered PRBs). Therefore, a UE may measure spatial channels for all 32 ports in a same PRB which may increase the accuracy of channel covariance matrix estimation. 
The table 1 shows the simulation results of TDM, FDM, and CSI-RS nulling with same effective CSI-RS overhead according to the duty cycle.
Table 1. The performance loss over full CSI-RS transmission according to overhead reduction schemes with different duty cycles at high load
	Scenario
	TDM
	FDM
	CSI-RS nulling
	Duty cycle

	3D-UMa
	-2.1%
	-5.3%
	-1.1%
	10ms

	
	-4.9%
	-3.9%
	-0.6%
	20ms

	
	-11.2%
	-4.1%
	-0.9%
	40ms

	
	-25.3%
	-4.6%
	-1.0%
	80ms

	3D-UMi
	-1.3%
	-2.5%
	-0.1%
	10ms

	
	-8.3%
	-4.3%
	-1.9%
	20ms

	
	-18.8%
	-3.0%
	-2.6%
	40ms

	
	-36.6%
	-5.0%
	-1.2%
	80ms


From the results, more significant performance loss are observed from TDM as duty cycle of CSI-RS transmission gets increased. On the other hand, FDM showed a relatively robust performance to the duty cycle configuration. The CSI-RS nulling shows the best performance among the options.  

Observation 2: CSI-RS nulling provides most robust performance in various channel conditions as compared with other CSI-RS overhead reduction schemes
Based on the observations, CSI-RS nulling scheme seems to be appropriate as a CSI-RS overhead reduction scheme if at least one of CSI-RS overhead reduction scheme is adopted for eFD-MIMO. 
Proposal: adopt CSI-RS nulling scheme if the CSI-RS overhead reduction scheme is supported in eFD-MIMO
3
Summary
In this contribution, we discussed and evaluated CSI-RS overhead reduction schemes. Based on the observations, we propose the following:
Proposal: adopt CSI-RS nulling scheme if the CSI-RS overhead reduction scheme is supported in eFD-MIMO
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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
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 cross-polarization, 0o/90o

	UE attachment
	RSRP on CRS port 0

	CSI-RS configuration
	TDM, FDM, CSI-RS nulling

	CSI-RS duty cycle
	10, 20, 40, 80 [ms]

	Feedback mode
	Class A

	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 

	Codebook
	Rel.13 32 Tx codebook, Config. 2

	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 5ms 

	Receiver 
	feedback delay is 5 ms 

	Maximum number of HARQ retransmission
	4


