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Introduction
In RAN1#86, the following agreements were made with CSI-RS overhead reduction for Class A NZP CSI-RS with more than 16 CSI-RS ports.   
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 present our views on the issue of PDSCH rate matching in the REs in PRBs with no CSI-RS ports.  In addition, simulation results are presented that motivate the need to specify frequency domain measurement restriction.
[bookmark: _Ref458465777]Discussion
In RAN1#86, two options were listed with regards to PDSCH rate matching for NZP CSI-RS with overhead reduction.  The two options are compared in the context of a reduced density 32-port NZP CSI-RS in Figure 1.  A CSI-RS density of 1/3 is assumed in this 32-port example.
In option 1, the REs in PRBs with no CSI-RS ports are used for PDSCH transmission.  In this case, a comb like transmission is suitable and this indicates the PRBs that contains the CSI-RS ports and the REs in the PRBs where CSI-RS is absent can be used for PDSCH.  In the case of legacy (i.e., pre-release 14) UEs, however, PDSCH transmission is not possible in the REs in PRBs with no CSI-RS ports.  This is because the legacy UEs can only perform PDSCH rate matching with full density ZP-CSI-RS.
In option 2, the REs in PRBs with no CSI-RS ports are not used for PDSCH transmission.  These REs can be used to transmit reduced density NZP CSI-RS in other cells (i.e., in high CSI-RS reuse cases).  For option 2, defining frequency domain measurement restriction is suitable as a Rel-14 UE can be requested to measure CSI-RS ports only on the set of PRBs that contain the intended NZP CSI-RS, while the UE assumes the CSI-RS (from serving cell and other cells) occupies the full band.  With regards to legacy UEs, as there is no PDSCH transmission in the REs in PRBs with no CSI-RS ports, the legacy UE can perform PDSCH rate matching with full density ZP-CSI-RS.
[bookmark: _Toc462691863]For high reuse CSI-RS with no PDSCH rate matching, defining frequency domain measurement restriction is suitable as a Rel-14 UE can be requested to measure CSI-RS ports only on the set of PRBs that contain the intended NZP CSI-RS.
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	Option 1: with PDSCH Rate Matching
	Option 2: without PDSCH Rate Matching


[bookmark: _Ref462652682]Figure 1.  A comparison of 32 port reduced density NZP CSI-RS with and without PDSCH rate matching
It should be noted that the performance gains of reduced density NZP CSI-RS are mainly observed in the high CSI-RS reuse factor configurations (see [1] for detailed simulation results).  Hence, it is important to compare the two options with regards to the high reuse CSI-RS.
With option 1, PDSCH rate matching in the case of high reuse CSI-RS is achieved by having different subframe offsets configured to the different cells.  For instance, when CSI-RS reuse factor is 3, cells 1, 2, and 3 could be configured with subframe offsets of 0, 1, and 2 respectively.  
With option 2, as there is no PDSCH rate matching, the same subframe offset can be configured to the different reuse cells.  The different cells are separated by transmitting reduced density NZP CSI-RS in different set of PRBs.  For instance, when CSI-RS reuse factor is 3, the NZP CSI-RS for cell 1 could be transmitted in PRBs satisfying , the NZP CSI-RS for cell 2 could be transmitted in PRBs satisfying , and the NZP CSI-RS for cell 3 could be transmitted in PRBs satisfying .
[bookmark: _GoBack]For Rel-14 UEs, the CSI-RS overhead associated with options 1 and 2 are the same.  Let us assume a system with CSI-RS reuse 3, 2 CRS ports, 3 OFDM symbols for PDCCH, 2 DMRS ports, a CSI-RS periodicity of 5 ms, and an overhead reduction factor of 1/3.  Then, the CSI-RS overhead for Rel-14 UEs is  for both options 1 and 2.  Hence, the performance of the two options can be expected to be similar for Rel-14 UEs.
[bookmark: _Toc462691864]With high reuse factors, the CSI-RS overhead for Rel-14 UEs is the same for the two options of with PDSCH rate matching and without PDSCH rate matching. 
For legacy UEs, the CSI-RS overheads associated with options 1 and 2 are different.  As noted above, with Option 1, PDSCH transmission is not possible in the REs in PRBs with no CSI-RS ports for legacy UEs since legacy UEs can only perform PDSCH rate matching with full density ZP-CSI-RS.  Hence, for the legacy UEs PDSCH rate matching with full density ZP CSI-RS has to be used in each subframe offset corresponding to a different CSI-RS reuse cell.  The resulting CSI-RS overhead for legacy UEs is  for option 1 (with CSI-RS reuse 3, 2 CRS ports, 3 OFDM symbols for PDCCH, 2 DMRS ports, a CSI-RS periodicity of 5 ms, and an overhead reduction factor of 1/3).    In the case of Option 2, the CSI-RS overhead for legacy UEs is  as the same subframe offset can be configured to the different reuse cells.  
[bookmark: _Toc462691865]With high reuse factors, the CSI-RS overhead for legacy UEs is much higher for option 1 (with PDSCH rate matching) when compared to that for option 2 (without PDSCH rate matching).
[bookmark: _Toc462691866]For a reuse factor of 3 and overhead reduction factor of 1/3, the CSI-RS overhead for legacy UEs is 3x higher in option 1 when compared to option 2.
  
Simulation Results
In this section, we evaluate the performance of a 28-port CSI-RS configuration shown in Figure 2 which is suitable for port sharing with Rel-12 4 port UEs.  We performed system level simulations using a 28 port 4x7 dual polarized array with 2x1 subarray virtualization.  In the 28-port CSI-RS configuration of Figure 2, a reuse factor of 3 and in each cell 24 ports have a CSI-RS density of 1/3 and 4 ports have full density to be shared with Rel-12 4 port UEs.  As the performance of the Rel-14 UEs is expected to be similar between Options 1 and 2, we only simulate the performance of Rel-12 UEs with 4 ports.  In addition, a 6 dB power boosting with CDM 2 (borrowing power from other CSI-RS REs) is assumed for all ports.  Detailed simulation parameters and assumptions are given in the Appendix A.
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[bookmark: _Ref458110953]Figure 2: A 28-port CSI-RS configuration simulated with port sharing for 4-port Rel-12 UEs
With the 28-port NZP CSI-RS configuration, we compare the performance of the cases with PDSCH rate matching (Option 1) and without PDSCH rate matching (Option 2).  The results are shown in Table 1 (3D-UMi) and Table 2 (3D-UMa).  As shown in Tables 1-2, Option 2 (without PDSCH rate matching) outperforms Option 1 (with PDSCH rate matching).   At an RU of 20%, mean throughput gains of 17-20 % are observed.  The mean throughput gains of 29-30 % are observed at an RU of 50%.  As discussed above, the main reason for these gains are higher CSI-RS overhead associated with Option 1 when compared to Option 2.

[bookmark: _Toc462691867]For Rel-12 UEs with 4 ports, the case without PDSCH rate matching yields significant performance gains (29-30 % mean throughput gains) over the case with PDSCH rate matching.

[bookmark: _Ref458120797]Table 1.  Performance comparison between Option 1 and Option 2 for 3D-UMi
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[bookmark: _Ref458466636]Table 2.  Performance comparison between Option 1 and Option 2 for 3D-UMa
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With higher CSI-RS reuse factors and no PDSCH rate matching, it should be recalled from earlier discussion that defining frequency domain measurement restriction is suitable as a Rel-14 UE can be requested to measure a CSI-RS ports only on the set of PRBs that contain the intended NZP CSI-RS.  Hence, given the superior performance of Option 2 with regards to legacy UEs and suitability of frequency domain measurement restriction for Option 2 in the case of Rel-14 UEs, we propose the following.
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Conclusions
In this contribution, we present our views on the issue of PDSCH rate matching in the REs in PRBs with no CSI-RS ports.  Based on the discussion and simulation results, we made the following observations:

Observation 1	For high reuse CSI-RS with no PDSCH rate matching, defining frequency domain measurement restriction is suitable as a Rel-14 UE can be requested to measure a CSI-RS ports only on the set of PRBs that contain the intended NZP CSI-RS.
Observation 2	With high reuse factors, the CSI-RS overhead for Rel-14 UEs is the same for the two options of with PDSCH rate matching and without PDSCH rate matching.
Observation 3	With high reuse factors, the CSI-RS overhead for legacy UEs is much higher for option 1 (with PDSCH rate matching) when compared to that for option 2 (without PDSCH rate matching).
Observation 4	For a reuse factor of 3 and overhead reduction factor of 1/3, the CSI-RS overhead for legacy UEs is 3x higher in option 1 when compared to option 2.
Observation 5	For Rel-12 UEs with 4 ports, the case without PDSCH rate matching yields significant performance gains (29-30 % mean throughput gains) over the case with PDSCH rate matching.

Based on the discussion in Sections 2-3, we propose the following:
Proposal 1	For Class A eFD-MIMO, specify frequency domain measurement restriction for Class A NZP CSI-RS with overhead reduction.
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Appendix
	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

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

	Antenna Configurations
	4x7 with 2x1 virtualization 
tilt: 130° for 3D-UMi and 122° for 3D-UMa

	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.
Reuse factor 3, sectors with the same orientation (i.e., 0°, 120°, 240°) are grouped together.

	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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