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Introduction
	In RAN#71, the work item on further full-dimension MIMO (FD-MIMO) enhancement has been approved [1]. The objective of reference signal enhancement for non-precoded CSI-RS is: 
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
	The following agreements about density reduction for class A CSI-RS have been achieved in RAN1#86:
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 density reduction schemes.
Discussion
According to the above agreement, comb like transmission and frequency domain measurement restriction are proposed as two candidate schemes for density reduction. In the following, these two schemes are discussed individually.
· Opt-1: comb like transmission
	As discussed in [2], there are two possible alternatives, i.e. all the CSI-RS ports are located in the same PRB pair with CSI-RS transmitted in every L>1 PRB pairs (Alt-1) or the CSI-RS ports are distributed to multiple PRB pairs (Alt-2). These two alternatives have different impacts to Rel-14 specifications and to legacy UEs. 
· 	For Alt-1, flexible CSI-RS density, e.g. 1, 1/2, 2/3, 3/4, etc., could be configured at the cost of defining corresponding new ZP CSI-RS patterns. The new ZP CSI-RS pattern targets for PDSCH rate matching for Rel-14 UE. If the same aggregation is used for {20,24,28,32} ports CSI-RS, a common ZP CSI-RS pattern could be designed. However for legacy UE, only legacy ZP CSI-RS could be configured, which results in REs in those PRB pairs without CSI-RS ports cannot be used for PDSCH transmission.
· 	For Alt-2, the port distribution of {20,24,28,32} ports CSI-RS may be different due to their different CSI-RS aggregations. In addition, even for the same port number, different CSI-RS density may require different CSI-RS patterns. Figure 1 illustrates the {32, 24} ports CSI-RS example with CSI-RS density d=1/2. According the agreements in RAN1#86, (M,K)=(8,4) and (M,K)=(8,3) aggregations are used for 32 ports and 24 ports CSI-RS, respectively. In Figure 1, the REs with the same color in one subframe represent an 8 port CSI-RS configuration, and the REs labeled with the same letter construct a CDM-4 group. For 32 ports CSI-RS given in Figure 1(a), two M=8 CSI-RS configurations are mapped in one PRB pair, and the other two M=8 CSI-RS configurations mapped in another PRB pair. Since the RE locations of CSI-RS are the same for all PRB pairs, legacy ZP CSI-RS pattern could be reused for PDSCH rate matching for Rel-14 UE. In Figure 1(b), for 24 ports CSI-RS, two M=8 CSI-RS configurations are mapped in one PRB pair, whereas a single M=8 CSI-RS configurations in another PRB pair. Therefore, new ZP CSI-RS pattern should be defined for this case. However, if CSI-RS density d=1/3 is assumed for 24 ports CSI-RS, there would be one M=8 CSI-RS configuration in each PRB pair, which makes the legacy ZP CSI-RS pattern available for Rel-14 UE. 
[image: ]                   [image: ]
		              (a) 32 ports CSI-RS                                                            (b) 24 ports CSI-RS
Figure 1: {32,24} ports CSI-RS with density d=1/2
Comparing these two alternatives, Alt-1 results in a relative simple ZP CSI-RS pattern design at the cost of more PDSCH REs for legacy UE being unavailable. Alt-2 may increase the specification complexity but with less PDSCH REs for legacy UE being wasted, however there will be many possible combinations in Alt-2. Therefore a compromise between specification complexity and impact to legacy UE should be considered for CSI-RS density reduction. Considering simplicity and the specification time limit, Alt-1 is slightly preferred.
Proposal:
· A compromise between specification complexity and impact to legacy UE should be considered for CSI-RS density reduction. Considering simplicity and the specification time limit, Alt-1 is slightly preferred.
· Opt-2: frequency domain measurement restriction
As proposed in [3], through measurement restriction (MR) in frequency domain, a UE can be requested to measure a set of CSI-RS ports on a set of PRB pairs. Both Alt-1 and Alt-2 of Opt-1 can be supported with frequency domain measurement restriction. However the flexibility of Opt-2 brings additional signaling overhead. The details of signaling design need to be further studied.
Proposal:
· FFS for frequency domain measurement restriction.
Conclusions
In this contribution, we discuss two CSI-RS density reduction schemes, i.e. comb like transmission and frequency domain measurement restriction. Two alternatives of comb like transmission are analyzed considering the impact to Rel-14 specification and legacy UEs. We have the following proposals:
Proposals:
· A compromise between specification complexity and impact to legacy UE should be considered for CSI-RS density reduction. Considering simplicity and the specification time limit, Alt-1 is slightly preferred.
· FFS for frequency domain measurement restriction
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