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1 Introduction

In RAN1#86bis meeting, the following agreements on non-precoded CSI-RS were made [1].

Agreement:

· For Class A eFD-MIMO, a CSI-RS density value of 1/3 is supported in addition to already agreed values of 1 and ½ 

· No other values of CSI-RS density are supported in this Release. 

Agreement: 

· For Class A, CSI-RS overhead reduction is supported by Comb-like transmission, allowing PDSCH transmission in the REs in PRBs with no CSI-RS ports

· UE measures channel in REs in PRBs with CSI-RS ports and expects PDSCH in PRBs with no CSI-RS ports

Agreements:

· 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.
· Transmission and/or measurement comb offsets are 0..1/d-1
· For d=1/2 (i.e. for Class A & Class B), comb offsets ∈ {0, 1} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 2 = comb offset
· For d=1/3 (i.e. at least for Class A), comb offsets ∈ {0, 1, 2} can be configured for CSI-RS transmission and/or measurement in the n-th PRB, where n mod 3 = comb offset
· Working Assumption: For Class A NZP CSI-RS with more than 16 CSI-RS port, in a given CSI-RS resource all CSI-RS configurations have the same values of d 

· Will be confirmed automatically at RAN1#87 unless there is consensus to support different values of d per CSI-RS configuration

· For Class A NZP CSI-RS with more than 16 CSI-RS ports each CSI-RS configuration can have different values of comb offset

· FFS the detailed signalling design
In this contribution, the density reduction of non-precoded CSI-RS up to 32 CSI-RS ports is discussed, and our views are presented. 
2 Discussion
It was agreed that CSI-RS density can have one of several values, which belong to the set {1, 1/2, 1/3}. If density of 1/2 or 1/3 is configured, comb-like transmission is applied to CSI-RS. For Class A NZP CSI-RS with more than 16 CSI-RS ports, each CSI-RS configuration can have different values of comb offset. 

For the CSI-RS resource with reduced density, comb offset should be configured for the ports in the CSI-RS resource. There are two options as follows.
· Option 1: All the ports in a CSI-RS resource have the same comb offset
It means that all ports in a CSI-RS resource are located in one RB of every 2 or 3 RBs. Figure 1 shows an example of 32 ports with common comb offset. The density of CSI-RS ports is 1/2. For 32 ports CSI-RS, 4 CSI-RS configuration with 8 ports are aggregated, i.e. Mk=8. The aggregation scheme is unified for different density, since all ports are always located in one RB. CDM=8 can be applied, which is already agreed in last meeting. 
For option 1, the efficiency of CSI-RS utilization will be lower. Although the Rel-14 CSI-RS transmission is comb-like, the REs position of the Rel-14 CSI-RS in the located RB is not available for legacy CSI-RS. It means the comb-like Rel-14 CSI-RS will block the utilization of corresponding REs position in all RBs for legacy CSI-RS. Take 32 ports in figure 1 for example, only 40-32 REs can be utilized for legacy CSI-RS. 

Besides, it is hard for legacy UE to perform rate matching around comb-like transmitted Rel-14 CSI-RS. 

To be clear, the pros and cons are listed below:

Pros:

· Unified CSI-RS configuration aggregation scheme for different density
Cons:

· Low efficiency of CSI-RS resource utilization for legacy CSI-RS

· Hard for legacy UE to perform rate matching around comb-like Rel-14 CSI-RS.
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Figure 1 32 ports CSI-RS ports with common comb offset
· Option 2: Different ports in a CSI-RS resource can have different comb offset
If different ports can have different comb offset, the ports will be located in more than one RB. As shown in figure 2, every 32 ports are located in two RBs, with 16 ports in each RB. In each RB, 2 CSI-RS configuration with 8 ports are aggregated, i.e. Mk=8. CDM=8 can also be applied in this case.
In option 2, the efficiency of CSI-RS utilization will be higher.  As shown in figure 2, total 24 REs can be utilized for legacy DMRS.

For PDSCH rate matching of legacy UE, eNB can configure ZP CSI-RS with 16 ports for legacy UE. 

The pros and cons are listed below:

Pros:

· Higher efficiency of CSI-RS resource utilization for legacy CSI-RS

· Easier for legacy UE to perform rate matching around comb-like transmitted Rel-14 CSI-RS.

Cons:

· Separate CSI-RS configuration aggregation scheme for different density and port number
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Figure 2 32 ports CSI-RS ports with different comb offset
The following table summarizes the Mk and CDM with different port number/density/comb offset. For {20, 28} ports, Mk ∈ {4, 8} is assumed, and can be different for different k at least for CDM-4. 
	Port number
	Density
	Comb offset
	(Mk, K)
	CDM 

	20 ports
	1/2
	Common
	(4, 5)
	4

	
	
	Different
	(4, 3)+(4, 2)
	4

	
	1/3
	Common
	(4, 5)
	4

	
	
	Different
	(4, 2)+(4, 2)+(4, 1)
	4

	24 ports
	1/2
	Common
	(8, 3)
	4,8

	
	
	Different
	(8, 2)+(8, 1)
	4,8

	
	1/3
	Common
	(8, 3)
	4,8

	
	
	Different
	(8, 1)+(8, 1)+(8, 1)
	4,8

	28 ports
	1/2
	Common
	(4, 7)
	4

	
	
	Different
	(4, 4)+(4, 3)
	4

	
	1/3
	Common
	(4, 7)
	4

	
	
	Different
	(4, 2)+(4, 2)+(4, 3)
	4

	32 ports
	1/2
	Common
	(8, 4)
	4,8

	
	
	Different
	(8, 2)+(8, 2)
	4,8

	
	1/3
	Common
	(8, 4)
	4,8

	
	
	Different
	(8, 2)+(8, 1)+(8, 1)
	4,8


From the table, it can be seen that separate comb with separate CSI-RS configuration aggregation will not introduce additional restriction to CDM supporting, compared to common comb with unified CSI-RS configuration aggregation.
Considering the resource utilization of legacy Class A and Class B CSI-RS, different UE capability and rate matching of legacy UE, for density reduction of non-precoded CSI-RS in Rel-14, it is proposed to limit the number of ports located in a RB to 16. Thereby, for Class A NZP CSI-RS with more than 16 CSI-RS ports, each CSI-RS configuration will have different values of comb offset. 
Proposal 1: For more than 16 CSI-RS ports Class A NZP CSI-RS with reduced density, the maximum ports number in one RB is 16.
Proposal 2: Different CSI-RS configuration can be configured with different comb offset.

3 Conclusion

In this contribution, the density reduction of non-precoded CSI-RS up to 32 CSI-RS ports is discussed. The following is proposed:
Proposal 1: For more than 16 CSI-RS ports Class A NZP CSI-RS with reduced density, the maximum ports number in one RB is 16.
Proposal 2: Different CSI-RS configuration can be configured with different comb offset.
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