


[bookmark: OLE_LINK1][bookmark: _GoBack]3GPP TSG-RAN WG1#87	R1-1612672
Reno, NV, USA, November 14-18, 2016

Source:	Ericsson
[bookmark: Title]Title:	On CSI-RS Port Numbering for CSI-RS Configurations with Reduced Density 
[bookmark: Source]Agenda Item:	6.2.2.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In RAN1#86bis, the following conclusion was reached on NZP CSI-RS with reduced density [1]: 
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, we discuss the port numbering and signaling for NZP CSI-RS with reduced density.

Discussion
CSI Resource Configuration
Similar to Rel-13, the CSI-RS resources for more than 16 ports can be configured via a configuration list of   CSI-RS configuration indices defined in Table 6.10.5.2-1 and 2 in 3GPP TS 36.211.  The configuration indices can be denoted as



where   is the  CSI-RS resource index.   For each CSI-RS resource index, the same number of CSI-RS ports are assumed.  For example, for 32 ports,    and each resource index corresponds to an 8-port CSI-RS resource.

To configure CSI-RS resources with reduced density in frequency domain, an associated list of  comb offset values are also needed, i.e. 



where  is the comb offset value associated with CSI-RS resource index ,  is the CSI-RS density. 

One difference from Rel-13 is that the same CSI-RS resource configuration index may appear more than once in the CSI-RS configuration list  but with different comb offset values in the comb offset list .  For example, it is possible for 32 ports NZP CSI-RS to be configured by using two legacy 8-port CSI-RS configurations as shown in Figure 1.  In this case, a UE would be RRC signaled with two the lists below:

=,



Figure 1: An example of a 32-port NZP CSI-RS configuration with reduced density


Observation 1: The Rel-13  CSI-RS resource Config list can be reused to signal NZP CSI-RS configurations with reduced density.
Observation 2: A new list of comb offset values associated with each CSI-RS resource configuration in the CSI-RS configuration list is needed.

Based on these observations, the following is proposed:

Proposal 1:  Introduce a new list of comb offset values associated with the CSI-RS configuration list to support reduced density NZP CSI-RS.

 
 Port numbering
With the above two lists for CSI-RS resource configuration, the Rel-13 CSI-RS port indexing formulas below for CDM2 and CDM4 can be reused:

 
	

	




where  for CSI-RS resource number , for CDM4. With the previous 32 ports example, the port indices for CDM2  are shown in Figure 2 (a), where the CSI-RS resource list and comb offset value list are given by =, .  Another example of 32 ports configuration with reduced density (d=1/2) is shown in Figure 2 (b), where the CSI-RS resource list and comb offset value list are given by = and .


(a) Example 1
(b) Example 2

[bookmark: _Ref465933610]Figure 2:  Examples of port indexing for 32 ports CSI-RS configured with reduced density (d=1/2) and CDM2: (a)=, ; (b) = and .


Observation 3: The port numbering equations in 3GPP TS 36.211 Section 6.10.5 for CDM2 and CDM4 can be reused even for reduced density CSI-RS configuration. 
Proposal 2:  The Rel-13 port numbering definitions in 3GPP TS 36.211 for both CDM2 and CDM4 are reused for 20, 24, 28 and 32 ports.
Conclusions
In this contribution, port numbering for CSI-RS configurations with reduced density is discussed. Based the discussion, we have the following observations and proposals:

Observation 1: The Rel-13 CSI-RS resource Config list can be reused to signal NZP CSI-RS configurations with reduced density.
Observation 2: A new list of comb offset values associated with each CSI-RS resource configuration in the CSI-RS configuration list is needed. 

Observation 3: The port numbering equations in 3GPP TS 36.211 Section 6.10.5 for CDM2 and CDM4 can be reused even for reduced density CSI-RS configuration. 

Proposal 1:  Introduce a new list of comb offset values associated with the CSI-RS configuration list to support reduced density NZP CSI-RS.

Proposal 2:  The Rel-13 port numbering definitions in 3GPP TS 36.211 for both CDM2 and CDM4 are reused for 20, 24, 28 and 32 ports.
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