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Introduction
In RAN1#82bis, following agreements and working assumptions were made for Rel-13 non-preocoded CSI-RS design:
Working assumptions:
· For 12 or 16 ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations.
· ∑k Nk ∈ {12,16}
· Either CDM-2 or CDM-4 per CSI-RS resource can be configured for a UE
· No need to send LS to RAN4 to change 6 dB power boosting assumption for CSI-RS transmission
· RRC configuration parameters include:
· A list of K CSI-RS resource configurations;
· In case of CDM-2, the CSI-RS resource configurations indicate CSI-RS RE locations according to legacy resource configurations in 36.211
· Nk ∈ {2, 4, 8}, and the same Nk = N used for all k
· One or more values from {2, 4, 8} can be down-selected
· FFS: In case of CDM-4, the CSI-RS resource configurations indicate CSI-RS RE locations:
· A single set of subordinate parameters that will commonly apply to all resources within Rel-13 CSI-RS resource
· number of antenna ports (N), 
· subframe config., 
· scrambling ID, 
· QCL info.
Agreements:
· 12 and 16 Port CSI-RS construction for CDM-2
· For 16 port construction:
· Working assumption (N,K) = (8,2), (2,8)
· For 12 port construction:
· Working assumption (N,K) = (4,3), (2,6)
· CSI-RS RE mapping details for CDM-2
· The ports of the aggregated resource correspond to the ports of component resources according to the following:
· The aggregated port numbers are 15, 16, … 30 (for 16 CSI-RS ports)
· The aggregated port numbers are 15, 16, … 26 (for 12 CSI-RS ports)
· FFS: The aggregated port number is given by n=(k-1)*N+p, p = 15,…,14+N,   
· k (= 1,…,K) correspond to the k-th CSI-RS configuration.
· Working assumption CSI-RS RE mapping details for CDM-4
· Full-port CSI-RS can be mapped in each OFDM symbol used for CSI-RS mapping.
· CDM RE set construction 
· Alt 1: time domain only (4 OFDM symbols)
· Alt 2: time and frequency domain (2 subcarriers x 2 OFDM symbols)
· Down-selection or merging of the two alternatives FFS
In this contribution, we discuss the remaining issues to finalize the CSI-RS design for CSI reporting class A in Rel-13.

Discussion
In order to support legacy 8 Tx UEs without increasing CSI-RS overhead when 16 ports CSI-RS are transmitted the legacy CSI-RS will be configured as a subset of 16 ports CSI-RS configuration, i.e. the legacy UE will be configured with one 8 ports CSI-RS configuration and 2 ZP CSI-RS configurations. Legacy 8 ports CSI-RSs mapped on to 4 subcarriers and on each subcarrier 2 ports are multiplexed using length 2 orthogonal cover codes.  
12 and 16 ports construction for CDM-2
First, we would like to confirm the working assumptions for constructing 12 and 16 ports CSI-RS. And, regarding RE mapping, the aggregated port numbering is given by:  n=(k-1)*N+p, p = 15,…,14+N,   k (= 1,…,K) correspond to the k-th CSI-RS configuration.

CSI-RS RE mapping details for CDM-4
Under the working assumptions in RAN1#82bis, there are two alternatives for construction of 12 and 16 ports CSI-RS. One of the main motivations to introduce CDM-4 is to achieve full power utilization. With alternative 1, it is possible to achieve full power utilization for 16 ports CSI-RS however it suffers phase drift due to four OFDM symbols not being adjacent. According to [3], if the distance in terms of number of OFDM symbols is small (e.g. 4) between the aggregated CSI-RS REs the performance loss is negligible. With alternative 2, it is not possible to achieve full power utilization. With alternative 2, length 4 orthogonal cover codes are mapped to the neighboring 4 RE quadruplets as shown in figure 1 for 16 ports CSI-RS.


Figure 1: 16 ports CSI-RS with CDM-4 FT 

In figure 2, p1, p2, p3, p4 are four CSI-RS ports multiplexed using four orthogonal cover codes in a 4 REs quadruplet. The left half of the cover codes will be mapped to one subcarrier and right half of the cover code will be mapped to other subcarrier. For example, the part of orthogonal cover codes shown in the dashed box is mapped to the subcarrier other than pointed by arrow in the figure 1. Now the problem with alternative 2 is that the legacy UEs cannot correctly detect CSI-RS ports on one (e.g., the subcarrier other than pointed by arrow in the figure 1) subcarrier since legacy UEs uses length 2 cover codes. 

Figure 2: length 4 OCC cover codes

Configuration of CSI-RS ports for legacy UEs as a subset of 12, 16 ports CSI-RS for Rel-13 UEs should be considered while designing the orthogonal cover codes.
For 12 ports CSI-RS, however, it is not possible to map CSI-RS REs with CDM-4 for alternative 1 if (N, K) = (4, 3) is used so our preference is to use only (N, K) = (2, 6) to construct 12 ports CSI-RS with CDM-4. If consensus cannot be reached on the two alternatives, it can be further investigated in Rel-14.

Conclusions
In this contribution we discussed the remaining issues on non-precoded CSI-RS design for class A, we have following proposals:
Proposal 1: For 16 port construction: (N,K) = (8,2), (2,8) and for 12 port construction:  (N,K) = (4,3), (2,6)
Proposal 2: For 12 ports with CDM-4, only (N, K) = (2, 6) is used for aggregation of component CSI-RS patterns.
Proposal 3: Configure CSI-RS ports for legacy UEs as a subset of the 12 or 16 CSI-RS Class A ports configured for Rel-13 UEs.
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