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Introduction
One of the objectives of the WI is to specify non-precoded CSI-RS supporting 12 and 16 CSI-RS APs using full-port mapping. At the RAN1 #82bis meeting, there was continuous discussion on the design of non-precoded CSI-RS and following agreements were reached [1]. 
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 enhanced non-precoded CSI-RS design for elevation beamforming and FD-MIMO.
Resource Element Mapping for 12/16-Tx CSI-RS
In the previous meetings, there was discussion on details of 12/16-Tx CSI-RS. It has been agreed as a working assumption that a CSI-RS resource for class A CSI reporting is composed as an aggregation of multiple (K) CSI-RS configurations. In addition, RRC signaling is introduced to switch CDM-2 and CDM-4 for Rel. 13 CSI-RS with class A, where CDM-4 enables full power utilization for 12/16-Tx CSI-RS. Method for RE mapping should be down selected from time-domain CDM (4 OFDM symbols) and time and frequency domain (2 subcarriers x 2 OFDM symbols). Fig. 1 shows examples on RE mapping for Rel. 10 CSI-RS for different number of antenna ports, which are named as Alt. 1, 2-1 and 2-2. 
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Figure 1: CSI-RS RE mapping for CDM-4
[bookmark: _GoBack]Alt. 1 is an example for time-domain CDM-4. In this scheme, 24 REs can be used for 12/16-Tx CSI-RS with CDM-4. With these REs, we can map single 12/16-Tx CSI-RSs (two 12-Tx CSI-RSs are not possible, although 24 REs are available for CSI-RS CDM-4). In addition, four REs are separated with 4 (with 9, 10, 12 and 13th symbols) to 8 (with 5, 6, 12 and 13th symbols) OFDM symbols and this scheme may be suffered from Doppler frequency and frequency offsets. There is a tradeoff when we compare Alt. 2-1 and 2-2. Alt. 2-1 achieves higher channel estimation accuracy, since RE separation is smaller than that for Alt. 2-2. On the other hand, Alt. 2-1 has a drawback in terms of backward compatibility. Specifically, in case 12-Tx CSI-RS is configured (pink, blue and green REs are configured), we don’t have a method to configure ZP CSI-RS for legacy UEs, since ZP CSI-RS is configured based on legacy 4-Tx CSI-RS resources. Considering the discussion above, we slightly prefer Alt. 2-1 or 2-2 among these three alternatives. However, in fact, none of Alt. 1, 2-1 and 2-2 can achieve perfect solution for CDM-4 and the best solution may differ case by case. In this sense, it may be better leave RE mapping on CDM-4 for implementation issue. For instance, 12/16-Tx CSI-RS with CDM-4 can be configured by 2-Tx legacy CSI-RS resources and two successive CSI-RS resources are used for CDM-4. Considering the discussion above, we have following proposals.
Proposal: Following alternatives can be considered as possible solution for 12/16-Tx CSI-RS with CDM-4.
· Alt. 2-1: Time and frequency-domain CDM-4 is applied with 4 adjacent REs in time and frequency domain, i.e.,
· (N, K) = (2, 6) and (2, 8) for 12- and 16-Tx CSI-RS, respectively.
· CDM-4 is applied for (2k-1)-th and 2k-th CSI-RS configurations (k=1, …, K/2).
· REs for (2k-1)-th and 2k-th CSI-RS configurations are the same in time domain and adjacent in frequency domain.
· Alt. 2-2: Time and frequency-domain CDM-4 is applied with 4 REs separated by 6 REs in frequency domain, i.e.,
· (N, K) = (4, 3) and (4, 4) for 12- and 16-Tx CSI-RS, respectively.
· CDM-4 is applied for each of the legacy CSI-RS configuration.
· Alt. 3: CDM-4 is applied for two legacy 2-Tx CSI-RS resources in Rel. 13 CSI-RS configuration, i.e.,
· (N, K) = (2, 6) and (2, 8) for 12- and 16-Tx CSI-RS, respectively.
· CDM-4 is applied for (2k-1)-th and 2k-th legacy CSI-RS configurations (k=1, …, K/2).
Summary
In this contribution, we discuss the enhanced non-precoded CSI-RS design for elevation beamforming and FD-MIMO. Based on the discussion, we made the following proposal.
Proposal: Following alternatives can be considered as possible solution for 12/16-Tx CSI-RS with CDM-4.
· Alt. 2-1: Time and frequency-domain CDM-4 is applied with 4 adjacent REs in time and frequency domain, i.e.,
· (N, K) = (2, 6) and (2, 8) for 12- and 16-Tx CSI-RS, respectively.
· CDM-4 is applied for (2k-1)-th and 2k-th CSI-RS configurations (k=1, …, K/2).
· REs for (2k-1)-th and 2k-th CSI-RS configurations are the same in time domain and adjacent in frequency domain.
· Alt. 2-2: Time and frequency-domain CDM-4 is applied with 4 REs separated by 6 REs in frequency domain, i.e.,
· (N, K) = (4, 3) and (4, 4) for 12- and 16-Tx CSI-RS, respectively.
· CDM-4 is applied for each of the legacy CSI-RS configuration.
· Alt. 3: CDM-4 is applied for two legacy 2-Tx CSI-RS resources in Rel. 13 CSI-RS configuration, i.e.,
· (N, K) = (2, 6) and (2, 8) for 12- and 16-Tx CSI-RS, respectively.
· CDM-4 is applied for (2k-1)-th and 2k-th legacy CSI-RS configurations (k=1, …, K/2).
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