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1 Introduction
In the RAN#82bis the CSI-RS design for class A CSI reporting has been discussed for 12 and 16 antenna ports. It was agreed to support CSI-RS in DwPTS for 1, 2, 4, 8, 12 and 16 port configurations. It was also agreed to introduce OCC-4 for antenna port multiplexing. In this contribution we provide our views on the CSI-RS design details for special downlink subframes and code division multiplexing of OCC length 4 for the CSI-RS antenna ports.
2 Discussion
CSI-RS in DwPTS

In RAN1#82bis support of CSI-RS in the special downlink subframes was discussed. It was agreed to introduce NZP and ZP CSI-RS resources in DwPTS with 1, 2, 4, 8, 12 and 16 antenna ports with the remaining details FFS.
The first issue of the CSI-RS support in DwPTS is the definition of the CSI-RS patterns that can be used for NZP / ZP CSI-RS resource transmission in the special subframe. In principle two approaches for NZP / ZP CSI-RS pattern design may be considered:

· Design of new CSI-RS configuration optimized for the special subframes

· Reuse of the existing CSI-RS configuration designed for the normal subframes
The first approach may be used to increase the number of the NZP / ZP CSI-RS patterns that can be supported in the special downlink subframes. However, further discussion is needed whether such optimization is required for FD-MIMO. For instance, the main motivation of allowing CSI-RS transmission in the special subframes, is support of the TDD systems with uplink-downlink configuration with the limited number of the downlink subframes, where the conventional CSI-RS transmission possibilities in the normal subframes may be limited. On the other hand such uplink-downlink configurations are mainly used when the downlink traffic loads are low. In such scenarios the support of the NZP / ZP CSI-RS resources may not be essential. More specifically, due to limited amount of the downlink resources in such uplink-downlink configurations, the overhead due to transmission of the NZP / ZP CSI-RS resource (especially with the large number for antenna ports) would be very significant questioning the need of the CSI-RS transmission with the large number of antenna ports as such. Therefore, alternative approach relying on the reuse of the existing CSI-RS patterns is more preferred as it can reduce the testing and specification work, while providing support of NZP / ZP CSI-RS in DwPTS. It should be noted, that due to smaller number of OFDM symbol and other UE-specific RS patterns in the special downlink subframes, not all of the existing CSI-RS configurations can be reused in DwPTS. Therefore, the additional constraints to determine a valid NZP / ZP CSI-RS configurations should be considered for RAN1 specification. More specifically, the existing NZP CSI-RS configuration may be considered as valid in the DwPTS if all REs corresponding to the configured resource can be transmitted within a special subframe without collision with UE-specific RS antenna ports 7-14. This assumption may be captured in the RAN1 specification to support NZP / ZP CSI-RS in DwPTS. Summarizing discussion on CSI-RS for DwPTS, we propose:
Proposal:

· Support of NZP / ZP CSI-RS resource in DwPTS should be based on the existing CSI-RS patterns designed for normal subframes
· The NZP / ZP CSI-RS configuration should be considered as valid in DwPTS if all REs corresponding to the configuration can be transmitted within a special subframe without collision with UE-specific RS antenna ports 7-14.
Support of OCC-4

In RAN1#82bis antenna port multiplexing for NZP CSI-RS was discussed. In addition to conventional OCC-2 based antenna port multiplexing, it was agreed to support OCC-4 antenna port multiplexing to achieve the “full power” transmission for NZP CSI-RS resource with up 12 and 16 antenna ports without increasing the maximum value of 6dB power boosting considered by RAN4. 
Two alternatives for OCC-4 port multiplexing were discussed based:

· on the time spreading over 4 OFDM symbols and
· time and frequency spreading over 2 OFDM symbols and 2 subcarriers
In principle both approaches may be used to achieve the goal of “full power” transmission for CSI-RS. However, due to constraints in the existing CSI-RS resource configurations designed over 2 OFDM symbols, support of the first option relying on the code spreading over 4 OFDM symbols may require more specification work, due to need of description of the antenna port multiplexing across the aggregated CSI-RS configurations constituting the NZP CSI-RS resource. Therefore, the second alternative based on the OCC-4 code spreading over time and frequency should be considered, where the OCC-4 based antenna port multiplexing can be defined within CSI-RS resource configuration constituting NZP CSI-RS resource. 
The example of the possible CSI-RS code assignment for OCC-4 antenna port multiplexing using the existing 4 and 8 antenna port CSI-RS resource configuration is shown in Figure 1, where for 4 port CSI-RS configuration only code division multiplexing is used and for 8 port CSI-RS configuration the antenna ports are code division and frequency division multiplexed. We also note that OCC-4 for 4 port CSI-RS configuration is required to support NZP CSI-RS resource with 12 antenna ports. 
Upon reception of the higher layer configuration at the UE to use of OCC-4, UE should assume that for each configured CSI-RS resource configuration the antenna port multiplexing as shown in Figure 1 is used instead of the legacy antenna port multiplexing defined in Rel-12 TS 36.211. 
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Figure 1. Illustration of antenna port multiplexing for 4 and 8 CSI-RS resource configurations
From, Figure 1, it can be observed that for 4 antenna port CSI-RS configuration, the OCC-4 code is used on the REs of the same OFDM symbols, but non adjacent subcarriers. Such antenna port multiplexing would be sensitive to the frequency selective channels, and, therefore, should be used in the deployments with small channel delay spread (e.g. small cells). For 8 antenna port CSI-RS resource configuration, OCC-4 is used across 4 adjacent REs over time and frequency, so it should be more robust to the possible time and frequency variation of the channel. It can be also observed from Figure 1, that only CSI-RS resource configurations corresponding to OFDM symbols with at most 4 CSI-RS REs (i.e. OFDM symbols 5/6 and 12/13) are not used for OCC-4 over time and frequency, because all ports of NZP CSI-RS resource could not be mapped in each OFDM symbol used by NZP CSI-RS resource and, therefore, would not allow “full power” transmission for CSI-RS.  Therefore, use of the proposed OCC-4 over time and frequency can be restricted to the CSI-RS configurations 1,2,3,6,7,8,20,21,22,23,24,25 for 4 CSI-RS ports and 1,2,3,20,21,22 for 8 CSI-RS ports.
Finally, the antenna port numbering in OCC-4 NZP CSI-RS resource with the propose approach may follow the working assumption agreed in RAN1#82bis for OCC-2, i.e. the aggregated port number could be given by n=(k-1)*N+p, p = 15,…,14+N, where k (= 1,…,K) is the k-th CSI-RS configuration from K aggregated CSI-RS resource configuration with N antenna ports per CSI-RS resource. The unified approach between OCC-2 and OCC-4 for antenna port indexing in the aggregated NZP CSI-RS resource would simplify the UE implementation that may be also considered as advantage comparing to OCC-4 alternative over 4 OFDM symbol that is likely need additional antenna port indexing approach. Summarizing discussion on OCC-4 for antenna port multiplexing we propose:
Proposal:

· OCC-4 antenna port multiplexing should be defined in the CSI-RS resource configuration with 4 and 8 antenna ports constituting NZP CSI-RS resource
· The OCC-4 spreading should be used across time and frequency as shown in Figure1
· The CSI-RS resource configurations supporting OCC-4 can be restricted to CSI-RS configurations 1,2,3,6,7,8,20,21,22,23,24,25 for 4 CSI-RS ports and 1,2,3,20,21,22 for 8 CSI-RS ports.

3 Summary

In this paper we have discussed the remaining details of CSI-RS design for class A CSI reporting based on 12 and 16 antenna ports. Based on the discussion we propose:
· Support of NZP / ZP CSI-RS resource in DwPTS should be based on the existing CSI-RS patterns designed for normal subframes
· The NZP / ZP CSI-RS configuration should be considered as valid in DwPTS if all REs corresponding to the configuration can be transmitted within a special subframe without collision with UE-specific RS antenna ports 7-14.

· OCC-4 antenna port multiplexing should be defined in the CSI-RS resource configuration with 4 and 8 antenna ports constituting NZP CSI-RS resource
· The OCC-4 spreading should be used across time and frequency as shown in Figure1

· The CSI-RS resource configurations supporting OCC-4 can be restricted to CSI-RS configurations 1,2,3,6,7,8,20,21,22,23,24,25 for 4 CSI-RS ports and 1,2,3,20,21,22 for 8 CSI-RS ports.
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