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1 Introduction
In 3GPP RAN1#83, the follow agreement were made for 12 and 16 ports non-preecoded CSI-RS [1]:

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 further discuss the remaining details on non-precoded CSI-RS design for CSI reporting class A.
2 12- and 16-ports CSI-RS design
As identified in the last RAN1 meeting, the 12- and 16-ports CSI-RS is an aggregation of K configured CSI-RS resources with 2/4/8 ports. The CDM length is configurable between 2 and 4. The use of CDM length 2 or 4 depends on scenario and use case. The CDM length 4 is mainly targeted to full power utilization, and the benefit for the CDM length 2 is to allow Rel-13 FD-MIMO UEs and legacy UE to share the same CSI-RS ports and thus the overall CSI-RS overhead is reduced. 
For CDM length 2, there are two configurations of (N, K) for construction of 12- and 16-ports CSI-RS according to the working assumption. It is noted that the first option is a subset of the second option, e.g., using multiple 2-ports CSI-RS. Therefore, it is not necessary to have both options. Down-selection or merging of the two alternatives is needed. 
Alt. 2 with multiple 2-ports CSI-RS provides more flexible CSI-RS resource configurations and supports both orthogonal and semi-orthogonal CSI-RS cell reusing. It also gives flexibility for future extension to support various antenna ports with a multiple of two. However, as discussed in [2] the performance loss from potential phase drift cannot be ignored if the time difference between any configured ports in a CSI-RS resource is larger than 0.5ms. Considering this, it is deriable to have the configuration restriction that all antenna ports of the same polarization shall be transmitted with 2 adjacent OFDMS symbols. 
Proposal 1: For CDM length 2, all the CSI-RS ports of the same polarization shall be transmitted with 2 adjacent OFDM symbols, the maximum time domain separation between two polarizations is 0.5ms. 

If CDM length 4 is configured, there are at least three options for OCC4 multiplexing as illustrated in Figure 1 below. In the figure, the 4REs with same color are spread by a length 4 cover code. The difference of three options are summarized below. 
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Figure 1. Example of OCC4 multiplexing for 16-ports CSI-RS 

For Option 1, the 2 adjacent symbols and 2 adjacent REs in these symbols are covered by the OCC. It is more robust to channel variation in time domain but slightly less robust to frequency selective channel. If the CSI-RS ports covered by the OCC are transmitted in OFDM symbol 5-6 or 12-13, the CSI-RS can only be boosted by max. 3dB power above the PDSCH RE since there are only 4 CSI-RS REs in these symbols, thereby full power utilization not supported. Therefore, it is desirable to map full CSI-RS ports to OFDM symbol 9-10 for full power utilization. In such case, it is noted that cell reuse can only be supported via semi-orthogonal manner.

Option 2 is sensitive to time variation due to Doppler and frequency error. Since the CSI-RS ports covered by the OCC are in different OFDM symbols, the power from other CSI-RS REs that are not transmitted can be borrowed thus CSI-RS can be transmitted with 6dB power boosting for full power utilization. Similar to option 1, only semi-orthogonal multiplexing is supported between different cells.
Option 3 is less robust to both time and frequency variation compared to the other two options since the 4 REs covered by the OCC are separately on both time and frequency. But the benefits are full power utilization and orthogonal multiplexing between neighboring cells.  

In the following section, we compare the performance of the above three OCC4 options via link level evaluation to the reference OCC2. We evaluate both small and large delay spread channel at low and high Doppler scenario. The MSE of the CSI-RS channel estimation is used as performance metric.
As shown in Figure 2, for low delay spread channel and low Doppler all three OCC4 options outperforms the reference OCC2. As expected additional 3dB gain is observed for the CDM length 4 cover code. When channel delay spread is large, marginal performance loss is observed for option 1 at high SNR, but the performance of option 3 is degraded even worse than the reference OCC2. 

The evaluation comparison with high Doppler is shown in Figure 3. Both option 2 and 3 perform worse than the reference OCC2 at high SNR for small delay spread channel. When channel delay spread is large, the performance difference is quite small among option 1, 2 and the reference OCC2 at high Doppler scenario. 

Based on the evaluation it can be concluded that option 3 shall not be supported. Considering performance loss at high Doppler the option 2 with TDM across 4 OFDM symbols is less preferable. 
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Figure 2. MSE performance for 3D-UMi, low Doppler 
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Figure 3. MSE performance for 3D-UMi, high Doppler 

Proposal 2: Adopt option 1, e.g., using 2 adjacent symbols and 2 adjacent REs in the two symbols for forming 12- and 16-ports CSI-RS with OCC4.

Proposal 3: If the CDM length 4 is used, full CSI-RS ports are mapped to 2 adjacent OFDM symbols to achieve full power utilization.

3 CSI-RS in DwPTS
During last RAN1 meeting it was agreed that ZP and NZP CSI-RS with 2/4/8/12/16 ports can be configured in DwPTS special subframe for LTE TDD. The remaining issues are detailed CSI-RS resource configuration in DwPTS. One option is to reuse the existing CSI-RS REs defined for normal DL subframe for DwPTS. As shown in Figure 4 and 5, the available REs for CSI-RS is quite limited, e.g., up to 20 and 8 REs for special subframe with configuration 3, 4, 8, 9 and 12, 6, 7 in case of normal CP. In such case, it cannot efficiently support 12- and 16-ports CSI-RS and enable CSI-RS cell reuse. Another option as proposed in [3] and given by option 2 in Figure 4 and 5, is to define new REs for CSI-RS mapping in DwPTS. For example, for special subframe with configuration 3, 4 and 8 there are up to 40 REs reserved for CSI-RS same as normal DL subframe.
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Option 1: reusing existing resources



Option 2: new CSI-RS resource

Figure 4. CSI-RS resource configuration for special subframe with configuration 3, 4, 8 and 9
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Option 2: new CSI-RS resource

Figure 5. CSI-RS resource configuration for special subframe with configuration 1, 2, 6 and 7

However, a few issues need to be clarified. Firstly, the CSI-RS transmission in OFDM symbol 2 will collide partially in frequency with a transmission of the primary synchronization signals in SF#1 and SF#6. Therefore, it is not preferable to configure CSI-RS transmission in DwPTS in OFDM symbol 2. This would imply that new CSI-RS resource configuration as the option 2 in Figure 5 cannot be used for special subframe with configuration 1, 2, 6, and 7. Considering limited REs available for CSI-RS we propose not to support CSI-RS transmission in special subframe with configuration 1, 2, 6 and 7. In addition, for special subframe configuration 9 there are 6 symbols thereby no REs available for CSI-RS as seen from Figure 4. Therefore it shall also be excluded. 
Proposal 4: CSI-RS transmission in DwPTS is not supported for special subframe configuration with 1, 2, 6, 7 and 9 for normal cyclic prefix.

If a new CSI-RS resource mapping as the option 2 in Figure 4 is used for special subframe with configuration 3, 4 and 8, there is potential ambiguity on CSI-RS mapping in SF#6 when TDD eIMTA is configured to UE. Because SF#6 can be dynamically reconfigured to regular DL subframe according to L1 reconfiguration DCI and the mapping of UE-RS is also dynamically changed between special subframe and normal DL subframe. For UE configured with TDD eIMTA, if CSI-RS mapping is based on option 2 in Figure 4, there is potential collision between CSI-RS and US-RS when SF#6 is reconfigured to normal DL subframe according to L1 reconfiguration DCI. Therefore UE behavior shall be defined for collision handling of CSI-RS and UE-RS when TDD eIMTA is configured. Following two options may be considered.
· Alt. 1: CSI-RS transmission in SF#6 is not allowed
· Alt. 2: CSI-RS resource mapping in SF#6 follows option 1 in Figure 4

Alt. 1 is simple but it limits the benefits of CSI-RS transmission in DwPTS. If UL heavy configuration, e.g., UL-DL configuration 0 is configured in the SIB1 for TDD eIMTA, the CSI-RS transmission in SF#6 provides additional CSI-RS resources and thus is much preferable. Alt. 2 requires to define new UE behavior for CSI-RS and UE-RS collision handling. For example, UE will assume CSI-RS is not transmitted if it conflicts with the potential UE-RS transmission in SF#6. 
Proposal 5: Define UE behavior for CSI-RS collision handling with potential UE-RS transmission in SF#6.
4 Conclusions
In summary, we discuss the remaining details on non-precoded CSI-RS design aspects for 12 and 16 ports CSI-RS and also CSI-RS transmission in DwPTS. We make the following proposals: 
Proposal 1: For CDM length 2, all the CSI-RS ports of the same polarization shall be transmitted with 2 adjacent OFDM symbols, the maximum time domain separation between two polarizations is 0.5ms. 

Proposal 2: Adopt option 1, e.g., using 2 adjacent symbols and 2 adjacent REs in the two symbols for forming 12- and 16-ports CSI-RS with OCC4.

Proposal 3: If CDM length 4 is used, full CSI-RS ports are mapped to 2 adjacent OFDM symbols to achieve full power utilization.

Proposal 4: CSI-RS transmission in DwPTS is not supported for special subframe configuration with 1, 2, 6, 7 and 9 for normal cyclic prefix.

Proposal 5: Define UE behavior for CSI-RS collision handling with potential UE-RS transmission in SF#6.
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