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1 Introduction
In RAN1#82bis meeting, for 12/16 port CSI-RS design, there were some agreements or working assumptions as follows [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.
Although there has been some working assumptions for CSI-RS with OCC=4 in RAN1#82 meeting, many details should be further determined. Therefore, we provided some proposals on the new CSI-RS design with OCC=4. 
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Including the large number of CSI-RS REs for the new 12/16 ports, the CSI-RS overhead is too much if eNB configures additional CSI-RS resource with OCC=2 for legacy UEs. So it can reduce CSI-RS overhead significantly and further improve system performance if Rel-13 UEs and legacy UEs can share one CSI-RS resource. To achieve this motivation, CSI-RS port number mapping on OCC sequence and CSI-RS port mapping on REs should be considered carefully.  
2.1 Mapping between CSI-RS port and OCC sequence
Since the OCC sequence of all CSI-RS port group 15/16, 17/18, 19/20, 21/22 are [+1 +1]/[+1 -1] for legacy CSI-RS 8 ports, the first two OCC values for CSI-RS port 15-22 should remain when the sequence of OCC=4 for the new CSI-RS port 15-30 are considered. For the nest structure and simple extension, a new table to map CSI-RS port on OCC=4 sequence is proposed as below
Table1. CSI-RS port mapping on OCC=4 sequence
Same with legacy OCC=2

As shown in Table1, the first two values of port 15-22 can keep same with ones of legacy 8 CSI-RS ports. And for 16 CSI-RS ports with OCC=4, port 15/16/23/24, port 17/18/25/26, port 19/20/27/28 and port 21/22/29/30 can be configured to one CDM4 group respectively. 
Proposal1: Table 1 should be adopted for the new CSI-RS with OCC=4. 
2.2 Mapping between CSI-RS port and REs
2.2.1 CDM4 in Time domain (4 OFDM symbols)
Based on the proposal 1, we propose that the mapping between CSI-RS port and CDM RE set is as described in the left figure of Figure1. 
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Figure1. The proposed CSI-RS pattern for CDM4 in time domain
As shown in the right figure of Figure1, the 8-port CSI-RS resource can be configured to legacy UEs as marked in the green rectangle. 
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Figure2. Explanation for CSI-RS port virtualization
Because the first two OCC values of port 15 and 23 are same as shown in the left figure of Figure2, the legacy UEs cannot distinguish the port 15 and port 23. In other words, the measurement channel of legacy UE is actual h15+h23. As described in the right figure of Figure2, the CSI-RS port 15-22 for legacy UEs is actually virtualized by port15+port 23, port 16+port 24, port 17+ port 25, port 18+ port 26, port 19+ port 27, port 20+ port 28, port 21+ port 29, port 22+ port30 respectively. 
According to this mapping between CSI-RS port and CDM RE set, an additional CSI-RS resource for legacy UEs may be unnecessary. 
Proposal2: The mapping between CSI-RS port and RE set in Figure 1 should be adopted.
2.2.2 CDM4 in both time domain and frequency domain (2 subcarriers x 2 OFDM symbols)
Similarly, for CDM4 in both time domain and frequency domain, we propose a new CSI-RS pattern also for backward compatibility. As shown in Figure 3, we choose the 4 REs in the subcarrier 11th and 9th for CSI-RS port 15/16/23/24, then the legacy UEs can also measure the composite channel h15+h23 for the legacy port 15. Since the REs in one CDM group are very close, the channel estimation loss because of one carrier offset is negligible. By this mapping, an additional CSI-RS resource for legacy UEs may also be unnecessary. 
Proposal3: The mapping between CSI-RS port and RE set in Figure 3 should be adopted.
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Figure3. The proposed CSI-RS pattern for CDM4 in time-frequency domain
2.2.3 For extended CP
Because the same mechanism is adopted both in normal CP and extended CP for Rel-10 CSI-RS enhancement from 2 ports to 8 ports, we suggest that the new CSI-RS enhancement for 12/16 port should also be used both for normal CP and extended CP, which is proposed in our companion contribution [2].  
Based on aforementioned descriptions, we provided some CSI-RS patterns for extended CP with OCC=4 in the Figure4, which also have good backward compatibility. Because of specially legacy CSI-RS pattern in extended CP, CDM4 in both time domain and frequency domain are more suitable for the new 12/16 CSI-RS, especially for FDD. 
Note that, to achieve good channel estimation with OCC=4, we can choose four closest REs from two RBs for one CDM4 group as described in the last figure of Figure4. 
Proposal 4: The mapping between CSI-RS port and RE set in Figure 4 should be adopted for extended CP.
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Figure4. The proposed CSI-RS patterns with CDM4 in time-frequency domain for extended CP
3 Conclusion
In this contribution, we focused on the CSI-RS with OCC=4. To reduce CSI-RS overhead when both new UEs configured with OCC=4 and legacy UEs with OCC=2 are existing in one serving cell, we provided some new CSI-RS patterns. Based on our design for CSI-RS mapping on CDM RE set, the new UEs and legacy UEs can do CSI measurement very well by sharing one CSI-RS resource. So we suggest the standard adopts our below proposals: 
Proposal1: Table 1 should be adopted for the new CSI-RS with OCC=4.
Proposal2: The mapping between CSI-RS port and RE set in Figure 1 should be adopted.
Proposal3: The mapping between CSI-RS port and RE set in Figure 3 should be adopted.
Proposal4: The mapping between CSI-RS port and RE set in Figure 4 should be adopted for extended CP.
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