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1 Introduction
In RAN1#82bis meeting, there were many agreements for the new CSI-RS design. However, there also many details are not be determined, e.g. some working assumptions for 12/16 CSI-RS construction with CDM-2 as below [1]
Agreements:
· 12 and 16 Port CSI-RS construction for CDM-2
· For 16 port construction:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK4]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 focused on CSI-RS design with CDM-2 including 12/16 port CSI-RS construction, CSI-RS pattern with hopping. 
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion  
2.1 12 and 16 Port CSI-RS construction
Since there are two candidates both for 12 and 16-port CSI-RS construction in the above working assumptions, we propose to down-select the choices to reduce UE implementation complexity based on below reasons
· (N,K) = (8,2) and (4,3) can provide enough flexibility to aggregate the new 16 and 12 CSI-RS ports respectively. 
· Since ZP CSI-RS configurations are based on 4 ports, N=2 may introduce some REs wasted. In other words, for PDSCH rate matching, eNB may need to configure more ZP CSI-RS REs for legacy UEs if (N,K) = (2,8) and (2,6) are introduced for 16 and 12 port respectively. 
· (N,K) = (2,8) and (2,6) introduces more RRC signaling overhead. 
Based on above analysis, we propose that
Propose1: Down-select the candidates of 12 and 16 Port CSI-RS construction for CDM-2 as 
· For 16 port construction:
· (N,K) = (8,2)
· [bookmark: _GoBack]For 12 port construction:
· (N,K) = (4,3)
2.2 2PRB based CSI-RS Hopping for Class A CSI-RS
Since the accuracy of channel estimation is very important, especially for Class A CSI-RS which is non-precoded. Therefore, we propose 2PRB based CSI-RS group hopping as described in Figure1. For 16 CSI-RS ports, two CSI-RS groups map on two 8-port CSI-RS resources. CSI-RS port 0 ~ 7 map on the first 8-port CSI-RS resource, and port 8 ~ 15 map on the second 8-port CSI-RS resource for RB#m. But for RB#m+1, port 0 ~ 7 map on the second 8-port CSI-RS resource and port 8 ~ 15 map on the first 8-port CSI-RS resource. By this hopping, the complete channel information can either be achieved in one PRB pair, or in adjacent PRBs with same OFDM symbols. In addition, by the CSI-RS group hopping, full power utilization can be achieved if maximum power boosting threshold of 6dB is relaxed in current or future Release. 
Proposal 2: 2PRB based CSI-RS group Hopping should be considered for Class A CSI-RS.
[image: C:\Users\2171490101502\Desktop\图片9.png]
Figure1. 2 PRB based CSI-RS hopping
2.3 Beam hopping for Class B CSI-RS
In the current standard, CSI-RS locations are not changing in both frequency domain and time domain. Once CSI-RSs of two adjacent cells collide, the collision always exists until next reconfiguration, and this may lead to serious interference across CSI-RSs. The interference will be more serious in BF CSI-RS schemes. In this situation, eNB usually configures non-overlapping CSI-RS resources for adjacent cells, and use CSI-RS muting to avoid serious interference. However, more CSI-RS resources are needed in FD-MIMO and it’s difficult to configure completely non-overlapping CSI-RS resources for all adjacent cells. Then, the BF CSI-RS may incur very serious interference once the CSI-RS collision exists. 
To relax this issue, beam hopping within configured CSI-RS resources can be considered in order to achieve interference randomization across CSI-RSs of different cells. 
As described in the Figure 1 for 3D BF CSI-RS, 4 beams are configured to one UE. In one CSI-RS transmission, beam 0/1/2/3 are located in the REs as shown in the left figure, but in another CSI-RS transmission, the REs location of beam 0/1/2/3 are changed.
[image: C:\Users\2171490101502\Desktop\图片2.png]
Figure2. Beam hopping for 3D BF CSI-RS
Another example is for vertical BF CSI-RS which is more suitable for cell specific CSI-RS. As described in Figure 2, after vertical virtualization, there are 8 CSI-RS ports in one CSI-RS resource corresponding to one vertical beam. Since in the cell specific scenarios, multiple beams are always configured semi-statically. Therefore, beam hopping within configured resources can be implemented to achieve interference randomization, especially when the number of beams is large. 
[image: C:\Users\2171490101502\Desktop\图片1.png]
Figure3. Beam hopping for vertical BF CSI-RS
Proposal 3: Beam hopping within one configured CSI Process should be considered for Class B CSI-RS.
3 Conclusion
In this contribution, we propose
Propose1: Down-select the candidates of 12 and 16 Port CSI-RS construction for CDM-2 as 
· For 16 port construction:
· (N,K) = (8,2)
· For 12 port construction:
· (N,K) = (4,3)
Proposal 2: 2PRB based CSI-RS group Hopping should be considered for Class A CSI-RS.
Proposal 3: Beam hopping within one configured CSI Process should be considered for Class B CSI-RS.
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