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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#86bis meeting, non-precoded CSI-RS with CDM8 was also discussed, and agreements were achieved as:
Agreement:
Working Assumption is confirmed that CDM8 is supported for {24,32} port CSI-RS
Agreements:
· CDM-8 design for {24, 32} ports:
· At least for 32-port CSI-RS, at least one CDM-8 pattern exists which uses REs from more than 2 OFDM symbols
· FFS until RAN1#87:
· which CDM-8 patterns are useful, and 
· downselection between:
· Alt 1: CDM-8 patterns are configured by aggregation of CDM-2/4 patterns
· Alt 2: CDM-8 patterns are defined in the specifications without explicit aggregation
· Overhead reduction for CDM-8 is FFS
· Note: CDM-8 can be supported in both normal and special subframes
In this contribution, we provide our views on resource aggregation to support CDM8.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
CDM8 for 24 and 32 ports CSI-RS was agreed in last meeting, and 3 and 4 resource configurations of legacy 8-port CSI-RS are used to aggregate 24 and 32 ports respectively. Considering the resource to aggregate one CDM8 group, there are two possible schemes
· Alt.1 8 REs in one CDM8 group are from one legacy 8 port CSI-RS configuration resource, as described in Figure 1a (left figure).
· Alt.2 8 REs in one CDM8 group are partitioned into two groups of 4REs, and these two group of 4REs are from two CSI-RS configuration resources, as described in Figure 1b (right figure).
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Figure 1a and 1b CSI-RS pattern with CDM8 
Proposal 1: Both the above two alternatives should be studied for CDM8 resource aggregation.
It is noted that CDM8 based scheme can combine with lower density scheme, e.g. 0.5 RE/RB/port. 
Especially for Alt.2, similar with the discussion in [1], sharing CSI-RS resource with Rel-13 UEs may be possible.
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Figure 2 Resource sharing for CDM8
As shown in Figure 2 for 32 ports with CDM8 for Alt.2, each CDM8 group is divided into two parts, and the two parts are from two different 8-port CSI-RS resources, e.g. 1st CDM8 group consists of four REs of 8-port CSI-RS resource config.0 and four REs of CSI-RS resource config.1; likewise, 2nd CDM8 group consists of the remained four REs in CSI-RS resource config.0 and the remained four REs in CSI-RS resource config.1, 3rd CDM8 group consists of the four REs from CSI-RS resource config.2 and the four REs from CSI-RS resource config.4, and 4th CDM8 group consists of the remained four REs from CSI-RS resource config.2 and the remained four REs from CSI-RS resource config.4.

Then each sequence() of CDM8 is also divided two parts as shown in Figure 2 as well, and the first part of CDM8 sequence maps on the first part of each CDM8 group, and the second part of CDM8 sequence maps on the second part of each CDM8 group. In order to share CSI-RS resources, 16 ports CSI-RS resource with CDM4 which including 8-port CSI-RS resource config.0 and config.2 can be configured to legacy UEs. In this case, for one CDM4 group, legacy UE can only detect four ports which are actually virtualized by two ports respectively because there is no difference between CDM8 sequence a and b, c and d, e and f, g and h respectively for legacy UEs. In other words, the channels from 16 antenna ports detected by legacy UEs are virtualized by 32 ports for new UEs, e.g. one channel h0 for legacy UE is actually equal to h0 + h1 in the Figure 3.
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Figure 3 Effective port virtualization of CSI-RS resource sharing



To further optimize this method for better sharing the CSI-RS resources, the CDM8 sequence can be slightly changed as , then the channel h0 for legacy UE will be virtualized by , the angle can be configured by RRC signals. By this enhancement, the coverage of legacy UEs can be increased.
Proposal 2: The above method to sharing CSI-RS resource with Rel-13 UEs should be considered.
3 Conclusion
In this contribution, we discussed design for non-precoded CSI-RS extension with CDM8 and proposed:
Proposal 1: Both the above two alternatives should be studied for CDM8 resource aggregation.
Proposal 2: The above method to sharing CSI-RS resource with Rel-13 UEs should be considered.
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