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Introduction
In RAN1#86bis, the following agreements was made with regards to Non-precoded CSI-RS [1]:
Agreements:
· FFS on additional CDM-4 pattern(s) at least for 28- and 32-port to support full power utilization within a single PRB.
· 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 present our views on the need for additional CDM-4 patterns for 28 and 32 ports.

Discussion
The intention for introducing new CDM-4 pattern(s) for 28 and 32 is to be able to support full power utilization within a single PRB.  One way of achieving this is to define new CDM-4 patterns based on aggregating two CDM-2 groups in two different legacy 8-port CSI-RS resources.  Figure 1 shows a 32-port example of new CDM-4 patterns attained by aggregation of CDM-2 groups in different 8-port CSI-RS resources.  In the figure, each CDM-4 pattern is denoted by a distinct letter.  With such patterns, the maximum allowed 6 dB power boosting (i.e., borrowing power from other CSI-RS REs) is possible within each legacy 8-port CSI-RS resource.
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[bookmark: _Ref462828080]Figure 1.  An example of 	new CDM-4 pattern(s) by aggregation of CDM-2 groups for 32 ports
One disadvantage of introducing new CDM-4 patterns is that it will have a limited use case.  Since the new CDM-4 patterns will not be understood by legacy UEs, these new patterns are only applicable to Rel-14 UEs.  In addition, since CDM-8 patterns will be introduced in Rel-14 in the case of 32 ports, the CDM-8 pattern should provide sufficient power utilization within a PRB.  Hence, with the introduction of CDM-8 in Rel-14, there is no need to introduce new CDM-4 patterns to achieve full power utilization within a single PRB.  Furthermore, the new CDM-4 pattern(s) in Figure 1 does not achieve full power utilization since only 12 dB gain (6 dB via power boosting and another 6 dB via CDM-4) is possible whereas 15 dB is needed in the case of 32 ports.

Observation 1:	In the case of 32 ports, CDM-8 patterns should provide sufficient power utilization within a PRB.

Observation 2:	With the introduction of CDM-8 in Rel-14, there is no need to introduce CDM-4 patterns to achieve full power utilization within a single PRB.

Observation 3:	With new CDM-4 patterns attained by aggregation of CDM-2 groups, a 12 dB power utilization is possible which is still not sufficient to achieve full power utilization in 32 ports.

It should be noted that attaining a 12 dB power utilization is still possible with the Rel-13 CDM-4 patterns when overhead reduction is configured.  An example with reduced density CSI-RS with reuse 3 is given in Figure 2.   In the example, ZP CSI-RS is configured in PRBs satisfying  in order cover the reduced density NZP CSI-RS in other cells.  Thus, power can be borrowed from these ZP CSI-RS RE to achieve a maximum allowed power boosting of 6 dB.   When this is combined with the 6 dB gain from  CDM-4, a 12 dB power utilization can be achieved with the Rel-13 CDM-4 patterns.  Hence, when reduced density CSI-RS is configured with high CSI-RS reuse, the Rel-13 CDM-4 patterns achieve the same power utilization as the new CDM-4 patterns.
Observation 4:	When reduced density CSI-RS is configured with high CSI-RS reuse, the Rel-13 CDM-4 patterns achieve the same power utilization as the new CDM-4 patterns.
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[bookmark: _Ref465987247]Figure 2.  An example of achieving 12 dB power utilization with Rel-13 CDM-4 patterns 
 
Hence, given these observations, we make the following proposal:
Proposal:	No new CDM-4 patterns are introduced for NZP CSI-RS in Rel-14.


Conclusion
we present our views on the need for additional CDM-4 patterns for 28 and 32 ports.  Based on the discussion, we made the following observations and proposal:
Observation 1:	In the case of 32 ports, CDM-8 patterns should provide sufficient power utilization within a PRB.

Observation 2:	With the introduction of CDM-8 in Rel-14, there is no need to introduce CDM-4 patterns to achieve full power utilization within a single PRB.

Observation 3:	With new CDM-4 patterns attained by aggregation of CDM-2 groups, a 12 dB power utilization is possible which is still not sufficient to achieve full power utilization in 32 ports. 

Observation 4:	When reduced density CSI-RS is configured with high CSI-RS reuse, the Rel-13 CDM-4 patterns achieve the same power utilization as the new CDM-4 patterns. 

Proposal:	No new CDM-4 patterns are introduced for NZP CSI-RS in Rel-14.
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