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1 Introduction

In RAN1#86bis meeting, the following agreements on non-precoded CSI-RS were made [1].

Agreement:

· CDM-8 patterns for {24, 32} ports can be configured by aggregation of CDM-2/4 patterns from different CSI-RS configurations

· For each CSI-RS resource (i.e. RE configuration), at least one aggregated pattern that supports full power utilization is supported

· FFS until RAN1#88:

· Whether more than one aggregated pattern supporting full power utilization per CSI-RS resource (i.e. RE configuration) is supported

· Whether any patterns which do not support full power utilization are supported (subject to performance benefit being shown)

· How to specify which aggregated patterns are not supported (if any)

· Working assumption: No additional RRC parameters will be specified for indication of the CDM-8 patterns 

· Can be revisited if benefit from additional RRC parameter is shown

· RRC signaling details are FFS 

· A CDM-8 pattern is contained within 1 PRB
In this contribution, CDM8 patterns are discussed, and our views are presented. 
2 Discussion
In RAN1#87 meeting, it was agreed at least one aggregated pattern that supports full power utilization is supported. In last meeting, several CDM-8 patterns were presented in [2][3][4]. For each aggregated CSI-RS resource, there may exist more than one CDM-8 pattern supporting full power utilization. 
Channel variation over different OFDM symbols and subcarriers may destroy orthogonality of the CDM-8 groups. One aggregated CDM-8 pattern should spread over as less OFDM symbols and subcarriers as possible. Following this principle, at least for the case that all CSI-RS ports are contained within one PRB, one optimal CDM-8 pattern can be derived per aggregated CSI-RS resource. It seems unnecessary to specify more than one aggregated pattern which supports full power utilization per CSI-RS resource. Also, it is working assumption that no additional RRC parameters will be specified to indicate the CDM-8 patterns. Allowing more than one aggregated pattern will require indication of selected CDM-8 pattern to UE, which requires additional signalling as well as standard efforts. Similarly, other patterns which do not support full power utilization are also unnecessary. 

Proposal 1: For {24, 32} ports CSI-RS, support one aggregated CDM-8 pattern for each RE configuration, where full power utilization should be supported when all CSI-RS ports are contained within one PRB. 
In following sections, CDM-8 patterns design for {24, 32} ports CSI-RS is discussed, in the case that all CSI-RS ports are contained within one PRB. 
CDM-8 pattern for 32 ports

For 32 ports, CSI-RS resource is aggregated by four CSI-RS configurations with 8 ports selected from configuration candidates {0, 1, 2, 3, 4}. To support full power utilization, 6 dB power boosting should be allowed for CSI-RS REs. The CDM-2/4 pattern of an 8 ports CSI-RS resource to aggregating a CDM-8 pattern should be determined as follows.
· CSI-RS configurations {0, 4}

· CDM-2 pattern
· CSI-RS configurations {1, 2, 3}

· CDM-4 pattern only 
· CDM-2 pattern only 
· CDM-2 + 4 pattern
The following figures show the optimal CDM-8 patterns for each aggregated CSI-RS resource, of which REs spread over maximum 9 OFDM symbols and 3 subcarriers. In Figure 1, REs of CSI-RS configuration #0 are located in symbol #5/6. REs of CSI-RS configuration #1/2/3 are located in symbol #9/10. REs of CSI-RS configuration #4 are located in symbol #12/13. The REs labeled with the same letter belong to one CDM-8 pattern. The REs with same color belong to the same CSI-RS configuration. There are total 5 aggregations for 32 ports CSI-RS resource.
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Figure 1: CDM-8 patterns with different aggregated 32 ports CSI-RS resource
Proposal 2: Support CDM-8 patterns in Figure1 for 32 ports CSI-RS when all ports are contained in one PRB, where full power utilization can be achieved.
CDM-8 pattern for 24 ports

For 24 ports, there are two alternatives to achieve full power utilization. 
· Alt-1: (M, K) = (8, 3) is used for the aggregation of 24 ports CSI-RS. The 24 ports CSI-RS could be aggregated by three out of five 8-port CSI-RS configurations. However, not all the aggregated 24 ports CSI-RS can achieve full power utilization with CDM-8. The CDM-8 pattern supporting full power utilization only exists when 24 ports CSI-RS is aggregated by configurations {1, 2, 3}. In this case, the CDM-8 pattern is shown in Figure 2. 
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Figure 2: CDM-8 patterns for 24 ports CSI-RS resource with (M,K)=(8,3)
· Alt-2: (M, K) = (8, 4) is used for the aggregation of 24 ports CSI-RS. The same CDM-8 pattern as proposed for the 32 port CSI-RS could be used. For each RE configuration in Figure 1, three out of four CDM-8 groups are defined for 24 ports CSI-RS resource. Hence, the 24 ports CSI-RS are carried on 24 REs with remaining 8 REs unused. 
It was agreed that for each CSI-RS resource, at least one aggregated pattern that supports full power utilization is supported. Therefore, the CDM-8 patterns for each 24 CSI-RS resource can be defined as follows.

· When 24 ports CSI-RS resource is aggregated by configuration {1, 2, 3}

· (M,K)=(8,3) is used for the aggregation of 24 ports CSI-RS
· CDM-8 pattern in Figure 2 is used

· Otherwise
· (M,K)=(8,4) is used for the aggregation of 24 ports CSI-RS
· For each RE configuration, three out of four CDM-8 groups in Figure 1 are used. 
Proposal 3: Support the following CDM-8 patterns for 24 ports CSI-RS
· When 24 ports CSI-RS resource is aggregated by configuration {1, 2, 3}

· (M,K)=(8,3) is used for the aggregation of 24 ports CSI-RS

· CDM-8 pattern in Figure 2 is used

· Otherwise

· (M,K)=(8,4) is used for the aggregation of 24 ports CSI-RS
· For each RE configuration, three out of four CDM-8 groups in Figure 1 are used. 
The above discusses the CSI-RS pattern design when all CSI-RS ports are contained within 1 PRB. That means all the CSI-RS configurations are configured common comb offset. However, in the case of CSI-RS density less than 1, if different CSI-RS configuration is configured with different comb offset, the different CDM-8 groups may be contained in different PRBs.
CDM-8 groups contained in different PRBs
For 32 ports CSI-RS, if configured density is lower than 1, and different comb offset is configured for the CSI-RS configurations, the CDM-8 pattern that supports full power utilization can be derived only in the following case.
Case 1:

· Density: 1/2 and 1/3
· 32 ports CSI-RS are aggregated by the following two ways
· The four 8 ports CSI-RS configurations are located in the symbols #9/10, with at least two different comb offsets
· CSI-RS configurations in two PRBs are aggregated into one 32 ports CSI-RS, where each PRB has 16 ports. The OFDM symbols occupied by CSI-RS are same for two PRBs.
One of the corresponding CDM-8 patterns for each density is shown in Figure 3. 
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(2) Density is 1/3
Figure 3: CDM-8 patterns located in different PRBs for 32 ports
For 24 ports CSI-RS, if configured density is lower than 1, and different comb offset is configured for the CSI-RS configurations, the CDM-8 pattern that supports full power utilization can be derived only in the following case.

Case 2:
· Density: 1/2 and 1/3
· The three 8 ports CSI-RS configurations are located in the same pair of symbols with at least two different comb offsets 
One of the corresponding CDM-8 patterns is shown in figure 4.
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(1) Density is 1/2
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(2) Density is 1/3
Figure 4: CDM-8 patterns located in different PRBs for 24 ports
For the cases other than case 1 and case 2, full power utilization is hardly supported with reduced density and CDM-8 patterns contained in different PRBs. 
Proposal 4: For {24, 32} CSI-RS ports contained in more than one PRB, support the combinations of CSI-RS configuration and CDM-8 pattern in case 1 and 2 for the purpose of full power utilization. For other configurations, full power utilization is not supported.
3 Conclusion

In this contribution, the CDM-8 patterns for {24, 32} ports CSI-RS are discussed. The followings are proposed:
Proposal 1: For {24, 32} ports CSI-RS, support one aggregated CDM-8 pattern for each RE configuration, where full power utilization should be supported when all CSI-RS ports are contained within one PRB. 
Proposal 2: Support CDM-8 patterns in Figure1 for 32 ports CSI-RS when all ports are contained in one PRB, where full power utilization can be achieved.
Proposal 3: Support the following CDM-8 patterns for 24 ports CSI-RS

· When 24 CSI-RS resource is aggregated by configuration {1, 2, 3}

· (M,K)=(8,3) is used for the aggregation of 24 ports CSI-RS

· CDM-8 pattern in Figure 2 is used

· Otherwise

· (M,K)=(8,4) is used for the aggregation of 24 ports CSI-RS
· For each RE configuration, three out of four CDM-8 groups in Figure 1 are used.
Proposal 4: For {24, 32} CSI-RS ports contained in more than one PRB, support the combinations of CSI-RS configuration and CDM-8 pattern in case 1 and 2 for the purpose of full power utilization. For other configurations, full power utilization is not supported.
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