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Introduction
	The following agreements about the CSI-RS enhancement have been achieved in RAN1#87:
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

Conclusion:
· Companies are encouraged to study the port indexing of CDM-4 considering CSI-RS port sharing including examples R1-1611752 and R1-1611600 until RAN1#88.  
· Other examples are not precluded.

In this contribution, we discuss the CDM-8 pattern aggregation and the CDM-4 port indexing for {20,24,28,32} ports.
CDM-8 pattern aggregation
From our prospective, the introduction of CDM-8 mainly targets for achieving full power utilization to retain the competitiveness of non-precoded CSI-RS against beamformed CSI-RS. According to [1] and [2], CDM-8 patterns enabling full power utilization have been proved to be beneficial to the system performance. However, for the CDM-8 patterns not supporting full power utilization, due to the similar CSI-RS coverage to that of CDM-2 or CDM-4, it seems no obvious benefits to use these patterns. Therefore, the aggregated CDM-8 pattern should be focused on those patterns enabling full power utilization.
Proposal:
· The aggregated CDM-8 pattern should support full power utilization. 
In [3], two alternative CDM-8 patterns for 32 ports CSI-RS have been proposed. Figure 1 and Figure 2 illustrate the CDM-8 patterns of Alt-1 and Alt-2, respectively, where the REs labeled by the same letter represent one CDM-8 pattern. In addition, for easy clarification, the legacy 8-port CSI-RS configurations are also depicted. The CDM-8 patterns of both Alt-1 and Alt-2 are aggregated by three legacy CDM patterns. 
· Alt-1: Four 8-port CSI-RS configurations lie in 6 OFDM symbols. One CDM-8 pattern is composed of one CDM-2 pattern of legacy 8-port CSI-RS configuration#0, one CDM-4 pattern of legacy 8-port CSI-RS configuration#1 or configuration#4 and one CDM-2 pattern of legacy 8-port CSI-RS configuration#2.
[image: ]
Figure 1: CDM-8 for 32 ports CSI-RS (Alt-1)
· Alt-2:  Four 8-port CSI-RS configurations lie in 4 OFDM symbols. One CDM-8 pattern is composed of one CDM-2 pattern of legacy 8-port CSI-RS configuration#0 (Figure 2(a)) or of legacy 8-port CSI-RS configuration#2 (Figure 2(b)), one CDM-4 pattern of legacy 8-port CSI-RS configuration#1 or configuration#4 and one CDM-2 pattern of legacy 8-port CSI-RS configuration#3.
[image: ]     [image: ]
			(a) Pattern-1                                                                         (b) Pattern-2
Figure 2: CDM-8 for 32 ports CSI-RS (Alt-2)
From the working assumption of last meeting, no additional RRC parameters will be specified for indication of the CDM-8 patterns. This implies the CDM-8 pattern is determined once the CSI-RS aggregation is configured. With this in mind, certain basic patterns are preferred to be specified to aggregate the CDM-8 pattern. According to Figure 1~2 and the above discussion, any CDM-8 pattern is aggregated by two CDM-2 patterns and one CDM-4 pattern, which are selected from the CDM-2 patterns of the legacy 8-port CSI-RS configuration#0/2/3 and the CDM-4 patterns of the legacy 8-port CSI-RS configurations#1/4. Therefore, we can define that the CDM-2 patterns of legacy 8-port CSI-RS configurations#0/2/3 and the CDM-4 patterns of legacy 8-port CSI-RS configurations#1/4 are used as basic patterns for CDM-8 pattern aggregation. In addition, each CDM-8 pattern is restricted to be aggregated by the basic patterns belonging to three legacy 8-port CSI-RS configurations. In this way, a unique CDM-8 pattern could be guaranteed given a CSI-RS resource aggregation. For instance, 8-port CSI-RS configuration#1~4 are configured for 32-port CSI-RS aggregation, then the CDM-8 pattern of Figure 2(b) could be obtained.
Proposals: 
· The CDM-2 patterns of legacy 8-port CSI-RS configurations#0/2/3 and the CDM-4 patterns of legacy 8-port CSI-RS configurations#1/4 are used as basic patterns for CDM-8 pattern aggregation.
· Each CDM-8 pattern is restricted to be aggregated by the basic patterns belonging to three legacy 8-port CSI-RS configurations.

For 20/24/28 ports, it is proposed to use (M,K)=(8,4), which enables using the same CDM-8 pattern as that of the 32 ports CSI-RS. In this way, 5/6/7 antenna ports could be multiplexed within a CDM group using OCC=8 sequences for 20/24/28 ports CSI-RS, respectively. For instance, for 24 ports CSI-RS, ports 15-20 are mapped to the CDM-8 group labeled by ‘A’ in Figure 1, ports 21-26 are mapped to the CDM-8 group labeled by ‘B’ and so on.
Proposal: 
· 20/24/28-port CSI-RS is aggregated with {M, K} = {8,4} , with 5/6/7 ports multiplexed in each CDM-group.
Port numbering for CDM-4
In Rel-13, the CDM-4 port numbering scheme is represented as 






where , denotes M,  and  denotes K. In the case of 32 ports CSI-RS, such scheme enables port sharing with CDM-4 legacy 16port CSI-RS for all the supported antenna layouts in Rel-14. Figure 3 illustrates the port sharing for 2D antenna layouts. The ports of each polarization within the red block are used to transmit the 16-port CSI-RS.
[image: ]
                                        (a) (N1,N2)=(4,4)           (b) (N1,N2)=(8,2)     (c) (N1,N2)=(2,8)
Figure 3: CSI-RS port sharing for 32 ports CSI-RS
	However, the above port numbering scheme is problematic for port sharing for {20,24,28} ports CSI-RS. As shown in Figure 4, for (N1,N2)=(6,2) antenna layout, if the Rel-13 port numbering is applied, ports 15-22 (red ports in the red block) and ports 31-38 (blue ports in the blue block) compose the cross-polarization antenna used to transmit the 16 ports CSI-RS. For legacy UE, this irregular antenna layout may result in performance degradation.
[image: ]
Figure 4: Rel-13 port numbering used for 24 ports CSI-RS
	In [4], a port numbering rule is proposed considering port sharing, which can only be adopted by certain antenna configurations. In the following, we propose a port numbering scheme for CDM-4, which could be used for all the antenna configurations supported in Rel-14:

       (1)
and
[image: ]          (2)



where , and the second equation on the right is only valid if .
	The proposed port numbering scheme is applicable for the following antenna configurations:
Table 1: Applicable antenna configurations using the proposed scheme
	
	Equation (1)
	Equation (2)

	20 ports CSI-RS
	

	


	24 ports CSI-RS
	

	


	28 ports CSI-RS
	

	


	32 ports CSI-RS
	

	




Figure 5~7 show the port sharing for {20,24,28} ports CSI-RS as examples. The antenna ports within the red block are used to transmit the Rel-13 12/16 port CSI-RS.
[image: ]              [image: ]
                     (a) (N1,N2)=(5,2)                                     (b) (N1,N2)=(2,5)
Figure 5: CSI-RS port sharing for 20 ports CSI-RS

[image: ]    [image: ]
          (a) (N1,N2)=(6,2)                                      (b) (N1,N2)=(3,4)
[image: ]            [image: ]
                                            (c) (N1,N2)=(2,6)                                         (d) (N1,N2)=(4,3)
Figure 6: CSI-RS port sharing for 24 ports CSI-RS

[image: ] [image: ]
(a) (N1,N2)=(7,2)                                                               (b) (N1,N2)=(2,7)
Figure 7: CSI-RS port sharing for 28 ports CSI-RS

Proposal:
· Use the port numbering in (1 )and (2) as the port sharing scheme for CDM-4.
Conclusions
In this contribution we propose our views on CDM-8 pattern aggregation for {20,24,28,32} ports CSI-RS with the aim of achieving full power utilization. Further, considering port sharing, a port numbering scheme for CDM-4 is proposed, which could be applied to the complementary antenna configurations to those supported in [4]. We have the following proposals: 

Proposals:
· The aggregated CDM-8 pattern should support full power utilization. 
· The CDM-2 patterns of legacy 8-port CSI-RS configurations#0/2/3 and the CDM-4 patterns of legacy 8-port CSI-RS configurations#1/4 are used as basic patterns for CDM-8 pattern aggregation.
· Each CDM-8 pattern is restricted to be aggregated by the basic elements belonging to three legacy 8-port CSI-RS configurations.
· 20/24/28-port CSI-RS is aggregated with {M, K} = {8,4} , with 5/6/7 ports multiplexed in each CDM-group.
· Use the port numbering in (1 )and (2) as the port sharing scheme for CDM-4.
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