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1. Introduction

In RAN#71, the work item on further full-dimension MIMO (FD-MIMO) enhancement has been approved [1]. The objective of reference signal enhancement for non-precoded CSI-RS is: 
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission

The following agreements about the CSI-RS enhancement have been achieved in RAN1#86:
· Agreements:

· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk = 8, where Mk is the same for all k

· For {20, 28} ports, ∑k Mk ∈ {20, 28}, Mk = 4, where, at least for CDM-2, Mk is the same for all k 

· FFS whether Mk = 8 is also supported,  and if so, whether Mk is the same or different for different k for CDM-4

· FFS port indexing

· In Rel-14, CDM-2 and CDM-4 is supported. 

· For CDM-2, port numbering in Rel-13 is reused in order to share CSI-RS with legacy UEs. 
· FFS CDM-4 port numbering

In this contribution, we discuss the CDM-2/4 design for {20,24,28,32} ports CSI-RS.
2. Discussion

As discussed in our companion contribution [2], the same Mk is preferred to be used for all k for {20,24,28,32} ports CSI-RS. Combined with the above agreement, for {24, 32} ports, Mk=8 is used for all k, and for {20, 28} ports, Mk=4 and Mk=8 may both be used for all k.
There are two issues related to the CDM, i.e. CDM pattern design and port numbering. For CDM-2, the legacy CDM-2 pattern could be uniquely applied to either Mk=4 or Mk=8. Moreover, the same port numbering as defined in Rel-13 is supported considering CSI-RS port sharing with legacy UEs. Therefore, we mainly discuss the issues of CDM-4 in the following.
2.1. CDM-4 pattern
In Rel-13, the CDM-4 group is different for Mk=4 (12 ports CSI-RS) and Mk=8 (16 ports CSI-RS). For Mk=4, one CDM group lies in non-adjacent REs in the frequency domain, whereas adjacent REs in the frequency domain compose one CDM group for Mk=8. In Rel-14, the CDM-4 pattern design should consider the port sharing with Rel-13 UEs. The possible CSI-RS aggregations are listed as follows, and the corresponding CDM-4 pattern design is proposed accordingly.
· {24,32} ports CSI-RS with Mk=8

It is natural to align the CDM-4 pattern with that of the 16 ports CSI-RS of Rel-13. In this way, legacy 16 ports CSI-RS could share the {24,32} ports CSI-RS.

· {20,28} ports CSI-RS with Mk=4

(M,K)=(4,5) and (M,K)=(4,7) are used for 20 and 28 ports CSI-RS, respectively. Due to K is odd value, if the same CDM-4 pattern as that of the 16 ports CSI-RS is used, there is always one CDM-4 group which is aligned with the CDM-4 group of the 12 ports CSI-RS. This results in different CDM-4 patterns within one CSI-RS resource. Therefore, the 12 ports CSI-RS CDM-4 pattern should be reused and legacy 12 ports CSI-RS could share the {20,28} ports CSI-RS.
· {20,28} ports CSI-RS with Mk=8

In the case of 28 ports CSI-RS, (M,K)=(8,4) is assumed, the CDM-4 pattern of 16 ports CSI-RS could be reused at the cost of discarding one CDM-4 group. Similarly, if (M,K)=(8,4) is used for 24 ports CSI-RS, three CDM-4 groups have to be discarded. For CDM-4, we slightly prefer to use Mk=4 instead of Mk=8 to aggregate {20,28} ports CSI-RS. From our point of view, the Mk=8 aggregation mainly targets CDM-8. 
Proposal:
· The CDM-4 pattern of 16 ports CSI-RS is used for {24,32} ports CSI-RS, and the CDM-4 pattern of 12 ports CSI-RS is used for {20,28} ports CSI-RS. 
2.2. Port numbering for CDM-4
In Rel-13, the CDM-4 port numbering is defined as
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 denotes K. There are multiple antenna layouts in Rel-14. For instance, Figure 1 shows the 
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 antenna layout for 24 ports CSI-RS. 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. However, for legacy UE, this irregular antenna layout may result in performance degradation.
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Figure 1: Rel-13 port numbering used for 24 ports CSI-RS, 
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A new port numbering scheme is proposed for the antenna layout in Figure 1. As 24 ports CSI-RS is aggregated by (M,K)=(8,3), the port number for each configuration is
for k=1
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for k=2,
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for k=3,
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Using this port numbering scheme, ports 15-22 (k=1) and ports 27-34 (k=3) could be composed to transmit the shared 16 ports CSI-RS, which corresponds to the regular antenna layout. Although the proposed port numbering scheme is also effective for antenna layout 
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. As shown in Figure 2, ports 15-22 and ports 27-34 are still irregularly arranged.  Therefore, port numbering relates to the antenna port layout. In order to achieve port sharing, dedicated port numbering scheme is required for different antenna layout unless a unique port numbering scheme is proposed. The port numbering for CDM-4 should be designed considering the specification complexity. 
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Figure 2: 24 ports CSI-RS, 
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Observation:
· Port numbering relates to the antenna port layout. In order to achieve port sharing, dedicated port numbering scheme may be required for different antenna layout.
3. Conclusions
In this contribution we mainly discuss the CDM-4 pattern design and port numbering for {20,24,28,32} ports CSI-RS considering port sharing with legacy UEs. 
For CDM configuration, we have the following proposal: 
Proposal:
· The CDM-4 pattern of 16 ports CSI-RS is used for {24,32} ports CSI-RS, and the CDM-4 pattern of 12 ports CSI-RS is used for {20,28} ports CSI-RS. 
For port sharing, dedicated port numbering scheme may be required for different antenna layout in order to achieve port sharing with legacy UE. This results in extremely high specification complexity with multiple antenna port layouts supported in Rel-14.
Observation:
· Port numbering relates to the antenna port layout. In order to achieve port sharing, dedicated port numbering scheme may be required for different antenna layout.
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