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Introduction
In RAN1#90bis meeting, the following agreements on NR CSI-RS have been achieved:
Agreement:
Support assigning CSI-RS port index within a CDM group first, then across CDM groups (analogous to LTE). FFS: order of CDM groups, e.g., frequency first or time first.

Agreement:
The starting subcarrier of a CSI-RS component RE pattern
· For 1 port CSI-RS, there is no restriction
· For Y=2, is constrained to be one among even subcarriers, in the given PRB (indexed from 0)
· For Y=4, is constrained to be one among subcarriers 0, 4, 8, in the given PRB (indexed from 0)

Agreement:
For each of the following RSs, c_init used for sequence generation will at least depend on UE specifically configured scrambling ID by RRC configuration
· DL: DMRS, CSI-RS resource
· FFS: Support of multiple IDs for DMRS
· UL: DMRS(for CP-OFDM), PTRS(for DFT-s-OFDM)

This contribution provides our views on the remaining details of CSI-RS design for both CSI acquisition and beam management.
Discussion
Port numbering
In LTE, to reduce CSI-RS overhead, port sharing between different numbers of CSI-RS ports has been investigated. Due to multiple antenna layouts, it is difficult to design a unique port numbering rule which could be applied to all the supported antenna layouts to fulfill port sharing. Therefore, port sharing is only supported for CDM-2 and limited CSI-RS port numbers, i.e. 8 ports CSI-RS shared with {12,16,24,32} ports CSI-RS. In NR, considering 13 antenna port layouts supported [1], port sharing should also be restricted. In the last meeting, it was agreed to assign CSI-RS port index within a CDM group first, then across CDM groups. From the port sharing capability point of view, we prefer that the order of CDM groups is across frequency first then time. 
· For FD-CDM2 and X port CSI-RS, the following port numbering could be adopted:

The CSI-RS port number within CDM group is








where denotes the CSI-RS port number within a CDM group (=2 for FD-CDM2). Define N as the number of OFDM symbols occupied by the X port CSI-RS. Further, , , .
Figure 1 illustrates the port numbering for 32 ports CSI-RS. Note that the port numbering order of the second and the third OFDM symbols are exchanged. The corresponding antenna layout is given in Figure 2. With the port numbering scheme, 32 ports CSI-RS could be shared with 16 ports CSI-RS (green block in Figure 3) and 8 ports CSI-RS (red block in Figure 3). Similarly, 24 ports CSI-RS could be shared with 12 ports CSI-RS and 8 ports CSI-RS. In addition, it also supports 16 ports CSI-RS sharing with 8 ports CSI-RS. If N=2 is supported for X=4 ports CSI-RS, port sharing with 8 ports CSI-RS could be further achieved.
[image: ]                            
Figure 1: Port numbering for 32 port CSI-RS with CDM2

[image: ]
Figure 2: Antenna layout for 32 port CSI-RS
· For CDM4/CDM8 and X port CSI-RS, the following port numbering could be adopted:

The CSI-RS port number within CDM group is






where denotes the CSI-RS port number within a CDM group (=4(8) for CDM4(8)). , . For example, port numbering for 32 port CSI-RS with CDM4 is shown in Figure 3.
[image: ]
Figure 3: Port numbering for 32 port CSI-RS with CDM4
Proposals:
· For assigning port numbers to CDM groups, the order of CDM groups is across frequency first, then time.
· 
For FD-CDM2, for X port CSI-RS, the CSI-RS port number within CDM group is



CSI-RS resource configuration
From the agreement of the email discussion, a RRC parameter ‘CSI-RS-ResourceMapping’ is used to indicate OFDM symbol location(s) in a slot and subcarrier occupancy in a PRB of the CSI-RS resource. In the time domain, the OFDM symbol locations could be signaled by the OFDM symbols indices. In the frequency domain, it has been agreed that the starting subcarrier of a CSI-RS component RE pattern is constrained to be integer multiples of Y, where Y is the number of adjacent RE in the frequency. Therefore, as illustrated in Figure 4, the potential number of CSI-RS component RE patterns in a PRB is different for different Y. If bitmap is adopted to indicate the subcarrier occupancy of the CSI-RS resource, from the RRC signaling overhead perspective, different bitmap lengths should be supported for different Y. Namely, for Y=1, a bitmap with 12bits length is used. The bitmap length is 6bits and 3bits for Y=2 and Y=4, respectively. 
[image: ]
(a) (Y,Z)=(2,1)                   (b) (Y,Z)=(4,1)                         (c) (Y,Z)=(2,2)
Figure 4: Potential CSI-RS component RE patterns per OFDM symbol in a PRB
Proposal:
· If bitmap is adopted to indicate the subcarrier occupancy of the CSI-RS resource, from the RRC signaling overhead perspective, different bitmap lengths should be supported for different Y.
CSI-RS resource multiplexing for beam management
Similar to SS block, the analog/hybrid beam number for beam management depends on different numerologies. For smaller subcarrier spacing, few beams are enough, while for larger subcarrier spacing more beams (up to 64 beams) are required. With limited OFDM symbols for beam management, it is necessary to multiplex CSI-RS of multiple beams in frequency domain and sweep multiple beams simultaneously, where the FDM multiplexed CSI-RS are transmitted from different TXRUs or panels. These CSI-RS may be configured as different CSI-RS resources. Multiple CSI-RS ports and/or multiple CSI-RS resources can be multiplexed within one OFDM symbol for efficient utilization of resources in NR. Multiplexing of multiple CSI-RS resources could be either FDM, CDM or a combination thereof. If only FDM multiplexing is supported, the maximum CSI-RS resource number per sub-time unit is limited by the CSI-RS density D. For example, for the 2-port CSI-RS resource, with D=1, at most six CSI-RS resources could be transmitted simultaneously (shown in Figure 5(a)). 
From the agreement, c_init used for CSI-RS sequence generation is UE specifically configured with a scrambling ID. To support more CSI-RS resources in an OFDM symbol, we propose to employ different scrambling IDs for different CSI-RS resources configured to a UE. Therefore, CDM multiplexing among different CSI-RS resources would be achieved. Taking Figure 5(b) as an example, for the 1-port CSI-RS resource, to increase the RSRP calculation accuracy, the CSI-RS density D=6 (comb=2) is used. As illustrated in the figure, the four CSI-RS resources are both FDMed and CDMed.
[image: ]                            [image: ]                            
(a) D=1, 2 ports per CSI-RS resource                                 (b) comb=2, 1 port per CSI-RS resource       
Figure 5: Multiple CSI-RS resources multiplexing
Proposal:
· For c_init used for CSI-RS sequence generation, support different scrambling IDs for different CSI-RS resources configured to a UE.
Conclusions
In this contribution, we provided our views on CSI-RS design for CSI acquisition and beam management. The remaining issues about port numbering, CSI-RS configuration, and CSI-RS resources multiplexing are discussed. We have the following proposals:

Proposal 1: For assigning port numbers to CDM groups, the order of CDM groups is across frequency first, then time.

Proposal 2: For FD-CDM2, for X port CSI-RS, the CSI-RS port number within CDM group is


Proposal 3: If bitmap is adopted to indicate the subcarrier occupancy of the CSI-RS resource, from the RRC signaling overhead perspective, different bitmap lengths should be supported for different Y.
Proposal 4: For c_init used for CSI-RS sequence generation, support different scrambling IDs for different CSI-RS resources configured to a UE.
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