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Introduction
At the last meeting, there were intensive discussions on CSI-RS design for NR [1]. In this contribution, we present necessary modifications for CSI-RS specifications in TS38.211.
Discussion
PRB offset with density () is 0.5
In the NR specification, CSI-RS supports frequency density with 0.5 RE/RB/port for the number of antenna ports of 1, 2, 12, 16, 24 and 32. At RAN1#NR2 and #91 meetings, it was agreed that gNB indicates PRB comb offset for efficient CSI-RS multiplexing as follows. 
Agreements:
· For CSI acquisition, at least the following parameters associated with a CSI-RS resource can be indicated to be a UE based on higher-layer configuration:
· Number of CSI-RS ports  
· Density (RE/PRB/port) 
· For density = 1/2, comb offset
· CDM (Length, Type) 
· Locations of the component RE patterns for the corresponding CSI-RS resource
· FFS on signaling details
· Scrambling ID
· Note: the detailed approach for the above signaling is FFS

Agreement
Introduce the following RRC parameter for CSI-RS:
Comb offset for D=1/2
1 bit to indicate between odd and even RBs

It should be reflected to the agreements, accordingly. Followings are the text proposal on TS38.211 Sec. 7.4.1.5.3.

If =0.5 and NZP-TransmissionComb equals 0, .

If =0.5 and NZP-TransmissionComb equals 1, .



Support of (Y,Z)=(2,2) for X=4
Followings are previous agreements on CSI-RS RE mapping at RAN1#NR2 and #90 meetings. 
Agreements (RAN1#NR2):
· Regarding CSI-RS RE Patterns for CSI Acquisition, support at least the following CSI-RS RE patterns for CSI acquisition for OCC based CDM
X
Density [RE/RB/port]
N
(Y,Z)
CDM
Remark
1
>1, 1 
1
N.A.
No CDM

2
1
1
(2,1)
FD-CDM2

4
1
2
(2,2)
FD-CDM2, CDM4(FD2,TD2)

8
1
2
(2,2)
FD-CDM2, CDM4(FD2,TD2)

16
1
2
(2,2)
FD-CDM2, CDM4(FD2,TD2)

32
1, 1/2
4
(2,2)
FD-CDM2, CDM4(FD2,TD2)
FFS, CDM8 details

· Note: The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns, where a component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain (agreements in RAN1#88)
· Note: Density 1/2 is based on a PRB-level comb with the same comb offset value for all ports.
· Note: REs for CDM2 and CDM4(FD2,TD2) comprise adjacent REs
· Note: RAN1 will continue discussing adding more entries to the above table

Agreements (RAN1#90):
· Support following CSI-RS RE patterns for CSI acquisition.
X
Density [RE/RB/port]
N
(Y, Z)
CDM
1
>1, 1, 1/2
1
N.A.
No CDM
2
1, 1/2
1
(2,1)
FD-CDM2
4
1
1
(4,1)
FD-CDM2
8
1
1
(2,1)
FD-CDM2
8
1
2
(2,2)
FD-CDM2, CDM4 (FD2,TD2)
12
1
1
(2,1)
FD-CDM2
12
1
2
(2,2)
CDM4 (FD2,TD2)
16
1, 1/2
2
(2,2)
FD-CDM2, CDM4 (FD2,TD2)
24
1, 1/2
4
(2,2)
FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)
32
1, 1/2
4
(2,2)
FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4) 
· TD4 in CDM8 in the above table always spans 4 adjacent symbols
· FFS until next meeting whether or not components are allowed to be non-adjacent in frequency

It is noted that agreed table at #NR2 is a subset of that at #90 except for X=4 with (Y,Z)=(2,2). Thus, there is ambiguity, whether X=4 with (Y,Z)=(2,2) is supported or not. This ambiguity should be solved, since it directly impact specification. From our view, X=4 with (Y,Z)=(2,2) should be supported, since there is no description to revert former agreements in the latter agreements. It may be also beneficial considering flexibility of CSI-RS resource allocation.
Proposal: 4-port CSI-RS with (Y,Z)=(2,2) should be supported as agreed in RAN1 #NR2.


Summary
In this contribution, we presented proposed modification on CSI-RS. We have following proposal and text proposal are captured in the appendix.
Proposal: 4-port CSI-RS with (Y,Z)=(2,2) should be supported as agreed in RAN1 #NR2.
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Appendix
Followings are text proposal on TS38.211 (Sec. 7.4.1.5.3).

======================================================================================

If =0.5 and NZP-TransmissionComb equals 0, .

If =0.5 and NZP-TransmissionComb equals 1, .
======================================================================================
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