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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 # 89, the following agreements were reached. 
Agreements:
· At least for CSI acquisition, for N=2 OFDM symbols, support adjacent OFDM symbols for one CSI-RS resource
· For N=4 OFDM symbols, down-selection between 2 and 4 for the minimum number of adjacent OFDM symbols for one CSI-RS resource
· At least for CSI acquisition, for N=2 OFDM symbols, support a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol of one CSI-RS resource 
· FFS: For N=4 OFDM symbols, the RE mapping pattern of one CSI-RS resource
· Support at least OCC as one type of CDM sequence 
· FFS: CDM of CSI-RS antenna ports on an RE-level comb based on phase rotation (cyclic shift) sequences
· Support at least CDM 8 for an X-port CSI-RS resource at least when X=32 
· FFS:  Support for other pairings of CDM value and number of ports X 
· For an X-port CSI-RS resource, at least for X = 1, support density D >= 1 RE/port/PRB
· FFS: Support for D > 1 for other values of X
· Note: For X = 1, CDM code value(s) assumed to be 1
· At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports,
· For N=1 OFDM symbol, support X=8, 12 ports
· For N=2 OFDM symbols, support X= 8, 12, 16ports
· FFS the case of X=24
· For N=4 OFDM symbols, support at least X=32 ports
· FFS the case of X=8/16/24
· At least for CSI acquisition, for density D=1 RE/port/PRB and X>4 ports, at least the following option is supported:
· For N=1 OFDM symbol, support [2 or 4] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource
· FFS whether it’s 2 or 4
· For N=2 OFDM symbols, support [2 or 4 ] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource
· FFS whether it’s 2 or 4
· For N=4 OFDM symbols, support [2 or 4] as the minimum number of adjacent REs in frequency domain for one CSI-RS resource
· FFS whether it’s 2 or 4
· FFS whether or not to support other options such as CDM CSI-RS antenna ports on a RE level comb based on phase rotation [cyclic shifts/sequences] including D=1 and D≠1

· For CDM pattern(s) per X port CSI-RS for CSI acquisition 
· For X=2 with CSI-RS RE pattern (M,N)=(2,1), 
· FFS support no CDM 
· Support FD-CDM2
· For X=4 with CSI-RS RE pattern (M,N)=(4,1)
· FSS support no CDM
· Support FD-CDM2
· FFS CDM4
· For X=4 with CSI-RS RE pattern (M,N)=(2,2)
· FFS support no CDM
· Support FD-CDM2
· FFS support TD-CDM2
· FFS CDM4

In this contribution, we describe the remaining details of CSI-RS design for NR.
[bookmark: _Ref378529477]Symmetric Design between CSI-RS and SRS
Symmetric design is an important feature which is useful to multiple use cases including dynamic TDD and Integrated Access and Backhaul. In particular, symmetric design on RS can make the channel estimation (either for feedback or demodulation) more robust to the situation where downlink and uplink transmission are mixed together. Symmetric DMRS has been agreed to provide orthogonal DMRS between downlink and uplink thus there is possibility to make the channel estimation interference “free” from opposite direction links. Similar design should be considered for the channel estimation for CSI acquisition, CSI-RS (used for downlink CSI) and SRS (used for uplink CSI) should be designed in a symmetric way. 
To further explain what means symmetric design, some people may understand it as the same design for CSI-RS and SRS. While such design is very good for cross-link interference mitigation, it also ignored the difference between downlink and uplink, e.g. downlink normally has more antennas ports than uplink. In our view, symmetric design doesn’t necessarily mean exactly same design in uplink and downlink, as far as CSI-RS and SRS can be configured to be orthogonal to each other, then we consider their design are symmetric. 
Proposal 1: CSI-RS and SRS design should be symmetric, which means CSI-RS and SRS can be configured to be orthogonal to each other
NR CSI-RS Configuration Aspects for Transparent Precoding Cycling
In our view, RAN1 focussed CSI-RS design mainly for Transmission scheme 1, i.e., and closed loop transmission. Since it is decided to use transmission scheme 2 as part of transmission scheme RAN1 needs to design the CSI-RS such that even the transparent PRG level precoder cycling performs well for all the scenarios. For example with PRG level cyclic precoding, it is beneficial to have multiple CSI-RS processes with different cyclic precoders. In this case, we envision, RAN1 should support CSI-RS belonging to different CSI processes configured are over different PRGs.  With the above configuration, we can improve the performance of PRG level cyclic precoding when few RBs are allocated for data transmission.  Hence we propose
Proposal 2: CSI-RS belonging to different CSI processes can be configured in different PRGs
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In this contribution we analysed the remaining details of CSI-RS design. Based on our observations, we propose
Proposal 1: CSI-RS and SRS design should be symmetric, which means CSI-RS and SRS can be configured to be orthogonal to each other

Proposal 2: CSI-RS belonging to different CSI processes can be configured in different PRGs
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