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Introduction
At the last meeting, there were intensive discussions on CSI-RS design for NR downlink beam management and CSI acquisition. Several agreements were reached as follows [1].
	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

Agreements:
· 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 	

Agreements:
· Confirm the WA of CSI-RS for Beam Management in RAN1 #88bis (copied below).
· For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology
· FFS details including configurability, e.g., taking into account UE implementation complexity/capability and impact on CSI-RS design 
· FFS the case of time unit larger than an OFDM symbol in a reference numerology
· E.g., 
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based
· Down-select from the below options when sub-time unit smaller than an OFDM symbol in a reference numerology:
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based 
· Note: for beam management, the reference numerology for a bandwidth part is determined based on the UE-specific configuration for the bandwidth part

Conclusion:
· FFS how NZP CSI-RS REs can be mapped (e.g., matching-around or puncturing) in a slot, considering potential overlapping with other channels/signals (e.g., DMRS, PTRS, SS block, some CORESET, etc.)

Agreements:
· 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

Agreements:
· 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

Agreements:
· 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 present our views on CSI-RS design for downlink CSI acquisition.
Discussion
Component RE patterns 
The RE pattern for an X-port CSI-RS resource 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. The design should be flexible enough to support different operations but simple in terms of specification and implementation. Considering analog beamforming design, it is important that a CSI-RS resource is accommodated into small number of OFDM symbols. For example, if analog beams for CSI-RS and PDSCH are different to each other, it is not possible to multiplex them in common OFDM symbol. In this context, for YZ=2, (Y, Z) = (2, 1) is more suitable for component resource. (Y, Z) of (1, 2) is additionally supported, if necessary. In order to reduce RRC overhead, CSI-RS resource with larger YZ is also beneficial. YZ of 4 can be utilized for all the port numbers that are greater than or equal to 4, i.e., 4, 8, 12, 16, 24 and 32. Similar to the discussion on YZ=2, (4, 1) and (2, 2) are promising considering analog beamforming. Lastly, CSI-RS component resource of YZ=8 can be applicable for the port number of 8, 16, 24 and 32. It is beneficial to reduce RRC signaling but necessity is not very clear for now. Table I shows possible component of (Y, Z). Either of Table I (a) or I (b) can be applied.
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(a) YZ=2                                     (b) YZ=4                                     (c) YZ=8   
Figure1: Component CSI-RS resource, (Y, Z)
Table I: Possible combination of CSI-RS resource components
(a) (Y, Z) = (2, 1) and (4, 1)
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(b) (Y, Z) = (2, 1) and (2, 2)
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Proposal 1: For YZ=2, (Y, Z) = (2, 1) is supported. 
Proposal 2: For YZ=4, either of (Y, Z) = (4, 1) or (2, 2) is supported.
Proposal 3: For YZ=8, further study on necessity with possible candidates of (Y, Z) = (8, 1) and (4, 2).
Proposal 4: Either of Table I (a) or I (b) is applied for combination of CSI-RS resource components.
CSI-RS density
According to the increase in the number of antenna ports, CSI-RS overhead becomes an issue. On the other hand, it is well known that variation of wireless channel becomes stable when we apply beamforming with large number of antennas, i.e., channel hardening. Typical case for this is the case when massive array is virtualized into limited number of CSI-RS antenna ports. In this sense, it makes sense to apply reduced CSI-RS density even for small number of antenna ports.
Proposal 5: Reduced CSI-RS density is applied for all antenna port numbers.
Multiplexing with other SS and RS
[bookmark: _GoBack]For LTE/LTE-A, CSI-RS REs are mapped to 40 REs, which tries to avoid overlap to other physical channels and signals as much as possible, e.g., DM-RS. NR allows a lot of configurability on the frame structure, e.g., different numerology, slot length, etc. In addition, it also allows configurability on RS mapping, e.g., DM-RS RE mapping depending on MIMO layers, insertion of additional DM-RS, density of PT-RS, etc. In this context, it seems not feasible to completely avoid overlapping CSI-RS resources to other RSs. It can be up to the scheduler to avoid the collision between the CSI-RS and other RSs.
Proposal 6: CSI-RS resource configuration can be overlapped with that for other RSs.




Summary
In this contribution, we presented general views on CSI-RS design for CSI acquisition. Based on the discussion, we made the following observations and proposals.
Proposal 1: For YZ=2, (Y, Z) = (2, 1) is supported. 
Proposal 2: For YZ=4, either of (Y, Z) = (4, 1) or (2, 2) is supported.
Proposal 3: For YZ=8, further study on necessity with possible candidates of (Y, Z) = (8, 1) and (4, 2).
Proposal 4: Either of Table I (a) or I (b) is applied for combination of CSI-RS resource components.
Proposal 5: Reduced CSI-RS density is applied for all antenna port numbers.
Proposal 6: CSI-RS resource configuration can be overlapped with that for other RSs.
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