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Introduction
In RAN1#91 and RAN1 AH-1801 meetings, the following agreements on NR CSI-RS were made [1], [2]:
	Agreement:
For the CSI-RS sequence mapping, the working assumption from RAN1 NR Ad Hoc 1801 for density 1 and 3 is confirmed

Agreement
Introduce the following RRC parameter for CSI-RS:
	CC/BWP-Info
	Indication of which CC/BWP the configured CSI-RS is located in
This parameter belongs within a CSI-RS resource configuration or in a BWP configuration (up to editor)
	FFS



Agreement:
· Introduce additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets to at least the following periodic/semi-persistent RS:
· CSI-RS (includes ZP-CSI-RS and NZP-CSI-RS)
· SRS
· FFS on whether and how to align to additional periodicities as agreed in the frame structure agenda
· “The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms”
· FFS on CSI-IM periodicity of 1 slot


This contribution provides Samsung’s views on the following issues on CSI-RS:
CSI-RS sequence
Miscellaneous views including additional periodicities/offsets, clarifications on comb offset for D=1/2, etc.
Remaining Issues on CSI-RS
1 
2 
CSI-RS sequence
In RAN1#92 meeting, the working assumption on CSI-RS sequence mapping from RAN1 AH-1801 was confirmed for density values of 1 and 3. Since we failed to find any critical issue regarding 1-port CSI-RS with density of 1/2, it is suggested to confirm the working assumption with the following clarification on the parameter X (the number of CSI-RS ports in the CSI-RS resource):
Proposal 1: Confirm the working assumption on CSI-RS sequence mapping for density 1/2 as well.
Others
In this section miscellaneous corrections/suggestions are discussed. 
1) In RAN1#91 meeting, it was agreed to implement a description on RRC parameter for CSI-RS comb offset for D=1/2. However, in the current version of TS38.331, the higher-layer parameter CSI-RS-Density covers comb offset values as well as CSI-RS density values in case of D=1/2. Consequently, it seems that RAN1 specifications need to be updated accordingly.
Proposal 2: Update the description on CSI-RS-Density in TS38.214.
2) Regarding the frequency location of CSI-RS, further clarifications on both TS38.211 and TS38.214 would be beneficial for ease of specifications and implementations. Firstly, in TS38.211, it is beneficial to have a clarification that available values of the parameter ‘n’ is determined by the higher layer parameter CSI-RS-Density as well as CSI-RS-FreqBand, since CSI-RS-Density indicates CSI-RS comb offset as aforementioned. Secondly, it seems that alignment for the higher layer parameters of BWP-Info and CC-Info between TS38.214 and TS38.331 is required. For instance, the current version of TS38.214 and TS38.331 only covers either of BWP-Info or CC-Info, in our understanding.
Proposal 3: Align TS38.211, TS38.214, and TS38.331 regarding to the frequency resource location of CSI-RS.
Send LS to RAN2 to inform that CC-Info was not captured for CSI-ResourceConfig IE in TS38.331.
3) We believe that the agreed periodicities for CSI-RS and SRS are enough for now. The agreements from frame structure agenda, i.e. “The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms”, means that NR supports full flexible DL-UL configuration periodicities, which may cause potential misalignment between DL-UL configuration and the transmission timing of DL/UL RSs. However, since this drawback had been raised up in the frame structure agenda as well, we have the following clarifications in TS38.211: “The UE shall assume that CSI-RS is transmitted in a candidate slot only if all OFDM symbols of that slot corresponding to the configured CSI-RS resource are classified as 'downlink.'”. Therefore, adding new values for CSI-RS and SRS periodicities is not critical issues in the current specifications.
Observation: Adding new values for CSI-RS and SRS periodicities is not critical issues in the current specifications.
Text proposals for Proposal 2 and 3 are given by Table 1 and Table 2.
[bookmark: _Ref506276068]Table 1. Text proposal for TS38.211
	[bookmark: _Toc500952748]7.4.1.5.3	Mapping to physical resources


For each CSI-RS configured, the UE shall assume the sequence  being mapped to resources elements  according to 


when the following conditions are fulfilled:

-	the resource element  is within the resource blocks occupied by the CSI-RS resource for which the UE is configured, i.e. the available values n is determined by the higher layer parameters CSI-RS-Density and CSI-RS-FreqBand.

The reference point for  is subcarrier 0 in common resource block 0.

The value of  is given by the higher-layer parameter CSI-RS-Density.

The value of  is given by the higher-layer parameter NrofPorts.



[bookmark: _Ref503438975]Table 2. Text proposal for TS38.214
	[bookmark: _Toc501048198]5.2.2.3.1	NZP CSI-RS
The UE can be configured with one or more NZP CSI-RS resource set configuration(s) as indicated by the higher layer parameter NZP-CSI-RS-ResourceSetConfig. Each NZP CSI-RS resource set consists of K≥1 NZP CSI-RS resource(s).
The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are configured via higher layer parameter NZP-CSI-RS-ResourceConfig for each CSI-RS resource configuration:
-	NZP-CSI-RS-ResourceConfigId determines CSI-RS resource configuration identity.
-	NrofPorts defines the number of CSI-RS ports, where the allowable values are given inSubclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-timeConfig defines the CSI-RS periodicity and slot offset for periodic/semi-persistent CSI-RS. 
-	CSI-RS-ResourceMapping defines the OFDM symbol and subcarrier occupancy of the CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-Density defines CSI-RS frequency density of each CSI-RS port per PRB and CSI-RS PRB offset in case of the density value of 1/2, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CDMType defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211].
-	Pc: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.
-	Pc_SS: which is the assumed ratio of SS/PBCH block EPRE to NZP CSI-RS EPRE. 
-	ScramblingID: defines scrambling ID of CSI-RS with length of 10 bits.
-	CC_Info defines which component carrier the configured CSI-RS is located in.
- 	BWP_Info defines which bandwidth part the configured CSI-RS is located in.
[bookmark: _Hlk498332433][bookmark: _Hlk497931989]-	CSI-RS-ResourceRep parameter associated with a CSI-RS resource set defines whether a repetition in conjunction with spatial domain transmission filter is ON/OFF at gNB-side as described in Subclause 5.1.6.1.2. and can be configured only when the higher layer parameter ReportQuantity associated with all the reporting settings linked with the CSI-RS resource set is set to 'CRI/RSRP' or ‘No Report’.
-	QCL-InfoPeriodicCSI-RS contains a reference to a TCI-RS-SetConfig indicating QCL source RS(s). If the TCI-RS-SetConfig is configured with a reference to an RS with ‘QCL-TypeD’ association, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the same or different CC/DL BWP.


3 
Conclusions
4 
In this contribution, Samsung’s view on remaining issues on CSI-RS is presented. The following observations and proposals are made:
Proposal 1: Confirm the working assumption on CSI-RS sequence mapping for density 1/2 as well.
Proposal 2: Update the description on CSI-RS-Density in TS38.214.
Proposal 3: Align TS38.211, TS38.214, and TS38.331 regarding to the frequency resource location of CSI-RS.
Send LS to RAN2 to inform that CC-Info was not captured for CSI-ResourceConfig IE in TS38.331.
Observation: Adding new values for CSI-RS and SRS periodicities is not critical issues in the current specifications.
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