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1. Introduction
In RAN1#93, the following agreements were made for allowing CSI-RS to be configured with larger bandwidth compared with a bandwidth of an (active) BWP. The yellow highlighted lines indicate that the UE will assume the bandwidth of CSI-RS to be limited as the bandwidth of the current active BWP:
	Agreement (Impact to RAN2 specifications)
Text proposal #3 for Section 5.2.2.3.1 in TS38.214
< Unchanged parts are omitted >







The bandwidth and initial CRB index of a CSI-RS resource within a BWP, as defined in Subclause 7.4.1.5 of [4, TS 38.211], are determined based on the higher layer parameters nrofRBs and startingRB, respectively, within the CSI-FrequencyOccupation IE configured by the higher layer parameter freqBand within the CSI-RS-ResourceMapping IE. Both nrofRBs and startingRB are configured as integer multiples of 4 RBs, and the reference point for startingRB is CRB 0 on the common resource block grid. If , the UE shall assume that the initial CRB index of the CSI-RS resource is , otherwise . If , the UE shall assume that the bandwidth of the CSI-RS resource is , otherwise . In all cases, the UE shall expect that .
< Unchanged parts are omitted >
Send an LS to RAN2.



Considering the CSI-RS resource setting in the current specification (TS 38.214-f10) below, now RAN1 is trying to overcome the limitation of CSI-RS configuration which is not necessarily be located within each BWP. 
	5.2.1.2	Resource settings
Each CSI Resource Setting CSI-ResourceConfig contains a configuration of S≥1 CSI Resource Sets, with each CSI Resource Set consisting of CSI-RS resources (comprised of either NZP CSI-RS or CSI-IM) and SS/PBCH Block resources used for L1-RSRP computation. Each CSI Resource Setting is located in the DL BWP identified by the higher layer parameter bwp-id, and all CSI Resource Settings linked to a CSI Report Setting have the same DL BWP.



Since the CSI-RS configuration is re-defined, now RAN2 needs to discuss the related modification of parameters and UE behaviour accordingly. In this paper, we discuss the existing limitation in the current NR specification of CSI-RS to be configured within each BWP, and study the possible alternatives.  

2. Discussion
According to the previous RAN1/ RAN2 specifications, CSI-RS was limited to be configured, measured, and reported within each BWP. Consequently, the CSI-RS resource configuration is tied to just single BWP-Id, as shown in the below CSI-ResourceConfig IE: 
CSI-ResourceConfig information element
-- ASN1START
-- TAG-CSI-RESOURCECONFIG-START

[bookmark: _Hlk508702016]-- One CSI resource configuration comprising of one or more resource sets
CSI-ResourceConfig ::= 		SEQUENCE {

	-- Used in CSI-ReportConfig to refer to an instance of CSI-ResourceConfig
	csi-ResourceConfigId				CSI-ResourceConfigId,
[bookmark: _Hlk503909358]
	-- Contains up to maxNrofNZP-CSI-RS-ResourceSetsPerConfig resource sets if ResourceConfigType is 'aperiodic' and 1 otherwise.
	-- Corresponds to L1 parameter 'ResourceSetConfigList' (see 38.214, section 5.2.1.3.1)	
	csi-RS-ResourceSetList 	 			CHOICE {
		nzp-CSI-RS-SSB 						SEQUENCE {
			nzp-CSI-RS-ResourceSetList			SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig)) OF NZP-CSI-RS-ResourceSetId OPTIONAL,
			-- List of SSB resources used for beam measurement and reporting in a resource set
			-- Corresponds to L1 parameter 'resource-config-SS-list' (see 38,214, section FFS_Section)
			csi-SSB-ResourceSetList				SEQUENCE (SIZE (1..maxNrofCSI-SSB-ResourceSetsPerConfig)) OF CSI-SSB-ResourceSetId	OPTIONAL
		},			
		csi-IM-ResourceSetList				SEQUENCE (SIZE (1..maxNrofCSI-IM-ResourceSetsPerConfig)) OF CSI-IM-ResourceSetId
	},


	-- The DL BWP which the CSI-RS associated with this CSI-ResourceConfig are located in. 
	-- Corresponds to L1 parameter 'BWP-Info' (see 38.214, section 5.2.1.2
	bwp-Id								BWP-Id,

	-- Time domain behavior of resource configuration. Corresponds to L1 parameter 'ResourceConfigType' (see 38.214, section 5.2.2.3.5)	
	resourceType						ENUMERATED { aperiodic, semiPersistent, periodic },
	...
}

-- TAG-CSI-RESOURCECONFIGTOADDMOD-STOP
-- ASN1STOP

Due to the current structure, each CSI-RS must be configured within each BWP and we discovered the following cases which induces configuration overhead and duplicated measurement/ reporting.
Case 1: Multiple CSI-ResourceConfig IE needs to be configured for exactly the same CSI-RS inside the overlapped different BWPs: 
[image: ]
Figure 1 Same CSI-RS configuration for different BWPs

Figure 1 shows the case when the single CSI-RS configuration consisting of the same RE mapping and sequence is configured for three different but overlapped BWPs. With the current specification, three CSI-ResourceConfig IEs are needed to be configured for the three BWPs even if the CSI-RS is exactly the same. 
For the configured CSI-ResourceConfig IEs, UE will perform measurement and reporting, and in this case UE will perform three different measurements and reporting even if the CSI-RS resource is exactly the same, and, hence, there will be duplicated measurements and reporting.

Case 2: Multiple CSI-ResourceConfig IE needs to be configured for different BWPs: 
[image: ]
Figure 2 Different CSI-RS configurations for different BWPs

Figure 2 shows the case of comparing single CSI-RS (CSI-RS 0) and three yellow CSI-RS configurations (CSI-RS 1 ~ 3) for overlapped BWP 1 and 2, and non-overlapped BWP 3. Since the current specification does not support of the single CSI-RS (CSI-RS 0) configured for multiple BWPs, there is no other option for network but to configure three different CSI-RSs (CSI-RS 1 ~ 3) for three different BWPs. In this case, even the configured CSI-RS resources must be different for those three different CSI-RSs. This configuration overhead becomes large considering the number of CSI-RS resources per CSI-RS sets, and CSI-RS sets per CSI-RS configuration. 

From the above cases, we can observe that the limitation of the current specification, which is the CSI-RS resource shall be configured within the single DL BWP, induces increased configuration overhead and duplicated measurement and reporting.
Observation 1: Limitation of CSI-RS resource configuration under single DL BWP induces increased configuration overhead and duplicated measurement and reporting. 

Therefore, we propose RAN2 to discuss and whether to remove the limitation of the current NR CSI-RS configuration to be configured over multiple different BWPs. 

Proposal 1: Request RAN2 to discuss how to remove the limitation of CSI-RS configuration per BWP

2 Conclusion
Based on the above, RAN2 is requested to discuss and if possible agree on the following observation and proposals:

Observation 1: Limitation of CSI-RS resource configuration under single DL BWP induces increased configuration overhead and duplicated measurement and reporting. 

Proposal 1: Request RAN2 to discuss how to remove the limitation of CSI-RS configuration per BWP
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