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Introduction
In this contribution, we raise some issues related to CSI-RS and propose solutions to resolve these confusing issues.
Common parameters in resources in a CSI-RS resource set
The following agreement was made in previous meeting:
Agreement
· The UE expects that all the CSI resources of a resource set are configured with the same starting RB and number of RBs and the same CDM-type.
· FFS: Other parameters

The max number of CSI resources sets per resource setting (S), and CSI resources per resource set (K_S) for CSI application is still not defined. The above values where agreed for BM in the last meeting as S = 16 and K_s = 64. With a given condition that total number of CSI-RS resources should not exceed 128, It is preferred if all the CSI resources in a resource set have same parameters except for QCL information for periodic CSI-RS, otherwise it will imply high memory requirements for storing bitmaps. Also, for a report config, the number of CSI-IM resource is identical to the number of NZP CSI-RS resource for channel measurement, and each CSI-IM resource is resource-wise associated with an NZP CSI-RS resource based on the order of the resource in the resource set. Hence, allowing the CSI-IM resources within one resource set to have resource-specific parameter would lead to high memory requirements. Therefore, we propose
Proposal 1: The UE expects that all the NZP CSI-RS resources of a resource set are configured with the same power offset relative to PDCCH and SSB, power offset of CSIRS to PDSCH, number of CSI-RS ports, density, periodicity (slot offset may be different).
Proposal 2: The UE expects that all the CSI-IM resources of a resource set are configured with same frequency band occupation (i.e., starting RB and number of RBs) and periodicity(slot offset may be different).
/******************************************** text proposal *******************************************/
5.2.2.3.1	Reference signal (CSI-RS) (TS 38.214)
…
-	qcl-InfoPeriodicCSI-RS contains a reference to a TCI-State indicating QCL source RS(s). If the TCI-State 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.
The UE expects that all the NZP CSI-RS resources of a resource set are configured with same higher layer parameters including same periodicity in the periodicityAndOffset of CSI-ResourcePeriodicityAndOffset, nrofPorts in CSI-RS-ResourceMapping, density in CSI-RS-ResourceMapping, cdm-Type in CSI-RS-ResourceMapping, freqBand in CSI-RS-ResourceMapping, powerControlOffset, powerControlOffsetSS, frequencyDomainAllocation. 
5.2.2.4	Channel State Information – Interference Measurement (CSI-IM) (TS 38.214)
…


where and  are the configured frequency-domain location and time-domain location, respectively, given by the higher layer parameters in the above list.
The UE expects that all the CSI-IM resources of a resource set are configured with same higher layer parameters including same periodicity in the periodicityAndOffset and freqBand.
/***************************************** End of Text proposal ***************************************/
Invalid configurations related to CSI-RS
Discussion
After RAN2#101, the ASN.1 description for CSI Resource Setting, CSI-RS/CSI-IM resource set and CSI-RS/CSI-IM resource is restructured.    Some properties of CSI-RS/CSI-IM resource (or CSI-RS/CSI-IM resource set) is not defined in the CSI-RS/CSI-IM resource configuration (or CSI-RS/CSI-IM resource set configuration) but defined at a higher-level entity, e.g., in CSI-RS/CSI-IM resource set configuration (or in CSI resource setting).  When a CSI-RS/CSI-IM resource (or a CSI-RS/CSI-IM resource set) is included in two CSI-RS/CSI-IM resource sets (or in two CSI resource settings), the same CSI-RS/CSI-IM resource (or CSI-RS/CSI-IM resource set) may have different properties.  That is one CSI-RS/CSI-IM resource ID (or CSI-RS/CSI-IM resource set ID) may represent two different CSI-RS/CSI-IM resources (or CSI-RS/CSI-IM resource sets).   
One example is the resource type (a.k.a., the time-domain behaviour) which is defined in each CSI Resource Setting.  The CSI-RS/CSI-IM resources are referenced by their IDs in resource set.  The resource sets are reference by their IDs in CSI Resource Settings.  So, from ASN.1 description perspective, a CSI-RS/CSI-IM resource may be referenced in two different resource sets, and a resource set may be referenced in two CSI Resource Settings with different resource types.  This is clearly an invalid configuration and should be precluded from RAN1 specification.  This invalid configuration is ruled out by the following agreement made in RAN1#92bis.
From a UE’s perspective, the same CSI-RS/CSI-IM resource ID cannot be configured in multiple CSI Resource settings with different time-domain behaviors.
Beside the resource type of CSI-RS/CSI-IM, there are other properties experiencing the similar issue.
	Parent IE
	Parameter
	Issue

	CSI-ResourceConfig
	resourceType
	An NZP-CSI-RS-ResourceSet may be linked with different time-domain behavior.
A CSI-IM-ResourceSet may be linked with different time-domain behavior.
A CSI-SSB-ResourceSet may be linked with different time-domain behavior.

	NZP-CSI-RS-ResourceSet
	repetition
	An NZP-CSI-RS-Resource may be for P3 in one NZP CSI-RS resource set, but for CSI acquisition in another NZP CSI-RS resource set.

	NZP-CSI-RS-ResourceSet
	trs-Info
	An NZP-CSI-RS-Resource may be for P3 in one NZP CSI-RS resource set, but for tracking in another NZP CSI-RS resource set. This means that the UE on the same CSI-RS resource it is configured to receive with one beam in order to perform tracking but at the same time perform Rx Beam sweeping, which is obviously invalid. 



According to current specification, it is allowed that an NZP CSI-RS resource belonging to an NZP CSI-RS resource set with trs-Info configured and to another set with repetition configured. 
· When repetition is set to ‘on’, the UE is expected to perform RX beam sweeping, which means that it won’t be able to perform the TRS functionalities.  It is not clear to the UE which procedure has priority and what the UE should do.  
· When repetition is ‘off’, the UE cannot assume that the TX beam is the same across the resources, but at the same time the UE may assume that the antenna port is the same across these resources if trs-Info is configured, so it is confusing to the UE.
[bookmark: _Toc513848199]Proposal 3:	When an NZP CSI-RS resource ID belongs to an NZP CSI-RS resource set with trs-Info configured, the NZP CSI-RS resource ID cannot belong to another NZP CSI-RS resource set with repetition configured.
[bookmark: _Ref510820927]It’s also problematic if an NZP CSI-RS resource is used for both beam management and CSI acquisition.  
· If repetition is set to ‘on’ for an NZP CSI-RS resource set, the UE is expected to change the RX beam sweeping, so reporting CSI does not make sense.
[bookmark: _Toc513848200]Proposal 4:	When an NZP CSI-RS resource ID belongs to an NZP CSI-RS resource set which is configured for CSI acquisition, the NZP CSI-RS resource ID cannot belong to another NZP CSI-RS resource set with repetition configured.
Besides, multiple CSI report settings can be included in one A-CSI trigger state.  For each CSI report, one NZP CSI-RS resource set for channel measurement is configured.  For each NZP CSI-RS resource in the NZP CSI-RS resource set, a TCI-StateId is configured, as shown below.
-- ASN1START
-- TAG-CSI-APERIODICTRIGGERSTATELIST-START

CSI-AperiodicTriggerStateList ::=	SEQUENCE (SIZE (1..maxNrOfCSI-AperiodicTriggers)) OF CSI-AperiodicTriggerState 

CSI-AperiodicTriggerState ::=		SEQUENCE {
	associatedReportConfigInfoList		SEQUENCE (SIZE(1..maxNrofReportConfigPerAperiodicTrigger)) OF CSI-AssociatedReportConfigInfo,
	...	
}

CSI-AssociatedReportConfigInfo ::=		SEQUENCE {
	reportConfigId						CSI-ReportConfigId,
	resourcesForChannel					CHOICE {
		nzp-CSI-RS							SEQUENCE {
			resourceSet							INTEGER (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig),
			qcl-info							SEQUENCE (SIZE(1..maxNrofAP-CSI-RS-ResourcesPerSet)) OF TCI-StateId
		},
		csi-SSB-ResourceSet					INTEGER (1..maxNrofCSI-SSB-ResourceSetsPerConfig)
	},
	csi-IM-ResourcesforInteference		INTEGER(1..maxNrofCSI-IM-ResourceSetsPerConfig)			OPTIONAL, -- Cond CSI-IM-forInterference
	nzp-CSI-RS-ResourcesforInterference	INTEGER (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig)	OPTIONAL, -- Cond NZP-CSI-RS-forInterference
	...
}

-- TAG-CSI-APERIODICTRIGGERSTATELIST-STOP 
-- ASN1STOP
If same NZP CSI-RS resource is associated with two CSI reports in the same A-CSI trigger state, the same TCI-StateId should be configured.  Otherwise the same aperiodic NZP CSI-RS resource has two different TCI-State in the same slot.
[bookmark: _Toc513848201]Proposal 5:	When the same NZP CSI-RS resource is associated with more than one CSI report in the same A-CSI trigger state, the same TCI-StateId should be configured for the NZP CSI-RS resource in the A-CSI trigger state.
[bookmark: _Ref513848211]Text proposal
--- Start of text proposal to Section 5.2.1.2 in TS 38.214 ---
/******************************************** text proposal *******************************************/
[bookmark: _Hlk513481156]The time domain behavior of the CSI-RS resources within a CSI Resource Setting are indicated by the higher layer parameter resourceType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CSI Resource Settings, the number of CSI-RS Resource Sets configured is limited to S=1. For periodic and semi-persistent CSI Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP, as given by bwp-idbwp-Id. When a UE is configured with multiple CSI-ResourceConfigs consisting the same NZP CSI-RS resource ID, the same time domain behavior shall be configured for the CSI-ResourceConfigs. When a UE is configured with multiple CSI-ResourceConfigs consisting the same CSI-IM resource ID, the same time-domain behavior shall be configured for the CSI-ResourceConfigs.
When a UE is configured with multiple CSI-ResourceConfigs consisting the same NZP CSI-RS resource ID or the same CSI-IM resource ID or the same SSB resource ID, the higher layer parameters resourceType for the CSI-ResourceConfigs shall be configured with the same values, respectively. 
When a UE is configured with an NZP CSI-RS resource ID belonging to an NZP CSI-RS resource set linked with a CSI report setting wherein the higher layer parameter reportQuantity is set to either ‘cri-RI-PMI-CQI’ ‘cri-RI-i1’ or ‘cri-RI-i1-CQI’ or ‘cri-RI-CQI’ or ‘cri-RI-LI-PMI-CQI’, the UE doesn’t expect to be configured with the same NZP CSI-RS resource ID belonging to another NZP CSI-RS resource set with the higher layer parameter repetition configured.
When a UE is configured with an NZP CSI-RS resource ID belonging to an NZP CSI-RS resource set with the higher layer parameter trs-Info configured, the UE doesn’t expect to be configured with the same NZP CSI-RS resource ID belonging to another NZP CSI-RS resource set with the higher layer parameter repetition configured.
When a UE is configured with a CSI-AperiodicTriggerState wherein the same NZP CSI-RS resource is associated with more than one CSI report, the UE doesn’t expect different TCI-StateId configured for the NZP CSI-RS resource in the CSI-AperiodicTriggerState.
/***************************************** End of Text proposal ***************************************/
Conclusions
To summarize, we discussed confusing and missing issues in the current spec. We propose
[bookmark: _GoBack]Proposal 1: The UE expects that all the NZP CSI-RS resources of a resource set are configured with the same power offset relative to PDCCH and SSB, power offset of CSIRS to PDSCH, number of CSI-RS ports, density, periodicity (slot offset may be different).
Proposal 2: The UE expects that all the CSI-IM resources of a resource set are configured with same frequency band occupation (i.e., starting RB and number of RBs) and periodicity (slot offset may be different).
Proposal 4:	When an NZP CSI-RS resource ID belongs to an NZP CSI-RS resource set with trs-Info configured, the NZP CSI-RS resource ID cannot belong to another NZP CSI-RS resource set with repetition configured.
Proposal 5:	When an NZP CSI-RS resource ID belongs to an NZP CSI-RS resource set which is configured for CSI acquisition, the NZP CSI-RS resource ID cannot belong to another NZP CSI-RS resource set with repetition configured.
Proposal 6:	When the same NZP CSI-RS resource is associated with more than one CSI report in the same A-CSI trigger state, the same TCI-StateId should be configured for the NZP CSI-RS resource in the A-CSI trigger state.
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