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Introduction
The RAN WG approved work item on Power Saving Enhancements [1]. The work item includes the following objective for enhancements for idle/inactive mode:
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required



The following was agreed in RAN1 # 104bis-e [2] in connection to use of TRS/CSI-RS in idle/inactive mode
	Agreement:
SCS of TRS/CSI-RS occasion(s) for idle/inactive UEs is same as SCS of CORESET#0.

Agreement:
Support higher layer configuration of the QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs.
· FFS details of the QCL information, e.g. associated SSB index


Agreement:
IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.
· Configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs is not restricted by initial BWP. 


Working assumption:
Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
· FFS details, including paging DCI and/or PEI for L1 based signaling
· FFS SIB-based signaling/configuration
· Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signaling

To further check on 4/19
Agreement:
Configuration for TRS/CSI-RS occasion(s) for idle/inactive UEs is based on periodic TRS only, including following limitations
· Configuration parameters that are necessary to provide configuration of periodic TRS for idle/inactive UEs
· Applicable values that are necessary to provide configuration of periodic TRS for idle/inactive UEs
· If the configuration is provided, idle/inactive UEs can always implicitly assume that trs-info is configured. 
· The parameter trs-info does not need to be provided in the configuration
Agreement:
For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, one or more alternatives from the following can be supported:
· Alt1: Availability/unavailability information for all or some of configured RS resources using a bitmap or codepoint
· e.g. using bitmap, where each bit from a bitmap or a codepoint is associated with at least one resource/configuration or a set/group of resources
· e.g. a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources  
· Alt2: value or codepoint to indicate one or more resource/configuration indices that correspond to the available RS resources
· FFS whether and how to indicate the ‘availability’ in beam selective manner.
· Other alternatives are not precluded




In this contribution, we express our views on providing configuration of CSI-RS/TRS in idle/inactive mode.
Discussion on TRS/CSI-RS configuration in idle/inactive mode

In RAN1- 104e, several parameters were agreed to be included in TRS/CSI-RS configuration. In the Table below, we identify the remaining parameters that can be included in TRS/CSI-RS configuration.
Table 1: TRS/CSI-RS Configuration

		#
	Parameters
	Need? (Y/N)

	1
	bwp-Id
	N


	2
	resourceType 
{aperiodic, semiPersistant, periodic}
	N   (periodic is agreed)

	3
	repetition {on, off}
	Y


	4
	aperiodicTriggeringOffset
	N

	5
	trs-Info {true}
	N

	7
	powerControlOffset
	N

	8
	powerControlOffsetSS
	Agreed

	9
	scramblingID
	Agreed

	10
	periodicityAndOffset
	Y
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	qcl-InfoPeriodicCSI-RS
	Agreed

	12
	frequencyDomainAllocation
{row1, row2, row4, others}
	Y

	13
	nrofPorts
	N

	14
	firstOFDMSymbolInTimeDomain
	Agreed

	15
	firstOFDMSymbolInTimeDomain2
	N

	16
	cdm-Type
	N

	17
	density
	N (assuming legacy TRS design)

	18
	startingRB
	Agreed

	19
	nrofRBs
	Agreed

	20
	subcarrierSpacing (this is not part of CSI-RS resource configuration)
	N

	21
	Others. (please provide any missing/additional parameters)
	Availability indication






BWP-ID and SCS need not be included in the TRS/CSI-RS configuration. Since TRS/CSI-RS configuration would be broadcasted by SIB, it is expected that UE would monitor the TRS/CSI-RS resources that overlap with the active DL BWP, even if there are multiple DL BWPs are configured to UE in idle/inactive mode UE. Moreover, there is no strong use case why multiple BWPs, if configured, would be based on different SCS. It has been argued that TRS/CSI-RS occasions being used in connected mode UE can be potentially monitored by idle/inactive mode UEs as well and SCS of the TRS/CSI-RS occasions can be different than the SCS of initial DL BWP. In our view, this is not a typical case and instead, gNB could ensure same SCS as initial DL BWP/SSB is used for TRS/CSI-RS transmission in the configured occasions. 
Moreover, from gNB implementation flexibility perspective, TRS/CSI-RS configuration need not be PO specific. Hence, there may not be any 1:1 correspondence to SSB beam, similar to paging PDCCH. Motivated by this, QCL parameter was agreed for inclusion in the TRS/CSI-RS configuration. In other words, there may not be a TRS/CSI-RS configuration associated to every SSB beam. This is also relevant for multiple RS resource configurations for TRS/CSI-RS occasions, and each RS resource may be associated to a SSB beam as indicated by the QCL parameters.
On the other hand, repetition may help further reduce dependency on multiple SSB processing before PO. Hence, this parameter can be included for increased flexibility.
Also, the availability characteristics for TRS/CSI-RS transmission in the configured occasions is not expected to change frequently. Hence, a parameter in connection to this can be included as part of the TRS/CSI-RS configuration. It may indicate a default or initial value.
Hence, we have the following observations and proposals:

Observation 1: Multiple RS resources, if configured, for TRS/CSI-RS occasions are expected to have different QCL parameter indication as part of their configuration.

Observation 2: Availability characteristics is not expected to change frequently. Hence, a default value can be included in configuration.

Proposal 1:
· In addition to the parameters agreed in RAN1-104e and 104bis-e, the following parameters can be included in TRS/CSI-RS configuration
· Repetition
· periodicityAndOffset
· frequencyDomainAllocation
· Availability indication

TRS configuration or SIB may include default availability indication. It was agreed in RAN1-104bis-e that L1 indication is supported. In our view, L1 signaling design should be such as the NW is not mandated to always implement it even when dynamic changes in the availability characteristic for a TRS configuration are not expected. If SIB provides default value, NW may only use L1 signaling when availability indication needs to be updated. Further, upon receiving L1 trigger for the change, UE uses the new indication, and the UE may be configured to switch back to the default value upon expiry of a timer.
Regarding L1 indication, our preference is paging DCI. We do not think PEI is a suitable choice. PEI design is not finalized and is expected to be defined as a separate UE and network feature, independent of TRS configuration in Idle/Inactive modes. Availability indication feature for TRS should not necessarily depend on whether PEI is configured or not. On the other hand, UE is expected to monitor and receive paging DCI anyways. Some of the reserved bits in paging DCI can be leveraged in this regard. 

Proposal 2: Support paging DCI as the L1 indication for availability indication update
· SIB provides a default value
· Upon receiving change indication by L1, UE assumes the newly indicated availability characteristic 
· UE can be configured to switch back to default value upon expiry of a timer

Regarding the content of availability indication, the following two alternatives were discussed:

· Alt1: Availability/unavailability information for all or some of configured RS resources using a bitmap or codepoint
· e.g. using bitmap, where each bit from a bitmap or a codepoint is associated with at least one resource/configuration or a set/group of resources
· e.g. a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources  
· Alt2: value or codepoint to indicate one or more resource/configuration indices that correspond to the available RS resources

Our preference is Alt-1 given the fact that it is more flexible in indicating status of different RS resources. 
Proposal 3: Support availability/unavailability information for all or some of configured RS resources using a bitmap or codepoint.
Conclusions
In summary, we have following list of observations and proposals:
Observation 1: Multiple RS resources, if configured, for TRS/CSI-RS occasions are expected to have different QCL parameter indication as part of their configuration.

Observation 2: Availability characteristics is not expected to change frequently. Hence, a default value can be included in configuration

Proposal 1:
· In addition to the parameters agreed in RAN1-104e and 104bis-e, the following parameters can be included in TRS/CSI-RS configuration
· Repetition
· periodicityAndOffset
· frequencyDomainAllocation
· Availability indication

Proposal 2: Support paging DCI as the L1 indication for availability indication update
· SIB provides a default value
· Upon receiving change indication by L1, UE assumes the newly indicated availability characteristic 
· UE can be configured to switch back to default value upon expiry of a timer

Proposal 3: Support availability/unavailability information for all or some of configured RS resources using a bitmap or codepoint.
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