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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 # 105-e [2] in connection to TRS/CSI-RS occasions in idle/inactive mode

	Agreement:
Confirm the following 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 signalling
 
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, support availability/unavailability information for configured RS resources using a bitmap or codepoint
· e.g. using bitmap, where each bit 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 
· FFS maximum number of configured RS resources per physical layer availability indication to support.
· FFS whether availability/unavailability information is for all or some of configured RS resources
 
Agreement:
Support applicable values for the following configuration parameters as below.
· powerControlOffsetSS: {-3, 0, 3, 6}dB
· scramblingID: 0 to 1023
· firstOFDMSymbolInTimeDomain: 0 to 9 
· firstOFDMSymbolInTimeDomain indicates first symbol in a slot, a second symbol in the same slot can be derived implicitly with symbol index as firstOFDMSymbolInTimeDomain+4
· startingRB: 0 to 274
· nrofRBs: 24 to 276
  
Agreement:
The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index in range of 0 to 63.
· FFS: how the QCL information can be configured, e.g. per RS resource set or per configuration
· FFS: QCL type, which is predetermined


Working assumption:
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.
1. FFS whether and how to enable/disable L1 based availability indication configurable by SIB

Agreement:
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include:
· periodicityAndOffset {10, 20, 40, 80} ms
· frequencyDomainAllocation for row1 with applicable values from {0, 1, 2, 3} to indicate the offset of the first RE to RE#0 in a RB
· FFS Configuration index
· details, 
· E.g. Per resource or resource set or group of resource sets
· E.g. explicit or implicit indication based on QCL source 

Agreement:
Further study supporting SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs at least based on the presence/absence of the configuration of the TRS/CSI-RS occasion in SIB_X in case L1 based availability indication is not configured.
· FFS whether and how SIB based signaling and L1 based signaling can be configured simultaneously




In this contribution, we express our views on providing configuration of CSI-RS/TRS in idle/inactive mode.
Discussion on availability indication
In RAN1 105-e, paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs was agreed. Hence, this feature can be applicable even when PEI is configured. PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs was conditionally agreed if PEI is based on PDCCH.
We suggest to focus on paging DCI based availability indication design. Clear design for PEI is not established yet, whether it will be sequence or PDCCH based PEI. Moreover, Paging PDCCH based availability indication is still workable when PEI is configured, and the performance difference of PEI based indication and paging PDCCH based indication is not expected to be significant, considering that NW is not mandated to transmit L1 availability indication all the time anyways. Hence, a second L1 based signaling for minor optimization is not sufficiently motivated. 

Proposal 1: Prioritize paging PDCCH based availability indication signaling design.

For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, we propose to support availability/unavailability information for configured RS resources using a bitmap e.g. where each bit is associated with at least one resource/configuration or a set/group of resources.

As the most straightforward option, the reserved bits in paging DCI can be used for availability indication. There are 8 reserved bits for operation in a cell with shared spectrum channel access; otherwise it is 6 bits in the paging DCI. Hence, we think size of bitmap can be up to the number of reserved bits available, and preferably can be less to leave room for future implementation. 

Proposal 2: Support availability/unavailability information for configured RS resources using a bitmap
· Each bit can be associated with at least one resource/configuration or a set/group of resources.
· Reserved bits in paging DCI can be used for availability indication 

Observation 1: If reserved bits of paging DCI is used for bitmap-based availability indication, number of resources/configuration/set of resources that can be indicated is limited by the number of bits available in the reserve bits field, which is 8 for operation in a cell with shared spectrum channel access; otherwise it is 6 bits. 

Another issue is how long the availability indication will be active after signaled by L1 indication. The following options were discussed during last meeting.
· Alt 1: Configured by higher layer
· FFS values for the validity time, including ‘infinite’
· Alt 2: A window before a PO for PEI based signaling if supported
· E.g. Time duration between the end of L1 signal/channel carries the availability indication and the start of an associated PO.
· Alt3:  Included in the availability indication
· FFS explicit/implicit indication by availability signaling with/without additional timer or duration constraint.
· A combination of alternatives is not precluded. 
· E.g. candidates of validity time can be configured via higher layer while actual validity time can be indicated by L1 based signaling.
· FFS UE behavior upon expiry of the timer
· E.g. whether or not to introduce a default assumption  

Our preference is Alt 1. TRS occasions may not align with PO, in particular if connected mode UE’s TRS is used. Moreover, Alt 2 can potentially preclude UE from using some of the available TRS. Dynamic indication of validity time, as suggested in Alt 3, seems not sufficiently motivated as validity characteristics for such availability indication is very unlikely to change dynamically.

Proposal 3: Support higher layer configuration of validity time duration for availability indication.

SIB-based availability indication was discussed in previous meetings without reaching a consensus. In our view, at least when L1 signaling is not configured, SIB based indication can be provided which would serve as a more stable indication. Moreover, it may be possible that not all RS resources are grouped for L1 indication. 

Proposal 4: Support SIB-based signaling for availability indication of TRS/CSI-RS occasions for idle/inactive UEs, at least in case L1-based availability indication is not configured.
Discussion on TRS/CSI-RS configuration in idle/inactive mode

In last meeting, it was agreed that QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index in range of 0 to 63. However, it is not clear yet, how the QCL information would be configured, e.g., per RS resource set or per configuration.  In our view, it may depend on how configuration is defined, whether configuration index is signalled per resource or per resource set or per group of resources.

In our view, if configuration index is associated with each RS resource, one resource per SSB, then explicit ID indication may not be needed, i.e., implicitly obtained from QCL indication. If Configuration is associated with resource set, then explicit indication would be necessary. 
Observation 2:
· If Configuration index is associated with each RS resource (e.g., one resource per SSB), then explicit ID indication may not be needed, i.e., implicitly obtained from QCL indication
· If Configuration is associated with resource set, then explicit indication would be necessary
Observation 3: Configuration per resource set can be more efficient from signaling overhead perspective.

Proposal 5: Configuration index is explicitly signaled where index is per resource set.
Conclusions
In summary, we have following list of observations and proposals on support of TRS in Idle/Inactive modes:

Observation 1: If reserved bits of paging DCI is used for bitmap based availability indication, number of resources/configuration/set of resources that can be indicated is limited by the number of bits available in the reserve bits field, which is 8 for operation in a cell with shared spectrum channel access; otherwise it is 6 bits. 
Observation 2:
· If Configuration index is associated with each RS resource (e.g., one resource per SSB), then explicit ID indication may not be needed, i.e., implicitly obtained from QCL indication
· If Configuration is associated with resource set, then explicit indication would be necessary
Observation 3: Configuration per resource set can be more efficient from signaling overhead perspective.

Proposal 1: Prioritize paging PDCCH based availability indication signaling design.

Proposal 2: Support availability/unavailability information for configured RS resources using a bitmap
· Each bit can be associated with at least one resource/configuration or a set/group of resources.
· Reserved bits in paging DCI can be used for availability indication 

Proposal 3: Support higher layer configuration of validity time duration for availability indication.

Proposal 4: Support SIB-based signaling for availability indication of TRS/CSI-RS occasions for idle/inactive UEs, at least in case L1-based availability indication is not configured.

Proposal 5: Configuration index is explicitly signaled where index is per resource set.
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