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Introduction
In RAN meeting #88e, the Rel-17 power saving enhancements WID has identified potential TRS/CSI-RS occasions as one of the  major areas for RAN1 work [1].
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
…
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
…


In this contribution, we will discuss remaining issues for TRS/CSI-RS for idle/inactive UE power saving enhancements.
TRS/CSI-RS configuration
In RAN1 #104-bis-e [2], it was agreed that only periodic TRS configuration will be provided to the inactive/idle UE. It is unclear whether value range of each parameter will also be the same as that for periodic TRS. This should be explicitly clarified first. For example, CSI-RS supports a periodicity of {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640} slots, and TRS supports a periodicity of {10, 20, 40, 80}ms. Apparently, CSI-RS supports denser transmission than TRS. Besides, TRS has the restriction that 10ms periodicity is not supported if the TRS is configured with more than 52 RBs. Network can configure CSI-RS resources in two slots to mimic the pattern of TRS but without the aforementioned periodicity and RB number restrictions. Strictly speaking, the agreement does not preclude this kind of configuration.
[bookmark: _Toc71625908][bookmark: P1]Proposal 1: Clarify whether value range of the configuration parameter for TRS can be extended when the TRS is configured to idle/inactive mode UEs.
	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:
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  




Regarding QCL information of the TRS, details of the QCL information remain FFS. The following TS 38.214 text specified QCL information for TRS when the QCL source is SSB. The same rule can be reused when periodic TRS is configured to the inactive/idle UE.
[bookmark: _Toc71625909][bookmark: P2]Proposal 2: Reuse Rel-16 QCL rule with SSB as the QCL source for periodic TRS configured to inactive/idle UEs.
	For a periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s): 
- 'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block, or 
…



TRS/CSI-RS availability indication
In RAN1 #104-e [2], it was agreed that L1 signaling will be defined for availability indication of TRS/CSI-RS at the configured occasion(s) for the idle/inactive UE. Before the availability indication is provided, the UE assumes the configured TRS/CSI-RS is not present at the configured occasion(s). This avoids UE blind detection of the configured TRS/CSI-RS which is perferred by UE implementation.
	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



The main remaining issue of the design is how the availability indication is provided to idle/inactive mode UEs. There are two candidate dynamic signaling solutions for this design purpose, in the paging PDCCH or in the paging early indication (PEI). For the paging PDCCH based design, unused and reserved bits in the DCI can be used to carry the TRS/CSI-RS availability indication. For the PEI based design, either DCI field bits or different sequences in different resources can be used to carry the TRS/CSI-RS availability indication depending on whether the PEI is based on sequence/RS or PDCCH. 
A brief comparison of these TRS/CSI-RS availability indication candidate designs is provided below.
[bookmark: O1]Observation 1: TRS/CSI-RS availability indication can be based on the following candidate signalings
· Paging PDCCH: This decouples PEI and idle/inactive TRS/CSI-RS features. It allows an inactive/idle mode UE to support the TRS/CSI-RS but not the PEI
· RS/sequence-based PEI: This requires network to transmit more sequences and couples the PEI and idle/inactive TRS/CSI-RS features 
· PDCCH based PEI: In comparison to RS/sequence-based PEI, this design has more available bits (at least 12) to simultaneously indicate whether some UE sub-groups are paged and some TRS/CSI-RS(s) is present. This also couples the two features.
In our companion paper [3], we proposed to support narrowband sequence-based PEI design. Based on this, we prefer to adopt the RS availability indication carried by the paging PDCCH.
[bookmark: _Toc71625910][bookmark: P3]Proposal 3: Use the paging PDCCH to carry the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs
· By the unused and/or reserved bits in the paging DCI
· This includes cross-slot scheduling paging PDCCH as PEI.
The exact signaling design of the availability indication of TRS/CSI-RS is FFS from the RAN1 #104-bis-e agreement. It is preferred that the signaling is self-contained. I.e., by reading the signaling once, an idle/inactive UE that newly camped on the cell knows whether each of the configured TRS/CSI-RS is available or not. Otherwise, status of a TRS/CSI-RS that is indicated by early signaling before the UE camped on the cell is unknow to the UE. In this case, the UE should assume the TRS/CSI-RS is not available. The bitmap may result in relatively smaller field size of the availability indication. For Alt. 2 FFS, if only one QCL source SSB is configured for each resource, there is no issue for indicating the ‘availability’ in beam selective manner.
[bookmark: O2]Observation 2: If a single QCL source SSB is provided for each TRS resource, the availability indication signaling can indicate ‘availability’ in beam selective manner. 
[bookmark: O3]Observation 3: For an idle/inactive UE that newly camped on the cell, availability/unavailability of a TRS/CSI-RS that is indicated before the UE camped on the cell is unknow to the UE. In this case, the UE can assume the TRS/CSI-RS is not available.
[bookmark: _Toc71625911][bookmark: P4]Proposal 4: For availability/unavailability information provided by a physical layer availability indication for TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs
· First preference based on Alt. 1: Availability and unavailability information for all the configured RS resources using a bitmap
· Second preference based on Alt. 2: Codepoint to indicate one or more resource/configuration indices that correspond to all the available RS resources.
	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



Conclusions
In this paper, we discussed TRS/CSI-RS design and signalling for the idle/inactive mode UE. The following observations and proposals are made: 
Observation 1: TRS/CSI-RS availability indication can be based on the following candidate signalings
· Paging PDCCH: This decouples PEI and idle/inactive TRS/CSI-RS features. It allows an inactive/idle mode UE to support the TRS/CSI-RS but not the PEI
· RS/sequence-based PEI: This requires network to transmit more sequences and couples the PEI and idle/inactive TRS/CSI-RS features 
· PDCCH based PEI: In comparison to RS/sequence-based PEI, this design has more available bits (at least 12) to simultaneously indicate whether some UE sub-groups are paged and some TRS/CSI-RS(s) is present. This also couples the two features.
Observation 2: If a single QCL source SSB is provided for each TRS resource, the availability indication signaling can indicate ‘availability’ in beam selective manner. 
Observation 3: For an idle/inactive UE that newly camped on the cell, availability/unavailability of a TRS/CSI-RS that is indicated before the UE camped on the cell is unknow to the UE. In this case, the UE can assume the TRS/CSI-RS is not available.

Proposal 1: Clarify whether value range of the configuration parameter for TRS can be extended when the TRS is configured to idle/inactive mode UEs.
Proposal 2: Reuse Rel-16 QCL rule with SSB as the QCL source for periodic TRS configured to inactive/idle UEs.
Proposal 3: Use the paging PDCCH to carry the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs
· By the unused and/or reserved bits in the paging DCI
· This includes cross-slot scheduling paging PDCCH as PEI.
Proposal 4: For availability/unavailability information provided by a physical layer availability indication for TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs
· First preference based on Alt. 1: Availability and unavailability information for all the configured RS resources using a bitmap
· Second preference based on Alt. 2: Codepoint to indicate one or more resource/configuration indices that correspond to all the available RS resources.
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