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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 availability indication
In RAN1 #104-e [2], it was agreed that the availability of TRS/CSI-RS at the configured occasion(s) is explicitly indicated to the idle/inactive mode 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 relaxes implementation difficulty of the UE.
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 designs is provided below.
[bookmark: O1]Observation 1: TRS/CSI-RS availability indication can be based on the following signaling
· Paging PDCCH: This decouple 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, or vice versa
· 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 more flexibly simultaneously indicate whether UE sub-groups are paged and TRS/CSI-RS(s) is present. This also couples the two features.
RAN1 can down-select from the three candidate designs.
[bookmark: P1]Proposal 1: RAN1 down-selects from the candidate solutions for indicating whether the TRS/CSI-RS is avaiable at the configured occasion(s)
· Paging PDCCH
· By using unused and/or reserved bits in the DCI
· This includes cross-slot scheduling paging PDCCH as PEI
· PDCCH based PEI
· By using DCI field bits that are not used by UE sub-grouping indication
· Sequence/RS based PEI
· By using additional sequences
	Agreements:
For a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication.
· FFS details (e.g., the signalling, detailed information for the TRS/CSI-RS, etc.)
· There is no intended blind detection of the presence/absence of TRS/CSI-RS at the UE side in this feature. That is, the UE assumes TRS/CSI-RS is not present if the network does not indicate it is available (or indicates it is unavailable).


 
TRS/CSI-RS configuration
In RAN1 #104-e agreements, a few important design aspects remain FFS. 
	Agreements:
The configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs are discussed and down-selected from following alternatives at RAN1#104bis-e:
· Alt-1: within initial DL BWP
· Alt-2: is not restricted by initial BWP 
· IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.
Agreements:
The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs can be discussed and down-selected from following alternatives at RAN1#104b-eRAN1#105-e:
· Alt1: same as initial BWP
· Alt2: configurable parameter 
Agreements:
To study QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from following alternatives: 
· Alt-1: TCI state from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS
· Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO 
· FFS details 
· FFS details
· Other alternatives are not precluded
Conclusion:
Decide at RAN1#104b-e, whether or not to support periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs.


For BWP configuration of the TRS/CSI-RS, neither of the two alternatives requires the inactive/idle mode UE to receive the configured TRS/CSI-RS outside the initial DL BWP. In this sense, both of them result in similar UE implementation. For the TRS/CSI-RS, network does not have to provide the same configuration to the connected mode UE and the inactive/idle mode UE. Then network can convert the configuration of TRS/CSI-RS with original BW wider than the initial DL BWP to a configuration with truncated BW fully within the initial BWP. Because of this, we slightly prefer Alt-1.
[bookmark: P2]Proposal 2: Support Alt-1 for the configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs:
· Alt-1: within initial DL BWP
· Alt-2: is not restricted by initial BWP 
· IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.
For the SCS configuration of TRS/CSI-RS for idle/inactive mode UEs, Alt 1 is preferred because a SCS different than that of the initial BWP requires UE to switch SCS as if there is a BWP switch between two BWPs with different SCSs. It should also be clarified that the SCS of Alt1 refers to the SCS of CORESET #0.
[bookmark: P3]Proposal 3: support Alt 1 for the SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs. SCS of initial BWP is the SCS of CORESET #0 if CORESET #0 and SSBs have different SCS
· Alt1: same as initial BWP
· Alt2: configurable parameter 
For the QCL information of TRS/CSI-RS occasion(s), Alt-2 may imply TRS/CSI-RS originally configured for the connected mode UE also follows the SSB pattern for paging PDCCHs in the PO. This seems not a realistic assumption given the TRS/CSI-RS is not a dedicated resource for idle/inactive mode UEs. Then we think Alt-1 is more feasible. Alt-2 assumption could be more reasonable if the TRS/CSI-RS is a dedicated RS transmitted for idle and inactive mode UEs and network will have full control in how the RS can be transmitted.
[bookmark: P4]Proposal 4: Support Alt-1 for the QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs in following alternatives: 
· Alt-1: from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS
· Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO 
One of the most important issues for Rel-17 idle/inactive mode TRS/CSI-RS design probably is whether the RS only includes TRS or also includes CSI-RS. Rel-17 TRS/CSI-RS are not dedicated resources for idle/inactive mode UEs but reused resources originally configured for connected mode UEs. It is up to network implementation, but the different design purposes of TRS (i.e., time and frequency tracking) and CSI-RS (i.e., channel status estimation) seem to imply that TRS is more UE group or cell specific and CSI-RS is more UE specific. Then, it seems sufficient to only support TRS for Rel-17 idle/inactive mode UEs.
[bookmark: P5]Proposal 5: For Rel-17, only support the configuration of TRS for idle/inactive mode UEs.
Conclusions
In this paper, we discussed TRS/CSI-RS design and signalling for Rel-17 idle/inactive mode power saving. The following observations and proposals are made.
Observation 1: TRS/CSI-RS availability indication can be based on the following signaling
· Paging PDCCH: This decouple 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, or vice versa
· RS/sequence-based PEI: This requires network to transmit more sequences and couples the PEI and idle/inactive TRS/CSI-RS features  
· PDCH based PEI: In comparison to RS/sequence-based PEI, this design has more available bits (at least 12) to more flexibly simultaneously indicate whether UE sub-groups are paged and TRS/CSI-RS(s) is present. This also couples the two features.

Proposal 1: RAN1 down-selects from the candidate solutions for indicating whether the TRS/CSI-RS is avaiable at the configured occasion(s)
· Paging PDCCH
· By using unused and/or reserved bits in the DCI
· This includes cross-slot scheduling paging PDCCH as PEI
· PDCCH based PEI
· By using DCI field bits that are not used by UE sub-grouping indication
· Sequence/RS based PEI
· By using additional sequences
Proposal 2: Support Alt-1 for the configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs:
· Alt-1: within initial DL BWP
· Alt-2: is not restricted by initial BWP 
· IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.
Proposal 3: support Alt 1 for the SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs. SCS of initial BWP is the SCS of CORESET #0 if CORESET #0 and SSBs have different SCS
· Alt1: same as initial BWP
· Alt2: configurable parameter 
Proposal 4: Support Alt-1 for the QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs in following alternatives: 
· Alt-1: from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS
· Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO 
Proposal 5: For Rel-17, only support the configuration of TRS for idle/inactive mode UEs.
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