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1 Introduction
In this contribution, we discuss the remaining issues of TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving. 
2 Discussions
2.1 Issue #1: signalling method

In RAN1 #105-e, one working assumption was made to support paging PDCCH-based and PEI-based (if PDCCH-based PEI is supported) signalling for the TRS/CSI-RS availability indication. If the availability information is carried by PEI, the UE can skip paging PDCCH/PDSCH reception when it is not paged so that the power saving benefit can be maximized. On the other hand, if the UE or/and the network does not support/configure PEI, the availability information can be indicated by paging PDCCH. 
In RAN1 #106-e, some companies proposed to deprioritize the TRS availability indication signalling in PEI due to uncertainty on physical layer design of PEI and limited time. However, in RAN #93-e, the following conclusion was made to support PDCCH-based PEI. To facilitate the progress, it further agreed that the same mechanism/principle for TRS availability indication is adopted for paging PDCCH and PDCCH-based PEI if both DCI formats can support signalling of TRS availability indication. Based on the conclusion below, we don’t see the need to prioritize the discussion of paging PDCCH-based signalling.
	Conclusion for Issue 1.
· Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support

•      New DCI format

•      Higher layer configuration, including SS

•      Details of the procedures of PEI monitoring, and identification of MOs before PO

•      Only Behv-A (per RAN1#104e agreement) is supported 
•      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 




Observation 1: In RAN #93-e, PDCCH-based PEI was agreed. To facilitate the progress, it also agreed that the same mechanism/principle for TRS availability indication for both paging PDCCH and PDCCH-based PEI is adopted. Therefore, there is no need to prioritize the discussion of paging PDCCH-based signalling. The working assumption in RAN1 #105-e should be confirmed as a whole package.

As a result, we propose to confirm the working assumption in RAN1 #105-e.

Proposal 1: Confirm the following working assumption for TRS/CSI-RS availability information:
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.

· FFS whether and how to enable/disable L1 based availability indication configurable by SIB
One FFS for TRS/CSI-RS availability information is whether to support SIB-based signalling and whether SIB-based signalling and L1-based signalling can be configured simultaneously. From the views of proponents for SIB-based signalling, it can be utilized when (1) TRS/CSI-RS availability information is updated infrequently and (2) cell reselection. However, in our understanding, the L1-based signalling can support both infrequent and frequent update of TRS/CSI-RS availability information. Moreover, when cell reselection takes place, the UE assumes TRS/CSI-RS is not available at the configured occasion(s) before reading L1-based signalling. The power saving loss is limited and the system does not be broken. Considering that there is no significant benefit to configure SIB-based and L1-based signalling for TRS/CSI-RS availability information simultaneously, we have the following proposal.

Proposal 2: Support SIB-based signalling for TRS/CSI-RS availability information only when L1-based availability indication is not configured, i.e., SIB-based and L1-based availability indication cannot be configured simultaneously.
2.2 Issue #2: indication content
In this section, we will discuss how to indicate TRS/CSI-RS availability information through L1-based signalling. Two possible alternatives in RAN1 #106-e are listed as follows. 
	Agreement

Support at least one of the following alternatives
· Alt1: L1 at an occasion provides availability/unavailability information only for RS resources with the same QCL reference as the L1 availability indication occasion.
· Alt2: L1 availability indication at an occasion can provide availability/unavailability information for RS resources with QCL references not confined to be the same as for the L1 availability indication occasion
Note:  The occasion mentioned above refers to a signal/channel monitoring occasion (e.g. a paging PDCCH or PEI monitoring occasion) to provide the L1 availability indication. 

Note: a RS resource is a RS from configured TRS/CSI-RS occasion(s) for idle/inactive UEs., where the configuration for TRS/CSI-RS occasion(s) for idle/inactive UEs is based on periodic TRS only.




When paging PDCCH is used to indicate the TRS/CSI-RS availability information, in order not to impact the legacy UE, one method is to provide the availability indication in reserved bits. However, the number of reserved bit is limited. In addition to TRS/CSI-RS availability indication, the reserved bits may also be used for other features/future enhancements, therefore, they should be used carefully. Compared to Alt 2, Alt 1 can reduce the configuration overhead because the L1-based availability indication only needs to provide the information with the same QCL reference. Take FR2 for example, assume there are 3 RS resources configured in each beam. To indicate the availability information for all RS resource, 64×3 bits (if one-to-one mapping is considered) are needed in Alt 2 whereas only 3 bits are needed in Alt 1. Therefore, we support Alt 1 due to smaller signalling overhead.
Proposal 3: For L1-based TRS/CSI-RS availability indication, Alt 1 is supported for signalling overhead reduction.
· Alt1: L1 at an occasion provides availability/unavailability information only for RS resources with the same QCL reference as the L1 availability indication occasion.
2.3 Issue #2: validity time
The validity time of L1-based TRS/CSI-RS availability indication has been supported in RAN 1#106-e. But the time duration and reference point for validity time are FFS. In this section, we will discuss the detail of the following agreement.

	Agreement

L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs is valid for a time duration starting from a reference point, where

· the time duration can be determined based on at least one from the following (to be down-selected):
· Alt-1: configured by higher layer
· Alt-2: a predefined/configured window
· Alt-3: value indicated by the availability indication, where the value is one of multiple configured time duration(s)
· Alt-4: until when the UE receives another availability indication
· A combination of alternatives or other alternatives is not precluded.
· the reference point can be determined as at least one from the following (to be down-selected):
· Alt-1: start of next PO or DRX cycle
· Alt-2: time location where UE receives the indication
· Note: the time location is subject to application delay if agreed
· Alt-3: start of current PO or DRX cycle where UE receive the indication
· Alt-4: a time location which is configured by higher layer
· A combination of alternatives or other alternatives is not precluded.




The validity time can provide better configuration flexibility and reduce the signalling overhead for availability indication. With the validity time, it can reduce the possibility that network is forced to transmit TRS/CSI-RS on the configured occasion(s) if connected mode UE(s) does not exist anymore. In our view, the design of validity time is dependent on the chosen signalling method, e.g., SIB-based, paging PDCCH-based or PEI-based signalling. 
Firstly, we focus on the design of time duration. If the availability indication is signalled through PEI, then it is natural that the validity time is before PO, i.e., Alt 2, to reflect the immediate RS information. However, if SIB or paging DCI is used for availability indication, then the explicitly indicated validity time can be considered. For example, SIB to configure that the availability information is valid for next N paging cycles. For Alt3, it is not clear how large the additional gain can be achieved by dynamically indicating the validity time. Moreover, if Alt3 is adopted, it would be better to implicitly derive the value to minimize the signalling overhead.
Observation 2: The design of the validity time is relevant to the signalling method. For example, if PEI is used to signal the availability indication, then it is natural that the indication is valid before a PO to reflect the immediate information. However, if SIB or paging DCI is used, then the explicitly indicated validity time, e.g., next N paging cycles, by higher layer configuration can be considered.

Proposal 4: Further study the following alternatives for the validity time duration of TRS/CSI-RS availability indication at the configured occasion(s) to idle/inactive UEs.

· Alt 1: Configured by higher layer (e.g. SIB-based and paging DCI based signalling)
· Alt 2: A window before a PO (e.g. PEI-based signalling)
Second, regarding the reference point, with the specific definition of time duration, it is natural that the reference point is the time location where UE receives the indication no matter which TRS/CSI-RS availability indication is used. In addition, it is worth to note that the application delay should be long enough to accommodate the warm-up time of main receiver for TRS and PDSCH processing. Thus, we have the following proposal.
Proposal 5: Support the following alternative for the reference point of the validity time duration.
· Alt-2: time location where UE receives the indication
· Subject to [5] msec application delay

3 Conclusion
In this contribution, we provide our views on the remaining issues for TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving. Based on the discussions, we have the following observations and proposals.
Observation 1: In RAN #93-e, PDCCH-based PEI was agreed. To facilitate the progress, it also agreed that the same mechanism/principle for TRS availability indication for both paging PDCCH and PDCCH-based PEI is adopted. Therefore, there is no need to prioritize the discussion of paging PDCCH-based signalling. The working assumption in RAN1 #105-e should be confirmed as a whole package.
Proposal 1: Confirm the following working assumption for TRS/CSI-RS availability information:
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.

· FFS whether and how to enable/disable L1 based availability indication configurable by SIB
Proposal 2: Support SIB-based signalling for TRS/CSI-RS availability information only when L1-based availability indication is not configured, i.e., SIB-based and L1-based availability indication cannot be configured simultaneously. REF _Ref79074914 \h 
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Proposal 3: For L1-based TRS/CSI-RS availability indication, Alt 1 is supported for signalling overhead reduction.
· Alt1: L1 at an occasion provides availability/unavailability information only for RS resources with the same QCL reference as the L1 availability indication occasion.
Observation 2: The design of the validity time is relevant to the signalling method. For example, if PEI is used to signal the availability indication, then it is natural that the indication is valid before a PO to reflect the immediate information. However, if SIB or paging DCI is used, then the explicitly indicated validity time, e.g., next N paging cycles, by higher layer configuration can be considered.
Proposal 4: Further study the following alternatives for the validity time duration of TRS/CSI-RS availability indication at the configured occasion(s) to idle/inactive UEs.
· Alt 1: Configured by higher layer (e.g. SIB-based and paging DCI based signalling)
· Alt 2: A window before a PO (e.g. PEI-based signalling)

Proposal 5: Support the following alternative for the reference point of the validity time duration
· Alt-2: time location where UE receives the indication
· Subject to [5] msec application delay
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