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Introduction
For TRS enhancement for IDLE/INACTVE UEs, the below agreements were achieved in RAN1#106-e meeting [1]:
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Agreement
Support at least one of the following alternatives
· Alt1: L1 availability indication 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.
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.
Agreement
For a RS resource configured for TRS/CSI-RS occasion(s) for idle/inactive UEs, a quasi co-location type can be determined as 
· ‘typeC’ with an SS/PBCH block and, when applicable, ‘typeD’ with the same SS/PBCH block

This document provides our further detailed views on the TRS availability/unavailability indication and validity time.

Discussion

On L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs

On whether PEI supports the availability indication, the following working assumption was agreed at RAN1#105e meeting [2]:
	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



It is noted that only Behv-A is supported, which means network may or may not always transmit PEI before PO. In addition, PEI based indication is not usable when PEI is not configured. 
It is also agreed in the RAN#93-e meeting that [3]:
	•      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


This means there will not be additional standardization efforts to support TRS availability indication in both PEI and paging PDCCH. Thus, PEI and paging based availability indication can both be supported.
Proposal 1: Confirm the working assumption to support both PEI and paging based signaling for TRS/CSI-RS availability indication.

On QCL reference for L1 indication occasions and TRS resources

In one of the previous meeting agreements, two alternatives were generated for further down selecting whether to support implicit association between TRS availability indication occasion and the QCLed RS resource.
	Agreement
Support at least one of the following alternatives
· Alt1: L1 availability indication 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.



In general, Alt2 does not restrict the L1 indication occasion and the indicated RS resource, which has better flexibility but larger overhead, while Alt1 may save some signalling overhead but the usable indication occasion for each RS resource is restricted. In our view, the restriction in Alt1 leads to following issues:
· Delay of the L1 availability indication. In RRC_IDLE/INACTIVE mode, to maintain one or several best beams, UE needs to make use of more than one SSBs and available TRS. As the L1 indication occasions (for both paging PDCCH or PEI) are in time sequential order for SSB/Beams, it is possible that a UE may miss a particular TRS resource availability/unavailability indication QCLed with a certain SSB/Beam index and can only wait for the next paging cycle. Until UE is able to receive the availability indication in the next paging cycle, UE can not enjoy the benefit for serving cell measurement and paging reception brought by the additional TRS occasions.
· In some cases, some more overhead or ambiguity between network and UE may happen. As a result of using Alt1, for a UE that may only receive and be aware of the TRS resource availability/unavailability QCLed with one SSB/beam index, if it were about to reselect a new beam, the UE is not able to know the availability/unavailability status of the TRS resource QCLed with the newly selected beam. Therefore, two consequence may happen depending on how gNB implements:
· Assuming that L1 indication is not always transmitted, e.g. all the TRS resources availability/unavailability are still valid starting from the last time when they changed and network may not transmit paging PDCCH or PEI to deliver the indication, UE may have some ambiguous understanding on the availability and can only assume the TRS QCLed with the current selected beam is not available. Thus, such ambiguity between gNB and UE may lead to inefficient deployment of this feature in a way that some UEs are not able to enjoy the benefit.
· To avoid above mentioned issue, gNB needs to always transmit the L1 indication to avoid ambiguity with UEs, even when TRS availability does not change frequently. This may lead to some unnecessary system overhead.

Therefore, it is proposed that the indication is not limited by Alt1.
Proposal 1: Regarding association between TRS availability indication occasion and the QCLed TRS resource, Alt2 is adopted and the indication should not be limited by Alt1.

On the other hand, for Alt2, the most general option is that the availability of all the TRS resource configured in SIB are indicated in any of the L1 indication occasions. In this case, the control signalling overhead can become remarkable if TRS resources are configured QCLed with large number of SSB/beams and the availability/unavailability status changes frequently. Therefore, to save L1 signalling overhead, the below mechanism should be considered.
If the total number of configured TRS resources is smaller than a threshold, L1 availability indication in each occasion may cover all the SIB configured TRS resources. If not, the availability of only a subset of the configured TRS is indicated in each L1 indication occasion. How to decide the subset can be configured for each indication occasion. The subset can also be decided by the L1 indication occasion QCL reference, e.g. the TRS resource QCLed with adjacent SSB indices/beams, which takes possible UE IDLE/INACTIVE mode mobility into account.
Proposal 2: The total number of TRS resources included in the L1 availability indication in each occasion should be limited by a maximum value. FFS on how a subset is decided in case the SIB configured TRS resource is more than the maximum value.

On bitmap or codepoint
For the signaling details, the below two alternatives are identified in the agreement [4] of RAN1#104b-e meeting:
	· 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



The follow further agreements [2] were achieved in RAN1#105-e meeting:
	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


 
In our opinion, there is no essential difference between the two alternatives. Regarding using bitmap or codepoint, we do not see fundamental difference as well, as bitmap is also a type of codepoint, although codepoint can be used to save some control overhead when it is not necessary to support every states by bitmap. As shown by the Proposal 2, we suggest to agree on a maximum number that the L1 indication may support for TRS resources.
Our view is that, if the supported maximum number of TRS configurations in each L1 indication occasion is relatively small, e.g. 3, in this case only 3 bits bitmap is sufficient. But on the other hand, if the TRS configurations in L1 indication could be as many as, for example 8, the bitmap of 8 bits can be a burden for L1 signaling design, depending the channel condition and performance requirement. Then some selective combinations by codepoints can be considered for overhead reduction. For both possibilities, we are open to discuss.
Proposal 3: Depending on the maximum number of TRS configurations supported by L1 availability indication, to decide whether to use bitmap or codepoint.

On validity period
After UE receives the TRS availability/unavailability indication, to avoid potential ambiguity or misalignment between gNB and UE, further clarification on when the TRS is valid is needed. Regarding this, the following agreement was achieved in the RAN1#106-e meeting.
	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.



· For the case of switching from unavailable to available, for a certain TRS configuration, it is possible that the RS starts to be transmitted either before or after the L1 indication. UE only needs to expect the RS is present for sure from a time instance. 
· For the reference point of starting time, we prefer the Alt-1 or 3 that the start of current or next PO can be used. This may provide gNB implementation flexibility and does not cost any additional control overhead.
· Regarding the validity time duration, it is good to provide gNB flexibility to decide how long the TRS shall be transmitted. Thus one or more duration configured by higher layer can be used. If multiple time durations are configured, L1 indication may select one of them. Then our preference is Alt-1 and Alt-3.
· On the other hand, for the case of switching from available to unavailable, it is a necessary operation to indicate in advance before gNB stops transmitting the TRS. Otherwise, if gNB firstly stops transmitting the TRS and then indicates the unavailability, this may cause UE ambiguity before the indication starts to be valid. Give this reason, the validity starting time can be as short as possible. This is beneficial for gNB to flexibly switch off the TRS once the unavailability indication starts to be valid. 
· Thus for this case, to define the reference point, we support Alt-2 that the time location decided by where UE receives the indication, which is subject to application delay. 
· Regarding the time duration, our view is UE continues to assume the TRS is not available until UE receives the next indication. This is Alt-4 in the agreement.
Therefore, in our view, the natural difference of gNB implementation should be taken into account regarding starting and stopping transmitting the TRS. To define the validity time of the TRS availability/unavailability indication, we proposed to employ separate schemes between cases of switching from unavailable to available and switching from available to unavailable.

Proposal 4: Validity period for L1 TRS availability/unavailability indication is defined as follows:
· For the case of switching from unavailable to available
· The starting reference point is start of current or next PO.
· The time duration is configured by higher layer. If more than one values are configured, L1 indication selects one of them.
· For the case of switching from available to unavailable
· The starting reference point is the time location decided by where UE receives the L1 indication, which is subject to application delay.
· The time duration is absent by default. UE shall assume the TRS is not available until it receives another indication.
Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Regarding association between TRS availability indication occasion and the QCLed TRS resource, Alt2 is adopted and the indication should not be limited by Alt1.
Proposal 2: The total number of TRS resources included in the L1 availability indication in each occasion should be limited by a maximum value. FFS on how a subset is decided in case the SIB configured TRS resource is more than the maximum value.
Proposal 3: Depending on the maximum number of TRS configurations supported by L1 availability indication, to decide whether to use bitmap or codepoint.
Proposal 4: Validity period for L1 TRS availability/unavailability indication is defined as follows:
· For the case of switching from unavailable to available
· The starting reference point is start of current or next PO.
· The time duration is configured by higher layer. If more than one values are configured, L1 indication selects one of them.
· For the case of switching from available to unavailable
· The starting reference point is the time location decided by where UE receives the L1 indication, which is subject to application delay.
· The time duration is absent by default. UE shall assume the TRS is not available until it receives
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