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Introduction
In the RAN1#104b-e meeting, the agreements [1] in the appendix were achieved regarding potential TRS/CSI-RS occasion(s) for idle/inactive UEs. Starting from that, this contribution shares our views on more detailed enhancement for TRS/CSI-RS occasions for idle/inactive-mode UE power saving.

Discussion

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

In the previous meeting, the following working assumption was agreed:
	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


As explained before by our contribution [2], L1 indication on the availability of TRS/CSI-RS is more preferable because of less control overhead and shorter latency. Based on the assumption of UE behavior when PEI is not detected, network may or may not always transmit PEI before PO. In addition, PEI based indication is not usable when PEI is not configured. 
In addition, the bit number of availability indication may not always be concise, as it may include the availability/unavailability information for more than one TRS/CSI-RS configurations configured in SIB and potentially validity period related information. Now the supported number of configurations is not agreed yet. Therefore, using only PEI to indicate availability can be a bit challenging. PEI + paging DCI or only paging DCI can be possible options by high layer configuration.
Thus PEI and paging based availability indication can both be supported.
Proposal 1: Confirm the working assumption on L1 based signaling for TRS/CSI-RS availability indication. Both PEI and paging based signaling are supported.
On the other hand, if PDCCH-based PEI with sufficiently large payload (e.g. 41 bits) to contain indications for multiple POs with subgrouping and also availability/unavailability for more than one TRS/CSI-RS configurations, we are also open to discuss.

On signaling details
For the signaling details, the below two alternatives are identified in the agreement [1]:
· 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
In our opinion, as also mentioned in the email discussion, 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. To further achieve consensus on the details and manage the control overhead, the following aspects are proposed to discuss:
· The maximum number of TRS configurations supported by TRS/CSI-RS occasion(s) for the idle/inactive UEs in the SIB.
· A L1 signaling indicating availability/unavailability information covers,
· All the RS configurations configured in the SIB. Or
· Some of the RS configurations in the SIB. Which RS configurations out of all the configurations is determined by both SIB and L1 signaling.
Our view is that, if the supported maximum number of TRS configurations in the first bullet is relatively small, e.g. 2, all the RS configurations’ availability/unavailability information can be within the L1 signaling, as only 2 bits bitmap is sufficient. But on the other hand, if the TRS configurations in this AI could be as many as, for example 8, the bitmap of 8 bits can be a burden for L1 signaling design, depending the channel and performance requirement. Then some selective combinations by codepoints can be considered for overhead reduction. For both possibilities, we are open to discuss.
Proposal 2: Before agreeing on the signaling details, the maximum number of TRS configurations supported by TRS/CSI-RS occasion(s) should be agreed first. This has direct impact on the detailed L1 signaling design.
Considering the complexity of system design from both gNB and UE perspective, the supported number of TRS configurations should be minimized. For operation without beam sweeping, preferably only one TRS configuration can be sufficient. This is good for both network and UE implementation complexity and standardization effort. 
As for beam related operations, it is possible that gNB is able to share TRS in every possible spatial domain to IDLE/INACTIVE UEs. However, this is only valid for the case that gNB is constantly serving CONNECT UEs in all the beam directions with configured TRS, so that gNB would predict all the TRS would be stable enough to share with IDLE/INACTIVE UEs. In our understanding, this is not so typical case, although it may happen for highly loaded deployment in reality. The high load of macro cell would be more depending on SSBs and the light load of small cell would be more depending on specific TRS based on the availability of CONNECTED UEs. Therefore, to trade off the performance and signaling overhead, we also prefer to minimize the TRS configurations even for beam related operation.
Proposal 3: Supported number of TRS configurations in SIB should be minimized, for both operations with and without beam sweeping.

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.
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. On the other hand, for the case of switching from available to unavailable, it is 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.
Besides, when the L1 signalling does not indicate for all of the SIB configured TRS configurations, whether the previously indicated TRS availability is valid or not should also be clarified. This is also within the scope of validity periodic discussion.
Proposal 4: Validity period needs to be defined for L1 availability/unavailability indication of TRS/CSI-RS occasion(s) for IDLE/INACTIVE UEs. 

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Confirm the working assumption on L1 based signaling for TRS/CSI-RS availability indication. Both PEI and paging based signaling are supported.
Proposal 2: Before agreeing on the signaling details, the maximum number of TRS configurations supported by TRS/CSI-RS occasion(s) should be agreed first. This has direct impact on the detailed L1 signaling design.
Proposal 3: Supported number of TRS configurations in SIB should be minimized, for both operations with and without beam sweeping.
Proposal 4: Validity period needs to be defined for L1 availability/unavailability indication of TRS/CSI-RS occasion(s) for IDLE/INACTIVE UEs. 
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Appendix: Agreements from RAN1#104b-e meeting


Agreement:
SCS of TRS/CSI-RS occasion(s) for idle/inactive UEs is same as SCS of CORESET#0.

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

Agreement:
IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.
· Configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs is not restricted by initial BWP. 


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

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:
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
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