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1. Introduction
In previous meetings, main issues to support TRS for IDLE/inactive UEs have been resolved [1]. In this contribution, we will discuss remaining issues on TRS for idle and inactive UE power saving. 
2. [bookmark: _Ref498564494]TRS availability
2.1. [bookmark: _Hlk521582650]    Relation between PEI and paging DCI
For L1 availability indication, it was discussed whether L1 availability is provided in both PEI, if configured, and paging PDCCH, and whether the same information is provided in these two channels. In our understanding, the L1 availability should be provided at least in paging DCI to enable the indication for UEs not capable of receiving PEI. If PEI is configured, which is used to indicate whether UE is required to receiving paging PDCCH. It is not power efficient for UEs capable of PEI reception to still obtain L1 availability in paging PDCCH. Therefore, if L1 availability indication is enabled, it should be provided in both PEI (if configured) and paging DCI.
[bookmark: PP1]Proposal 1:  If L1 availability indication is enabled, and if PEI is configured, availability indication is provided in both PEI and paging DCI.
2.2. Candidate values for validity duration
For validity duration, the preliminary value range is discussed in RAN1#107, and the following agreements are achieved.
	Agreement
For the validity duration configured by higher layer at least for paging PDCCH based L1 availability indication, support
· time unit is one default paging cycle,
· applicable values: {1, 2, 4, 8, 16, 32, [64], [128], [256],[512]}
When the validity duration is not configured, UE assumes a default time duration to be 2 default paging cycle(s)


Large values for candidate validity duration are still under discussion. The validity duration is counted in unit of default paging cycles, while UE can be configured with e-DRX, which contains many default paging cycles. Considering the paging rate may be very low, the validity for previous paging DCI indicated TRS resource would be lost. To facilitate UEs with long DRX cycle and low paging rate to obtain power saving benefits, the validity duration should be as long as possible. Validity duration with{64, 128, 256, 512} default paging cycles should be supported.
[bookmark: PP2]Proposal 2: Validity duration with {64, 128, 256, 512} default paging cycles should be supported.
2.3. Availability indication during the validity duration
In RAN1#107, reference point for start of validity duration for TRS is concluded, while whether the availability indication can be transmitted multiple times in the validity duration is still under discussion.
	Agreement
The reference point for start of the validity duration is SFN of the first PF from the current default DRX cycle where UE receives the availability indication
· FFS: Whether the availability indication is transmitted [only once] during the validity duration 


The main purpose to limit the availability indication transmitted only once during the validity duration is to avoid extending of validity duration, which would lead to endless TRS transmission. 
However, such limitation is not necessary. NW should have flexibility to indicate TRS availability to prolong the TRS transmission when the TRS transmission is stable. If TRS transmission would be released, NW can send new indication to turn off the transmission but not immediately. The validity duration, if not expired, determined based on previously received PEI or paging PDCCH, is still running, and the availability of TRS transmission before expiration of the validity duration can still be guaranteed by NW. Even if UE miss detects the ‘turn off’ indication, UE will not assume the TRS transmission after the validity duration either. 
From UE perspective, if availability indication is transmitted only once during the validity duration, the newly camped UE may not take advantage of TRS resources for tens or hundreds of default paging cycles, which greatly reduce the significance of the TRS resources for idle and inactive UEs. 
[bookmark: PP3]Proposal 3:  Availability indication can be transmitted multiple times during the validity duration.
2.4. Validity time for PEI based TRS availability indication
For PEI monitoring, the monitoring occasion is defined as PEI-O, which can be located in different PF from that for POs for paging PDCCH monitoring. Based on PO determination rule and conclusions in AI 8.7.1.1, PO can be located in the first frame of a DRX cycle, and PEI is offset to PO in frame level. In this case, the frame for PEI may be in previous paging cycle of corresponding paging PDCCH. If either Alt-1 or Alt-2 is applied for both paging DCI and PEI, it may lead to different understanding of expiration of validity time. Take Alt-2 as an example, the ending time of the TRS transmission for the availability indication for same TRS resource in PEI and paging DCI is offset by one paging cycle, as shown in Figure 2. The same issue would occur if Alt-1 is adopted.
[bookmark: OB1]Observation 1: PO for a UE can be located in the first frame of a DRX cycle, and PEI is offset to PO in frame level, which lead to the frame for PEI may be in previous DRX cycle of the associated paging PDCCH.


Figure 1. different ending time for validity time duration according to PEI and paging DCI
To address above issue, the ending time of the expiration of validity duration should be aligned. For PEI based availability indication, the reference time of the start of validity duration follows the reference time for the associated occasion for the paging DCI, i.e., UE assumes the L1 availability is detected in the associated paging DCI when determine the starting time of validity duration. 
[bookmark: PP4][bookmark: PP9]Proposal 4: For PEI based availability indication, the reference time of the start of validity duration follows the reference time for the associated monitoring occasion for the paging DCI, i.e., UE assumes the L1 availability is detected in the associated paging DCI when determine the starting time of validity duration.
· Adopt the TP in Annex of R1-2200084.
3. RRC parameters for TRS resources
	Agreement
For the maximum number of TRS resource sets configured by higher layer, X,
· X = 64
· FFS: the number of configured TRS resource sets is not larger than the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1


In last meeting, whether the number of configured TRS resource set can be larger than the number of actual transmitted SSBs indicated by SIB1 is FFS. In our understanding, multiple TRS resources with the same SSB as QCL source can be configured by NW if these TRS resources are already provided to connected UEs, and idle/inactive UEs can achieve more power saving benefits if more TRS resources can be provided.
[bookmark: PP5]Proposal 5: The number of configured TRS resource sets can be larger than the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1.
4. Handling of TRS availability indication for RRC connected UEs
Paging PDCCH is supported to indicate TRS availability. For RRC connected UEs, UE also need to monitor paging PDCCH if configured. Hence, Rel-17 RRC connected UEs can also be aware of the availability of TRS resources configured for idle/inactive UEs, although the TRS resource for idle/inactive UEs may not be configured to RRC connected UE through dedicated signaling. 
In last meeting, it was discussed that whether RRC connected UE should ignore the availability indication in paging DCI. According to TS 38.331, RRC connected UEs only monitor short message, i.e., PWS and SI change indication, in paging DCI. Following the same rule, RRC connected UE does not need to monitor TRS availability indication field in paging DCI. It can be up to UE implementation whether to use the available TRS for T/F tracking. However, if paging indicated TRS resources are overlapping with PDSCH, RRC connected UE does not perform rate matching on these TRS resources.
[bookmark: PP10][bookmark: PP6]Proposal 6: RRC connected UE are not required to monitor availability indication field in paging DCI. It can be up to UE implementation whether to use the available TRS for T/F tracking.
· If paging indicated TRS resources are overlapping with PDSCH, RRC connected UE does not perform rate matching on these TRS resources.
Conclusions
In this contribution, we discussed on the remaining issues for TRS transmissions for idle/inactive UEs, and we have the following proposals.
Proposal 1:  If L1 availability indication is enabled, and if PEI is configured, availability indication is provided in both PEI and paging DCI.
Proposal 2: Validity duration with {64, 128, 256, 512} default paging cycles should be supported.
Proposal 3:  Availability indication can be transmitted multiple times during the validity duration.
[bookmark: _GoBack]Observation 1: PO for a UE can be located in the first frame of a DRX cycle, and PEI is offset to PO in frame level, which lead to the frame for PEI may be in previous DRX cycle of the associated paging PDCCH.
Proposal 4: For PEI based availability indication, the reference time of the start of validity duration follows the reference time for the associated monitoring occasion for the paging DCI, i.e., UE assumes the L1 availability is detected in the associated paging DCI when determine the starting time of validity duration.
· Adopt the TP in Annex of R1-2200084.
Proposal 5: The number of configured TRS resource sets can be larger than the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1.
Proposal 6: RRC connected UE are not required to monitor availability indication field in paging DCI. It can be up to UE implementation whether to use the available TRS for T/F tracking.
· If paging indicated TRS resources are overlapping with PDSCH, RRC connected UE does not perform rate matching on these TRS resources.
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Annex
10.4B	Indication of TRS resources
A UE in RRC_IDLE state or RRC_INACTIVE state can be provided by TRS-ResourceSetConfig a set of TRS occasions [6, TS 38.214]. If TRS-ResourceSetConfig is provided, a DCI format 2_7 with CRC scrambled by RNTI or a DCI format 1_0 with CRC scrambled by P-RNTI includes a TRS availability indication field [4, TS 38.212] that provides a bitmap to groups of TRS resource sets where the configuration of each TRS resource set includes an association to a bit of the bitmap. The UE can be additionally provided a multiple, by validityDuration, for a number of frames provided by defaultPagingCycle for TRS resource sets with indicated presence; if validityDuration is not provided, the multiple is equal to 2. A value of ‘1’ for the bitmap in the DCI format 1_0 with the TRS availability indication field indicates presence of associated TRS resource sets for the multiple of the number of frames, starting from a SFN determined from  [17, TS 38.304] that corresponds to the frame that includes a PDCCH providing the DCI format 2_7 or the DCI format 1_0 with the TRS availability indication field indicating the TRS resource sets, where  is provided by defaultPagingCycle. A value of ‘1’ for the bitmap in the DCI format 2_7 indicates presence of associated TRS resource sets for the multiple of the number of frames, starting from a SFN determined from  [17, TS 38.304] that corresponds to the frame that includes a PDCCH format 1_0 associated with the DCI format 2_7.
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