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Introduction
In the RAN #88e meeting, 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 for Rel-17 idle and inactive UE power saving enhancements.
Validity Duration for TRS Availability Indication
In RAN1 #107-e, the following agreement was made for the validity duration of TRS availability indication [2]. It results in an unexpected case that if the reference point is determined by the physical timing relationship between the location where UE receives the availability indication and the default DRX cycle containing the reference point, PEI and paging PDCCH in PO can result in different validity durations even if the PEI-O and PO are associated with each other.
	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 
Note: Qualcomm and Huawei have concern on Alt a



A UE’s PO may fall in the time duration of the next default paging cycle after the default paging cycle that overlaps with the paging cycle associated with UE’s PO. This may occur if the UE’s PF is the last radio frame of the paging cycle. According to the following statement from TS 38.304, this is a valid configuration.
· NOTE 1: A PO associated with a PF may start in the PF or after the PF.
A similar issue exists for a UE’s PEI-O. The PEI-O may fall in the time duration of the default paging cycle prior to the default paging cycle that overlaps with the paging cycle associated with UE’s PO, according to the following RAN1 #107-bis-e agreement [3]. This may occur when the frame and symbol-level offsets are applied to the first radio frame of the paging cycle. An even worse case is that the PEI-O or PO may cross the boundary between two adjacent default paging cycles.
	Agreement
For PEI-O location determination:
· Range of PEI-F_offset, in unit of frame, is 
· Range of firstPDCCH-MonitoringOccasionOfPEI-O, in unit of symbol, is decided as one of the following alternatives:
· Alt-1: The same value range as firstPDCCH-MonitoringOccasionOfPO 



There are inconsistency problems for these cases.
Problem 1
If the PEI-O or PO crosses the boundary between adjacent default paging cycles, TRS availability indication carried by PEI or paging PDCCH transmitted on different beams will correspond to different validity durations. A TRS availability indication received before the boundary has a validity duration that is one default paging cycle earlier than that for the same TRS availability indication received after the boundary. This does not make sense.
Problem 2
Because one PEI-O can be mapped to multiple POs, all UEs associated with these POs will have the same understanding of TRS validity duration when they receive the TRS availability information from PEI, but these UEs may have different understanding of TRS validity duration if some POs fall before the boundary between adjacent default paging cycles and some POs fall after the boundary. This makes the design unreasonable as a UE’s PO which is determined by the UE’s ID implies different transmission duration of a same TRS.
Problem 3
For the same UE, its PEI-O and PO may fall into different default paging cycles. Then depending on whether the UE receives the TRS availability information from the PEI or from the paging PDCCH, its validity duration can be different. This inconsistency may be due to whether UE is paged or whether UE decides to receive the PEI or paging PDCCH. According to the RAN1 #107-bis-e agreement below, if the UE receives a PEI in one default paging cycle indicating its subgroup is paged and receives the associated paging PDCCH in the next paging cycle, it needs to extend the validity duration by one default paging cycle. The extension will occur when UE is paged and its PEI-O and PO fall in different default paging cycles. This is not reasonable because network did not decide to extend the transmission of the TRS for one more default paging cycle but because of the reference point design flaw.

	Agreement
UE can receive L1 based signaling for TRS availability indication before the expiration/end of validity duration associated with previous L1 based signaling for TRS availability indication 
· For each bit indicated as ‘1’ in the availability indication field of the current L1 based signaling TRS availability indication, the UE assumes the corresponding TRS resource set(s) are available from the reference point until the end of the validity duration associated with the current L1 based signaling indication.
· For each bit indicated as ‘0’ in the availability indication field of the current L1 based signaling, the UE keeps the existing current assumption on the availability or unavailability of the corresponding TRS resource set(s).
Note: the validity duration for different group of TRS resources sets correspond to different bits in the availability indication field can be different and are maintained independently. 
Note: CATT has concern on the power saving gain based on this agreement.





Figure 1: PEI-O or PO crosses paging cycle boundary

[bookmark: o1]Observation 1: The validity duration of TRS availability indication with current agreement has the following inconsistency problems
· TRS availability indication received on different beams may result in different validity durations for same TRS
· UEs of different POs associated with same PEI-O may have different understanding of validity duration depending on whether the UE receives the availability indication from PEI or from paging PDCCH
· If a UE receives both PEI and paging PDCCH in same PF, it may have to unnecessarily extend the validity duration by one default paging cycle

In theory, these problems can be resolved by network implementation. Network has to transmit the TRS over the union of validity durations for all UEs to account for all possibilities such as whether any UE is paged, whether the UE decides to receive the PEI or paging PDCH and whether the PEI or PO crosses boundary between default paging cycles. However, a small clarification can resolve these problems and make the design self-contained. Therefore, we prefer to adopt the following proposal in RAN1 #108-e.
[bookmark: p1]Proposal 1: Clarify in the agreement that “the current default DRX cycle” is the one that overlaps with the DRX cycle logically associated with the UE’s PEI or PO.
	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 
Note: Qualcomm and Huawei have concern on Alt a



Conclusions
In this paper, the following observation and proposal are made for the validity duration of TRS availability indication: 
Observation 1: The validity duration of TRS availability indication with current agreement has the following inconsistency problems
· TRS availability indication received on different beams may result in different validity durations for same TRS
· UEs of different POs associated with same PEI-O may have different understanding of validity duration depending on whether the UE receives the availability indication from PEI or from paging PDCCH
· If a UE receives both PEI and paging PDCCH in same PF, it may have to unnecessarily extend the validity duration by one default paging cycle

Proposal 1: Clarify in the agreement that “the current default DRX cycle” is the one that overlaps with the DRX cycle logically associated with the UE’s PEI or PO.
	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 
Note: Qualcomm and Huawei have concern on Alt a
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