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Introduction
The Rel-18 WID [1] for NR positioning includes the enhancements for LPHAP. 
	· Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:
· Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]
· Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.
· NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.
· NOTE: Inputs from RAN1 as necessary may be facilitated via LSs
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].
· SRS for positioning configurations in multiple cells [RAN2, RAN1]. 
· Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].
· [bookmark: _Hlk122087734]SRS for positioning activation/request procedure(s) [RAN2, RAN1].
· Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].
· Specify solutions for alignment between eDRX and PRS configurations [RAN2].
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



In RAN4#108 [2], the issues on eDRX cycle in INACTIVE were discussed. 
	Issue 1-1-1: RAN eDRX cycle length (related to RAN2 LS R2-2306841)
· Agreement (from AH session)
· eRedCap agreed eDRX cycle lengths are sufficient for positioning in RRC_INACTIVE from RAN4 perspective.
Issue 1-1-2: TDRX in PRS requirements with RAN eDRX <= 10.24s
· Wayforward
· Option 1: 
· When CN eDRX <= 10.24 s, TDRX is defined as T in Rel-17 TS 38.304.
· When CN eDRX > 10.24 s, TDRX is set to the maximum of the T inside and outside of the CN PTW, where T inside and outside of the CN PTW are defined in Rel-17 TS 38.304.
· Option 2: 
· Based on T calculation in clause 7.1 of TS 38.304
Issue 1-1-3: Tavailabe in PRS requirements with RAN eDRX > 10.24s
· Wayforward
· Option 1: 
· Tavailable is defined as PRS periodicity TPRS.
· Option 2: 
· Tavailable is LCM (TPRS,i, TDRX), and TDRX is the maximum of the DRX cycles within the CN PTW and the RAN PTW, according to RAN2 definitions of UE DRX cycle in Rel-18 eRedCap.
· Option 3: 
· FFS
[bookmark: _Hlk143076898]Issue 1-1-4: Start of PRS measurement with RAN eDRX > 10.24s
· Agreement (from online session)
· Use the following assumptions on the start of PRS measurement to derive the requirements
· When eDRX cycle is smaller or equal to configured PRS measurement reporting periodicity, UE starts positioning measurement within PTW
· When eDRX cycle is longer than configured PRS measurement reporting periodicity, positioning measurement start is not limited to PTW
Issue 1-1-5: RRM measurement requirements
· Agreement (from online session with update)
· For the case when UE is configured to perform PRS measurements or to perform SRS transmission for positioning
· When eDRX cycle is smaller or equal to configured PRS measurement reporting periodicity (if PRS measurement is configured) and configured SRS transmission periodicity (if SRS transmission for positioning is configured), RRM measurements for positioning needs are performed within PTW
· Otherwise, RRM measurements for positioning needs are not limited to PTW
· RRM measurements for positioning needs include at least RRM measurement for cell reselection
Issue 1-1-6: Scaling of legacy requirements related to eDRX
· Agreement 
· RAN4 to reuse the existing framework of requirements rather than introducing a new scaling factor.
Issue 1-1-7: eDRX and PRS alignment
· Wayforward
· Option 1: 
· RAN4 to wait for progress in RAN2 on alignment between eDRX cycle and PRS configuration before evaluating its impact on PRS measurement requirements.
· Option 2: 
· RAN4 not to define applicability condition for PRS measurement requirements related to alignment between (e)DRX and PRS configuration.
Issue 1-1-8: Relation between measurement window and PTW
· Wayforward
· Option 1: 
· RAN4 shall clarify the relationship between the processing window and the PTW in Inactive state.



Also, RAN4#108 discussed SRS positioning validity area.
	Issue 1-2-1: Determination of UL timing to transmit SRS (related to RAN1 LS R1-2306248)
· Question 1: whether it is feasible for UE to autonomously adjust the TA when cell-reselection happens
· Agreement (from AH session)
· It is feasible for UE to autonomously adjust the TA when cell-reselection happens within the validity area.
· Question 2: how UE should autonomously adjust the TA when cell-reselection happens, if confirmed to be feasible
· Wayforward (from AH session)
· FFS: How UE should autonomously adjust the TA when cell-reselection happens, if confirmed to be feasible:
· Option 1: UE autonomously adjusts the TA based on twice of the DL timing difference, and use the requirements for one shot large UL timing adjustment in clause 7.1.2.3 as baseline. 
· Option 2: autonomously adjusts the TA based on the DL timing difference, to maintain the same UL timing immediately before and after each cell reselection.
· Question 3: thresholds for the one-shot autonomous TA adjustment, if agreed to be applied
· Wayforward (from AH session)
· Threshold for the one-shot autonomous TA adjustment is FFS.
· Question 4: UL timing requirements for the subsequent SRS transmission after the one-shot autonomous TA adjustment, if agreed to be applied
· Wayforward (from AH session)
· UL timing requirements for the subsequent SRS transmission after the one-shot autonomous TA adjustment, if agreed to be applied is FFS
Issue 1-2-2: Impact of SRS positioning validity area
· Wayforward
· Option 1: 
· UE restarts Rx-Tx time difference measurement after autonomous adjustment of UL timing.
· Option 2: 
· RAN4 shall study the RRM impact including the applicability of UE Rx-Tx measurement requirements once the design in RAN1 and RAN2 is stable.




In RAN4#108, PRS measurement in IDLE was discussed. 
	Issue 1-3-1: Tavailable in PRS requirements
· Wayforward
· Option 1: 
· for both cases with eDRX <= 10.24s and eDRX > 10.24s, TDRX is modified to follow the RAN2 definition of T in Rel-17 TS 38.304.
Issue 1-3-2: Start of PRS measurement with CN eDRX > 10.24s
· Agreement
· Follow same agreement in Issue 1-1-4.  
Issue 1-3-3: Transition requirements
· Agreement
· Transition requirements for cell reselection and RRC state change defined for PRS measurement in RRC_INACTIVE in R17 are reused for RSTD, PRS-RSRP(P) measurement in RRC_IDLE 




RRM core requirements are discussed in this contribution and few proposals on further proceedings are made. 
Discussion
The impacts to RRM core requirements for some of the above enhancements are discussed in this section.
eDRX cycle beyond 10.24s in INACTIVE
[bookmark: _Hlk142513386]TDRX in PRS requirements with RAN eDRX <= 10.24s 
It is agreed that the requirements for RRC_INACTIVE state in R17 can be reused as baseline. To discuss the possible adaptations to the baseline, TDRX in the measurement period formula can be determined by following the RAN2 definition of UE DRX cycle. In either case when CN eDRX ≤ 10.24 sec or CN eDRX > 10.24 sec, TDRX can be set to the DRX value defined in TS 38.304 as baseline. Additionally, other adaptations can be considered if they are possible. For example, in Option 1, the maximum value of the DRX cycles is used to set the value of TDRX. In this case, the measurement period inside and outside of CN PTW could use the maximum value. Considering this option, the maximum time period of a DRX cycle can be compared to and considered with the PTW lengths so that it is studied whether using a maximum DRX cycle inside and outside of CN PTW is beneficial to UE. To further consider such an adaptation, a discussion on possible adaptations of DRX cycle may be needed. 
TDRX is determined by following the RAN2 definition on DRX cycle, and RAN4 further discusses other possible adaptations on DRX cycle on the top of baseline. 

Tavailabe in PRS requirements with RAN eDRX > 10.24s 
It is agreed that PRS measurements are not limited to PTW. It is needed to discuss how to update Tavailable for UE in RRC_INACTIVE state. For instance, to derive the measurement periodicity, the definition is given by . For a purpose of positioning, Tavailable in the requirements needs to be updated when eDRX cycle is much larger than positioning interval. To add a flexibility to the adaptation on Tavailable, RAN4 can discuss how to define Tavailable in PRS measurement requirements with eDRX >10.24 sec.
RAN4 to define Tavailable in PRS measurement requirements with eDRX > 10.24 sec.

RRM measurement requirements
When the eDRX cycle is extended for LPHAP in Rel-18, the interval for positioning could be shorter than the eDRX cycle. Therefore, when UE is trying to perform PRS measurement or SRS transmission outside of a PTW, the synchronization between UE and the serving/reference cell can be lost as the UE may not perform RRM measurements outside of the PTW, i.e., during the sleeping time. If the UE is not tightly synchronized to the network, it is difficult to guarantee the accurate positioning measurement. In this case, since the UE is not tightly synchronized to the network, it is beneficial for UE to perform additional RRM measurement, even outside of the PTW. 
For the case when UE is configured to perform PRS measurements or to perform SRS transmission for positioning, when eDRX cycle is smaller or equal to configured PRS measurement reporting periodicity (if PRS measurement is configured) and configured SRS transmission periodicity (if SRS transmission for positioning is configured), RRM measurements for positioning needs are performed within PTW. Otherwise, RRM measurements for positioning needs are not limited to PTW. When RRM measurements for positioning is needed, RAN4 should define how RRM measurement is performed for positioning specific needs. Therefore, RAN4 should define how and when to start measurement for additional RRM measurements for positioning needs. For example, the closest SSB before PRS measurement outside of PTW can be measured to check if UE can normally perform PRS measurement. Also, when the RRM measurement is not performed inside of PTW, the RRM measurement frequency or measurement occasion needs to be clarified. 
RAN4 to define how and when to start measurement for additional RRM measurements outside of PTW for positioning needs.

eDRX and PRS/SRS alignment
It is needed to align eDRX cycle and PRS configuration based on RAN2 progress. A potential issue is the condition of the alignment. For example, the distance between PTW and the resources of the PRS configuration can be discussed. To this end, RAN4 should wait for the RAN2 progress before studying the impact on PRS measurement requirements.
Wait for RAN2 progress before studying RRM impact of alignment between eDRX and PRS configuration.

Relation between measurement window and PTW
It was discussed whether a clarification is needed about the relationship between PRS processing window (PPW) and the PTW in Inactive state. Therefore, RAN4 should first discuss whether PPW can be configured in RRC Inactive state. 
RAN4 to first discuss whether PPW can be configured in RRC Inactive state in order to clarify the relationship between PPW and PTW.

SRS positioning validity area
Determination of UL timing to transmit SRS 
In RAN4#108, it was discussed the feasibility of UE to autonomously adjust the TA when cell-reselection happens. RAN4 concludes that it is feasible for UE to autonomously adjust the TA when cell-reselection happens within the validity area. Next, it is needed to discuss how UE should autonomously adjust the TA when cell-reselection happens. 
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Figure 4. TA adjustment for transmit timing.
For SRS positioning validity area, when cell reselection is performed, UE has the old DL reception reference timing and the new DL reception reference timing, respectively. In particular, the old DL reception reference timing is determined at a serving cell when the UE is configured with a multi-cell SRS. UE also measures a new DL reception reference timing from a DL PRS transmitted from a TRP. If the DL timing changes, for example, due to cell reselection, the TA should be autonomously adjusted so that UE can maintain the identical transmit timing in SRS transmission for a positioning purpose. Also, RAN4 should investigate the allowable error margin of (i) transmit timing and (ii) DL timing difference, respectively. 
UE should autonomously adjust TA based on the DL timing difference to maintain the identical transmit timing for SRS transmission, when DL timing changes largely.
RAN4 to investigate the allowable error margin of the transmit timing and also the DL timing difference between old and new DL reception reference timing.

PRS measurement in IDLE
Tavailable in PRS requirements
RAN4 will discuss Tavailable for UE in Idle state. To this end, we can use a similar approach as considered in RRC Inactive state. In particular, Tavailable will be  where TDRX is the DRX cycle. In this case, for both cases where eDRX ≤ 10.24 sec and eDRX > 10.24 sec, respectively, TDRX can be given by following the RAN2 definition of T in 38.304.
TDRX can follow the RAN2 definition of T in TS 38.304.

Conclusion
The scope of RRM impacts for Rel-18 Expanded and Improved NR positioning is investigated in this contribution.
The following proposals are made.	
1. TDRX is determined by following the RAN2 definition on DRX cycle, and RAN4 further discusses other possible adaptations on DRX cycle on the top of baseline.
RAN4 to define Tavailable in PRS measurement requirements with eDRX > 10.24 sec.
RAN4 to define how and when to start measurement for additional RRM measurements for positioning needs.
Wait for RAN2 progress before studying RRM impact of alignment between eDRX and PRS configuration.
RAN4 to first discuss whether PPW can be configured in RRC Inactive state in order to clarify the relationship between PPW and PTW.
UE should autonomously adjust TA based on the DL timing difference to maintain the identical transmit timing for SRS transmission, when DL timing changes largely.
RAN4 to investigate the allowable error margin of the transmit timing and also the DL timing difference between old and new DL reception reference timing.
TDRX can follow the RAN2 definition of T in TS 38.304.
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Annex 
The agreements related to LPHAP positioning in RAN1#114 are captured below. 
	Agreement
For SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, the power control parameters p0 and alpha per resource set are commonly configured across cells within the validity area.

Agreement
From RAN1 perspective, candidate values larger than 10240 ms for PRS and/or SRS periodicity, e.g., 20480 ms, can be introduced.
· FFS: specification impact on PRS/SRS configuration.
· Send LS to RAN2 asking them to work on the higher layer signalling details (e.g., specific values of periodicity, hyper SFN information in the configuration, etc.)

Agreement
The draft LS to RAN2/RAN3 in R1-2308570 is endorsed.
Final LS in R1-2308571.

Agreement
With regards to the reference RS for the RSRP change for TA validation:
· Alt1: The downlink pathloss reference for TA validation (stored RSRP) is derived from the cell where UE determines the latest valid TA:
· If UE maintains the TA from the last serving cell, the stored RSRP of the downlink pathloss reference is derived from SSBs of the last serving cell.
· otherwise when UE determines to autonomously adjust TA when enabled by the network and when cell re-selection occurs, if confirmed by RAN4, the stored RSRP of the downlink pathloss reference is updated with a new value derived from SSBs of the current camping cell.
· Send LS to RAN2 stating that there is no consensus in RAN1 regarding the reference RS for the current RSRP derivation for TA validation but it can be further discussed in RAN2. 

Agreement
The draft LS in R1-2308648 is endorsed.
Final LS in R1-2308649.

Conclusion
For power control of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, UE can be configured with a CD-SSB as the pathloss RS, or with a CD-SSB or NCD-SSB at least for RedCap UE as the pathloss RS. No specification impact is expected from RAN1 perspective.

Agreement
For spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, on suspension of the transmission of an SRS resource for positioning, a UE is expected to keep monitoring the configured RS for spatial relation, and if the UE determines that it is being accurately measured, the UE resumes the SRS transmission.

Agreement
Suggest replying the first question that the eDRX cycle lengths agreed for eRedCap are sufficient for positioning in RRC_INACTIVE state. 

Agreement
Suggest replying the second question as follows: 
· RAN1 has agreed the following area-specific parameters for SRS for positioning configurations in a validity area:
· inactivePosSRS-TimeAlignmentTimer 
· inactivePosSRS-RSRP-ChangeThreshold 
· BWP parameters
· locationAndBandwidth
· subcarrierSpacing
· cyclicPrefix
· srs-PosConfig
· SRS-PosResourceSet
· srs-PosResourceSetId
· srs-PosResourceIdList
· resourceType
· p0 and alpha
· pathlossReferenceRS-Pos
· SRS-PosResource
· srs-PosResourceId
· transmissionComb
· resourceMapping
· freqDomainShift
· freqHopping
· groupOrSequenceHopping
· resourceType
· sequenceID
· spatialRelationInfoPos
· In addition, from RAN1’s perspective, the area-specific parameters should also include the following:
· A list of PCIs defining the positioning area
· autonomous TA adjustment enabler

Agreement
The draft LS in R1-2308348 is endorsed as a reply to RAN2.
Final LS in R1-2308349.




