[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #108	R4-2313530
Toulouse, France, August 21 – 25, 2023

Source:	Nokia, Nokia Shanghai Bell
Title:	RRM Core Requirements for LPHAP Use Case 6 in NR Positioning 
Agenda item:	8.22.3.3
Document for:	Discussion
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#107 [2], the issues on eDRX cycle in INACTIVE were discussed. 
	Issue 1-1-1: Whether to define PRS requirements with RAN eDRX <= 10.24s
· Agreement (from online session)
· Define PRS measurement requirements with eDRX <= 10.24s for RedCap and non-RedCap UEs
Issue 1-1-2: PRS requirements with eDRX <= 10.24s, if defined
· Agreement (from AH session)
· The requirements for RRC_INACTIVE state in R17 can be reused as baseline. Details are FFS.
· Wayforward
· Discuss possible adaptations on top of the baseline.
· Option 1: the requirements for RRC_INACTIVE state in R17 can be reused as baseline
· When CN eDRX <= 10.24 s, TDRX in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
· When CN eDRX > 10.24 s, TDRX in the measurement period formula is set to the maximum of the DRX cycles inside and outside of the CN PTW, according to the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
· Option 2: other
Issue 1-1-3: Baseline for PRS requirements with RAN eDRX > 10.24s
· Agreement (from AH session)
· The requirements for RRC_INACTIVE state with DRX cycle up to 2.56 s in R17 can be used as baseline for RAN eDRX cycle > 10.24 s. Details are FFS.
Issue 1-1-4: Number of samples for PRS requirements with RAN eDRX > 10.24s
· Agreement (from AH session)
· Both normal and reduced sample numbers are applicable for PRS measurement delay requirements in RRC_INACTIVE state
Issue 1-1-5: Tavailable for PRS requirements with RAN eDRX > 10.24s
· Agreement (from online session)
· PRS measurements are not limited to PTW 
· PRS measurements start instance is FFS
· Option 1: PRS measurements start within the PTW
· Option 2: PRS measurements start is not limited to PTW
· Wayforward
· Further discuss possible adaptations on Tavailable. 
· Option 1: 
· Tavailable in the requirements needs to be updated to exclude the DRX cycle when eDRX cycle is much larger than positioning interval
· Option 2: 
· RAN4 to discuss how to define Tavailable in PRS measurement requirements with eDRX >10.24s assuming PRS measurement is not limited to PTW
· Option 3: 
· TDRX in the measurement period formula is set to 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.
· The measurement period starts on the first eDRX cycle inside the next PTW that contains PRS resources in the assistance data. The measurement period can extend beyond the end of the PTW or the union of PTWs (if two PTWs overlap in a PH).
· Option 4: 
· RAN4 to update Tavailable in the requirements after PRS measurement occasion during eDRX cycle longer than 10.24s is settled.
· Option 5: other
Issue 1-1-6: Scaling of legacy requirements related to eDRX
· Wayforward
· Option 1: 
· The legacy measurement period can be used as baseline and define or update a scaling factor related to eDRX in the period requirement calculation.
· Option 2: 
· RAN4 should reuse the existing framework of requirements rather than introducing a new scaling factor.
· Option 3: 
· RAN4 to postpone discussion on the need for any scaling factor related to eDRX in the period requirement calculation until issues related to eDRX > 10.24s are settled.
Issue 1-1-7: eDRX and PRS/SRS alignment
· Wayforward
· Option 1: 
· RAN4 to study the conditions of alignment between eDRX and PRS/SRS configuration, e.g. the distance between PTW and PRS/SRS resource should be less than Tms.
· Option 2: 
· RAN4 to wait for progress in RAN2 on alignment between eDRX cycle and PRS configuration before evaluating its impact on PRS measurement requirements.
· Option 3: 
· Further study whether and how to take the alignment between eDRX and PRS configuration into account based on RAN2 progress
Issue 1-1-8: RRM measurement requirements
· Wayforward
· Option 1: 
· RAN4 not to define cell reselection requirement for the determination of validation area.
· Option 2: 
· RAN4 to define RRM measurement requirements for positioning specific needs with RRM measurement not limited to PTW, details are FFS.





Also, RAN4#107 discussed SRS positioning validity area.
	Issue 1-2-1: Impact of SRS positioning validity area
· Wayforward
· Option 1: 
· RAN4 to update the applicability condition of UE Rx-Tx requirements “SRS is configured on the PCell” to e.g. “SRS configuration is valid for the PCell”.
· RAN4 to wait for further RAN1 progress on SRS UL timing before discussing applicability condition of UE Rx-Tx requirements related to UL timing change.
· Option 2: 
· Wait for further progress in RAN1 and RAN2 to determine the RRM impact of SRS configuration enhancements in RRC_INACTIVE.






In RAN4#107, PRS measurement in IDLE was discussed. 
	Issue 1-3-1: NRx,TEG,i  and NRxBeam,i in measurement period requirements
· Agreement (from AH session)
· Reuse values from Rel. 17 for NRx,TEG,i, and NRxBeam,i in positioning measurement delay requirements for RRC_IDLE state subject to RAN1/RAN2 agreement on UE capability for reduced beam sweeping factor in RRC_IDLE.
Issue 1-3-2: Number of samples in measurement period requirements
· Agreement
· Both normal and reduced sample numbers are applicable for PRS measurement delay requirements in RRC_IDLE state.  
Issue 1-3-3: Tavailable for PRS requirements
· Wayforward
· Option 1: 
· When eDRX <= 10.24 s, TDRX in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304.
· When eDRX > 10.24 s, 
· TDRX in the measurement period formula is modified to follow the RAN2 definition of UE DRX cycle in Rel-17 TS 38.304 
· the measurement period starts on the first eDRX cycle inside the next PTW that contains PRS resources in the assistance data. The measurement period can extend beyond the end of the PTW. 
· Option 2: other 
Issue 1-3-4: Reporting delay requirements
· Agreement (from AH session)
· Reuse the same wording related to the extra delay for transition to RRC_CONNECTED in Rel-17 reporting delay requirements in RRC_INACTIVE for RRC_IDLE.  
Issue 1-3-5: Transition requirements
· Wayforward
· Option 1: 
· When UE changes its state from RRC_IDLE to RRC_CONNECTED, or cell reselection occurs while performing PRS measurement then the following rules apply:
· If the RRC state transition occurs from RRC_IDLE to RRC_CONNECTED state during the RSTD measurement period, then the UE shall continue the RSTD measurement in the RRC_CONNECTED state. The RSTD measurement period can be longer.
· If cell re-selection occurs while RSTD measurements are being performed, then the UE shall continue and complete the on-going RSTD measurements after the cell selection is completed. The RSTD measurement period can be longer.
· Option 2: other 
Issue 1-3-6: Accuracy requirements
· Agreement
· The accuracy requirements on the reduced sample number should be discussed as a part of performance requirement.





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]PRS requirements with eDRX <= 10.24s, if defined 
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. 

Tavailable for PRS requirements with RAN eDRX > 10.24s
It is agreed that PRS measurements are not limited to PTW. Also PRS measurements start instance is FFS. 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. It is ideal to start to PRS measurements within the PTW. To add a flexibility to the adaptation on Tavailable, we prefer an option that PRS measurement start is not limited to PTW. RAN4 should discuss how to define Tavailable in PRS measurement requirements with eDRX >10.24 sec if PRS measurement start is not limited to PTW.
RAN4 to define Tavailable in PRS measurement requirements with eDRX > 10.24 sec when PRS measurement start is not limited to PTW.

Scaling of legacy requirements related to eDRX
The legacy measurement period can be used as baseline when defining the scaling factor for period requirement with eDRX. Therefore RAN4 should reuse the existing framework of requirements rather than introducing a new scaling factor. In addition, since the issues on eDRX > 10.24 sec are currently discussed, it is also possible to postpone the related discussion such as a scaling factor for eDRX in the period requirement calculation until the eDRX issues are concluded. 
RAN4 to reuse the existing framework of requirements rather than introducing a new scaling factor.

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.

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. Thus RAN4 can study RRM measurement requirements for positioning specific needs assuming that RRM measurement is not limited to PTW. 
RAN4 to define additional RRM measurement requirements for positioning specific needs when RRM measurement is not limited to PTW.

SRS positioning validity area
Impact of SRS positioning validity area
The measurement and measurement reporting requirements can be investigated considering the change of SRS positioning validity area for LPHAP in RRC_INACTIVE. For area-based SRS configuration, when a validity area consists of multiple cells, the UE can continue sending SRS without the update of SRS configurations if it remains within the coverage of any of the cells in the validity area. Therefore, SRS configuration could not change when moving to a different cell within a validity area. Otherwise, if the UE leaves the validity area, a new SRS configuration may be required for UE. Therefore, any measurement period and measurement reporting requirements need to be specified. 
The RRM impact of SRS positioning validity area depends on the progress in RAN1. RAN1#113 discussed the UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area as shown in Annex. RAN4 would study the RRM impact including the applicability of UE Rx-Tx measurement requirements. For example, RAN4 can update the applicability condition of UE Rx-Tx requirements to state that SRS configuration is valid for the PCell. Also, RAN4 can study other issues such as the applicability condition of UE Rx-Tx requirements when SRS UL timing changes. In this case, it can be feasible to have UE behavior that the UE can keep the current SRS transmission timing when cell-reselection happens in order to guarantee the UL timing-measurement accuracy. The study on the UL timing change can be started once the design in RAN1 is stable. 
SRS configuration should be valid for PCell in an applicability condition. 
RAN4 to wait for the progress in RAN1 before determining the RRM impact of SRS UL timing change. 

PRS measurement in IDLE
Transition requirements
When UE changes its state from RRC_IDLE to RRC_CONNECTED, or cell reselection occurs, RAN4 can study the transition requirements. For PRS measurement, if the RRC state transition occurs from RRC_IDLE to RRC_CONNECTED state during the RSTD measurement period, UE can continue the RSTD measurement in the RRC_CONNECTED state. Also, if cell re-selection occurs while RSTD measurements are being performed, UE can continue the on-going RSTD measurements. We however first need to consider the case where PRS measurement is performed in IDLE state. When PRS measurement is performed in RRC_IDLE state, the measurement reporting is done in RRC_CONNECTED state. Therefore, a delay between measurement and reporting can be expected, and the amount of reporting delay can be studied. 
The reporting delay for PRS measurements in RRC_IDLE should consider an extra delay for transition to RRC_CONNECTED state. 
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 when PRS measurement start is not limited to PTW.
RAN4 to reuse the existing framework of requirements rather than introducing a new scaling factor.
Wait for RAN2 progress before studying RRM impact of alignment between eDRX and PRS configuration.
RAN4 to define additional RRM measurement requirements for positioning specific needs when RRM measurement is not limited to PTW.
SRS configuration should be valid for PCell in an applicability condition. 
RAN4 to wait for the progress in RAN1 before determining the RRM impact of SRS UL timing change. 
The reporting delay for PRS measurements in RRC_IDLE should consider an extra delay for transition to RRC_CONNECTED state. 
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Annex 
The agreements related to LPHAP positioning in RAN1#113 are captured below. 
	Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support:
· Alt. 2-1 (modified): Reuse the configuration of pathloss RS in Rel-17;
· FFS: A CD SSB or non-CD SSB can be configured as pathloss RS
· If the UE determines that the pathloss RS cannot be accurately measured, pathloss may be calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB.

Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, when the spatial relation information is provided in the configuration, support:
· Alt. 1-1: Reuse the configuration of spatial relation information in Rel-17.
· When the UE determines that the configured RS for the spatial relation information cannot be accurately measured, the UE suspends the transmission of the SRS for positioning resource.


Agreement
For the determination of UL timing to transmit SRS for positioning by UEs in RRC_INACTIVE state within the SRS positioning validity area, support the following to determine a valid TA:
· The DL reference timing follows the DL timing of current camping cell.
· By default, UE maintains the TA from the last serving cell.
· UE can adjust its UL timing according to the change in DL reference timing.
· If configured by the network, subject to UE capability, UE autonomously adjusts the TA, when cell-reselection happens.
· Send LS to RAN4 asking about feasibility and necessary conditions (e.g. whether the above behaviour applies when the DL reference timing difference between the last camping cell and current camping cell exceeds a threshold and how UE adjusts it, or additional RRM procedure to obtain the timing difference).

Agreement
The draft LS in R1-2306247 is endorsed. Final LS in R1-2306248.







