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Introduction

According to the WID on expanded and improved NR Positioning [1], one of the objectives is LPHAP. The detailed objectives are duplicated as following.

	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].

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].




LPHA positioning was discussed in last RAN4 meeting, a WF was agreed[2]. This contribution provides further discussion on this topic.

Discussion  
2.1 eDRX in Inactive

	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.


For RAN eDRX <= 10.24s, according to the agreed WF in last meeting [2], it was agreed to define PRS measurement requirements for RedCap and non-RedCap UEs. And the requirements for RRC_INACTIVE state in R17 can be reused as baseline. One of the open issues is whether to modify TDRX in the measurement period formula.  In legacy inactive positioning requirements, TDRX is DRX cycle length. For DRX, up to 2.56s DRX cycle is considered. While for eDRX, up to 10.24s eDRX cycle is considered. TDRX need to be updated to TeDRX.
Proposal 1: for positioing in inactive state with eDRX <= 10.24s , TDRX is updated to TeDRX.

For RAN eDRX > 10.24s, it was agreed that the requirements for RRC_INACTIVE state can be used as baseline. The related issue is how to update Tavailable.  Tavailable is LCM (TPRS,i, TDRX), which is the least common multiple between TPRS,i and the DRX cycle length TDRX.  TPRS,i is the periodicity of DL PRS resource with muting on positioning frequency layer i. One proposal is to to exclude the DRX cycle when eDRX cycle is much larger than positioning interval. We can undersdand the motivation since the eDRX cycle could be up to 2.9h, which can not satisfy the positioing interval defined in SA 1 for LPHAP use case 6. On the other hand, totally remove DRX cycle may be not good for power saving. In last meeting PRS measurements are not limited to PTW, from this point of view, it is proposed to still use DRX cycle in Tavailable and the value of DRX cycle could be the maximum one used in/outside PTW. According to RAN2 design, the T used in PTW is related with CN configured DRX cycle, RAN configured DRX cycle, default paging cycle broadcast in system information, T used outside PTW is UE specific DRX value configured by RRC.
Proposal 2: for positioing in inactive state with eDRX > 10.24s, no matter PRS measurements is performed within PTW or outside PTW, it is proposed that Tavailable is LCM (TPRS,i, TDRX), and TDRX is max (DRX cycle used in PTW, DRX cycle used outside PTW).
2.2 PRS measurement in IDLE
	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.



For idle mode, similar as the discussion above for inactive state, for eDRX <= 10.24s , TDRX is updated to TeDRX, for eDRX > 10.24s, no matter PRS measurements is performed within PTW or outside PTW, it is proposed that Tavailable is LCM (TPRS,i, TDRX), and TDRX is the  DRX cycle used in PTW.
Proposal 3: for positioing in idle state with eDRX <= 10.24s , TDRX is updated to TeDRX.
Proposal 4: for positioing in idle state with eDRX > 10.24s, no matter PRS measurements is performed within PTW or outside PTW, it is proposed that Tavailable is LCM (TPRS,i, TDRX), and TDRX is max (DRX cycle used in PTW, DRX cycle used outside PTW).
For transition requierments, in Rel-17 positioning in inactive state, the impact due to state trasition and cell re-selection are considered for RSTD measurement, PRS-RSRP measurement, UE Rx-Tx time difference measurements, PRS-RSRPP measurement. In April meeting, it was agreed that RAN4 will specify NR positioning requirements in RRC_IDLE for DL-only positioning methods and measurements [3]. In detail,  UE Rx-Tx is not considered as DL-only measurement, and no requirement would be defined for UE Rx-Tx in RRC_IDLE. For RSTD measurement, PRS-RSRP measurement, PRS-RSRPP measurement in our view, the transition requiements specified for inactive measurement can be reused.

Proposal 5: for RSTD measurement in Idle mode, 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. 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.
Proposal 6: for PRS-RSRP/PRS-RSRPP measurement in Idle mode, if cell re-selection occurs while PRS-RSRP/PRS-RSRPP measurements are being performed, then the UE shall continue and complete the on-going PRS-RSRP/PRS-RSRPP measurements after the cell selection is completed. The PRS-RSRP/PRS-RSRPP measurement period can be longer. If the RRC state transition occurs from RRC_IDLE to RRC_CONNECTED state during the PRS-RSRP/PRS-RSRPP measurement period then the UE shall continue the PRS-RSRP/PRS-RSRPP measurement in the RRC_CONNECTED state. The PRS-RSRP/PRS-RSRPP measurement period can be longer.
Conclusion

This contribution provides discussion on LPHAP. The proposals are:

Proposal 1: for positioing in inactive state with eDRX <= 10.24s , TDRX is updated to TeDRX.

Proposal 2: for positioing in inactive state with eDRX > 10.24s, no matter PRS measurements is performed within PTW or outside PTW, it is proposed that Tavailable is LCM (TPRS,i, TDRX), and TDRX is max (DRX cycle used in PTW, DRX cycle used outside PTW).
Proposal 3: for positioing in idle state with eDRX <= 10.24s , TDRX is updated to TeDRX.
Proposal 4: for positioing in idle state with eDRX > 10.24s, no matter PRS measurements is performed within PTW or outside PTW, it is proposed that Tavailable is LCM (TPRS,i, TDRX), and TDRX is max (DRX cycle used in PTW, DRX cycle used outside PTW).
Proposal 5: for RSTD measurement in Idle mode, 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. 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.
Proposal 6: for PRS-RSRP/PRS-RSRPP measurement in Idle mode, if cell re-selection occurs while PRS-RSRP/PRS-RSRPP measurements are being performed, then the UE shall continue and complete the on-going PRS-RSRP/PRS-RSRPP measurements after the cell selection is completed. The PRS-RSRP/PRS-RSRPP measurement period can be longer. If the RRC state transition occurs from RRC_IDLE to RRC_CONNECTED state during the PRS-RSRP/PRS-RSRPP measurement period then the UE shall continue the PRS-RSRP/PRS-RSRPP measurement in the RRC_CONNECTED state. The PRS-RSRP/PRS-RSRPP measurement period can be longer.
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