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1 Introduction
A new release-18 work item on Expanded and Improved NR positioning was approved at RANP#98e meeting in December 2022 [1]. The work is basically based on the study item, reported in TR 38.859 ]2]. 
For Low Power High Accuracy Positioning (LPHAP) the objectives were as follows.

		
	
· 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].






At RAN2#122 meeting [3], a number of agreements were made:

Define an SRS for positioning validity-area specific TA timer (e.g., with larger values) for a UE in RRC_INACTIVE state.
- The UE starts/restarts the area-specific TA timer when it receives the TA command.
- The UE stops the SRS transmission when the area-specific TA timer expires.
- The UE stops the area-specific TA timer when it reselects to a cell out of the SRS validity area.
- Other stop/restart conditions can be discussed.
RAN2 consider that the LMF should determine the area-specific SRS configuration.  Details are up to RAN3.
LS to RAN3 to indicate this conclusion, including RAN1 to prompt them for parameters.  To be included in the LS from [AT122][415].
RAN2 will introduce an activation indication and/or request for preconfigured SRS using at least Msg3/MsgA; FFS if Msg1 would be supported also.  FFS RRC signalling or MAC CE for the Msg3/MsgA case, as for the configuration request.  This agreement does not imply that the UE will be allowed to transmit autonomously.


At RAN2#123 the following agreements were made [4]:

Agreements:
When the UE reselects out of the positioning validity area during SRS transmission, the UE may send an RRC message to the network for SRS configuration request. The SRS configuration request is sent in the RRC message RRCResumeRequest (18/18).
WA: A new resume cause is introduced for the above use case.
Periodic SRS is supported to be configured with validity area.  This agreement does not affect preconfigured SRS.
Activation/deactivation is not required for periodic SRS.  This agreement does not affect preconfigured SRS.
Aperiodic SRS is not supported to be configured with validity area.
RAN2 do not further consider providing pre-configured SRS via system information in Rel-18.
For the activation indication and/or request for preconfigured SRSs, RRCResumeRequest message is used, and 1-bit indication in the RRCResumeRequest is introduced for this use.
WA: The resume cause introduced for the SRS configuration request can be reused for the activation indication of the pre-configuration SRS.
Sending the activation indication and/or requesting for preconfigured SRS using Msg1 is not supported.

Agreement:
Semi-persistent SRS is supported to be configured with validity area, and RAN2 agree to reuse legacy mechanism to deactivate the SP SRS

Agreements:
At least alignment of PRS to fixed (e)DRX is supported.
At least UE-initiated on-demand PRS request procedure is supported for the alignment of the PRS configuration to the fixed (e)DRX configuration.
UE may utilize the positioning assistance data through posSIB or assistance data received in RRC_CONNECTED when UE is to perform positioning in RRC_IDLE.  No stage 3 impact is foreseen.
The following criterion needs to be defined for the start/re-start of the area-specific TA timer:
	Reception of RRCRelease message containing the SRS configuration (excluding pre-configured SRS)
The following criteria need to be defined for the stop of the area-specific TA timer (FFS other conditions):
	Reception of RRCResume message
	Reception of RRCSetup message
	Reception of RRCRelease message without SRS configuration

RAN1 has concluded their work on positioning with additional agreements in last meeting, see [5]. 

At RAN2#123bis [6] the following agreements were made related to LPHAP.

Introduce an autonomous TA adjustment enabler in the area-specific SRS configuration. If configured by the network, subject to UE capability, UE autonomously adjusts the stored RSRP when cell-reselection happens.
Maintain the WA that a new resume cause is introduced for SRS configuration request.  Implement the running CR accordingly and finalise the decision at next meeting when all WIs conclude.
There is only one SRS configuration per validity area.
Rely on network explicit release as a baseline for release of the SRS configuration in Rel-18.  FFS if any other solution is needed.  This agreement does not revert the existing agreement about stopping the area-specific TA timer when the UE reselects out of the validity area.

In this contribution we continue discuss SRS configuration and alignment of eDRX and PRS configuration, and we also have a discussion point related to Validity area and Timing Advance. 

2 Discussion 
2.2 Network triggered activation of UL-SRS transmission

Any Network triggered positioning procedure while the UE is in Idle/Inactive mode is currently not standardized, though it is part of the objectives in the Positioning study, it would be more relevant to discuss in the SDT session for Rel-18.

Observation 1: Network triggered MT-LR procedures for UEs in Idle/Inactive is currently not supported. 

The MT-SDT procedure would be suitable when network needs to trigger and potentially also configure a UE in RRC Idle/Inactive mode) to perform measurement and/or measurement reporting. 
Further, in some of scenarios the UE has been configured when in RRC Connected mode, or when being released from Connected mode to Idle/Inactive mode. In some other scenarios the UE is not configured at all, and hence needs both being triggered as well as configured in order to perform the positioning measurements and/or reporting. 

Proposal 1: Both alternatives, configuration triggered via MT-SDT or configured via RRC release should be considered.

Proposal 2: Introduce new parameter “positioning trigger indication”, in relation to the MT-SDT procedure to initiate/trigger the positioning procedure/measurements.

Alignment of DRX for paging monitoring and occasions for UL SRS transmissions. 

Alignment between DRX and DL-PRS is being discussed, but also for the case of UL-SRS transmission there could be a benefit to align these transmissions in Idle/Inactive mode, with the downlink paging monitoring, to save power and reduce the number of times the radio has been woken up.
 The SRS should e.g., be transmitted in relatively short time after the reception of paging message, such as relative to the start of DRX active time. Furthermore, in case, after the paging reception, the UE performs RACH procedure in which the timing advance acquiring information can be used to validate the SRS configuration. If the SRS configuration is still valid, the UE continues to perform SRS for positioning.

[bookmark: _Toc127358830][bookmark: _Toc118709848]Proposal 3: Support aligning the DRX on duration and UL SRS transmission for positioning and paging monitoring.

2.3 Alignment between eDRX and PRS configurations
In the RRC_IDLE/RRC_INACTIVE the operation of DRX and positioning procedure are performed independently from each other. This can result in an unnecessary UE power consumption as the UE needs to power on and off its receiver several times to perform both paging related and positioning related operations. To avoid such unnecessary wake-ups, there is therefore a need for positioning or DRX operation enhancements, where the operations of positioning and paging procedure can be aligned.

In the agreed work item one objective is related to alignment between eDRX and PRS. We consider this valid for any Idle/Inactive DRX scheme.

There can be two types of PRS transmissions, these are periodic and aperiodic (on-demand) PRS transmissions. Below, we describe an enhancement technique for each type. 

a) In case of aperiodic/event triggered PRS transmission, the PRS transmission (by gNB) is initiated by LMF, but triggered by a defined event such as movement, change of temperature etc. In this case, LMF is not aware of DRX occasion configuration, e.g., occasion time, periodicity, etc. We propose LMF to assign and optionally configure a PRS pattern to relevant gNB(s), and UE, that is aligned with the DRX pattern.
b)  In order to make the LMF aware of UE’s DRX pattern, UE reports to LMF, where the report contains the UE-ID, and/or its calculated DRX cycle/Paging Frame, i.e., in which SFN it will wake up to monitor Paging Occasion (PO). This report can be included in a new information Element IE, in the On-demand PRS request message. The LMF will then assign and configure a PRS pattern to relevant gNB and UE that is aligned with the configured DRX pattern
In case of periodic PRS transmission, we propose the gNB to adjust UE’s DRX occasion based on UE request so that it is aligned with PRS transmission. To facilitate this, we propose the UE calculates the distance in time between PRS occasion and DRX occasion. Then, the UE proposes a DRX offset to be used by the gNB (or AMF). Once, it is granted (by gNB of AMF), the UE is provided with the new (adjusted) DRX, 

Observation 2: Case a) has been agreed, but the alignment of of DRX cycle to the fixed PRS transmission has not been concluded.

Proposal 4: In case of periodic PRS transmission let the AMF (or gNB) align the UE DRX/PO to the Periodic PRS transmissions by adding an Offset to the UE-ID for PO calculation. 

2.4 Validity area and TA value
In legacy NR, timing advance plays important role for uplink transmission, including UL SRS transmission. The TA value is obtained during random access procedure. The UE transmits preamble (Msg1), gNB calculates the TA, then gNB provides the TA value to the UE via Msg2 during RACH procedure. The UE uses the TA for subsequent transmissions. The TA value is related to the serving cell it was released from.

A UE subject for LPHAP, can in some cases be considered as a moving device, including moving within the validity area. Depending on distance to base station, the UE may need to re acquire a new TA value. But re-obtaining a new TA value may require the LPHAP UE to perform RACH procedure, in which it may cost a non-negligible power consumption and signaling. On the other hand, not re-obtaining TA value could lead the LPHAP UE to use inaccurate TA and resulting the unsynchronized UL SRS reception at the gNB side. 

Observation 3: Reobtaining the TA value may require the LPHAP UE to perform RACH procedure, in which it may cost a non-negligible power consumption and signaling.

Hence, it would be beneficial for the UE to update the TA value without performing RACH procedure. 

At RAN2#123bis meeting it was agreed to “Introduce an autonomous TA adjustment enabler in the area-specific SRS configuration. If configured by the network, subject to UE capability, UE autonomously adjusts the stored RSRP when cell-reselection happens”.

But this would also be relevant when the UE is moving within the cell, the TA value may have to be adjusted.

The UE can adjust the TA based on downlink measurements, for example, based on SSB, DL-PRS reception. DL-PRS is designed for positioning purpose and typically transmitted in a wider bandwidth. The autonomous TA adjustment based on DL-PRS reception is expected to improve the accuracy of the new TA value. Hence, it improves the positioning estimation calculation. One can consider the adjustment of TA value using DL-PRS can be up to UE implementation. However, we consider the adjustment of TA value based on DL-PRS is expected to be better than SSB-based measurement, particularly when DL-PRS is transmitted with wider bandwidth. We consider it would be beneficial if the gNB provides indication which reference signal to be used for UE autonomous TA value adjustment.
[bookmark: _Ref127358773][bookmark: _Toc127358831]Proposal 5: Support the UE to adjust the TA value based on the downlink timing measurement.

3 Summary
In this contribution, we have discussed our view on potential positioning enhancements in NR. Our observations and proposals are listed below:
Observation 1: Network triggered MT-LR procedures for UEs in Idle/Inactive is currently not supported. 

Proposal 1: Both alternatives, configuration triggered via MT-SDT or configured via RRC release should be considered.
Proposal 2: Introduce new parameter “positioning trigger indication”, in relation to the MT-SDT procedure to initiate/trigger the positioning procedure/measurements.
Proposal 3: Support aligning the DRX on duration and UL SRS transmission for positioning and paging monitoring.
Observation 2: Case a) has been agreed, but the alignment of of DRX cycle to the fixed PRS transmission has not been concluded.

Proposal 4: In case of periodic PRS transmission let the AMF (or gNB) align the UE DRX/PO to the Periodic PRS transmissions by adding an Offset to the UE-ID for PO calculation. 
Observation 3: Reobtaining the TA value may require the LPHAP UE to perform RACH procedure, in which it may cost a non-negligible power consumption and signaling.
Proposal 5: Support the UE to adjust the TA value based on the downlink timing measurement.
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