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1.	Introduction
The objective for "Low-Power, High-Accuracy Positioning (LPHAP)" includes essentially four different topics for RAN2 [1]:
	· 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].



During the Study Item Phase it was agreed at RAN2#119e [2]:
	"RAN2 to consider at least the 'Low Power Periodic and Triggered 5GC-MT-LR Procedures' in TS 23.273.  Other procedures are not excluded from discussion."
A simplified/RAN-centric procedure of the 'Low Power Periodic and Triggered 5GC-MT-LR Procedures' in RRC_INACTIVE state as defined in section 6.7 of TS 23.273 [3] is shown in Annex A of this contribution (according to [4]) and is used as baseline for the discussion.
In this contribution, we discuss some remaining issues for the objectives above.
[bookmark: _Hlk127142154]2.	Pre-configuration of SRS for positioning
The following RAN2 agreements were made on SRS for positioning pre-configuration [5], [6], [7]:
Agreement:
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.

Agreements:
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.

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

For the SRS for positioning configuration with validity area, RAN2 agreed that RRCRelease can be used to provide the SRS configuration with validity area for use in RRC_INACTIVE [6]:
Agreements:
RRCRelease can be used to provide SRS configuration with validity area for use in RRC_INACTIVE.

This is the same as in Rel-17, as illustrated in Annex A (Step 10 in Figure A.1) and is because of the SDT Procedure #1 in Figure A.1 (Note, Figure A.1 shows the case for UL+DL. For UL-only, only the SDT procedure #1 would apply). When an Event is detected, the UE instigates a SDT procedure for SRB2 and sends an Event Report with a request for SRS configuration to an LMF (see TS 23.273 section 6.7.4/5 for further details). The LMF would then instigate the procedures to configure SRS in the target device like in RRC_CONNECTED state [8] and the gNB would provide the SRS configuration for RRC_INACTIVE in the RRCRelease to complete the SDT procedure.
However, to avoid frequent SRS (re)configurations (i.e., every time an Event is detected), the positioning SRS (with or without area validity) could be pre-configured in the target device (similar to pre-configured DL-PRS assistance data). That is, the target device has the necessary SRS configuration for RRC_INACTIVE already configured before an Event is detected. This SRS (pre-)configuration could happen when the deferred MT-LR is configured in the target device as illustrated in Figure 2-1 below. 
The LMF may configure the UE with SRS, LPP location request, and/or LPP assistance data, etc. at the "UE Positioning" step in Figure 2-1 (steps b. – e.; corresponding to Step 15 in TS 23.273, clause 6.3.1 [3]). After these steps, there would be a series of additional steps until the serving gNB may move the UE to RRC_INACTIVE state (via RRCRelease). Assuming the existing procedures for SRS configuration while the UE is in RRC_CONNECTED state (e.g., TS 38.305 [8] Figures 8.10.4-1, 8.13.3.4-1 and 8.14.3.4-1), the SRS for positioning (pre-)configuration can usually not be provided in the RRCRelease, since the gNB/LMF can not wait for step d. (NRPPa Positioning Information Response) after RRCRelease (Step i. in Figure 2-1). While the UE is in RRC_CONNECTED state, the SRS for positioning configuration is provided via RRCReconfiguration before the NRPPa Positioning Information Response is sent back to the LMF. The only difference here is that the SRS configuration is not the SRS-Config for RRC_CONNECTED state, but the SRS-PosRRC-InactiveConfig [9] (with or without validity area). Note, as mentioned above, the RRCRelease for providing the SRS configuration is appropriate when the SRS configuration happens in RRC_INACTIVE via SDT, as illustrated in Figure A.1 in the Annex. However, this results in SRS configuration each time an Event is triggered. 
For periodic pre-configured SRS for RRC_INACTIVE state, the UE could activate the SRS when transitioned to RRC_INACTIVE. For semi-persistent pre-configured SRS for RRC_INACTIVE state, the UE would wait for an activation MAC-CE (probably after sending the activation request message (via RRC Resume Request), as in Rel-17.
Observation 1:	The pre-configuration of positioning SRS can occur during the location preparation phase of the 'Low Power Periodic and Triggered 5GC-MT-LR Procedures' (e.g., together with the pre-configuration of DL-PRS assistance data, if applicable) in the same way as for RRC_CONNECTED state. 
Observation 2:	The pre-configuration of positioning SRS can normally not occur via RRCRelease.
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Figure 2-1: Deferred MT-LR with positioning SRS pre-configuration.
1b.	During the deferred MT-LR configuration phase (e.g., during step 15 of Figure 6.3.1-1 in TS 23.273 [3]), the LMF sends a NRPPa Positioning Information Request message to the serving gNB including a request for preconfigured positioning SRS. 
1c.	The serving gNB determines the positioning SRS configuration and provides it to the target device for transmission of positioning SRS by the target device when in RRC_INACTIVE state. 
1d.	The serving gNB provides the preconfigured positioning SRS to the LMF.
3.	After (or slightly before) an event is detected, the UE sends an RRC Resume Request to request permission to transmit the pre-configured SRS. 
4.	The receiving gNB sends a NRPPa Positioning Information Update message to the LMF including the cell ID of the current UE serving cell. 
5.	The LMF sends a NRPPa Measurement Request message to a group of gNBs/TRPs incl. the positioning SRS measurement configuration. The group of gNBs/TRPs for the UL measurements may be selected based on the current UE serving cell ID as received at Step 4.
6.	The receiving gNB sends an RRC Release message to the UE to release the UE to RRC_INACTIVE state along with an SRS activation MAC-CE.

Proposal 1:	RRC Reconfiguration can be used to provide SRS (pre-)configuration with or without validity area for use in RRC_INACTIVE.
Proposal 2:	RRC Release can be accompanied by a SP Positioning SRS Activation/Deactivation MAC CE. 
Proposal 3:	For periodic pre-configured SRS, the UE activates the SRS when transitioned to RRC_INACTIVE state.

The 'SRS deactivation request' could be the same as in Rel-17 [10] via NRPPa Positioning Deactivation as shown in Figure 2-2 below (in the case of UL+DL). 
[image: ]
Figure 2-2: Deferred MT-LR with LMF-triggered positioning SRS deactivation request.

3.	Alignment between eDRX and PRS configurations
The following RAN2 agreements were made on alignment between eDRX and PRS configurations [7]:
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.

For RRC inactive state, eDRX configuration for RAN paging is decided and configured by NG-RAN. In RRC inactive state the UE monitors both RAN and CN paging. Information on whether eDRX for CN paging and RAN paging is allowed on the cell is provided separately in system information. In CM_CONNECTED with RRC inactive state, the UE applies either the DRX cycle negotiated with AMF, or the DRX cycle broadcast by RAN or the UE specific DRX cycle configured by RAN, as defined in TS 38.300 [11] and TS 38.304 [12]. The UE wakes up to receive paging messages during Paging Occasions (PO) which occur every (e)DRX cycle and/or during the Paging Time Window (PTW) for RAN paging and/or CN paging. That is, a UE may have different wake-up cycles dependent on the (e)DRX configuration and cycle lengths for RAN and CN paging. 
The IE NR-On-Demand-DL-PRS-Information can currently only include the dl-prs-ResourceSetPeriodicityReq for up to 4 frequency layers [13]:
NR-On-Demand-DL-PRS-Information-r17 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF
														NR-On-Demand-DL-PRS-PerFreqLayer-r17

NR-On-Demand-DL-PRS-PerFreqLayer-r17 ::= SEQUENCE {
	dl-prs-FrequencyRangeReq-r17			ENUMERATED { fr1, fr2, ...},
	dl-prs-ResourceSetPeriodicityReq-r17	ENUMERATED { p4, p5, p8, p10, p16, p20, p32, p40,
													p64, p80, p160, p320, p640, p1280, p2560,
													p5120, p10240, p20480, p40960, p81920, ...}
																					OPTIONAL,
	dl-prs-ResourceBandwidthReq-r17			INTEGER (1..63)							OPTIONAL,
	dl-prs-ResourceRepetitionFactorReq-r17	ENUMERATED {n2, n4, n6, n8, n16, n32, ...}
																					OPTIONAL,
	dl-prs-NumSymbolsReq-r17				ENUMERATED {n2, n4, n6, n12, ...}		OPTIONAL,
	dl-prs-CombSizeN-Req-r17				ENUMERATED {n2, n4, n6, n12, ...}		OPTIONAL,
	dl-prs-QCL-InformationReqTRPlist-r17	DL-PRS-QCL-InformationReqTRPlist-r17	OPTIONAL,
	...
}

	dl-prs-ResourceSetPeriodicityReq
This field specifies the requested periodicity of the DL-PRS Resource Set in slots. The periodicity depends on the subcarrier spacing (SCS) and takes values 
slots, where for SCS of 15, 30, 60 and 120 kHz respectively. μ refers to the target devices current primary cell.



However, the DL-PRS periodicity alone is not sufficient to align the DL-PRS with (e)DRX "active time". The slot where the first DL-PRS Resource of the DL-PRS Resource Set occurs is defined by the parameter DL-PRS Resource Set Slot Offset, as illustrated in Figure 3-1. Therefore, the IE NR-On-Demand-DL-PRS-PerFreqLayer should also include a requested DL‑PRS Resource Set Slot Offset: 
NR-On-Demand-DL-PRS-Information-r17 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF
														NR-On-Demand-DL-PRS-PerFreqLayer-r17

[bookmark: _Hlk145399624]NR-On-Demand-DL-PRS-PerFreqLayer-r17 ::= SEQUENCE {
	dl-prs-FrequencyRangeReq-r17			ENUMERATED { fr1, fr2, ...},
	dl-prs-ResourceSetPeriodicityReq-r17	ENUMERATED { p4, p5, p8, p10, p16, p20, p32, p40,
													p64, p80, p160, p320, p640, p1280, p2560,
													p5120, p10240, p20480, p40960, p81920, ...}
																					OPTIONAL,
	dl-prs-ResourceBandwidthReq-r17			INTEGER (1..63)							OPTIONAL,
	dl-prs-ResourceRepetitionFactorReq-r17	ENUMERATED {n2, n4, n6, n8, n16, n32, ...}
																					OPTIONAL,
	dl-prs-NumSymbolsReq-r17				ENUMERATED {n2, n4, n6, n12, ...}		OPTIONAL,
	dl-prs-CombSizeN-Req-r17				ENUMERATED {n2, n4, n6, n12, ...}		OPTIONAL,
	dl-prs-QCL-InformationReqTRPlist-r17	DL-PRS-QCL-InformationReqTRPlist-r17	OPTIONAL,
	...,
	[[
[bookmark: _Hlk145399929]	dl-prs-ResourceSetSlotOffsetReq-r18		INTEGER (0..81919)						OPTIONAL
	]]
}
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Figure 3-1: Example of DL-PRS Resource Set configuration.

As mentioned above, a UE may have different wake-up cycles dependent on the (e)DRX configuration and cycle lengths for RAN and CN paging (e.g., may have to monitor paging inside and outside a PTW). Therefore, a single DL-PRS periodicity to align with (e)DRX "active time" may in general not be sufficient. However, the UE can already repeat the IE NR-On-Demand-DL-PRS-PerFreqLayer up to 4-times (nrMaxFreqLayers); i.e., may include two different dl-prs-ResourceSetPeriodicityReq and/or dl-prs-ResourceSetSlotOffsetReq. The NW may then configure "two" PRSs in two PFLs, or a single PFL with 2 sets, each with different periodicity for example. 

Proposal 4:	To align DL-PRS with (e)DRX, add a requested DL-PRS Resource Set Slot Offset parameter to the IE NR-On-Demand-DL-PRS-PerFreqLayer-r17. 

4.	Summary
In this contribution, we discussed the remaining issues for LPHAP. The following observation and proposals were made.
Observation 1:	The pre-configuration of positioning SRS can occur during the location preparation phase of the 'Low Power Periodic and Triggered 5GC-MT-LR Procedures' (e.g., together with the pre-configuration of DL-PRS assistance data, if applicable) in the same way as for RRC_CONNECTED state. 
Observation 2:	The pre-configuration of positioning SRS can normally not occur via RRCRelease.

Proposal 1:	RRC Reconfiguration can be used to provide SRS (pre-)configuration with or without validity area for use in RRC_INACTIVE.
Proposal 2:	RRC Release can be accompanied by a SP Positioning SRS Activation/Deactivation MAC CE. 
Proposal 3:	For periodic pre-configured SRS, the UE activates the SRS when transitioned to RRC_INACTIVE state.
Proposal 4:	To align DL-PRS with (e)DRX, add a requested DL-PRS Resource Set Slot Offset parameter to the IE NR-On-Demand-DL-PRS-PerFreqLayer-r17. 
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Annex A:	Low Power Deferred MT-LR Procedure with Event Reporting in RRC_INACTIVE state for UL+DL Positioning
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Figure A.1: Low Power Deferred MT-LR Procedure with Event Reporting in RRC_INACTIVE state for UL+DL Positioning.

1.	Steps 1-21 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273, clause 6.3.1 are performed. 
	The LMF may perform one or more positioning procedures at Step 15 of TS 23.273, clause 6.3.1 to request and obtain the UE positioning capabilities or provide any necessary assistance data to the target device.
	The LCS Periodic-Triggered Location Invoke at Step 16 of TS 23.273, clause 6.3.1 includes an embedded LPP Request Location Information message which indicates the allowed or required Multi-RTT location measurements for each location event reported.
	The UE is released by the last serving gNB from RRC_CONECTED to RRC_INACTIVE by RRCRelease with SuspendConfig. 
2.	The UE monitors for occurrence of the trigger or periodic event requested during step 1. 
3.	When an event is detected (or slightly before) the UE sends an RRC UL Information Transfer message containing an UL NAS Transport message along with the RRC Resume Request with SDT. The UE includes an LCS Event Report in the payload container of the UL NAS Transport message, and the Deferred Routing Identifier received during Step 1 in the Additional Information of the UL NAS Transport message as defined in TS 24.501.
	The LCS Event Report includes an embedded LPP Request Assistance Data message with IE NR-Multi-RTT-RequestAssistanceData and nr-AdType set to 'ul-srs' to request an UL-SRS for Multi-RTT positioning as specified in TS 37.355.
NOTE:	The receiving gNB of the UE when UE performs step 3 might be the same or different from the last serving gNB where the UE is released to the RRC_INACTIVE state. 
4.	The receiving gNB sends the LCS Event Report with the LPP Request Assistance Data message in an NGAP Uplink NAS Transport message to the serving AMF. The AMF determines the LMF from the Deferred Routing Identifier received in the Additional Information IE of the UL NAS TRANSPORT message and forwards the LCS Event Report with embedded LPP message via triggering Namf_Communication_N1MessageNotify service operation towards the LMF. The AMF also includes the Payload Container Type and the Correlation Identifier set to the Deferred Routing Identifier.
NOTE:	If the anchor gNB is not changed from the last serving gNB to the receiving gNB, the LCS event report is forwarded form the receiving gNB to the last serving gNB via XnAP message RRC TRANSFER as in TS 38.423. Subsequent downlink/uplink messages are also forwarded between last serving gNB to the receiving gNB via XnAP message RRC TRANSFER.
5.	The LMF sends a NRPPa Positioning Information Request message to the receiving gNB to request UL-SRS for the target device.
6.	The receiving gNB determines the resources available for UL-SRS.
7.	The receiving gNB provides the UL-SRS configuration information to the LMF in a NRPPa Positioning Information Response message.
8.	The LMF sends a NRPPa Measurement Request to a group of gNBs incl. the UL-SRS measurement configuration. 
9.	The LMF sends a SS LCS Event Report Acknowledgement to the receiving gNB. The receiving gNB then provides the SS Event Report Acknowledgement to the UE at Step 9b via Subsequent DL SDT.
10.	The receiving gNB sends a RRCRelease message with suspendConfig to keep the UE in RRC_INACTIVE state. The RRCRelease message includes the UL-SRS Configuration.
11.	The UE performs DL-PRS measurements and each configured TRP performs UL-SRS measurements.
12.	The UE sends an RRC UL Information Transfer message containing an UL NAS Transport message along with the RRC Resume Request with SDT. The UE includes the LCS Event Report and LPP Provide Location Information message in the payload container of the UL NAS Transport message, and the Deferred Routing Identifier received during Step 1 in the Additional Information of the UL NAS Transport message as defined in TS 24.501.
13.	The receiving gNB sends the LCS Event Report with the LPP Provide Location Information message in an NGAP Uplink NAS Transport message to the serving AMF. The AMF determines the LMF from the Deferred Routing Identifier received in the Additional Information IE of the UL NAS TRANSPORT message and forwards the LCS Event Report with embedded LPP message via triggering Namf_Communication_N1MessageNotify service operation towards the LMF. The AMF also includes the Payload Container Type and the Correlation Identifier set to the Deferred Routing Identifier.
14.	After performing the UL-SRS measurements, the gNBs provide the UL measurements to the LMF in a NRPPa Measurement Response message.
15. When all LPP Provide Location Information messages have been received, the LMF sends a SS LCS Event Report Acknowledgement to the receiving gNB. The receiving gNB then provides the SS Event Report Acknowledgement to the UE at Step 15b via Subsequent DL SDT.
16.	The receiving gNB sends a RRCRelease message with suspendConfig to keep the UE in RRC_INACTIVE state. 
17.	Steps 28-31 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273, clause 6.3.1 are performed.
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