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1.	Introduction
The objectives for "Low-Power, High-Accuracy Positioning (LPHAP)" includes the following on SRS configuration enhancements [1]:
	· 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].



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.
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

Agreements:
RAN2 consider that the LMF should determine the area-specific SRS configuration.  Details are up to RAN3.

The goal of the 'SRS for positioning configuration enhancements' is to avoid frequent SRS configuration signalling. Currently, as illustrated in Figure A.1 in the Annex, an SRS for positioning is configured in the target device every time an Event is detected (Steps 3-10 in Figure A.1). This is not necessary when the SRS for positioning can be pre-configured during instigation of the deferred MT-LR (e.g., during step 1 in Figure A.1), similar to pre-configured DL-PRS assistance data. I.e., the UE can have a valid SRS for positioning configuration already stored before an Event is detected which would then only need to be activated when the Event happens.  The 'SRS activation request' can then be sent to the receiving gNB (i.e., does not need to be sent to an LMF as in Figure A.1 in the Annex). In addition, if the SRS configuration is associated with a validity area, cell reselection would not necessarily abort the UE SRS transmission. 
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Figure 2-1: Deferred MT-LR with positioning SRS pre-configuration.

1a.	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. 
1b.	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. 
1c.	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.

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. 
Proposal 1:	The NRPPa POSITIONING INFORMATION UPDATE message can include the Cell-ID/Cell Portion ID of the UE's serving cell.

The 'SRS deactivation request' could be the same as in Rel-17 [8] via NRPPa Positioning Deactivation as shown in Figure 2-2 below (in the case of UL+DL). 
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Figure 2-2: Deferred MT-LR with LMF-triggered positioning SRS deactivation request.


Proposal 2:	The NRPPa POSITIONING DEACTIVATION message is also used to deactivate pre-configured and activated SRS for positioning in the UE.

3. 	SRS for Positioning Configuration with Area Validity
At RAN3#121, the discussions on how to coordinate SRS resources within an SRS validity area continued with the following agreements/conclusions:
	RAN3#121:
WA: LMF provides the validity area as a list of cells, and SRS recommendation to the serving gNB. The serving gNB replies with a single SRS configuration (as in legacy positioning information exchange procedure).
The details of the SRS recommendation are FFS e.g. SRS configuration or requested SRS transmission characteristics with additional information.
FFS on whether the serving gNB includes a list of cells identifying a modification of the validity area in the response message to the LMF.


[bookmark: _Hlk139929506]As agreed by RAN1 [5], [6], [7], all SRS configuration parameters (except for pathloss reference and spatial relation) are common across all the cells in the validity area. The legacy "Requested SRS Transmission Characteristics" included in the NRPPa Positioning Information Request can only request some basic SRS information from the serving gNB of the UE [8]:
-	Number of periodic transmissions
-	Resource Type
-	Bandwidth
-	Number of SRS Resources per set
-	Periodicity
-	Spatial Relation and Pathloss References
-	SSB Information
-	SRS Frequency
Based on the above "Requested SRS Transmission Characteristics" the serving gNB generates an SRS configuration for a specific SRS carrier and BWP valid in the serving cell and provides this SRS configuration to the target UE. A gNB normally distinguishes multiple UEs in a cell via configuration of different SRS transmissions (e.g., via different time-domain, frequency-domain, and/or sequence-domain parameters). With area validity, the same SRS would now be valid in multiple cells.
For example, a UE-1 which receives an SRS-1 configuration in Cell-1 would continue SRS-1 transmission in Cell-2 if Cell-2 is part of the validity area. However, if in Cell-2 there is already a UE-2 which has the same SRS-1 configuration (since configured independently in Cell-2), two UEs in the cell would transmit the same SRS-1 which can not be distinguished at the TRP. I.e., the TRP would see a single UE with multipath components and does not know which UE (UE-1 or UE-2) has actually been measured, since both transmit the same SRS-1 in Cell-2 in this example.
Therefore, there must be a central entity which coordinates the SRS across multiple cells to ensure that multiple UEs are not provided with the same SRS in cells of a validity area. This central entity is naturally an LMF per RAN2 assumption, since an LMF can be aware of all the UE's deferred location requests and (pre-)configured SRSs:
Agreements:
RAN2 consider that the LMF should determine the area-specific SRS configuration.  Details are up to RAN3.

This can be achieved with the existing NRPPa Positioning Information Exchange procedure, with some enhancements as described below.
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Figure 3-1: SRS Pre-configuration Procedure.
1.	The LMF determines a candidate area (Cell-ID list) for the SRS (e.g., based on service requirements, expected UE mobility, etc.) and sends the "Requested SRS Transmission Characteristics" IE together with the area validity cell list in a NRPPa Positioning Information Request message to the serving gNB of the target UE. 
	The "Requested SRS Transmission Characteristics" includes in addition a desired time-frequency-sequence allocation for the SRS.  The LMF determines the desired time-frequency-sequence allocation based on its knowledge of validity areas and SRS configurations in use by the various UEs in each cell served by the LMF to avoid that multiple UEs in an area would be configured with the same SRS resources.
	The desired time-frequency-sequence allocation for the SRS is defined based on the parameters defining SRS resources within a slot; for example:
-	transmission-comb, start position, number of symbols, frequency domain shift, sequence ID.
	The LMF would determine the above parameters such that multiple UEs would not have a same SRS in the same cells of a validity area.
	Note, the serving gNB would be able to avoid the same SRS for UEs in the serving cell, but not across cells. However, since the LMF has the information of SRS configurations in use at each cell available, the LMF can recommend appropriate SRS parameter to the serving gNB. 
2.	The serving gNB determines the SRS configuration based on the request from step 1.
	The serving gNB may modify some of the requested SRS parameter and/or cell-id list, if needed.
	The serving gNB (pre-)configures the UE with SRS for positioning with the validity area cell-id list. 
3.	The serving gNB provides the pre-configured SRS and validity area to the LMF.
	If the serving gNB deviates from the requested SRS at step 2, the LMF would be aware of this and can take any necessary actions (e.g., be aware of potential SRS interference when colliding UEs are simultaneously located, etc.)
The above procedure is the same as legacy, but with the LMF coordinating the pre-configured SRS based on its knowledge of SRSs already in use in the different cells for the various UEs. This requires that an LMF can recommend a finer granularity of parameters in the "Requested SRS Transmission Characteristics" as described above. A gNB is still allowed to modify the LMF request, if needed, and the LMF would take this into account when requesting SRS for other UEs in an area.

Proposal 3:	Enhance the "Requested SRS Transmission Characteristics" IE to include a recommended time-frequency-sequence allocation for the SRS for positioning with validity area. I.e., a LMF may recommend the following SRS parameters [9] in addition:
-	transmissionComb
-	resourceMapping
-	freqDomainShif/c-SRS
-	periodicityAndOffset
-	sequenceId

4.	Assistance Information for RRC State Transition
The serving gNB of the target device does not know whether it is appropriate to move the UE to RRC_IDLE or RRC_INACTIVE state (e.g., at step 1f. in Figure 2-1). The AMF may provide the NG-RAN node with expected UE behaviour/activity in the Core Network Assistance Information for RRC INACTIVE IE [10], to assist the NG-RAN node with the RRC_INACTIVE state transition. In the case a UE has a configured deferred MT-LR, the UE reporting activity is determined by the IEs periodicLocation, areaEventReporting, or motionEventReporting in the LCS-PeriodicTriggeredInvokeArg [11] (see steps 1d/e in Figure 2-1) which could be considered by the AMF when determining the Core Network Assistance Information for RRC INACTIVE IE as illustrated in Figure 4-1 below. The NG-RAN Node may then use this information together with the UE capability for RRC_INACTIVE positioning and SDT-SRB2 to decide on a suitable RRC state.
Proposal 4:	For enabling a serving/receiving gNB to make an informed decision on RRC state transition (e.g., RRC_INACTIVE or RRC_IDLE),  provide the UE configured LCS Reporting Activity (e.g., periodicLocation, areaEventReporting, or motionEventReporting [11], configured positioning method) in the NGAP Core Network Assistance Information for RRC INACTIVE [10].
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Figure 4-1: Initiation of Deferred MT-LR.

5.	Summary
In this contribution, we discussed the remaining issues for LPHAP. The following observations 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. 
Proposal 1:	The NRPPa POSITIONING INFORMATION UPDATE message can include the Cell-ID/Cell Portion ID of the UE's serving cell.
Proposal 2:	The NRPPa POSITIONING DEACTIVATION message is also used to deactivate pre-configured and activated SRS for positioning in the UE.
Proposal 3:	Enhance the "Requested SRS Transmission Characteristics" IE to include a recommended time-frequency-sequence allocation for the SRS for positioning with validity area. I.e., a LMF may recommend the following SRS parameters [9] in addition:
-	transmissionComb
-	resourceMapping
-	freqDomainShif/c-SRS
-	periodicityAndOffset
-	sequenceId
Proposal 4:	For enabling a serving/receiving gNB to make an informed decision on RRC state transition (e.g., RRC_INACTIVE or RRC_IDLE),  provide the UE configured LCS Reporting Activity (e.g., periodicLocation, areaEventReporting, or motionEventReporting [11], configured positioning method(s)) in the NGAP Core Network Assistance Information for RRC INACTIVE [10].
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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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