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At RAN2#119-e the following agreements were made [1]: 
Agreements:
RAN2 shall restrict the use case for any LPHAP discussions in RAN2 to Tracking of workpiece (in- and outdoor) in assembly area and warehouse (Use case # 6 in Table A.7.2-1 in TS 22.104).
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.
RAN2 shall wait for RAN1 conclusions from evaluations on UE power consumption with respect to baseline functionality and whether enhancements are needed.  RAN2 will study potential areas for higher layer enhancements that may result in reduction of UE power consumption.

At RAN2#119bis-e the following additional agreements were made [13]:
Agreement:
RAN2 do not introduce a new device type for positioning only.

Agreement:
RAN2 agree that support of MT-SDT in Rel-18 positioning is treated as low priority in SI.

Agreement:
RAN2 agree to study enhancements on SRS configuration. Further study the following candidate enhancements on SRS configuration, including the possible interference and changes of spatial relations problems.
	a) Validity area mechanism;
	b) SRS update mechanism;
	c) Pre-configure multiple SRS, which could include broadcast transmission of configurations with UE-specific determination along with the network of a configuration;
FFS if item c would require network nodes to measure multiple SRS configurations for the same UE simultaneously.
LS to RAN1 to ask them about interference issues with SRS configurations across multiple cells and about the validity of SRS parameters.

Agreement:
RAN2 will study the following candidate enhancements on DL-PRS configuration after there is progress in RAN1 and potentially RAN4.
	a) Simplified PRS configuration;
	b) PRS is configured close to SSBs;
	c) Limit PRS reception in a time period;
RAN2 can consider the feasibility of configuration alignment between PRS and DRX (at least paging DRX).

Agreement:
Exposure of LPHAP information to the gNB and/or LMF (e.g., as a UE capability) can be discussed in normative work if any enhancement for LPHAP is agreed, taking into account any guidance from SA2.
Agreement:
Further discuss the two candidate solutions on how to report measurements taken in RRC_IDLE as below:
Alt1: measurement is performed in IDLE and reported in CONNECTED, including the concerns:
-	Whether the mechanism of measurement in IDLE and report in CONNECTED is more beneficial for power saving than legacy mechanism, i.e. RRC_INACTIVE positioning.
-	Whether the CN can handle the measurement reports from the UE in RRC_CONNECTED, while the positioning was performed in RRC_IDLE.
Alt2: measurement is performed in IDLE and report is carried with initial access messages, including the concern:
-	Is there AS context/security issue on sending the measurements to LMF?

[bookmark: _Hlk118251238]The "Low Power Periodic and Triggered 5GC-MT-LR Procedures" with Event Reporting in RRC_INACTIVE state is used as baseline and is illustrated in Figure 1 below for UL+DL Positioning. In our contribution [2], we identified the following limitations of RRC_INACTIVE positioning for LPHAP and the areas where higher layer enhancements are needed.
 Limitation 1:	With the current positioning procedures, a gNB does not know whether the UE should be transitioned to RRC_INACTIVE or RRC_IDLE state (e.g., after deferred MT-LR initiation).
Limitation 2: 	NR positioning measurements (e.g., DL-PRS RSRP, DL RSTD, UE Rx–Tx time difference, DL PRS-RSRPP) are currently only applicable to RRC_INACTIVE and RRC_CONNECTED state (i.e., not applicable to RRC_IDLE) [3]. 
Limitation 3:	The cooperation between LCS messages and embedded LPP messages in the case of LPP message segmentation is currently undefined, and therefore, effectively not supported. This limits the positioning procedures to cases where an event report with embedded LPP measurement report is less than about 9000 bytes.
Limitation 4:	For UL-positioning (incl. UL+DL positioning), each time an event report is triggered a new SRS may be configured in the UE, which results in large signalling activities for e.g., periodic events.
Limitation 5:	During RRC_INACTIVE state, the target device may perform cell reselection considering that the device may be in motion, which results in a release of the SRS configuration and termination of SRS transmission at the target device. The UE would need to resume the RRC connection in the new cell to obtain a new SRS configuration (e.g., during step 11 in Figure 1; or between event reporting #1 and #2), which has negative impacts on power consumption and latency.
In this contribution, we discuss the higher layer enhancements which would resolve these limitations, considering the agreements summarized above.
[image: ]
Figure 1: Low Power Deferred MT-LR Procedure with Event Reporting in RRC_INACTIVE state for UL+DL Positioning.

2.	Enhancements to Positioning in RRC_INACTIVE State
2.1	Assistance Information for RRC State Transition
During email discussion [14], most companies commented that this limitation/issue should be discussed in RAN3 and some companies did not see the RAN2 impact [14]. There may indeed be no RAN2 Stage 3 impacts, however, there would be Stage 2 impacts. In addition, it appears that RAN3 is not very familiar with the (limitations of the) "Low Power Periodic and Triggered 5GC-MT-LR Procedures" and made the following general agreement [15]:
The potential impacts of LPHAP on the RAN3 specifications can be examined during the WI phase, taking into account RAN1/RAN2 decisions. 
Therefore, it is proposed that RAN2 discuss the issue and conclude on the need/benefit. The Stage 3 solution could be left to RAN3 to develop.
2.1.1	Solution 1: Extending the Expected UE Behaviour IE
[bookmark: _Hlk114546145]Currently, the AMF may provide the NG-RAN node with expected UE behaviour/activity in the Core Network Assistance Information for RRC INACTIVE IE or CN Assisted RAN Parameters Tuning IE [4], to assist the NG-RAN node with the RRC_INACTIVE state transition. These IEs include the Expected UE Activity Behaviour IE as defined in TS 23.501 [5] which may be derived by the AMF per UE based on collection of UE behaviour statistics. The Expected UE Activity Behaviour provides the expected pattern of the UE's changes between CM_CONNECTED and CM_IDLE states or the duration of CM_CONNECTED state. An AMF may derive this information from the statistical information or from subscription information [5]. However, in the case a UE has a configured deferred MT-LR, the UE reporting activity – in particular for periodic events – is rather predictable. 
The UE reporting activity is determined by the IEs periodicLocation, areaEventReporting, or motionEventReporting in the LCS-PeriodicTriggeredInvokeArg [6] which are derived by the LMF based on the Nlmf_Location_DetermineLocation Request information from the AMF [7] (data types PeriodicEventInfo, AreaEventInfo, MotionEventInfo [7]). There appears to be two options to enable an AMF to provide LCS specific Core Network Assistance Information for RRC INACTIVE state to the NG-RAN node:
Option 1: The AMF interprets the Location Request received from a GMLC.
The AMF has the reporting information available from the Namf_Location_ProvidePositioningInfo Request received from a GMLC. Therefore, if the deferred MT-LR was configured successfully in the target device, the AMF would know the UE reporting activity and could consider this when determining the Core Network Assistance Information for RRC INACTIVE IE. 
Option 2: The LMF provides the UE configured location request information to the AMF.
The LMF provides the UE configured reporting information to the AMF in the Nlmf_Location_DetermineLocation Response service operation towards the AMF, together with other information, such as the configured positioning methods. This avoids AMF impacts to interpret signalling that is not intended for the AMF and would make the capability applicable to future changes for a deferred MT-LR. This option would also allow providing additional information such as configured positioning methods. If the configured positioning method is for example an UL or UL+DL positioning method, the NG-RAN would then also know that the future Event Reports require configuration of positioning SRS and could for example prepare or reserve SRS resources in advance. 
The AMF could then include LCS specific information in the Core Network Assistance Information for RRC INACTIVE state and Step 1 in Figure 1 could be extended as shown in Figure 2 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.
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Figure 2: Initiation of Deferred MT-LR with UE Context Modification.
14.	The AMF invokes the Nlmf_Location_DetermineLocation Request service operation towards the LMF to initiate a request for deferred UE location. This includes one of the following data types as defined in TS 29.572 [7]:
-	PeriodicEventInfo
-	AreaEventInfo
-	MotionEventInfo
15.	The LMF may perform one or more of the positioning procedures to obtain the UE positioning capabilities, transfer assistance data, or obtain location information of the UE.
16.	The LMF sends a supplementary services LCS Periodic-Triggered Invoke Request to the UE via the serving AMF by invoking the Namf_Communication_N1N2MessageTransfer service operation. The LCS Periodic-Triggered Location Invoke carries the location request information received from the AMF at step 14. The LCS Periodic-Triggered Location Invoke also include embedded positioning message(s) which indicates certain allowed or required location measurements (or a location estimate) for each location event reported.
17.	If the request in step 16 can be supported, the UE returns a supplementary services acknowledgment to the LMF, which is transferred via the serving AMF using an Namf_Communication_N1MessageNotify service operation.
18.	The LMF invokes the Nlmf_Location_DetermineLocation Response service operation towards the AMF to respond to the request at step 14. 
Option 1:
The response includes only a confirmation of whether periodic or triggered location was successfully activated in the UE according to steps 16 and 17.
	Option 2:
The Nlmf_Location_DetermineLocation Response service operation includes the configured reporting information and configured positioning methods provided to the UE at Step 16.
19.	If the triggered location was successfully activated as indicated at step 18 (Option 1) or if the LMF has provided the UE configured location request information (Option 2), the AMF includes the deferred location request information in the NGAP Expected UE Behaviour to the NG-RAN node and provide this information in a NGAP Context Modification Request message to the NG-RAN. The NG-RAN node may use this information together with the UE capability for positioning measurements in RRC_INACTIVE state and the UE SDT-SRB2 capability to decide on a proper RRC state for the UE.

The LCS specific information as configured in the target device could be included in the Expected UE Behaviour IE specified in 3GPP TS 38.413 [4]. For Option 2, in addition to the reporting criteria, this IE could also indicate the configured positioning methods. In this way, the receiving gNB would also be aware of when (or if) to expect UL SRS requests from the target device. 
For example (note, the blue text below is existing information and the grey shaded text is proposed to be added):
[bookmark: _Toc20955257][bookmark: _Toc29503706][bookmark: _Toc29504290][bookmark: _Toc29504874][bookmark: _Toc36553320][bookmark: _Toc36555047][bookmark: _Toc45652359][bookmark: _Toc45658791][bookmark: _Toc45720611][bookmark: _Toc45798491][bookmark: _Toc45897880][bookmark: _Toc51746084][bookmark: _Toc64446348][bookmark: _Toc73982218][bookmark: _Toc88652307][bookmark: _Toc97891350][bookmark: _Toc99123493][bookmark: _Toc99662298][bookmark: _Hlk114549084]Expected UE Behaviour (TS 38.413)
This IE indicates the behaviour of a UE with predictable activity and/or mobility behaviour, to assist the NG-RAN node in e.g. determining the optimum RRC connection time or helping with the RRC_INACTIVE state transition and RNA configuration (e.g. size and shape of the RNA).
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Expected UE Activity Behaviour
	O
	
	9.3.1.94
	

	Expected HO Interval
	O
	
	ENUMERATED (sec15, sec30, sec60, sec90, sec120, sec180, long-time, …)
	Indicates the expected time interval between inter NG-RAN node handovers. 
If "long-time" is included, the interval between inter NG-RAN node handovers is expected to be longer than 180 seconds.

	Expected UE Mobility
	O
	
	ENUMERATED (stationary, mobile, ...)
	Indicates whether the UE is expected to be stationary or mobile.

	Expected UE Moving Trajectory
	
	0..1
	
	Indicates the UE's expected geographical movement.

	>Expected UE Moving Trajectory Item
	
	1..<maxnoofCellsUEMovingTrajectory>
	
	Includes list of visited and non-visited cells, where visited cells are listed in the order the UE visited them with the most recent cell being the first in the list. Non-visited cells are included immediately after the visited cell they are associated with.

	>>NG-RAN CGI
	M
	
	9.3.1.73
	

	>>Time Stayed in Cell 
	O
	
	INTEGER (0..4095)
	Included for visited cells and indicates the time a UE stayed in a cell in seconds. If the UE stays in a cell more than 4095 seconds, this IE is set to 4095. 

	Configured LCS Activity
	
	0..1
	
	

	>Positioning Method
	O
	
	BIT STRING (SIZE(8))
	Bit 1: UL
Bit 2: DL 
Other bits reserved

	>CHOICE LCS Reporting Activity
	O
	
	
	TS 24.080

	>periodic
	
	
	
	

	>>Reporting Amount
	M
	
	INTEGER (1.. 8639999)
	

	>>Reporting Interval
	M
	
	INTEGER (1.. 8639999)
	

	>area
	
	
	
	

	>>Area Definition
	
	1..<maxAreas>
	
	

	>>Area Type
	M
	
	ENUMERATED (trackingArea5GS, ncgi, … }
	

	>>Area Identification
	M
	
	OCTET STRING (SIZE (5..8))
	

	>>Occurrence Info
	O
	
	ENUMERATED (oneTimeEvent, multipleTimeEvent,, ...)
	

	>>Minimum Interval
	O
	
	INTEGER (1..32767)
	Minimum interval time between event reports in seconds.

	>>Maximum Interval
	O
	
	INTEGER (1..86400)
	Maximum time interval between consecutive event reports in seconds.

	>>Sampling Interval
	O
	
	INTEGER (1..3600)
	Maximum time interval between consecutive evaluations by a UE of a trigger event in seconds.

	>>Reporting Duration
	O
	
	INTEGER (1..8640000)
	Maximum duration of event reporting by a UE in seconds.

	>motion
	
	
	
	

	>>Linear Distance
	M
	
	INTEGER (1..10000)
	

	>>Occurrence Info
	O
	
	ENUMERATED (oneTimeEvent, multipleTimeEvent,, ...)
	

	>>Minimum Interval
	O
	
	INTEGER (1..32767)
	Minimum interval time between event reports in seconds.

	>>Maximum Interval
	O
	
	INTEGER (1..86400)
	Maximum time interval between consecutive event reports in seconds.

	>>Sampling Interval
	O
	
	INTEGER (1..3600)
	Maximum time interval between consecutive evaluations by a UE of a trigger event in seconds.

	>>Reporting Duration
	O
	
	INTEGER (1..8640000)
	Maximum duration of event reporting by a UE in seconds.



The above reporting information could be stored in the UE context and would then be available at both, last serving gNB and receiving gNB. Since the source of the "Configured LCS Activity" would be the AMF, the LMF would still be unaware of the RRC state (i.e., no RRC state dependent behaviour of an LMF is required).
2.1.2	Solution 2: Extending the NRPPa Positioning Information Exchange Procedure
In Rel-17, the NRPPa Positioning Information Exchange procedure has been extended to allow an LMF to provide the UE Reporting Information IE to the serving gNB [10]:
	"If the UE Reporting Information IE is included in the POSITIONING INFORMATION REQUEST message, the NG-RAN node may take this information into account for allocating proper CG-SDT resources when positioning a UE."
The IE UE Reporting Information contains the LPP Periodic Reportioning Criteria: 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Reporting Amount
	M
	
	ENUMERATED (0, 1, 2, 4, 8, 16, 32, 64)
	Value 0 represents an infinite number of periodic reporting

	Reporting Interval
	M
	
	ENUMERATED (none, 1, 2, 4, 8, 10, 16, 20, 32, 64)
	Unit: seconds



However, LPP Periodic Reporting is not supported in the Core Network and the above IE is not applicable to the "Low Power Periodic and Triggered 5GC-MT-LR Procedures" with Event Reporting in RRC_INACTIVE state, as shown in Figure 1 above (see also TS 23.273 [12]). 
A new IE with proper LCS Activity Information could be defined, analogous to Solution 1 in section 2.1.1 above. E.g., the "Configured LCS Activity" as illustrated in the "Expected UE Behaviour" IE in section 2.1.1 above could be defined as an NRPPa IE and included in the NRPPa Positioning Information Request message. 
For example (note, the blue text below is existing information and the grey shaded text is proposed to be added):
[bookmark: _Toc51775994][bookmark: _Toc56773016][bookmark: _Toc64447645][bookmark: _Toc74152301][bookmark: _Toc88654154][bookmark: _Toc99056216][bookmark: _Toc99959149][bookmark: _Toc105612335][bookmark: _Toc106109551]POSITIONING INFORMATION REQUEST (TS 38.455)
This message is sent by the LMF to request positioning information.
Direction: LMF  NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	Requested SRS Transmission Characteristics
	O
	
	9.2.27
	
	YES
	ignore

	UE Reporting Information
	O
	
	9.2.70
	
	YES
	ignore

	UE TEG Information Request
	O
	
	ENUMERATED(true,…)
	
	YES
	ignore

	Configured LCS Activity
	O
	
	9.2.xx
	Same as illustrated in 'Expected UE Behaviour' in section 2.1.1 above
	YES
	ignore



The initiating LMF would then need to execute the NRPPa procedure once the LCS Periodic-Triggered Invoke Request has been acknowledged by the UE. I.e., Step 1 in Figure 1 requires an additional NRPPa procedure as shown in Figure 3 below.
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Figure 3: Initiation of Deferred MT-LR with additional NRPPa Positioning Information Exchange.
1.-17. Same as in Figure 2.
18.	The LMF initiates the NRPPa Positioning Information Exchange procedure towards the serving NG-RAN node of the target UE. The message includes the Configured LCS Activity information.
The NG-RAN node may use this information together with the UE capability for positioning measurements in RRC_INACTIVE state and the UE SDT-SRB2 capability to decide on a proper RRC state for the UE.
19.	The LMF invokes the Nlmf_Location_DetermineLocation Response service operation towards the AMF to respond to the request at step 14. 

Compared to Solution 1, we observe the following:
-	The NRPPa procedure is instigated by the current LMF towards the current serving NG-RAN node. During the Event Reporting phase (Steps 2.-16. in Figure 1) the target gNB (and also LMF) may be a different gNB, which would not have the LCS Reporting Activity available (unless it can be stored in the UE context as in Solution 1).
-	The LCS Activity is not the only information which a gNB may take into account when deciding on a proper RRC state for the UE. A gNB may use the Inactive Core Network Assistance Information for RRC state transition decision. With Solution 1 all the information needed from the CN for RRC State Transition is in a single IE/procedure (Context Setup/Path Switching/Handover) unlike Solution 2. 
-	The LMF would need to instigate a NRPPa procedure, unrelated to any positioning, just to provide the UE configured LCS Activity to the serving gNB during the initialization phase of the deferred MT-LR. A LMF would need to support the Positioning Information exchange procedure even for DL-only positioning.
Given that the NGAP Core Network Assistance Information for RRC INACTIVE IE is used for RRC state discission [4], 
	"If the Core Network Assistance Information for RRC INACTIVE IE is included in the INITIAL CONTEXT SETUP REQUEST message, the NG-RAN node shall, if supported, store this information in the UE context and use it for the RRC_INACTIVE state decision and RNA configuration for the UE and RAN paging if any for a UE in RRC_INACTIVE state, as specified in TS 38.300.
	If the Core Network Assistance Information for RRC INACTIVE IE is included in the UE CONTEXT MODIFICATION REQUEST message, the NG-RAN node shall, if supported, replace the previously provided Core Network Assistance Information for RRC INACTIVE and use it for the RRC_INACTIVE state decision and RNA configuration for the UE and RAN paging if any for a UE in RRC_INACTIVE state, as specified in TS 38.300.
	If the Core Network Assistance Information for RRC INACTIVE IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message, the NG-RAN node shall, if supported, store this information in the UE context and use it for the RRC_INACTIVE state decision and RNA configuration for the UE and RAN paging if any for a UE in RRC_INACTIVE state, as specified in TS 38.300.
	If the Core Network Assistance Information for RRC INACTIVE IE is included in the HANDOVER REQUEST message, the target NG-RAN node shall, if supported, store this information in the UE context and use it for the RRC_INACTIVE state decision and RNA configuration for the UE and RAN paging if any for a UE in RRC_INACTIVE state, as specified in TS 38.300."
it seems more appropriate to include the LCS Activity in the NGAP Core Network Assistance Information for RRC INACTIVE IE, which would also have less/no additional LMF impacts (i.e., (LMF) procedures would not require changes). 

Proposal 1:	From RAN2 perspective, support providing the UE configured LCS activity for the "Low Power Periodic and Triggered 5GC-MT-LR Procedures" to the NG-RAN node to assist the NG-RAN node in RRC state transition for the target device. Discuss further the candidate solutions:
-	Alt 1: Extend the "Expected UE Behaviour" IE in TS 38.413. 
-	Alt 2: Extend the NRPPa Positioning Information Exchange Procedure in TS 38.455.
Capture Figures 2 and 3 together with corresponding procedure description in the TR 38.859.

2.2	Positioning Measurements in RRC_IDLE State
This issue (Limitation #2 in section 1) is related to the discussion in section 2.1 above. The "Low Power Periodic and Triggered 5GC-MT-LR Procedure" illustrated in Figure 1 is also applicable to RRC_IDLE state but with Event Reporting (Steps 3 and 12) performed in RRC_CONNECTED State. I.e., the network may move the UE to RRC_IDLE state after Step 1, for example in the case of infrequent Event Reporting is configured/expected from the device (e.g., reporting once per day, etc.). In such cases, it may be inefficient to move the UE to RRC_INACTIVE state if there are no other UE activities beyond LCS expected (see discussion in section 2.1).
However, positioning measurements are currently applicable to RRC_CONNECTED and RRC_INACTIVE states only (see TS 38.215 [3]). This limitation has no impacts to RAN2 Stage 3, since – as mentioned – the current procedures would be applicable but then without SDT. However, it has impacts to RAN1 (measurement definition) and RAN4 (performance requirements).
Proposal 2:	From RAN2 perspective, support performing positioning measurements in RRC_IDLE state with event reporting in RRC_CONNECTED state.


2.3	LPP message segmentation in LCS Event Reports
[bookmark: _Hlk108419244]In the case of an LCS Event Report with embedded LPP message and with LPP message segmentation required (i.e., for UE-assisted mode), the NAS transport container types would be different for the first LCS Event Report with embedded LPP message segment and all the subsequent LPP message segments, as illustrated in Figure 4 below. It is currently unclear if such a scenario is "allowed" in the specifications and whether an LMF would be able to handle such a case. I.e., the subsequent LPP message segments would be "UE triggered" LPP messages, which is currently not defined. However, in this scenario the UE would have a Deferred Routing Identifier, and therefore, could populate the Additional Information IE of the UL NAS Transport message.
The LMF would realize from the LPP message in the LCS Event Report that more LPP message segments are on the way and would have to wait for all LPP segments before sending the LCS Event Report Acknowledgement, so the UE knows the LMF received all the LPP message segments. This would require Stage 2 changes (e.g., section 7.3.4 in TS 38.305 [8]) and maybe small Stage 3 changes and should be clarified together with SA2.
Proposal 3:	From RAN2 perspective, support LPP message segmentation in cooperation with LCS messages (i.e., LPP messages embedded in LCS Event Reports). Capture Figure 4 and corresponding procedure description in the TR 38.859.
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Figure 4: DL and RAT-Independent Event Reporting with LPP message segmentation.
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 (PLI) 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.
The embedded LPP PLI may include the moreMessagesOnTheWay flag [9]. 
NOTE:	The moreMessagesOnTheWay flag would be included when not all the location measurements obtained at step 11a can be included in the LPP PLI message.
13.	The serving gNB sends the SS Event Report with the LPP PLI 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 moreMessagesOnTheWay flag was provided in step 12, the LMF waits until all LPP message segments were received before sending the LCS Event Report Acknowledgement at step 16.
14.	If the moreMessagesOnTheWay flag was provided in step12, the UE sends the additional LPP PLI message segments in the SDT subsequent data transmission phase.
The UE includes the LPP PDU in the payload container of an UL NAS Transport message, and the Deferred Routing Identifier, which has been received in step 1, in the Additional Information of the UL NAS Transport message defined in TS 24.501. The UE then sends the UL NAS Transport message to the serving NG-RAN node in an RRC UL Information Transfer message.
15.	If step 14 occurred, the serving gNB sends the LPP PLI 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 LPP PLI message via triggering Namf_Communication_N1MessageNotify service operation to the LMF. The AMF also includes the Payload Container Type and the Correlation Identifier set to the Deferred Routing Identifier.
NOTE :	The Payload container type is set to "LPP message container" whereas the Payload container type at step 13 was set to "LCS message container". The LMF would realize from the moreMessagesOnTheWay flag in the LPP message and from the Deferred Routing Identifier that this message is a continuation of the LPP measurement reporting.
NOTE :	Steps 14 and 15 may be repeated for providing additional LPP message segments when needed.
16.	If step 12 did not include the moreMessagesOnTheWay flag or if step 12 did include the moreMessagesOnTheWay flag and once the noMoreMessages flag in an LPP PLI has been received, the LMF sends an SS Event Report Acknowledgement to the UE via triggering an Namf_Communication_N1N2MessageTransfer service operation to the serving AMF. Upon receipt of the SS Event Report Acknowledgment, the AMF sets the Payload Container Type to "LCS message container" and includes the Acknowledgement of the Event Report in the payload container in the DL NAS TRANSPORT message sent to the serving gNB at step 16b. The serving gNB then provides the SS Event Report Acknowledgement to the UE at Step 16c in an DL Information Transfer message.

2.4	Pre-configuration of positioning SRS
The pre-configuration of positioning SRS can in principle be like the Rel-17 pre-configuration of measurement gaps or PRS processing windows. Instead of a single "Requested SRS Transmission Characteristics" [10], the NRPPa Positioning Information Request could include a set of "Requested SRS Transmission Characteristics" where each element defines a requested positioning SRS characteristics (e.g., in terms of periodicity, bandwidth, etc.). The serving gNB then determines a set of positioning SRS, where each SRS configuration in the set has an identifier and provides the configurations to the target device for SRS transmission at a later time. 
One "Requested SRS Transmission Characteristics" may currently include [11]:
-	Number Of Periodic Transmissions
-	Resource Type
-	Bandwidth
-	SRS Resource Set List:
-	Number of SRS Resources Per Set
-	Periodicity
-	Spatial Relation Information
-	Pathloss Reference Information
-	SSB Information
-	SRS Frequency.
With the above parameter, the serving gNB would compile a set of positioning SRS configurations for RRC_INACTIVE state where each element in the set currently includes [10]:
-	SRS configuration information (Rel-16 SRS-PosResourceSet)
-	SRS-PosResourceSet
-	srs-PosResourceSetId
-	srs-PosResourceIdList
-	resourceType
-	alpha
-	p0
-	pathlossReferenceRS-Pos
-	SRS-PosResource
-	srs-PosResourceId
-	transmissionComb
-	resourceMapping (startPosition, nrofSymbols)
-	freqDomainShift
-	freqHopping (c-SRS)
-	groupOrSequenceHopping
-	resourceType
-	sequenceId
-	spatialRelationInfoPos
-	BWP information
-	TA timer and RSRP change threshold.
[bookmark: _Hlk105549736]The "Pathloss Reference Information", "Spatial Relation Information", or "SSB Information" are UE location dependent. An LMF may determine the pathloss reference, spatial relation and SSB information for a multitude of potential serving gNBs, which the serving gNB may then take into account when activating a pre-configured positioning SRS (see also below). That is, a pre-configured SRS configuration includes only those parameters which could be applicable to multiple (serving) cells or areas. The remaining (e.g., location dependent) parameters may be provided in the SRS activation message. 
When an event has been detected at the target device and the positioning method configured was an UL or UL+DL method, there would be no need to perform the Steps 5-7 in Figure 1, since the LMF would be aware of the pre-configured SRS and would only require an identifier of the activated SRS. Therefore, Step 3 in Figure 1 does not need to be a NAS message to an LMF (Event Report) but could be an RRC message or MAC-CE to request SRS activation (e.g., could be a reuse of the RRC LocationMeasurementIndication [11] message which is already used for multiple purposes, or a new RRC message or MAC control element). This would reduce the amount of SRS configuration signalling significantly, and therefore, would reduce the latency and thereby power consumption.
A modification of the deferred MT-LR procedure for the UL positioning part is shown in Figure 5 below.


[image: ]
Figure 5: 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 [12]), the LMF sends a NRPPa Positioning Information Request message to the serving gNB including a request for preconfigured positioning SRS. The request may include one or more "Requested SRS Transmission Characteristics" IEs [10], each defining a positioning SRS configuration (e.g., Number Of Periodic Transmissions, Resource Type, Bandwidth, Resource Set List, SRS Frequency, etc.).

1b.	The serving gNB determines one or more positioning SRS configurations and provides these configurations to the target device for transmission of positioning SRS by the target device at a later time (i.e., the target device does not transmit any positioning SRS when pre-configured). 

Each positioning SRS configuration has an associated identifier.

Each positioning SRS may have a validity time and/or a validity area (see section 2.5).
[bookmark: _Hlk50141307]1c.	The serving gNB provides the set of preconfigured positioning SRS to the LMF (e.g., one or more "SRS Configuration" IEs [10] where each positioning SRS has an associated ID).
3.	After (or slightly before) an event is detected, the UE sends an SRS Activation Request message along with the RRC Resume Request to the receiving gNB. 
The SRS Activation Request message may include the IDs of a desired preconfigured SRS configuration (e.g., in priority order) to be activated.
4.	The receiving gNB identifies the last serving gNB using the I-RNTI and retrieves the UE context (incl. the preconfigured positioning SRS information) by means of Xn-AP Retrieve UE Context procedure. 

The receiving gNB determines the positioning SRS configuration based on the pre-configuration during step 1. The receiving gNB may determine the Pathloss Reference Information (e.g., alpha, p0, pathlossReferenceRS-Pos [11]) or Spatial Relation Information (e.g., SRS-SpatialRelationInfoPos [11]) for the positioning SRS valid for the receiving gNB. The receiving gNB may also determine the TA timer and RSRP-change-threshold (e.g., inactivePosSRS-TimeAlignmentTimer, inactivePosSRS-RSRP-changeThreshold [11]). The receiving gNB uses the assistance information received from the LMF at Step 1a to determine the above SRS parameter.
5.	The receiving gNB may then send an SRS Activation message to the UE which includes the ID of the preconfigured SRS to be activated, and possibly the pathloss reference, spatial relation, the TA timer and RSRP-change-threshold.

The SRS Activation message may be an RRC message or a MAC control element.
6.	The receiving gNB sends a NRPPa Positioning Information Update message to the LMF including the ID of the activated positioning SRS. 
7.	The LMF sends a NRPPa Measurement Request message to a group of gNBs/TRPs incl. the positioning SRS measurement configuration (i.e., based on the ID received at Step 6).
8.	The receiving gNB sends an RRC Release message to the UE to release the UE to RRC_INACTIVE state. If step 5 did not occur, the RRC Release message includes the SRS Activation message.

Since the above SRS pre-configuration procedure would be independent on the RRC state (i.e., in principle applicable to RRC_CONNECTED state as well), the LMF would still be unaware of the RRC state (i.e., no RRC state dependent behaviour of an LMF is required).
The "SRS deactivation request" could be UE triggered (e.g., included at Step 12 in Figure 1 when measurements are completed) or LMF triggered (e.g., after Step 14 in Figure 1 when TRP measurements have been received). For LMF triggered deactivation, the NRPPa Positioning Deactivation [10] procedure could be reused as shown in Figure 6 below. 
If Step 12 in Figure 6 below did not occur (e.g., UL-only positioning), the "SRS Deactivation" message may not be "Subsequent DL SDT" but MT-SDT. 
For UE triggered deactivation request, the RRC LocationMeasurementIndication [11] message could be used with indication "stop" or a new MAC control element could be defined. The receiving gNB could then inform the LMF using the NRPPa Positioning Information Update message as shown in Figure 7 below.
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Figure 6: Deferred MT-LR with LMF-triggered positioning SRS deactivation request.
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Figure 7: Deferred MT-LR with UE-triggered positioning SRS deactivation request.


Proposal 4:	From RAN2 perspective, support pre-configuration of positioning SRS during the location preparation phase of the 'Low Power Periodic and Triggered 5GC-MT-LR Procedures'. One or more positioning SRS configurations can be provided to the gNB/UE during the location preparation phase. Capture Figure 5 and corresponding procedure description in the TR 38.859.
Proposal 5:	From RAN2 perspective, support splitting the SRS for positioning configuration into
(a) Common parameter that can be pre-configured and applicable to multiple cells, and
(b) UE specific parameter that can not be pre-configured but provided in the SRS activation messages.

Proposal 6:	From RAN2 perspective, support UE triggered positioning SRS activation and deactivation request (if allowed/configured by an LMF during the "location preparation phase") with an RRC message or UL MAC-CE. 
2.5	Area/time validity of (pre-)configured positioning SRS
In RRC_INACTIVE state, a UE can complete cell reselection without informing the network, as long as the UE remains within the allocated RAN Notification Area (RNA). The UE acquires SIB1 after each cell reselection to determine whether or not the UE remains located within the allocated RNA. If cell reselection happens while the UE is configured/transmitting positioning SRS, the UE would release the positioning SRS [11].
For example, if a cell reselection happens after Step 10 in Figure 1 (e.g., during Steps 11), the UE would release the positioning SRS and the LMF would not receive a response to the NRPPa Measurement Request from Step 8 (e.g., at Step 14). The UE may start again at Step 3 requesting a new positioning SRS in the new camped-on cell, which however, adds to the power consumption and latency. The LMF may become aware of the reason for failure of the previous event report from the new UE request for positioning SRS. 
If a cell resection occurs, the (pre-configured) positioning SRS could still be valid in the new camped-on cell. The UE may be located in the border area between two cells when reselection occurs, and the geometric situation may not change significantly after cell reselection (e.g., the distance to measuring TRPs may not change significantly). For example, the TA from the old cell may still be (at least roughly) valid in the new camped-on cell as well. 
The timing advance for positioning SRS may anyhow have less stringent requirements (e.g., compared to data), since the positioning SRS is received at neighbouring cells as well, but the TA is determined with respect to the serving cell. Therefore, TRPs are expected to handle an "unsynchronized" SRS from non-serving UEs anyhow. The TimeAlignmentTimer for the (inactive) positioning SRS [11] could be considered as validity time for the positioning SRS, and if not expired, the UE could continue transmitting the previously activated SRS after cell reselection (e.g., if the pathloss evaluation criteria are met). 
To enable more network control over the positioning SRS transmission after cell reselection, the LPP Area-ID-CellList [9] could also be introduced for the (pre-) configured positioning SRS. Compared to the DL-PRS assistance data validity, the Area-ID-CellList for positioning SRS would be UE specific. If the UE camps on a cell whose ID is included in the Area-ID-CellList the UE would be permitted to continue the (associated) positioning SRS transmission in the new cell after cell reselection. The TA validation procedure for SRS transmission in RRC_INACTIVE state could still be applicable in the new cell as well. E.g., the network may have provided a "large" inactivePosSRS-TimeAlignmentTimer and/or inactivePosSRS-RSRP-changeThreshold at Step 5/8 in Figure 5.
For example:

SRS-PosRRC-Inactive-r18 ::= SEQUENCE (SIZE(1..maxPreConfig)) OF SRS-PosRRC-InactivePreConfig-r18

[bookmark: _Hlk105725999]SRS-PosRRC-InactivePreConfig-r18 ::= SEQUENCE {
	srs-PosID-r18                             INTEGER (1..maxIDs),
	srs-ValidityArea-r18                      Area-ID-CellList-r18         OPTIONAL,
    srs-PosConfigNUL-r18                      SRS-PosPreConfig-r18         OPTIONAL,
    srs-PosConfigSUL-r18                      SRS-PosPreConfig-r18         OPTIONAL,
    bwp-SUL-r18                               BWP                          OPTIONAL,
    bwp-NUL-r18                               BWP                          OPTIONAL,
    inactivePosSRS-TimeAlignmentTimer-r18     TimeAlignmentTimer           OPTIONAL,
    inactivePosSRS-RSRP-changeThreshold-r18   RSRP-ChangeThreshold-r18     OPTIONAL
}


The SRS-PosRRC-Inactive provides a set of up to maxPreConfig positioning SRS configurations, where each configuration can be identified by an srs-PosID. The srs-ValidityArea provides a list of Cell-IDs where this SRS configuration is valid. If the UE reselects to a cell included in the Area-ID-CellList, the UE is permitted to continue SRS transmission during/after cell reselection. The Area-ID-CellList may not necessarily coincide with an RNA and could be a dedicated, UE-specific, UL positioning area.
This avoids SRS interruption at cell reselection, which reduces the amount of SRS configuration signalling required, reduces the latency, and hence power consumption at the target device

Proposal 7:	From RAN2 perspective, support an "area validity" for (pre-configured) positioning SRS.

3.	Summary
In this contribution, we discussed some higher layer enhancements to overcome the limitations of positioning in RRC_INACTIVE state and which may result in reduction of UE power consumption.
The following proposals are made.
Limitation 1 – RRC State Transition Assistance
Proposal 1:	From RAN2 perspective, support providing the UE configured LCS activity for the "Low Power Periodic and Triggered 5GC-MT-LR Procedures" to the NG-RAN node to assist the NG-RAN node in RRC state transition for the target device. Discuss further the candidate solutions:
-	Alt 1: Extend the "Expected UE Behaviour" IE in TS 38.413. 
-	Alt 2: Extend the NRPPa Positioning Information Exchange Procedure in TS 38.455.
Capture Figures 2 and 3 together with corresponding procedure description in the TR 38.859.
Limitation 2 – Positioning Measurements in RRC_IDLE State
Proposal 2:	From RAN2 perspective, support performing positioning measurements in RRC_IDLE state with event reporting in RRC_CONNECTED state.

Limitation 3 – LPP Message Segmentation (UE-assisted mode)
Proposal 3:	From RAN2 perspective, support LPP message segmentation in cooperation with LCS messages (i.e., LPP messages embedded in LCS Event Reports). Capture Figure 4 and corresponding procedure description in the TR 38.859.
Limitation 4 – SRS for Positioning Configuration Enhancements
Proposal 4:	From RAN2 perspective, support pre-configuration of positioning SRS during the location preparation phase of the 'Low Power Periodic and Triggered 5GC-MT-LR Procedures'. One or more positioning SRS configurations can be provided to the gNB/UE during the location preparation phase. Capture Figure 5 and corresponding procedure description in the TR 38.859.
Proposal 5:	From RAN2 perspective, support splitting the SRS for positioning configuration into
					(a) Common parameter that can be pre-configured and applicable to multiple cells, and
					(b) UE specific parameter that can not be pre-configured but provided in the SRS activation messages.

Proposal 6:	From RAN2 perspective, support UE triggered positioning SRS activation and deactivation request (if allowed/configured by an LMF during the "location preparation phase") with an RRC message or UL MAC-CE. 
Limitation 5 – UE Mobility
Proposal 7:	From RAN2 perspective, support an "area validity" for (pre-configured) positioning SRS.
Inform other Groups
Proposal 8:	Inform RAN1, RAN3, and SA2 on RAN2's conclusions in Proposal 1-7.
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