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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.

The "Low Power Periodic and Triggered 5GC-MT-LR Procedures" with Event Reporting in RRC_INACTIVE state for UL+DL Positioning is illustrated in Figure 1 below. For the event reporting using DL-only positioning, only the steps 2, 11a, 12, 13, 15 and 16 are applicable. For the event reporting using UL-only positioning, only the steps 2.-10., 11b, 14 are applicable.
In [2], we identified several limitations with the current procedure and possible enhancement directions. One of the current limitations identified is that the UE may not be in RRC_INACTIVE state after steps 1 in Figure 1. (Note, a RAN2 email discussion was held after RAN2#119e, which is summarized in R2-2209405 ("[Post119-e][407][POS] LPHAP upper layer enhancements (CATT)") where the rapporteur and most companies noted that this should be discussed in RAN3).
After the UE has been configured with the deferred location request information (steps 1 in Figure 1), the serving gNB should move the UE to RRC_INACTIVE state (if possible/sensible) for power-saving at the target device. For DL-only positioning for example, the target device then monitors for event occurrence and performs the necessary location measurements during "awake periods" (DRX busy/active periods) [3]. The target device then sends an event report using SDT. The UE waits for the Event Report Acknowledgement and RRC Release with suspendConfig to go back to "sleep mode" and the UE can remain in RRC_INACTIVE state when the event reporting is completed (i.e., for the whole location procedure). Similar for UL-only and UL+DL methods. The procedure allows positioning and event reporting while the UE remains in RRC_INACTIVE.
However, once the deferred MT-LR has been configured in the target device (i.e., during Step 1 in Figure 1) 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. If the UE would be moved to RRC_IDLE state instead of RRC_INACTIVE, the UE could still monitor for event occurrence and perform the necessary location measurements while in RRC_IDLE state when appropriate but would have to move to RRC_CONNECTED state for event reporting (steps 3. and 12. in Figure 1 ). This not only affects the power consumption of the device but has also an impact on latency.
The RRC state decision may be impacted by the configured LCS Reporting Criteria (e.g., event type, event occurrence, event evaluation or reporting period, etc. [4]). For example, for relatively high reporting activity, the gNB may decide to keep the UE even in RRC_CONNECTED state. For less frequent reporting activity, the serving gNB may move the UE to RRC_INACTIVE. For very infrequent reports (e.g., once per hour or day), it may be more appropriate to move the UE to RRC_IDLE. The decision criteria for the RRC state do not depend on the positioning activity only. Other criteria also affect this decision [5],[6], but the positioning/LCS activity would be one additional criteria for the gNB to decide on a proper RRC state for the UE.

Observation 1:	With the 'Low Power Periodic and Triggered 5GC-MT-LR Procedures', a gNB is not aware whether the UE should be transitioned to RRC_INACTIVE or RRC_IDLE state (e.g., after deferred MT-LR initiation).
Proposal 1:	Enable an anchor and target gNB to make an informed decision on RRC state transition (e.g., RRC_INACTIVE or RRC_IDLE) for the 'Low Power Periodic and Triggered 5GC-MT-LR Procedure'.



Figure 1: Low Power Deferred MT-LR Procedure with Event Reporting in RRC_INACTIVE state for UL+DL Positioning.

2.	Assistance Information for RRC State Transition
2.1	Solution 1: Extending the Expected UE Behaviour
[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 [6], 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 [4] 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, possibly 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 (e.g., if LMF changed the reporting criteria). 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, etc. 
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 blue steps 19a/b are added; the remaining steps are existing steps [12]). 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.


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 [6]. 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):
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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, anchor gNB and target 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).

2.2	Solution 2: Extending the NRPPa Positioning Information Exchange
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 above. E.g., the "Configured LCS Activity" as illustrated in the "Expected UE Behaviour" IE in section 2.1 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):
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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 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 (the blue steps 18a/b are added; the remaining steps are existing steps [12]).


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 note 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 decision [6]:
	"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 2:	Support adding the UE configured  LCS Reporting Activity and configured positioning methods for the 'Low Power Periodic and Triggered 5GC-MT-LR Procedures' to the "Expected UE Behaviour" IE in TS 38.413. 

3.	Summary
In this contribution, we discussed some higher layer enhancements to overcome some limitations of positioning in RRC_INACTIVE state for LPHAP.
The following observations and proposals are made.
Observation 1:	With the 'Low Power Periodic and Triggered 5GC-MT-LR Procedures', a gNB is not aware whether the UE should be transitioned to RRC_INACTIVE or RRC_IDLE state (e.g., after deferred MT-LR initiation).
Proposal 1:	Enable an anchor and target gNB to make an informed decision on RRC state transition (e.g., RRC_INACTIVE or RRC_IDLE) for the 'Low Power Periodic and Triggered 5GC-MT-LR Procedure'.
Proposal 2:	Support adding the UE configured  LCS Reporting Activity and configured positioning methods for the 'Low Power Periodic and Triggered 5GC-MT-LR Procedures' to the "Expected UE Behaviour" IE in TS 38.413.
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