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1.	Introduction
At RAN#98-e, the Work Item on "Expanded and Improved NR Positioning" was agreed which includes the following objective for "Low-Power, High-Accuracy Positioning (LPHAP)" [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.
2.	Extending eDRX cycle beyond 10.24s in RRC_INACTIVE
Extended DRX (eDRX) for RRC idle and inactive states was introduced for RedCap devices in Rel-17 to enable longer battery lifetimes for e.g., IoT devices. eDRX with DRX cycles up to 10485.76 seconds (roughly 3 hours) in RRC idle state and up to 10.24 seconds in the RRC inactive state were specified for RedCap in Release 17. For the RRC inactive state, eDRX cycles longer than 10.24 seconds are considered feasible from the RAN perspective. However, certain CN aspects needed further study, and therefore, introduction of the longer cycles in inactive state was postponed for consideration in Rel-18 [5]. 
When eDRX is configured for the UE, the UE wakes up periodically in every eDRX cycle for a short duration called paging window to monitor the PDCCH for reception of paging messages. During the paging window, the UE monitors the PDCCH using the DRX cycle configured for the cell. The paging window duration is longer than the DRX cycle so that the UE monitors for paging messages in more than one paging occasion within the paging window as illustrated in Figure 2‑1. The available values for the DL-PRS periodicity [6] and eDRX cycle lengths [7],[8] are summarized in Table 2-1 below. The possible Paging Time Window length for RRC idle state ranges from 1.28 seconds to 20.48 seconds in steps of 1.28 seconds. 
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Figure 2-1: Illustration of paging window for a UE configured with eDRX.
Table 2-1: DL-PRS periodicity and eDRX cycle lengths.
	DL-PRS Resource Periodicity

[seconds]
	eDRX cycle length for CN paging
TeDRX, CN
[seconds]
	eDRX cycle length for RAN paging
TeDRX, RAN
[seconds]

	0.0040
	2.56
	2.56

	0.0050
	5.12
	5.12

	0.0080
	10.24
	10.24

	0.0100
	20.48
	

	0.0160
	40.96
	

	0.0200
	81.92
	

	0.0320
	163.84
	

	0.0400
	327.68
	

	0.0640
	655.36
	

	0.0800
	1310.72
	

	0.1600
	2621.44
	

	0.3200
	5242.88
	

	0.6400
	10485.76
	

	1.2800
	
	

	2.5600
	
	

	5.1200
	
	

	10.2400
	
	



When the UE, configured with a deferred MT-LR, wakes up from deep-sleep every eDRX cycle, there should be an opportunity to measure DL-PRS and transmit UL-SRS (see also section 5 below). 
As mentioned above, the maximum eDRX cycle for RRC_INACTIVE is currently 10.24 seconds (1/4 hyper-frame (HF), 1/2 HF, 1 HF). According to the results in [9], the target requirement of 6-12 months battery life for LPHAP can not be achieved with an eDRX cycle of 10.24 seconds. It was found that extending eDRX cycle beyond 10.24 seconds can be beneficial for meeting the battery life requirement for LPHAP. However, no specific values for eDRX cycle lengths beyond 10.24 seconds were recommended by RAN1 in [9]. For the LPHAP use case 6 as defined in TS 22.104, the positioning interval/duty cycle is supposed to be 15 – 30 seconds. Therefore, eDRX cycles up to at least ~30 seconds should be supported.
For the objective of "Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP" (see section 1), the eDRX cycle lengths for idle mode (CN paging) can serve as baseline, if considered feasible as part of the eRedCap work.
Proposal 1:	Support eDRX for RRC_INACTIVE state with max. value of eDRX cycle up to 10485.76 seconds (1024 hyper-frames), if considered feasible in eRedCap WI. The eDRX design for eRedCap is also applicable for LPHAP.
[bookmark: _Hlk127142154]3.	SRS for positioning configuration enhancements
3.1	Pre-configuration of positioning SRS
At RAN1#112 and RAN2#121, some progress has been made on pre-configuration of positioning SRS [23]; in particular:
-	An SRS for positioning validity area is introduced.
-	When configured with SRS configuration along with SRS validity area, if the UE reselects to another cell within the SRS validity area during SRS transmission, the UE continues the SRS transmission, subject to validation for SRS transmission.
-	When the UE reselects out of the positioning validity area during SRS transmission, the UE may send an RRC message to the network for SRS configuration request.
-	An SRS for positioning validity area consists of cells configured in the same band and the same carrier with common BWP information for the SRS for positioning (locationAndBandwidth, subcarrierSpacing, cyclicPrefix).
-	A SRS for positioning validity area specific TA timer may be configured. For TA validation, area specific RSRP change threshold may be used.
-	For SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, some SRS for positioning parameter can commonly be configured across cells within the validity area, incl.
-	SRS-PosResourceSet
-	srs-PosResourceSetId
-	srs-PosResourceIdList
-	resourceType
-	SRS-PosResource
-	srs-PosResourceId
-	transmissionComb
-	resourceMapping
-	freqDomainShift
-	freqHopping
-	groupOrSequenceHopping
-	resourceType
-	The "Pathloss Reference Information" and "Spatial Relation Information" of an SRS for positioning configuration may or may not be included in an SRS for positioning pre-configuration. (FFS)
From RAN2 perspective, when the UE reselects out of the positioning validity area during SRS transmission, the UE may send an RRC message to the network for SRS configuration request. The 'validity area' can be provided as a list of cell-IDs where an SRS for positioning configuration is valid.
Proposal 2:	The "SRS validity area" for pre-configured SRS for positioning is defined as a list of Cell-IDs where an SRS for positioning configuration is valid. If the UE reselects to a cell included in the validity area cell list the UE is permitted to continue the (associated) positioning SRS transmission in the new cell after cell reselection.
The 'RRC SRS for positioning configuration request' should be independent on whether the SRS for positioning is associated with an area validity or not. When an event has been detected at the target device and the positioning method configured was an UL or UL+DL method, there would then be no need to perform the Steps 5-7 in Figure A.1 (see Annex) each time an event has been detected. An LMF would be aware of the pre-configured SRS and would only require an identifier of the activated SRS. Therefore, Step 3 in Figure A.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. Assuming the UE may send an RRC message to the network for SRS configuration request when the UE reselects out of the positioning validity area during SRS transmission, the 'SRS activation request' message should also be an RRC message.
A modification of the deferred MT-LR procedure for the UL positioning part is shown in Figure 3.1-1 below.
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Figure 3.1-1: 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. 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.
[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, and probably an validity area indication).
NOTE 1:	During the deferred MT-LR initiation phase, an LMF may also provide DL-PRS assistance data to the target device for UL+DL positioning. The pre-configured DL-PRS assistance data may consist of multiple instances, where each instance may be applicable to a different area within the network. 
NOTE 2:	A target device may obtain the DL-PRS assistance data also via posSI.
NOTE 3:	The SRS for positioning validity area and the validity area for the pre-configured DL-PRS assistance data are independent of each other.
3.	After (or slightly before) an event is detected, the UE sends an RRC 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.
NOTE 4:	For the spatial relation/pathloss reference information of an SRS for positioning configuration in multiple cells, RAN1 is considering two options [23]:
Option 1: Spatial relation/pathloss reference information is absent in the pre-configuration.
Option 2: Spatial relation/pathloss reference information is provided in the pre-configuration.
5.	The receiving gNB may then send an RRC 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. 
6.	The receiving gNB sends a NRPPa Positioning Information Update message to the LMF including the ID of the activated positioning SRS and the cell ID of the current UE serving cell. 
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). The group of gNBs/TRPs for the UL measurements may be selected based on the current UE serving cell ID as 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.
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). One or more positioning SRS configurations can be provided to the gNB/UE during the location preparation phase using modified NRPPa Positioning Information Exchange procedures.
Proposal 3:	A UE preconfigured with SRS for positioning may send an RRC message to the network for SRS for positioning activation request. This RRC 'SRS for positioning Activation Request' message can be sent by the UE to the serving gNB along with an RRC Resume Request and includes an identifier of the SRS for positioning configuration requested to be activated (possibly a list in preferred order).
Proposal 4:	To activate a pre-configured SRS for positioning in the target device, the gNB sends a RRC message for SRS for positioning Activation. This 'RRC SRS for positioning Activation' message can be sent by the serving gNB along with an RRC Release. The 'RRC SRS for positioning Activation' message includes an identifier of the SRS for positioning configuration together with SRS for positioning configuration parameter which were not pre-configured, or which overwrite pre-configured SRS for positioning parameter.
Proposal 5:	The target device starts transmitting the (pre-configured) SRS for positioning once the 'RRC SRS for positioning Activation' message has been received. 
Proposal 6:	The serving gNB of the target device sends a NRPPa message to the LMF once the SRS for positioning has been activated in the target device. This NRPPa message carries information on the activated SRS for positioning and the current serving cell ID to enable the LMF to request UL measurements from TRPs.
The 'SRS deactivation request' could be UE triggered (e.g., included at Step 12 in Figure A.1 when measurements are completed) or LMF triggered (e.g., after Step 14 in Figure A.1 when TRP measurements have been received). For LMF triggered deactivation, the NRPPa Positioning Deactivation [10] procedures could be reused as shown in Figure 3.1-2 below. 
For UE triggered deactivation request, the UE could send an RRC message along with the RRC Resume Request at Step 12 in Figure 3.1-3. The receiving gNB could then inform the LMF using the NRPPa Positioning Information Update message as shown in Figure 3.1-3 below.

NOTE:	For UL-only positioning, the RRC 'SRS Deactivation' in Figure 3.1-2 and 3.1-3 may not be 'Subsequent DL SDT', but MT SDT.
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Figure 3.1-2: Deferred MT-LR with LMF-triggered positioning SRS deactivation request.
[image: ]
Figure 3.1-3: Deferred MT-LR with UE-triggered positioning SRS deactivation request.

[bookmark: _Hlk126459359]Proposal 7:	Define a NRPPa message which allows an LMF to request SRS for positioning deactivation from the target device's serving gNB. 
Proposal 8:	Define a UE triggered RRC message which allows the UE to request SRS for positioning deactivation from the serving gNB. This 'SRS for positioning deactivation request' message can be sent by the UE to the serving gNB along with an RRC Resume Request using SDT.
Proposal 9:	Define a gNB triggered 'SRS for positioning deactivation' RRC message. The target device stops transmitting the indicated SRS for positioning when the message has been received.

4.	DL PRS measurements for a UE in RRC_IDLE state
The 'Low Power Periodic and Triggered 5GC-MT-LR Procedure' in RRC_INACTIVE state illustrated in Figure A.1  and defined in greater detail in TS 23.273 clause 6.7 [3] is also applicable to DL-PRS measurements in RRC_IDLE state but with Event Reporting without SDT. Instead of sending an Event Report with SDT at Steps 3 and/or 12 in Figure A.1, the UE would perform a UE Triggered Service Request as defined in clause 4.2.3.2 of TS 23.502 [12] in order to establish a signalling connection with the AMF. 
For DL-only positioning, only the Steps related to SDT Procedure #2 in Figure A.1 are applicable (Steps 1, 2, 11a, 12, 13, 15-17 in Figure A.1) as shown in Figure 4-1 below. 
After the Step 1 in Figure 4-1, the NG-RAN node may decide to move the UE to RRC_INACTIVE or RRC_IDLE state possibly using core network assistance information to assist in the determination of a proper RRC state as described in [13]. The UE would then monitor for occurrence of the trigger or periodic event requested in step 1 while in either RRC_INACTIVE or RRC_IDLE state. 
If the UE is in RRC_INACTIVE state, the UE would then send an RRC Resume Request with small data transmission (SDT) to the NG-RAN at Step 4a in Figure 4-1 including an event report message together with an LPP Provide Location Information message. Otherwise, if the UE is in RRC_IDLE state the UE would perform a UE triggered service request to move to connected state and send an RRC UL Information Transfer message including an event report together with an LPP Provide Location Information message at Step 4b.2 in Figure 4-1. The Event Report Acknowledgement would then be send either as Subsequent DL SDT (RRC_INACTIVE) or DL Information transfer (RRC_CONNECTED).

Proposal 10:	The 'Low Power Periodic and Triggered 5GC-MT-LR Procedures' in RRC_INACTIVE state defined in clause 6.7 of TS 23.273 are also applicable to DL-PRS measurements in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state, but without using SDT for event/measurement reporting. Instead of using SDT for event/measurement reporting, a UE triggered service request would be used which moves the UE to connected state for event/measurement reporting. It is up to SA2 to decide whether this should be captured in TS 23.273 or not.

Note, for UL+DL positioning, the UE needs to be either in RRC_INACTIVE or RRC_CONNECTED state for performing measurements, since SRS transmission in RRC_IDLE state is not supported. Therefore, knowledge of the configured positioning method at the gNB would help in the determination of a proper RRC state after Step 1 in Figure 4-1, as described in [13].
The LPP signalling between an LMF and UE is described in TS 38.305 clause 6.4.2 [14] which already supports (e.g., DL-PRS) measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state. The LPP PDU transfer between LMF and UE is shown in Figure 4-2 below (see also TS 38.305, Figure 6.4.2-1 [14]). Since LPP signalling is transparent to the NG-RAN, there is always a possibility that the NG-RAN moves the UE to RRC_IDLE state between a e.g., LPP Request Location Information and LPP Provide Location Information due to N2 signalling inactivity. As shown in Step 5 in Figure 4-2, if the UE needs to send an LPP PDU to the LMF as part of some LPP positioning activity, and if the UE is in idle state the UE instigates a UE triggered service request as defined in TS 23.502 [12] in order to establish a signalling connection with the AMF.
The UE may begin performing the requested (e.g., DL-PRS) measurements while in RRC_CONNECTED state after receiving a LPP Request Location Information message at Step 4 in Figure 4-2. However, if the network decides to move the UE to RRC_IDLE state before the measurements are completed (e.g., longer LPP Response Time), the UE will have to continue performing the requested measurements and/or restart performing the requested measurements in RRC_IDLE state. However, this impacts RAN4 and RAN1 requirements, but has no impact on RAN2 signalling.

Proposal 11:	Performing DL-PRS measurements (or any other positioning measurements) for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state can already be supported with existing signalling. If considered useful, a clarification can be added to Stage 2 38.305. 

[image: ]
Figure 4-1: Deferred MT-LR Procedure for DL-only positioning with Event Detection in RRC_INACTIVE or RRC_IDLE state.
[image: ]Figure 4-2: LPP PDU transfer between LMF and UE.

5.	Alignment between eDRX and PRS configurations
5.1	Background
Currently, DL-PRS and (e)DRX are independently configured for a target device, and therefore, it may happen that there are no DL-PRS measurement occasions available during the 'active time' as illustrated in Figure 5.1-1.  A UE may have to wake-up during the eDRX 'sleep duration' to perform the DL-PRS measurements, which adversely affects the UE power consumption. 
[image: ]
Figure 5.1-1: DL-PRS configuration and DRX cycle. 
Compared to LTE, the eDRX configuration for RRC_IDLE and RRC_INACTIVE states is independently configured. For examples, two RRC states may have different lengths for their eDRX cycles. 
For RRC idle state, eDRX for CN paging is configured by the AMF. In RRC idle state the UE monitors only CN paging.
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. The AMF may provide to the NG-RAN node the Core Network Assistance Information to assist the NG-RAN node's decision whether the UE can be sent to RRC inactive state, and to assist UE configuration and paging in RRC inactive state. The 'Core Network Assistance Information for RRC INACTIVE' includes (among others) the UE specific DRX and the NR Paging eDRX Information ([15], section 9.3.1.15).
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 [16] and TS 38.304 [17].
In general, there are two possibilities for the alignment between eDRX and PRS configurations:
(a)	eDRX alignment with configured DL-PRS;
(b)	DL-PRS alignment with configured eDRX.
5.2	eDRX alignment with configured DL-PRS
The AMF and/or NG-RAN could take the configured PRS information (e.g., PRS periodicity) and configured UE reporting activity (e.g., periodic, area, or motion event) and positioning method (e.g., UL-only, DL-only, UL+DL) into account when configuring eDRX in the target device. 
[bookmark: _Hlk125939531]For RRC_INACTIVE state, the AMF already provides assistance information for RRC state transition and (e)DRX information to the NG-RAN in the IE 'Core Network Assistance Information for RRC INACTIVE' [15]. An LMF could provide the necessary assistance to an AMF as discussed in [13] and illustrated in Figure 5.2-1 (Option 1, Step 18). The LCS Activity information could include the information of the configured (deferred) location request (e.g., PeriodicEventInfo, AreaEventInfo, MotionEventInfo, configured positioning method, etc. [13]) together with PRS information (e.g., periodicity). The AMF could then include the LCS specific information received from an LMF in the 'Core Network Assistance Information for RRC INACTIVE' in Step 19a, Option 1 in Figure 5.2-1. The AMF/NG-RAN Node may then use this information to decide on a suitable RRC state (see also section 4 above) and (e)DRX cycle, taking the expected UE reporting interval/time and PRS periodicity into account.
Figure 5.2-1 also illustrates the option where the LMF provides the assistance information directly to the NG-RAN using NRPPa (Option 2, Step 19a), as also discussed in [13]. However, this has the disadvantage that CN paging (e)DRX for RRC_IDLE can not be considered for the alignment with PRS (since the NRPPa message is transparent to an AMF and the (e)DRX configuration for RRC_INACTIVE and RRC_IDLE are independent). Also, all the information needed from the CN for RRC state transition would be in a single IE/procedure if the 'Core Network Assistance Information' is also used for LCS/positioning.

Proposal 12:	For the (e)DRX alignment with configured DL-PRS, support adding the UE configured LCS reporting activity and configured DL-PRS information (e.g., DL-PRS periodicity) to the IE 'Core Network Assistance Information for RRC INACTIVE' (TS 38.413). Inform RAN3 and SA2 on RAN2's decision.
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Figure 5.2-1: Initiation of Deferred MT-LR with LMF assistance to the AMF (Option 1) or NG-RAN (Option 2).

5.3	DL-PRS alignment with configured eDRX
In section 5.2 above, the LMF provides assistance information to the AMF/NG-RAN to assist the NG-RAN with the state transition to RRC_INACTIVE state and to assist the AMF/NG-RAN with possible alignment of eDRX with already configured DL-PRS. 
[bookmark: _Hlk130792552]The opposite scenario, where the UE/NG-RAN/AMF assists the LMF to configure DL-PRS aligned with already configured eDRX is also possible but seems generally an anti-causal problem.  The DL-PRS Assistance Data are typically configured while the UE is in RRC_CONNECTED state (e.g., during Step 1 in Figure A.1 (see Annex A), or step 15 in Figure 5.2-1 above), or may receive the assistance data via broadcast (posSI). At this point of the procedure, an LMF does not know whether the NG-RAN will move the UE to RRC_INACTIVE or RRC_IDLE and if so, may not know any eDRX configuration information which can be used for possible alignment with DL-PRS. 
Observation 2:	The "DL-PRS alignment with configured eDRX" is generally an anti-causal problem. The DL-PRS Assistance Data are typically configured while the UE is in RRC_CONNECTED state (e.g., during Step 1 in Figure A.1 (see Annex A), or step 15 in Figure 5.2-1 above), or may receive the assistance data via broadcast (posSI). At this point of the procedure, an LMF does not know whether the NG-RAN will move the UE to RRC_INACTIVE or RRC_IDLE and if so, may not know any eDRX configuration information which can be used for possible alignment with DL-PRS.
Therefore, DL-PRS alignment with configured eDRX seems generally only possible after the UE has already received a location request with DL-PRS assistance data and is in RRC_INACTIVE or RRC_IDLE state with configured eDRX. The UE, NG-RAN, or AMF could then inform the LMF after Step 1 in Figure A.1 (i.e., after the UE has been moved to RRC_INACTIVE or RRC_IDLE) about the configured eDRX information, which an LMF may consider when providing updated assistance data (e.g., after Step 3/4 or Step 12/13 in Figure A.1).
For e.g., CN buffering of MT data when the UE is in RRC_INACTIVE state with long eDRX [18], RAN3 made already an early agreement to use a Class 1 procedure to report to the AMF when the UE enters RRC_INACTIVE state with eDRX > 10.24s [19]. Although, RAN3 clarified that this new procedure is for eDRX cycle lengths larger than 10.24s [24], this new procedure could be reused for providing eDRX information from the AMF to the LMF, as illustrated in Figure 5.3-1, Option 1.  Note, a new NG-RAN triggered NRPPa procedure may also possible (Option 2 in Figure 5.3-1), but similar to the discussion in section 5.2, may not provide any CN DRX information for idle mode to the LMF. However, as indicated in [20], it is up to NG-RAN implementation whether and when to send this N2 message with eDRX indication to the AMF. 
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Figure 5.3-1: Providing eDRX information to the LMF.
Therefore, a more reliable solution would be that a UE informs the LMF about configured (e)DRX (either directly or indirectly), e.g., at Step 3 or 12 in Figure A.1 using LPP. A UE would always know the periodic or triggered location request configuration (i.e., when a report would be needed) and all configured (e)DRX information independent on RRC/CM state. The LMF may then take the (e)DRX information into account when requesting DL-PRS from the TRPs using the on-demand DL-PRS procedures [10] as illustrated in Figure 5.3-2. 
[bookmark: _Hlk125941505]The LPP Request Assistance Data for on-demand DL-PRS can already include a desired DL-PRS periodicity [21]. A UE may determine the desired DL-PRS periodicity and set the dl-prs-ResourceSetPeriodicityReq in IE NR-On-Demand-DL-PRS-Information accrding to its (e)DRX cycle and configured LCS activity.  Any additional parameter (e.g., slot offset) if needed could be easily added. 

Proposal 13:	For the DL-PRS alignment with configured (e)DRX, the LPP Request Assistance Data for on-demand DL-PRS is used. The UE may set the dl-prs-ResourceSetPeriodicityReq according to the configured LCS reporting activity and (e)DRX configuration. FFS whether additional parameter are needed (e.g., DL-PRS slot offset).
[image: ]
Figure 5.3-2: On-demand DL-PRS procedure for aligning DL-PRS with UE DRX Active Time.


6.	Summary
In this contribution, we discussed the enhancements for enabling the LPHAP use case #6 as defined in TS 22.104. The following proposals were made.
Extending eDRX cycle beyond 10.24s in RRC_INACTIVE
Proposal 1:	Support eDRX for RRC_INACTIVE state with max. value of eDRX cycle up to 10485.76 seconds (1024 hyper-frames), if considered feasible in eRedCap WI. The eDRX design for eRedCap is also applicable for LPHAP.
SRS for positioning configuration enhancements
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). One or more positioning SRS configurations can be provided to the gNB/UE during the location preparation phase using modified NRPPa Positioning Information Exchange procedures.
Proposal 2:	The "SRS validity area" for pre-configured SRS for positioning is defined as a list of Cell-IDs where an SRS for positioning configuration is valid. If the UE reselects to a cell included in the validity area cell list the UE is permitted to continue the (associated) positioning SRS transmission in the new cell after cell reselection.
Proposal 3:	A UE preconfigured with SRS for positioning may send an RRC message to the network for SRS for positioning activation request. This RRC 'SRS for positioning Activation Request' message can be sent by the UE to the serving gNB along with an RRC Resume Request and includes an identifier of the SRS for positioning configuration requested to be activated (possibly a list in preferred order).
Proposal 4:	To activate a pre-configured SRS for positioning in the target device, the gNB sends a RRC message for SRS for positioning Activation. This 'RRC SRS for positioning Activation' message can be sent by the serving gNB along with an RRC Release. The 'RRC SRS for positioning Activation' message includes an identifier of the SRS for positioning configuration together with SRS for positioning configuration parameter which were not pre-configured, or which overwrite pre-configured SRS for positioning parameter.
Proposal 5:	The target device starts transmitting the (pre-configured) SRS for positioning once the 'RRC SRS for positioning Activation' message has been received. 
Proposal 6:	The serving gNB of the target device sends a NRPPa message to the LMF once the SRS for positioning has been activated in the target device. This NRPPa message carries information on the activated SRS for positioning and the current serving cell ID to enable the LMF to request UL measurements from TRPs.
Proposal 7:	Define a NRPPa message which allows an LMF to request SRS for positioning deactivation from the target device's serving gNB. 
Proposal 8:	Define a UE triggered RRC message which allows the UE to request SRS for positioning deactivation from the serving gNB. This 'SRS for positioning deactivation request' message can be sent by the UE to the serving gNB along with an RRC Resume Request using SDT.
Proposal 9:	Define a gNB triggered 'SRS for positioning deactivation' RRC message. The target device stops transmitting the indicated SRS for positioning when the message has been received.
DL PRS measurements for a UE in RRC_IDLE state
Proposal 10:	The 'Low Power Periodic and Triggered 5GC-MT-LR Procedures' in RRC_INACTIVE state defined in clause 6.7 of TS 23.273 are also applicable to DL-PRS measurements in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state, but without using SDT for event/measurement reporting. Instead of using SDT for event/measurement reporting, a UE triggered service request would be used which moves the UE to connected state for event/measurement reporting. It is up to SA2 to decide whether this should be captured in TS 23.273 or not.
Proposal 11:	Performing DL-PRS measurements (or any other positioning measurements) for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state can already be supported with existing signalling. If considered useful, a clarification can be added to Stage 2 38.305. 
Alignment between eDRX and PRS configurations
Observation 2:	The "DL-PRS alignment with configured eDRX" is generally an anti-causal problem. The DL-PRS Assistance Data are typically configured while the UE is in RRC_CONNECTED state (e.g., during Step 1 in Figure A.1 (see Annex A), or step 15 in Figure 5.2-1 above), or may receive the assistance data via broadcast (posSI). At this point of the procedure, an LMF does not know whether the NG-RAN will move the UE to RRC_INACTIVE or RRC_IDLE and if so, may not know any eDRX configuration information which can be used for possible alignment with DL-PRS.
Proposal 12:	For the (e)DRX alignment with configured DL-PRS, support adding the UE configured LCS reporting activity and configured DL-PRS information (e.g., DL-PRS periodicity) to the IE 'Core Network Assistance Information for RRC INACTIVE' (TS 38.413). Inform RAN3 and SA2 on RAN2's decision.
Proposal 13:	For the DL-PRS alignment with configured (e)DRX, the LPP Request Assistance Data for on-demand DL-PRS is used. The UE may set the dl-prs-ResourceSetPeriodicityReq according to the configured LCS reporting activity and (e)DRX configuration. FFS whether additional parameter are needed (e.g., DL-PRS slot offset).
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Annex A:	Low Power Deferred MT-LR Procedure with Event Reporting in RRC_INACTIVE state for UL+DL Positioning
[image: ]
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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