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At RAN#94e a new Study Item on "expanded and improved NR positioning" was approved which was revised at RAN#96 [1]. This study includes the following objective:
	· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state



RAN1 confirmed that use case 6 defined in TS 22.104 [2] is the single representative use case for the study of LPHAP [3]:
Low power high accuracy positioning use cases
	Use Case #
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time

	1
	10 m
	Service Level 1
	on request
	24 months

	2
	2 m to 3 m
	Service Level 2
	< 4 seconds
	> 6 months

	3
	< 1 m
	Service Level 3
	no indication
	1 work shift - 8 hours (up to 3 days, 1 month for inventory purposes)

	4
	< 1 m
	Service Level 3
	1 second
	6 - 8 years

	5
	< 1 m
	Service Level 3
	5 seconds - 15 minutes
	18 months

	6
	< 1 m
	Service Level 3
	15 s to 30 s
	6 - 12 months 

	7
	30 cm
	Service Level 5
	250 ms
	18 months

	8
	30 cm
	Service Level 5
	1 second
	6 - 8 years (no strong limitation in battery size)

	9
	10 m
	Service Level 1
	20 minutes
	12 years (@20mJ/position fix)



The Service Level 3 is defined in TS 22.261 [4] as follows:
Performance requirements for Horizontal and Vertical positioning service levels
	Positioning service level
	Absolute(A) or Relative(R) positioning
	Accuracy 
(95 % confidence level)
	Positioning service availability
	Positioning service latency 
	Coverage, environment of use and UE velocity 

	
	
	Horizontal Accuracy 

	Vertical Accuracy
(note 1)
	
	
	5G positioning service area
	5G enhanced positioning service area
(note 2)

	
	
	
	
	
	
	
	Outdoor and tunnels
	Indoor

	3
	A
	1 m
	2 m
	99 %
	1 s
	Outdoor 
(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 
(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h



The study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state. 
In this contribution, we study the limitations of the positioning procedures in RRC_INACTIVE state and propose directions for enhancements. 
2.	Positioning in RRC_INACTIVE State – Background and Limitations
In RRC_INACTIVE state, a UE remains CM_CONNECTED while the access stratum context is stored in both, UE and RAN. During RRC_INACTIVE state, the network signalling load is reduced, since the UE is only required to perform inactive mobility procedures (e.g., PLMN selection, cell reselection, and RAN notification area update), reception of broadcast system information, and reception of RAN paging. The UE is in a (kind of) sleep mode and wakes up periodically (according to a configured I-DRX cycle) and monitors for paging messages from the network. E.g., a UE does not constantly monitor PDCCH for unicast data transmission/reception, which allows power savings at the UE side compared to RRC_CONNECTED state. 
With the Rel-17 Small Data Transmission (SDT) feature, a UE can also transmit data and/or NAS signalling while remaining in RRC_INACTIVE state. Positioning in RRC_INACTIVE state has been enabled in Rel-17, which allows a UE to perform any positioning measurements in RRC_INACTIVE state and report the results using SDT without the need for state transition [5].
Observation 1:	Positioning in RRC_INACTIVE state is a key enabler for "low power high accuracy positioning".

Deferred MT-LR procedures provide an efficient means for location tracking of mobile devices or assets. In an initialization phase, the target device can be provided with positioning instructions (e.g., used positioning method(s), QoS, etc.)  and possibly assistance data. The target device then monitors for the event occurrence, performs location measurements when an event is detected and provides the (location) results to the network. Multiple event types can be supported [6], such as entering, leaving or remaining within a pre-defined geographical area, movement by more than some predefined distance from a previous location, or periodic location. Procedures have been defined in Rel-17 which allows a UE to remain in RRC_INACTIVE state during the positioning measurement and event reporting phase [6].
Observation 2:	The target applications for low power high accuracy positioning, such as asset tracking, in process automation, tracking of vehicles, and tool tracking [2] can be enabled with the Rel-17 deferred MT-LR procedures in RRC_INACTIVE state.

The deferred MT-LR Procedure with Event Reporting in RRC_INACTIVE state for UL+DL Positioning is shown in Figure 1 below. 


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

For the event reporting using DL-only positioning, only the steps 2, 11a, 12, 13, 15 and 16 are needed/applicable. From a UE power saving point of view, the procedure seems optimal for DL-only positioning (incl. RAT-independent positioning), in particular for UE-based mode. The target device can monitor for event occurrence and perform the necessary location measurements during "awake periods" (DRX busy/active periods) and provide the (very small) event report with the location estimate when the event report is triggered using SDT. The UE then 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. 
However, 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 (e.g., when the UE listens to paging messages), but would have to move to RRC_CONNECTED state for event reporting. This not only affects the power consumption of the device but has also an impact on latency.
Limitation 1:	With the current positioning procedures, a serving gNB does not know whether the UE should be transitioned to RRC_INACTIVE or RRC_IDLE state (e.g., after deferred MT-LR initiation).

NR positioning measurements (e.g., DL-PRS RSRP, DL RSTD, UE Rx–Tx time difference, DL PRS-RSRPP) are not applicable to RRC_IDLE state [7]. However, in principle, the deferred MT-LR procedures do not preclude performing the positioning measurements in RRC_IDLE state and there seems no impact to RAN2 specifications.  However, there may be impacts on RAN1 specifications (e.g., [7]) and RAN4 specifications (e.g., measurement requirements [8]). However, for reporting any measurements, the UE would need to be in RRC_INACTIVE (for SDT) or RRC_CONNECTED state as mentioned above. Therefore, if a UE/NW supports SDT SRB, the UE should be in RRC_INACTIVE state after deferred MT-LR initiation and event reporting for low-power positioning.
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) [7]. This limitation, however, seems to have no RAN2 impacts.

DL-only positioning is also not affected by mobility. Assuming the UE has valid assistance data stored (e.g., multiple instances of pre-configured assistance data with area validity during step 1 or obtained from broadcast), the UE can continue to measure DL-PRS during/after handover or cell reselection. If the UE sends an Event Report to a receiving gNB while in RRC_INACTIVE state, the receiving gNB would realize that the event report was sent with SDT in RRC_INACTIVE state and could thus keep the UE in this state when event reporting is complete. 
For UE-assisted DL-only positioning, a measurement report can be rather huge (e.g., a Rel-16 DL-TDOA measurement report can in theory be up to 33 KB; a Rel-17 report could be even bigger). Therefore, LPP segmentation is likely needed for UE-assisted mode (which is independent on the RRC state). This has also been discussed during Rel-17, however, some companies felt that this is not specific to RRC_INACTIVE and therefore, "out of scope" (e.g., [9]). The problem is indeed independent of RRC state (i.e., LMF is not aware of RRC state anyhow and the basic procedure shown in Figure 1 would still be applicable but without SDT (i.e., transition to RRC_CONNECTED for event reporting instead)), however, it is still unclear how LPP segmentation can cooperate with LCS messages. If not solved/described, positioning in RRC_INACTIVE State would have limitations for UE-assisted mode positioning where measurement reports can be larger than ~9000 bytes [10].
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.

Compared to DL-only (and RAT-independent) positioning, the procedure in Figure 1 seems rather suboptimal for UL-positioning (including UL+DL positioning). Each time an event report is triggered, a new positioning SRS may be "negotiated" between LMF and serving/receiving gNB (steps 3-10). This results in large signalling activities for e.g., periodic events with relatively small periodicities (e.g., 15 – 30 seconds as in use case 6 in section 1 above). An SRS configuration could be valid for more than a single event report or even in areas others than the last serving gNB.
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.

UL positioning is also adversely affected by mobility. 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). If cell reselection occurs when transmitting SRS, the SRS configuration becomes invalid [11], and the UE stops the SRS transmission. The NW would not be aware of this if the reselected cell belongs to the same RNA and the TRP measurement procedure may fail (an LMF would still expect UL measurements from the configured TRPs but the UE does not transmit any SRS). A new SRS would need to be configured in the target device when the receiving gNB is different from the gNB from which the SRS configuration was obtained (e.g., at steps 11 or between STD #1 and SDT #2 in Figure 1). This may require a RRC resume in the new cell to obtain a new SRS configuration which negatively affects power consumption and latency.  

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.

The Limitations 1-5 result in the following Proposal.

Proposal 1:	RAN2 to study positioning procedure improvements in the following areas:
-	enabling a serving/receiving gNB to make an informed decision on RRC state transition (e.g., RRC_INACTIVE or RRC_IDLE);
-	enabling LPP message segmentation in cooperation with LCS messages (i.e., LPP messages embedded in LCS Event Reports);
-	reducing the amount of required positioning SRS configuration signalling (e.g., reducing the frequency of SRS configuration updates);
-	enabling mobility for positioning SRS transmission.

3.	Enhancements to Positioning in RRC_INACTIVE State
[bookmark: _Hlk106613137]3.1	Core Network Assistance Information for RRC State Transition
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 [12], 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 [13] 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 [13]. 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 [14] which could be considered by the AMF when determining the Core Network Assistance Information for RRC INACTIVE IE or CN Assisted RAN Parameters Tuning IE as illustrated 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.
The LCS specific information as configured in the target device could be included in the Expected UE Behaviour IE specified in [12]. 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 (see also section 3.3). The reporting information could be stored in the UE context and would then be available at both, last serving gNB and receiving gNB. The LMF would still be unaware of the RRC state (i.e., no RRC state dependent behaviour of an LMF is required).
Proposal 2:	For enabling a serving/receiving gNB to make an informed decision on RRC state transition (e.g., RRC_INACTIVE or RRC_IDLE), RAN2 to study further the suitable core network assistance information for RRC_INACTIVE state (e.g., providing the UE configured deferred MT-LR information).



Figure 2: Initiation of Deferred MT-LR.


3.2	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, 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 3 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 and maybe small Stage 3 changes and should be clarified together with SA2.
Proposal 3:	For enabling LPP message segmentation in cooperation with LCS messages (i.e., LPP messages embedded in LCS Event Reports), RAN2 to study further which specification changes are required (if any).



Figure 3: DL and RAT-Independent Event Reporting with LPP message segmentation.

3.3	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" [15], 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. 
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.
However, a positioning SRS includes at least some parameter which are location/cell specific or time dependent, such as pathloss reference, spatial relation information, or the TA timer and RSRP change threshold values, which may not be possible to pre-configure. The pre-configuration of the positioning SRS could be restricted to those SRS parameters which can be valid for multiple cells. Any remaining SRS parameter could be provided in the activation message. 

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 [15] procedure could probably be reused.
For UE triggered deactivation request, the RRC LocationMeasurementIndication [11] message could also be reused (which already has a "start - stop" mechanism) or a new MAC control element could be defined.
A modification of the deferred MT-LR procedure for the UL positioning part is shown in Figure 4 below.


Figure 4: Deferred MT-LR with positioning SRS pre-configuration.
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).

Proposal 4:	For reducing the amount of required positioning SRS configuration signalling, RAN2 to study further the possibility of SRS for positioning pre-configuration, including:
-	determine the elements of a positioning SRS that can be pre-configured and elements of a positioning SRS that can not be pre-configured;
-	mechanisms for UE and LMF triggered activation and deactivation request for pre-configured positioning SRS.

3.4	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 [16] 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 4.
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
}



Proposal 5:	To support mobility for positioning SRS transmission, RAN2 to study further the possibility of an "area validity" for (pre-configured) positioning SRS.

4.	Summary
In this contribution, we studied the limitations of the positioning procedures in RRC_INACTIVE state which may have an impact on complexity, latency, and thereby impair the power consumption of the target device and proposed directions for enhancements. The following limitations were identified:
Limitation 1:	With the current positioning procedures, a serving 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) [7]. This limitation, however, seems to have no RAN2 impacts.
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.
This resulted in the following proposals.
Proposal 1:	RAN2 to study positioning procedure improvements in the following areas:
-	enabling a serving/receiving gNB to make an informed decision on RRC state transition (e.g., RRC_INACTIVE or RRC_IDLE);
-	enabling LPP message segmentation in cooperation with LCS messages (i.e., LPP messages embedded in LCS Event Reports);
-	reducing the amount of required positioning SRS configuration signalling (e.g., reducing the frequency of SRS configuration updates);
-	enabling mobility for positioning SRS transmission.
Proposal 2:	For enabling a serving/receiving gNB to make an informed decision on RRC state transition (e.g., RRC_INACTIVE or RRC_IDLE), RAN2 to study further the suitable core network assistance information for RRC_INACTIVE state (e.g., providing the UE configured deferred MT-LR information).
Proposal 3:	For enabling LPP message segmentation in cooperation with LCS messages (i.e., LPP messages embedded in LCS Event Reports), RAN2 to study further which specification changes are required (if any).
Proposal 4:	For reducing the amount of required positioning SRS configuration signalling, RAN2 to study further the possibility of SRS for positioning pre-configuration, including:
-	determine the elements of a positioning SRS that can be pre-configured and elements of a positioning SRS that can not be pre-configured;
-	mechanisms for UE and LMF triggered activation and deactivation request for pre-configured positioning SRS.

Proposal 5:	To support mobility for positioning SRS transmission, RAN2 to study further the possibility of an "area validity" for (pre-configured) positioning SRS.
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