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1	Introduction
Based on the SID [1], the objectives includes the following: 
· Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.
and
· Study of positioning architecture for location services, functional interfaces, protocol, and procedures for supporting NR dependent positioning technologies (if needed; otherwise, need to be confirmed) [RAN2 primary, RAN3 checks, according to current practices for positioning architecture]
… 
· IoT use cases, including potential LPP evolution, and efficient/low-complexity signaling are considered while striving for a common architecture.
In this contribution, we discuss efficient/low-complexity signaling and scalability by addressing idle mode positioning methods.
[bookmark: _Ref178064866]2	Discussion
Traditionally, idle mode positioning is logical in order to understand the logical whereabouts of the UE in order to be able to initiate a connection with a UE via a paging procedure. This is supported by a tracking area update procedure, when the UE informs the network when it moves to camp on a cell belonging to a different region than the region the network is aware of. In LTE, these regions are labelled tracking areas, and it is also possible to define a region as a list of tracking areas, where different UEs can be configured with different tracking areas. When the UE moves and starts camping on a cell belonging to a tracking area not included in the configured tracking area list, the UE will establish a network connection and send a tracking area update to the network, typically receiving a new tracking area list in return.
[bookmark: _Toc779922]The network is aware of the UE idle mode position on a regional level, where a region can be anything from a single cell to a considerable set of cells.
The network can also be aware of finer granularity positions than a region, for example information about the last serving cell provided when the UE disconnects from the network – information that becomes more uncertain over time up to the configured region (tracking area list in LTE). The same concerns any position estimate while the UE was in connected mode.
[bookmark: _Toc779923]The network can be aware of a better position than a tracking area at the time when a UE disconnects, but the uncertainty will increase over time up to the region level that triggers tracking are updates.
Asset tracking and logistics are among the key IoT positioning application areas. One positioning aspect is geo-fencing to understand when an IoT device has left an area. One technical solution is to regularly position the IoT device and from these position estimates assess whether the IoT device has left the geo-fenced area or not. 
[bookmark: _Toc779924]One key application area for IoT positioning is geo-fencing and to determine when an IoT device has left a specific monitored area.
Low accuracy geo-fencing can be enabled via the existing tracking area update procedure, which can act on a regional level. Since the tracking area monitoring is UE-based, this crude positioning becomes very signaling effective, where signaling is only initiated when the regional position information needs to be updated by the UE. If the regional accuracy is enough, then the tracking area monitoring provides an attractive geo-fencing. 
[bookmark: _Toc779925]Tracking area monitoring is UE-based and can be seen as a low accuracy geo-fencing that is very signaling efficient.
However, there are IoT application areas where more precise geo-fencing is needed, and where it is relevant to avoid a tight connection to the tracking area configuration. Therefore, it would be relevant with a refined tracking area procedure that optionally can monitor even more local radio network features than a cell, and trigger a tracking area update or similar to enable finer geo-fencing based on idle mode monitoring for signaling efficiency. 
[bookmark: _Toc779926]There are application areas for a finer accuracy than can be provided by the existing tracking areas.
[bookmark: _Toc779927]It is relevant to enable separation between tracking area configuration and idle mode positioning solutions.
 
Therefore, it is relevant to study idle mode positioning solutions based on optional extensions to the tracking area monitoring procedure.
One option is that the network can configure devices while in connected, with idle/inactive mode triggering conditions to return to connected mode and report measurements and/or outcome of the triggering condition. 
One existing example is the RNA area configuration, where devices can be configured to trigger a RRC reconnect when it changes its camping cell. This is already supported with UEs sent to inactive state configured to monitor cells and will resume to active state when the camping cell is outside the cell list in the RNA area configuration. This gives a cell level accuracy if the device is configured with only its serving cell in the RNA area config.
[bookmark: _Toc779928]RNA area configuration monitoring with only the serving cell in the RNA area config list gives inactive mode cell level positioning accuracy in gNB.
[bookmark: _Toc779929]Natural extensions of the inactive state RNA area configuration monitoring enable cell, sub-cell and beam level positioning accuracy in gNB.
The extensions to inactive state monitoring can enable sub-cell positioning of idle/inactive mode devices to the serving gNB. This information can be provided to the location server via the existing cell portion framework.
[bookmark: _Toc779930] The existing cell portion framework enables sub-cell positioning information to be shared from gNB to the location server for UEs in inactive state.
Given the observations, we have the following proposals:
[bookmark: _Toc525940271][bookmark: _Toc779931]RAN2 shall investigate possible extensions to the tracking area update and/or RNA area config procedures in order to support idle/inactive mode positioning with efficient signaling.
[bookmark: _Ref189046994]3	Conclusions
 
In the previous sections we made the following observations: 
Observation 1	The network is aware of the UE idle mode position on a regional level, where a region can be anything from a single cell to a considerable set of cells.
Observation 2	The network can be aware of a better position than a tracking area at the time when a UE disconnects, but the uncertainty will increase over time up to the region level that triggers tracking are updates.
Observation 3	One key application area for IoT positioning is geo-fencing and to determine when an IoT device has left a specific monitored area.
Observation 4	Tracking area monitoring is UE-based and can be seen as a low accuracy geo-fencing that is very signaling efficient.
Observation 5	There are application areas for a finer accuracy than can be provided by the existing tracking areas.
Observation 6	It is relevant to enable separation between tracking area configuration and idle mode positioning solutions.
Observation 7	RNA area configuration monitoring with only the serving cell in the RNA area config list gives inactive mode cell level positioning accuracy in gNB.
Observation 8	Natural extensions of the inactive state RNA area configuration monitoring enable cell, sub-cell and beam level positioning accuracy in gNB.
Observation 9	The existing cell portion framework enables sub-cell positioning information to be shared from gNB to the location server for UEs in inactive state.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 shall investigate possible extensions to the tracking area update and/or RNA area config procedures in order to support idle/inactive mode positioning with efficient signaling.
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