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1	Introduction
This document discusses aspects related to positioning of RRC_INACTIVE UEs, particularly in regards to maintaining the assistance data (AD) up-to-date at the UE side. This is to ensure that Inactive UEs use the latest information pertaining to DL PRS configuration and/or SRS configuration, thus being able to maintain their positioning session even in cases where PRS configurations change (e.g., due to on-demand PRS changes) and/or mobility of Inactive UE.
[bookmark: _Hlk78376571]2	Updating DL Assistance Data in RRC_INACTIVE Positioning
The on-demand PRS concept generally allows network UEs (in RRC_CONNECTED state) to express their PRS configuration preference or even request specific PRS resources from the LMF. The LMF may grant such requests as well as change PRS configuration more dynamically based on its own criteria, e.g., to reflect the presence of a new UE whose positioning session requires an update of the PRS configuration. 
However, under current specifications, UEs in RRC_INACTIVE are not aware of any changes in DL PRS configuration due to the dynamic “on-demand” PRS nature. This is because the UEs obtain assistance data as part of LPPProvideAssistanceData while still in RRC_CONNECTED and assume this PRS configuration to be valid also in the RRC_INACTIVE state. 
Thus, there is a need for timely updates of DL positioning assistance data in RRC_INACTIVE UEs, including potentially the list of active / useful TRPs. 
Similar issues may occur also due to mobility of RRC_INACTIVE UEs as substantial changes in PRS propagation may require their reconfiguration. For example, the blockage of the line of sight to a configured TRPs may be associated with unacceptably low positioning accuracy. 

Observation 1: Assistance data must be ensured to be up-to-date in the UE for inactive positioning. 

In the RAN2#116-e meeting, multiple mechanisms for assistance data delivery in RRC_INACTIVE were agreed: 
Agreement
· For positioning in RRC_INACTIVE state, the positioning assistance data can be delivered to UE through the following ways:
· positioning system information, i.e., posSIB
· pre-configured assistance data when UE in RRC_CONNECTED state
· sent to UE in RRC_INACTIVE during ongoing SDT procedure

In the context of dynamic assistance data updates due to on-demand PRS and/or mobility, the following observations can be made regarding said update mechanisms: 
· Broadcasting posSIBs with updated information: In this case the network must maintain broadcasted assistance data always up-to-date, such that every gNB broadcasts information pertaining to the lastest PRS. This can indeed provide updated information to INACTIVE UEs, however it results in high signalling overhead. This is because any update to DL PRS by any gNB may impact up to 64 serving/neighboring gNBs. Assuming that DL PRS parameter changes may happen relatively frequently in the context of on-demand PRS (particularly assuming both LMF-initiated and UE-initiated on-demand PRS in place), the signaling overhead would be rather large.

· LPP unicast, providing assistance data when in RRC_CONNECTED: This method for updating assistance data involves transitioning UEs from RRC_INACTIVE into RRC_CONNECTED and use regular LPP unicast messages for converying the assistance data update. This solution minimizes the network signaling at the camped-on cell/gNB. However, some latency may incur. In addition, this solution is not aligned with the primary objective of the RRC_INACTIVE state, that is, the conservation of UE power. The cumulative energy expenditure due to frequent RRC state transitions over longer time periods may be non-negligible for battery-powered devices.

· Use Small Data Transmissions (SDT). In accordance with [2], SDT could be exploited to deliver LPP messages even to RRC_INACTIVE UEs. However, the SDT mechanism is being studied for UL usage only in Release 17, which implies that updates on assistance data (AD) can be delivered via SDT only for UE-triggered requests. In other words, the network itself cannot reach RRC_INACTIVE UEs (eg, following an LMF-triggered update of AD) as DL SDT will not be specified in Release 17. In this context, it is also noteworthy that the LMF is not aware of the UE RRC state, as well as that the gNBs cannot monitor whether RRC_INACTIVE UEs have an active positioning session and/or are in need of an AD update.

In summary, it is observed that the process of updating AD in RRC_INACTIVE UEs is characterized by a trade-off between timeliness, overhead, and power consumption.

In general, it is also observed in this context that the LMF does not necessarily need to provide the same AD to all UEs in a given area (e.g., via posSIB broadcasts). It has the possibility to also consider the delivery of UE-specific AD to enable localization with an individual context or optimization, which would be enabled via the on-demand PRS mechanism. This is especially true in FR2 scenarios where selective configuration and optimization of PRS can be carried out in the beam domain, specifically for each UE. Such configuration updates would be especially problematic for UEs in RRC_INACTIVE.


Observation 2: Current mechanisms for updating AD - posSIB broadcast, LPP unicast and UE-triggered SDT-based updates - are designed mainly for static scenarios with primarily RRC_CONNECTED UEs in mind. They are also characterized by an inherent trade-off between timeliness, overhead, and power consumption which makes difficult their application to dynamic RRC_INACTIVE scenarios involving on-demand PRS and mobility.


SDT-based communications between the LMF and the UE is a sufficiently flexible option for dynamic AD updates in RRC_INACTIVE UEs, except from the fact that it must be the UE that initiates the SDT session. This drawback could however be efficiently addressed by 
· providing the RRC_INACTIVE UEs with guidance on (at least some) situations in which the LMF requires a communication channel to the UE for LPP message delivery, and

· requiring the UE, upon detecting such a situation, to initiate SDT communications with the LMF via UL SDT, even if the UE itself has current intention to do so.

In other words, based on pre-defined standard criteria, the UE can provide the LMF with timely opportunities to deliver assistance data by proactively triggering a standard UL SDT procedure. 

Proposal 1: RAN2 to specify conditions for RRC_INACTIVE UEs to trigger an SDT session to permit the LMF to deliver updated assistance data, especially assistance data on DL PRS, and how to control the amount and efficiency of such LMF-oriented SDT sessions.

The conditions for unilateral triggering of an SDT session should include at least:
· degradation of previously configured PRS resource below a minimum signal strength threshold (e.g., PRS resource become non-detectable either due to blockage, mobility, or background PRS deactivation by the LMF),

· degradation of the number of usable PRS resource below a pre-defined minimum value (e.g., strong geometric dilution of precision due to unfavorable geometric distribution of active PRS resource, as a result of PRS re-configuration by the LMF or UE mobility). This particularly relates to UE-based positioning where the UE is aware of the location of the TRPs, hence it can additionally assess whether the relative location of the TRPs results is favorable.

The “LMF-centric” conditions for UL SDT triggering can be indicated to the UE in the form of certain pre-defined events, either by an implicit standardized convention or dynamically through gNB and/or the LMF. 

Observation 3: The conditions for RRC_INACTIVE UEs requesting updated assistance data from the LMF via SDT should relate to the ability of the UEs to measure PRS with sufficient quality. 

Proposal 2: UEs should request updates of assistance data in case the measurement quality of the (previously) configured PRS resources drops below a given threshold.

In addition to the trigger conditions above for initiating UL SDT, there needs to be some rules to prevent the UEs from triggering UL SDT to avoid too frequent UL SDT transmissions. One example is to configure UEs to maintain minimum time between two SDT transmissions in general, or assistance data requests in particular. As another example, UEs should not make SDT requests  if transition to RRC_CONNECTED is approaching or is ongoing. 
Proposal 3: RRC_INACTIVE UEs should be configured with minimum time intervals between consecutive assistance data update requests, so as to avoid too frequent UL SDT transmissions. 

4	Conclusion
This document has made the following observations and proposals:
Observation 1: Assistance data must be ensured to be up-to-date in the UE for inactive positioning. 
Observation 2: Current mechanisms for updating AD - posSIB broadcast, LPP unicast and UE-triggered SDT-based updates - are designed mainly for static scenarios with primarily RRC_CONNECTED UEs in mind. They are also characterized by an inherent trade-off between timeliness, overhead, and power consumption which makes difficult their application to dynamic RRC_INACTIVE scenarios involving on-demand PRS and mobility.

Proposal 1: RAN2 to specify conditions for RRC_INACTIVE UEs to trigger an SDT session to permit the LMF to deliver updated assistance data, especially assistance data on DL PRS, and how to control the amount and efficiency of such LMF-oriented SDT sessions.
Observation 3: The conditions for RRC_INACTIVE UEs requesting updated assistance data from the LMF via SDT should relate to the ability of the UEs to measure PRS with sufficient quality. 

Proposal 2: UEs should request updates of assistance data in case the measurement quality of the (previously) configured PRS resources drops below a given threshold.

Proposal 3: RRC_INACTIVE UEs should be configured with minimum time intervals between consecutive assistance data update requests, so as to avoid too frequent UL SDT transmissions. 
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