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1 Introduction
During RAN2#114-e [1], the following agreements were made:

	Agreements:
Any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective. 

Follow Rel-17 SDT framework for INACTIVE UL and DL positioning:


If the UE initiated data transmission using UL SDT, the network can send DL LCS, LPP message and RRC message (e.g. to configure SRS (TBD on what message is used), if UL positioning supported) to the UE. 


Otherwise, if UE did not initiate UL SDT, rely on legacy operation, i.e. the network shall transition the UE to RRC_CONNECTED, e.g. based on RAN paging.

Exposure of the RRC state of the UE to the LPP layer of the UE for RRC_INACTIVE UL and DL positioning will not be specified.  This does not exclude cross-layer behaviour in implementations.

The RRC state of the UE is not exposed to the LMF for INACTIVE UL and DL positioning.


In this contribution, we discuss the enhancements for supporting DL-based and UL-based positioning in INACTIVE state and the procedures for handling PRS and SRS for positioning (SRSp) configurations for use during RRC INACTIVE.
2 Discussion
2.1 PRS configuration for use in RRC INACTIVE
Initiating PRS measurements when in RRC INACTIVE

In the previous RAN2#114-e meeting, agreements were made in support of delivery of LPP messages in DL for the case when the UE initiates UL transmission using SDT. This would allow assistance data containing PRS configurations to be sent to the UE via SDT-SRB2 while the UE remains in RRC INACTIVE state.

In the case when the UE is preconfigured with PRS configurations during RRC CONNECTED (e.g. in MT-LR/deferred MT-LR scenario), the network can send a triggering indication to initiate PRS measurement. Note that such network-initiated triggering indication can be applicable even in the case when SDT is not configured or triggered. 
The gNB can request the UE to transition to RRC CONNECTED with a paging message as in legacy procedure, for sending the triggering indication (e.g. LPP RequestLocationInformation) and transitioning the UE back to RRC INACTIVE. This, however, results in unnecessary latency and overhead signalling as well as additional power expenditure in UE. 
Observation 1: 
Transitioning the UE to RRC CONNECTED state with paging message for subsequently sending LPP messages or triggering indication for measuring PRS results in unnecessary latency and overhead signalling 
The triggering indication can also be sent to UE via initial access messages either in MSG 2/4 (in 4-step RACH procedure) or in MSG B (in 2-step RACH procedure). In this case, without having to transition to RRC CONNECTED, the UE can initiate the RACH procedure or use CG upon receiving the paging message for subsequently receiving the triggering indication from network. 
Given the benefits of low latency and low overhead signalling, the delivery of triggering indication for initiating measurements using a preconfigured PRS configuration, should be supported for UE in INACTIVE, without transitioning the UE to RRC CONNECTED.

Proposal 1:  
Support transmission of network-initiated DL indication to UE for initiating measurement of preconfigured PRS when in INACTIVE 
PRS configurations intended for usage during RRC INACTIVE 

In scenarios where the PRS configuration is updated dynamically by LMF, the UE might be provided with assistance information (e.g. in LPP ProvideAssistanceData message) containing updated PRS configuration. When the UE is in INACTIVE and the LMF is agnostic to the RRC state of the UE, the gNB might need to transition the UE frequently between INACTIVE and CONNECTED, especially for sending PRS configuration with large payload sizes. This can result in unnecessary higher latency and power consumption. 

Observation 2: 
Given that LMF is agnostic to whether the UE is in RRC CONNECTED or RRC INACTIVE, the UE might be frequently transitioned between the different RRC states for receiving LPP messages from LMF

The understanding at LMF that the UE can operate in different RRC state has some benefits. For example, LMF can provide a PRS configuration to the UE that may be optimized for low power operation, e.g. PRS with low bandwidth with relatively short measurement duration. However, it is important to note that this knowledge at LMF does not imply that the LMF can change the positioning QoS requirements (e.g. accuracy) by sending PRS configuration that may adversely impact the QoS. Since the positioning QoS requirements such as accuracy is dictated by LCS client/application, the LMF should strive to enforce the QoS regardless of the UE RRC state. In the same reasoning, INACTIVE operation does not imply low accuracy positioning.
Observation 3: 
Irrespective of whether the UE operates in CONNECTED or INACTIVE, the LMF should not change the higher layer positioning QoS requirements (e.g. accuracy) 

As agreed during RAN2#114-e meeting, the RRC state of the UE is not exposed to the LMF. In this regard, a procedure can be applied for providing and using PRS configurations such that the positioning accuracy requirement is satisfied regardless of the RRC state. 

For example, once an LPP session is established (e.g. for NI-LR/MT-LR, deferred MT-LR), LMF can provide multiple PRS configurations to UE during CONNECTED, which can be stored in UE context and used when certain event triggers are detected (e.g. timer expiry for periodic transmission). Likewise, the different PRS configurations can also be provided to UE in INACTIVE (e.g. in RRCRelease message) upon UE initiating an UL transmission with SDT (e.g. upon sending LPP RequestAssistanceData message). 
The PRS configurations provided by LMF to UE can be associated with CONNECTED and INACTIVE states with the assurance that the positioning accuracy achieved satisfies at least a minimum accuracy requirement (i.e. required by positioning service/LCS client) when operating in RRC INACTIVE state. The different PRS configurations provided to UE may be associated with different reporting configurations (e.g. periodic, aperiodic) and report payload sizes  

Proposal 2: 
Support configuring PRS configurations which are intended to be used by UE when operating in RRC INACTIVE state

Proposal 3: 
The PRS configurations intended for usage during RRC INACTIVE state should ensure that at least a minimum positioning accuracy requirement (i.e. required by positioning service/LCS client) is satisfied 

Depending on whether the UE is in CONNECTED or INACTIVE state, and the SDT configuration provided by gNB for INACTIVE operation (e.g. RA-SDT/CG-SDT, data volume threshold), the UE can use a suitable PRS configuration when performing measurements. For example, when configured with CG-SDT the UE can use a PRS configuration and measurement reporting configurations that may result in sending periodic measurement reports with certain moderate payload size within the configured CG resource size.  
Proposal 4: 
The PRS configurations intended for usage during RRC INACTIVE state should take into acount of the parameters of SDT configuration (e.g. RA-SDT/CG-SDT resources, data volume threshold) possibly configured in UE

To support positioning in INACTIVE, the LMF can provide certain rules or validity conditions to the UE, associated with PRS configuration, which can be stored in UE context. The validity conditions (e.g. TA time validity, cell area/RNA validity) can be used for determining whether the existing PRS configuration in UE is valid to be used when in INACTIVE. In the case when the PRS configuration is not valid (e.g. due to TA timer expiry), the UE can send a request to LMF for an updated PRS configuration (e.g. in LPP RequestAssistanceData message using SDT) for operation in INACTIVE. 
Proposal 5: 
Support configurating validity conditions (e.g. time validity, area validity) when configuring PRS configurations intended to be used by UE during RRC INACTIVE state
UL-based positioning

For UL-based positioning, the SRS for positioning (SRSp) configuration delivered by gNB during RRC CONNECTED can be used for UE-assisted positioning when in RRC INACTIVE state. When preconfigured with aperiodic and semi-persistent SRSp, the gNB can send the indication to activate an SRSp configuration in UE either using RRC (with SDT-SRB2) or RAN paging message.  

The SRSp configuration can also be provided by gNB to UE when in INACTIVE state. This can also be supported with configured SDT SRBs that can be used for sending RRC message carrying the SRSp configuration. For example, the SRSp configurations can be delivered to UE in INACTIVE via RRCRelease message in SDT with SuspendConfig.

Similar to UE-assisted MT-LR/deferred MT-LR, in UE-based positioning or UE-assisted MO-LR, the UE transmits SRSp while remaining in RRC INACTIVE. Since LMF is agnostic to UE RRC state, the LMF may provide the aggregated measurement report/location estimates by sending the encapsulated NAS message to UE when in RRC INACTIVE. In this case, provided that SDT is configured, the UE can receive the NAS message in DL while remaining in INACTIVE after the UE initiates certain UL transmission with SDT.    

Proposal 6:  
Support the use of pre-configured SRSp configuration received by UE during RRC CONNECTED for SRSp transmission when in INACTIVE

Proposal 7:  
Support transmission of SRSp configuration via RRCRelease message (e.g. with SuspendConfig) or indication to UE for initiating SRSp transmission when in INACTIVE
2.2 Mobility during INACTIVE
IIoT devices may be mobile during bulk transportation while continuing to operate in INACTIVE. Such use cases can also occur when the devices are moved due to accidents or natural disasters. For enabling INACTIVE operation during mobility, a UE can be configured with RAN notification area (RNA), consisting of a list of cells where the UE can receive paging messages during DRX on-durations. 

In existing Rel-16 positioning procedures, the UE can be configured with PRS configurations independent of the RAN configured RNA and DRX configurations. In this case, it is possible for the UE to be configured with PRS parameters (e.g. cell IDs associated with PRS configurations) that may not be aligned with the cells/TRPs/gNBs associated with RNA. In addition, a misalignment between the DRX on-duration and DL-PRS can result in the inability for making measurements during INACTIVE. Such misalignment can cause inefficiency in resource usage, interference, and inaccuracy in positioning measurements. 

Observation 4: 
Configuring PRS in UE independently of the RNA and DRX configurations can possibly result in inefficiency in resource usage, interference, and inaccuracy in positioning measurements when in INACTIVE
By aligning the PRS configuration parameters with the DRX configurations, the UE can receive PRS in similar time slots when receiving paging messages or when transmitting initial access messages during mobility. Since the PRS configurations are received by UE in LPP/NAS messages transparently to gNB, the UE can send assistance information to gNB (via RRC signalling) for performing alignment between the PRS and DRX configurations. 

Proposal 8: 
Support alignment between the DL-PRS reception/measurements and DRX configuration

Proposal 9:  
Support transmission of assistance information from UE to gNB for aligning DL-PRS reception and DRX on-duration during INACTIVE
In certain IIoT scenarios with low mobility, the network may only need to be aware of UE location at the granularity of one or low number of cells and that the transmission of frequent measurement reports are not necessary. In these scenarios, the UE can be configured to send measurement reports/location estimates (i.e. for UE-assisted and UE based positioning) to LMF to be correlated with the RNA update messages sent to RAN. The RAN can configure an RNA consisting of one or more cells in which the location of UE is known while in INACTIVE. The UE can then trigger the transmission of measurement reports/location estimates to LMF for indicating crossing from a current RNA to a new RNA when sending the RNA update messages.   

Proposal 10: 
Support sending of measurement reports/location estimates which are aligned with the transmission of RNA updates
For supporting periodic reporting of measurements/location estimates during mobility, the UE in INACTIVE state can be preconfigured with CG resources that can be used across different cells. In this case, when the UE sends the measurement reports to LMF via a cell/gNB using preconfigured CG the associated context can be transferred from the anchor cell/gNB. 

While in INACTIVE, it is also possible that the timing alignment with respect to different cells to change when the UE is mobile. In this case, the UE can be configured with CGs with periodicities which are aligned with appropriate offset with respect to the PRS transmitted from different cells. The CGs configured in UE can also be associated with a timing alignment timer, so that the UE is able to use the CGs so long as the timer is valid and is running.   

Proposal 11: 
Support configuring of CGs that are valid across different cells for sending periodic measurement report/location estimates when in INACTIVE 
In DL-based positioning, when the UE moves to a new cell which may be outside of the validity area (e.g. consisting of multiple cells) associated with the PRS configuration, the UE can send an indication to LMF indicating the expiry the existing assistance data and request for new assistance data containing new PRS configuration. For example, the UE can send such indication in the LPP RequestAssistanceData message.   

Similarly, in UL-based positioning, the UE can send in the RRCResumeRequest message (e.g. in Msg A or Msg 3) the cause value indicating the expiry the previously allocated SRSp configuration and request for new SRSp configuration due to detection of new cells/gNBs during mobility, where the new cells/gNBs may not be configured to make measurements of the previous SRSp configuration. In this case, the UE can include an identifier associated with the previous SRSp configuration with the UE identifier (e.g. I-RNTI). When fetching the UE context from the source/anchor cell, the new cell can determine whether the UE is to be allocated/activated with a new SRSp configuration or continue using the previous SRSp based on the identifiers sent by UE. Alternatively, the RAN can send a paging message to the UE to update the SRSp configuration while in INACTIVE based on the SRSp transmitted by the UE during mobility to a cell outside of the configured RNA.
Proposal 12: 
Support mechanism for ensuring usage of PRS/SRSp configurations in INACTIVE that are valid across different cells/gNBs for making DL-PRS measurements and/or SRSp transmission during mobility 
Another issue to be addressed for UL-based positioning during mobility when in INACTIVE is ensuring that the UE is synchronized with the TRPs/gNBs that receive the SRSp sent by the UE. In this case, a mechanism for supporting timing alignment maintenance can be considered. For example, the UE can send the SRSp while remaining in INACTIVE when a timer associated with the timing alignment and SRSp resource is valid and running.  

Proposal 13:  
Support mechanism for ensuring timing alignment maintenance in INACTIVE when transmitting SRSp to different TRPs/gNBs during mobility 
Conclusion

In this contribution, the following observation were made on: 

Observation 1: 
Transitioning the UE to RRC CONNECTED state with paging message for subsequently sending LPP messages or triggering indication for measuring PRS results in unnecessary latency and overhead signalling 
Observation 2: 
Given that LMF is agnostic to whether the UE is in RRC CONNECTED or RRC INACTIVE, the UE might be frequently transitioned between the different RRC states for receiving LPP messages from LMF

Observation 3: 
Irrespective of whether the UE operates in CONNECTED or INACTIVE, the LMF should not change the higher layer positioning QoS requirements (e.g. accuracy) 

Observation 4: 
Configuring PRS in UE independently of the RNA and DRX configurations can possibly result in inefficiency in resource usage, interference, and inaccuracy in positioning measurements when in INACTIVE
Based on these observations, the following conclusions were made:
Proposal 1:  
Support transmission of network-initiated DL indication to UE for initiating measurement of preconfigured PRS when in INACTIVE 
Proposal 2: 
Support configuring PRS configurations which are intended to be used by UE when operating in RRC INACTIVE state

Proposal 3: 
The PRS configurations intended for usage during RRC INACTIVE state should ensure that at least a minimum positioning accuracy requirement (i.e. required by positioning service/LCS client) is satisfied 

Proposal 4: 
The PRS configurations intended for usage during RRC INACTIVE state should take into acount of the parameters of SDT configuration (e.g. RA-SDT/CG-SDT resources, data volume threshold) possibly configured in UE

Proposal 5: 
Support configurating validity conditions (e.g. time validity, area validity) when configuring PRS configurations intended to be used by UE during RRC INACTIVE state
Proposal 6:  
Support the use of pre-configured SRSp configuration received by UE during RRC CONNECTED for SRSp transmission when in INACTIVE

Proposal 7:  
Support transmission of SRSp configuration via RRCRelease message (e.g. with SuspendConfig) or indication to UE for initiating SRSp transmission when in INACTIVE
Proposal 8: 
Support alignment between the DL-PRS reception/measurements and DRX configuration

Proposal 9:  
Support transmission of assistance information from UE to gNB for aligning DL-PRS reception and DRX on-duration during INACTIVE
Proposal 10: 
Support sending of measurement reports/location estimates which are aligned with the transmission of RNA updates
Proposal 11: 
Support configuring of CGs that are valid across different cells for sending periodic measurement report/location estimates when in INACTIVE 
Proposal 12: 
Support mechanism for ensuring usage of PRS/SRSp configurations in INACTIVE that are valid across different cells/gNBs for making DL-PRS measurements and/or SRSp transmission during mobility 
Proposal 13:  
Support mechanism for ensuring timing alignment maintenance in INACTIVE when transmitting SRSp to different TRPs/gNBs during mobility 
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