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1 Introduction
The Rel-17 New WID on NR Positioning Enhancements has the following objectives on positioning in INACTIVE  [1] 
	· Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 

· Support of UE positioning measurements for UEs in RRC_INACTIVE state

· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state

Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:

· UL and DL+UL NR positioning methods

· Support of gNB positioning measurements for UEs in RRC_INACTIVE state


During RAN2#113-bis-e [2], the following agreements were made:

	Agreements:
WA: Any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective, subject to the data volume supported by AS layers. i.e. RAN2 do not specify a restriction on message type.

FFS if LPP needs to select transport, i.e. if the message is just submitted to lower layers which decide how to deliver it (SDT, change state, etc.).
FFS if RRC state is exposed to LPP.


In this contribution, we discuss the enhancements for supporting DL-based and UL-based positioning in INACTIVE state and the procedures for delivery of PRS and SRS for positioning (SRSp) configurations for use during RRC INACTIVE
2 Discussion
2.1 Delivery of Positioning RS configuration in RRC INACTIVE
In Rel-16, the assistance information containing the PRS configuration for DL-based positioning methods can be sent to the UE either in LPP signalling (i.e. NAS) or via positioning SIB when the UE is in RRC CONNECTED. 
When the UE is in RRC INACTIVE, the PRS configuration is received only via posSIB. However, this is not possible in all deployment scenarios where only minimum SIB is accessible and the UE has to initiate the RACH procedure for sending on-demand SI for requesting the positioning SIB. 
It is also not possible for the UE in RRC INACTIVE to be provided with dedicated PRS configuration for achieving high efficiency positioning (e.g. using minimal number of TRPs/gNBs). For UL-based and DL+UL based positioning methods, the SRS for positioning (SRSp) configuration cannot be accessed by the UE while in INACTIVE via posSIB. 

Observation 1: 
The existing broadcast-based mechanism for acquiring PRS configuration in system information is not suitable for UE in INACTIVE
The ability to support positioning when the UE is in INACTIVE is extremely beneficial for IIoT devices such as sensors which may be in power-conservation mode. Therefore, it is important to identify the procedure and signalling (i.e. LPP/RRC/MAC) for delivering the PRS configurations for supporting measurement/reporting for UE in INACTIVE.
Positioning configuration delivery when in RRC CONNECTED
In one scenario, the PRS configuration can be delivered to the UE when in RRC CONNECTED or when transitioning to RRC INACTIVE state. For DL-based positioning, since the LPP context from the perspective of LMF remains the same in both CONNECTED and INACTIVE, the PRS configuration delivered during RRC CONNECTED can be continued to be used for both UE-based and UE-assisted positioning when UE operates in RRC INACTIVE.
Observation 2: 
Since LPP context is transparent to whether the UE is in CONNECTED or INACTIVE, the PRS configuration delivered during CONNECTED is applicable for usage in INACTIVE
The UE can store the PRS configuration received during CONNECTED in UE context. The stored PRS configuration can then be used by UE for performing measurements during INACTIVE. 

For triggering the UE to make measurements on DL-PRS, the LMF can send the LPP RequestLocationInformation message to UE when in CONNECTED. The UE can continue making measurements after transitioning to INACTIVE based on the trigger received when in CONNECTED. Likewise, when an update is made to the PRS configuration the LMF can send assistance information in LPP ProvideAssistanceData message to UE during CONNECTED, which can then be used by UE for making measurements upon transitioning to INACTIVE. 

Proposal 1: 
Support the use of PRS configuration received during RRC CONNECTED for making PRS measurements when in INACTIVE
Positioning configuration delivery when in RRC INACTIVE
The LPP messages, such as LPP ProvideAssistanceData and LPP RequestLocationInformation can also be delivered to UE when in RRC INACTIVE state. This can be facilitated when SDT-SRB2 is configured in the UE. In this case, the network can then send the NAS messages carrying LPP messages in DL as well as LCS messages (e.g. MT-LR) via the configured SDT-SRB2. 
Observation 3: 
The configuration of SDT-SRB2 in UE allows the transmission of LPP messages (e.g. assistance data carrying PRS configuration) and LCS messages in DL when the UE is in INACTIVE

Alternatively, the transmission of LPP messages in DL can be supported by sending paging message during the DRX on-durations. In the case when the UE is preconfigured by LMF with different PRS configurations, the network can send an activation indication to activate PRS measurement in paging message. 
It is also possible for the gNB to request the UE to transition to RRC CONNECTED with a paging message for sending the LPP messages (e.g. assistance data carrying PRS configuration) 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. 
The PRS configurations or configuration activation 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.
Observation 4: 
The paging and RACH procedures can be applied for transmitting in DL the activation indication of a preconfigured PRS when the UE is in INACTIVE

Given the benefits of low latency and low overhead signaling, the delivery of LCS messages, LPP messages (e.g. assistance data carrying PRS configuration) or other configuration activation indication, should be supported for UE in INACTIVE, without transitioning to RRC CONNECTED.
Proposal 2:  
Support transmission of DL LPP messages (e.g. LPP ProvideAssistanceData and RequestLocationInformation) and LCS messages to UE when in INACTIVE using configured SDT-SRB2
Proposal 3:  
Support transmission of DL indication to UE for initiating measurement of preconfigured PRS when in INACTIVE using paging/RACH procedure
LMF awareness of UE RRC state

In scenarios where the PRS configuration is updated dynamically by LMF, the UE might be provided with the LPP ProvideAssistanceData messages containing the 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 5: 
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 merits. However, it is important to observe that having the knowledge at LMF that the UE can be in CONNECTED/INACTIVE does not imply that the LMF can change the positioning accuracy requirement by sending PRS configuration that may result in low accuracy. Since the positioning accuracy requirement is dictated by LCS client, the LMF should strive to enforce the accuracy requirement regardless of the UE RRC state. In the same reasoning, INACTIVE operation does not imply low accuracy positioning.
Observation 6: 
Regardless of whether the UE operates in CONNECTED or INACTIVE, the LMF should not change the higher layer positioning accuracy requirement 

In this regard, a procedure can be applied such that the positioning accuracy requirement is satisfied regardless of the RRC state. It is also desirable for the LMF to not have direct exposure to the UE RRC state as this can result in unnecessary signalling each time the RRC state of UE is changed. For example, the LMF can provide multiple PRS configurations to UE during CONNECTED, which can be stored in UE context. The multiple PRS configurations can be associated with different RRC states that the UE can operate with the assurance that the positioning accuracy achieved remains the same regardless of the RRC state. Depending on whether the UE is in CONNECTED or INACTIVE, the UE can use the suitable PRS configuration when performing measurements. 

Proposal 4: 
Support PRS configurations for UE that ensures the same level of positioning accuracy and can be applied regardless of UE RRC state (i.e., CONNECTED or INACTIVE)
To support positioning in INACTIVE, the LMF can provide rules or validity information to the UE, associated with PRS configuration, which can be stored in UE context. The validity information (e.g. time validity, area validity) can indicate the conditions for determining whether the existing PRS configuration in UE is valid to be used when in INACTIVE. In the case when the stored PRS configuration is not valid, 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. 
UL-based positioning

For UL-based positioning, the SRSp configuration delivered by gNB during RRC CONNECTED can be used for UE-assisted positioning with SRSp transmission when in RRC INACTIVE state. In this case, the gNB can provide the SRSp configuration to UE when transitioning to INACTIVE via RRCReleaseMessage.

For UE-based positioning (e.g. for MT-LR), since LMF is agnostic to UE RRC state, the LMF can provide to UE the measurement report aggregated from RAN when the UE is in RRC INACTIVE. This can be facilitated using SDT-SRB2 configured in UE, where the UE can receive the NAS messages in DL while remaining in INACTIVE.  

Similar to the case of DL-based positioning, 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. When using 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.  

Proposal 5:  
Support the use of pre-configured SRSp configuration received by UE during RRC CONNECTED for SRSp transmission when in INACTIVE

Proposal 6:  
Support transmission of SRSp configuration (e.g. using SDT) or indication for initiating SRSp transmission to UE when in INACTIVE

Conclusion

In this contribution, the following observation were made on: 

Observation 1: 
The existing broadcast-based mechanism for acquiring PRS configuration in system information is not suitable for UE in INACTIVE
Observation 2: 
Since LPP context is transparent to whether the UE is in CONNECTED or INACTIVE, the PRS configuration delivered during CONNECTED is applicable for usage in INACTIVE
Observation 3: 
The configuration of SDT-SRB2 in UE allows the transmission of LPP messages (e.g. assistance data carrying PRS configuration) and LCS messages in DL when the UE is in INACTIVE

Observation 4: 
The paging and RACH procedures can be applied for transmitting in DL the activation indication of a preconfigured PRS when the UE is in INACTIVE

Observation 5: 
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 6: 
Regardless of whether the UE operates in CONNECTED or INACTIVE, the LMF should not change the higher layer positioning accuracy requirement 

Based on these observations, the following conclusions were made:
Proposal 1: 
Support the use of PRS configuration received during RRC CONNECTED for making PRS measurements when in INACTIVE
Proposal 2:  
Support transmission of DL LPP messages (e.g. LPP ProvideAssistanceData and RequestLocationInformation) and LCS messages to UE when in INACTIVE using configured SDT-SRB2
Proposal 3:  
Support transmission of DL indication to UE for initiating measurement of preconfigured PRS when in INACTIVE using paging/RACH procedure
Proposal 4: 
Support PRS configurations for UE that ensures the same level of positioning accuracy and can be applied regardless of UE RRC state (i.e., CONNECTED or INACTIVE)

Proposal 5:  
Support the use of pre-configured SRSp configuration received by UE during RRC CONNECTED for SRSp transmission when in INACTIVE

Proposal 6:  
Support transmission of SRSp configuration (e.g. using SDT) or indication for initiating SRSp transmission to UE when in INACTIVE
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