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1. Introduction
At the RAN#91, RAN2 completed the work on “Study Item on NR Positioning Enhancements” [1], and the WID [2] was revised in [3] with following objectives:
· [bookmark: _Hlk67643273]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
In addition, SDT work item also updated the scope to support the SRB2 via SDT in [4] as
Specify configuring of SRB1 and SRB2 for small data transmission in RRC_INACTIVE state by reusing the framework for DRBs. 
Therefore it is possible for INACTIVE UE to transfer LPP message via SDT in INACTIVE.
In this contribution, we discuss how to support the positioning in INACTIVE mode.
1. [bookmark: Proposal_Pattern_Length]Discussion
Supported messages in INACTIVE
The support of INACTIVE was discussed in RAN2#113e based on email discussion in [5] and offline discussion in [6]. Following agreements were achieved  in RAN2:
Proposal2: RAN2 recommends the following for normative work for DL positioning
	The report of PRS measurement performed in RRC_IDLE/INACTIVE when the UE is in RRC_INACTIVE is supported (10/12)
	PRS measurement report and/or location estimate are sent from the UE to the gNB in RRC_INACTIVE.  RAN2 generally agree to do this by enhancing small data transmission in RRC_INACTIVE (details of the use of SDT to be studied in the WI phase) (15/16)

Proposal4: For DL positioning in IDLE/INACTIVE, the followings are already supported for the current spec and can be reused:
	Current stage3 spec has already supported assistance data delivery for DL positioning during RRC_CONNECTED and on-demand SI request in RRC_IDLE/ INACITVE for IDLE/INACTIVE positioning. (14/14)
	Current stage3 spec already supports the transfer of RequestLocationInformation in RRC_CONNECTED for PRS measurement in IDLE/INACTIVE. (14/14)

Proposal5: Support RAT-Independent positioning in RRC_IDLE/INACTIVE. FFS the procedures that can be supported. (13/14)
Observation 1: LPP message ProvideLocationInformation can be sent by UE in RRC_INACTIVE based on SDT if configured;
Observation 2: Other LPP messages, LCS messages and RRC messages can be exchanged when UE is in RRC_CONNECTED;
RAN2 discussed which messages could be transmitted/received for INACTIVE UE.
For LPP/RRC message, the majority view is:
	Proposal3: For DL positioning in IDLE/INACTIVE, the followings are not supported:
	RequestCapabilities/ProvideCapbilities for PRS cannot be sent in RRC_IDLE/INACTIVE (0/14, 3/13, 0/14, 2/14)
	RequestAssistanceData for DL-PRS cannot be sent for UE in RRC_IDLE/INACTIVE. (0/14, 3/14)
	DL-PRS configuration delivery to the UE in RRC_IDLE/INACTIVE is not supported. (0/14, 2/11)
	The report of PRS measurement performed in RRC_IDLE/INACTIVE is not supported when the UE is in IDLE. (0/13).
	Transfer of RequestLocationInformation when the UE is in RRC_IDLE/INACTIVE is not supported (0/14, 2/11)


[bookmark: _Hlk67903059]That means following LPP/RRC messages cannot be sent/received except ProvideLocationInformation when UE is in RRC_INACTIVE. In addition, RAN2 also discussed the transmission/reception of LCS message, no consensus were achieved:

	LPP messages:
· RequestCapabilities
· ProvideCapabilities
· RequestAssistanceData
· ProvideAssistanceData
· RequestLocationInformation
· ProvideLocationInformation
· Abort
· Error
RRC message
· RRCReconfiguration
LCS messages
· Messages for MO-LR operations (see 3GPP TS 24.080)
· Messages for LocationNotification operations (see 3GPP TS 24.080)
· Messages for EventReport operations (see 3GPP TS 24.080)
· Messages for PeriodicTriggeredInvoke operations (see 3GPP TS 24.080)
· Messages for CancelDeferredLocation operations (see 3GPP TS 24.080)
· Messages for MSCancelDeferredLocation operations (see 3GPP TS 24.080)
· Messages for LocationPrivacySetting operations (see 3GPP TS 24.080)




To disable the UL transmission of LPP/LCS messages other than ProvideLocationInformation, additional work is needed:
· NAS needs to be aware of the LPP/LCS messages when UE is in INACTIVE;
· If it is not the LPP message ProvideLocationInformation, the NAS needs to indicate AS to trigger the transition to RRC_CONNECTED;
This will involve the cross-layer actions, and additional impact on SDT WI.
Observation 3: To forbid transmission of the UL transmission of LCS messages and LPP messages other than ProvideLocationInformation using SDT, addition work is needed, including cross layer actions and the impact on SDT;
However if we do not forbid the UL  transmission of LCS messages and LPP messages, the only question is how to handle the DL response messages. To our understanding, the network can send DL data using SDT in INACTIVE once the UE initiates SDT due to UL transmission, but it cannot trigger SDT for DL data if SDT is not ongoing for the UE. Therefore the simple way is to follow SDT framework, i.e. the network can send DL LCS, LPP and RRCReconfiguration (SRS configuration) message to the UE in RRC_INACTIVE if there is ongoing SDT for the UE. Otherwise if SDT is not ongoing, rely on legacy operation, i.e.  the network should move the UE to RRC_CONNECTED,e.g. by RAN paging. 
Therefore we propose:
Proposal 1: Any UL LCS messages and LPP messages can be sent from the UE to the gNB in RRC_INACTIVE if SRB2 via SDT is configured;
Proposal 2: Follow Rel-17 SDT framework, the network can send DL LCS, LPP and RRCReconfiguration (SRS configuration) messages to the UE if there is ongoing SDT for the UE. Otherwise  if SDT is not ongoing, rely on legacy operation, i.e. the network shall transit the UE to RRC_CONNECTED,e.g. based on RAN paging. 
Visibility of RRC_INACTIVE in the LMF
As mentioned in [7], “LMF involvement in SDT (Preferably only for low accuracy (QoS)), the LMF allows the usage of SDT for positioning.”. To our understanding, currently it is network implementation on when to move the UE in RRC_INACTIVE. Normally, network moves the UE to RRC_INACTIVE after a long silent period. For accuracy, it is related to what positioning methods are used instead of whether the UE performs measurements and reports results in RRC_INACTIVE. For latency, if low latency is required, e.g. tens/hundreds of ms, we do not see the problem since normally the gNB should not move the UE to RRC_INACTIVE after short silent period, and the SDT is used for fast data transmission purpose. Therefore we propose:
Proposal 3: Same as legacy, the transition to RRC_INACTIVE is up to network implementation, and it is invisible to the LMF;

Support of UL and UL+DL positioning methods
At RAN2#113, the support of UL related positioning methods were discussion in RAN2 with following points:
		Proposal9: If SRS transmission is supported in RRC_INACTIVE, RAN2 to discuss on the following:
· Reporting of SRS capability for UE in INACTIVE is not supported. (4/11)
· Delivery of SRS configuration for UE SRS transmission in INACTIVE when the UE is in CONNECTED. (9/13)
· Delivery of SRS configuration for UE SRS transmission when the UE is in INACTIVE is not supported. (4/12)
· The current stage3 spec already supports the NRPPa message for uplink positioning for UE in RRC_INACTIVE. (6/12)






From RAN2 perspective, to support UL related positioning methods, compared with DL, additional work is to transfer SRS in RRC_INACTIVE. 
[bookmark: _Hlk67993849]In Rel-16, there are aperiodic SRS, semi- persistent SRS and periodic SRS. For aperiodic SRS and semi-persistent SRS, activation from network is needed. Same as the discussion in section 2.1, i.e. the network can send SRS activation command (MAC CE or DCI) to the UE over SDT if there is ongoing SDT for the UE, otherwise the network shall transit the UE to RRC_CONNECTED based on RAN paging. Therefore all SRS modes can be supported in INACTIVE. 
However, it should be discussed in RAN1 on how the UE sends UL SRS in RRC_INACTIVE, e.g. sync issue, power control, etc.
Therefore we propose:
Proposal 4: From physical layer perspective, RAN1 should decide how to support the UL SRS transmission for UL positioning in RRC_INACTIVE, e.g. sync, power control, etc.
Proposal 5: Assuming UL SRS is used, the agreements for DL in RRC_INACTIVE are also applied for UL positioning in RRC_INACTIVE.
Proposal 6: Assuming UL SRS is used, the UE can transmit SRS (aperiodic, semi-persistent, periodic SRS) in RRC_INACTIVE if configured by the network.
Proposal 7: Assuming UL SRS is used, the network can send SRS activation command (MAC CE, DCI) to the UE if there is ongoing SDT for the UE. Otherwise if SDT is not ongoing, rely on legacy operation, i.e. the network shall transit the UE to RRC_CONNECTED,e.g. based on RAN paging.  

Support of RAT independent positioning methods
The support of RAT independent positioning methods were discussed in [5], [6]. For RAT independent positioning methods, including Barometric pressure sensor, WLAN, Bluetooth, TBS, Motion Sensor, A-GNSS, etc, we do not see the different from RAT dependent positioning methods. And therefore the same agreements (made in last meeting) and proposal 1-3 in this paper are applied.
Proposal 8: The agreements made in last meeting for DL positioning and proposals 1, 2, 3 in this paper  are also applied for RAT independent positioning methods in RRC_INACTIVE.
Coordination with SDT WI
Considering the allowed UL transmission, DL transmission are related to SDT discussion, we should inform SDT colleagues on our decision in positioning session.
Proposal 9: To inform SDT WI, our conclusion on proposal 1, proposal2, proposal 6 and proposal 7 for the support of positioning in INACTIVE. 
1. Conclusion
Based on the discussion, we have following proposals:
Observation 1: LPP message ProvideLocationInformation can be sent by UE in RRC_INACTIVE based on SDT if configured;
Observation 2: Other LPP messages, LCS messages and RRC messages can be exchanged when UE is in RRC_CONNECTED;
Observation 3: To forbid transmission of the UL transmission of LCS messages and LPP messages other than ProvideLocationInformation using SDT, addition work is needed, including cross layer actions and the impact on SDT;

Proposal 1: Any UL LCS messages and LPP messages can be sent from the UE to the gNB in RRC_INACTIVE if SRB2 via SDT is configured;
Proposal 2: Follow Rel-17 SDT framework, the network can send DL LCS, LPP and RRCReconfiguration (SRS configuration) messages to the UE if there is ongoing SDT for the UE. Otherwise  if SDT is not ongoing, rely on legacy operation, i.e. the network shall transit the UE to RRC_CONNECTED, e.g. based on RAN paging. 
Proposal 3: Same as legacy, the transition to RRC_INACTIVE is up to network implementation, and it is invisible to the LMF;
Proposal 4: From physical layer perspective, RAN1 should decide how to support the UL SRS transmission for UL positioning in RRC_INACTIVE, e.g. sync, power control, etc.
Proposal 5: Assuming UL SRS is used, the agreements for DL in RRC_INACTIVE are also applied for UL positioning in RRC_INACTIVE.
Proposal 6: Assuming UL SRS is used, the UE can transmit SRS (aperiodic, semi-persistent, periodic SRS) in RRC_INACTIVE if configured by the network.
Proposal 7: Assuming UL SRS is used, the network can send SRS activation command (MAC CE, DCI) to the UE if there is ongoing SDT for the UE. Otherwise if SDT is not ongoing, rely on legacy operation, i.e. the network shall transit the UE to RRC_CONNECTED,e.g. based on RAN paging.  
Proposal 8: The agreements made in last meeting for DL positioning and proposals 1, 2, 3 in this paper  are also applied for RAT independent positioning methods in RRC_INACTIVE.
Proposal 9: To inform SDT WI, our conclusion on proposal 1, proposal2, proposal 6 and proposal 7 for the support of positioning in INACTIVE. 
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