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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk53665621]At the RAN#91e meeting, the WID on NR Positioning Enhancements RP-210903[1] was approved. The objective regarding the positioning support in RRC_INACTIVE is as follows:
	· [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


During RAN2#113bis-e meeting, 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 open issues of positioning in RRC_INACTIVE.
2. Open issues of positioning in INACTIVE with SDT
2.1 LCS message and LPP message transmission via SDT
In RAN2#113bis-e meeting, the following working assumption has been agreed regarding the LCS and LPP message transmission in RRC_INACTIVE stage. 
	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.


For LCS message, according to Control Plane Location Service procedures in TS 24.571, the following procedures are defined: 
-	Messages for MO-LR operations (see 3GPP TS 24.080 [5])
-	Messages for LocationNotification operations (see 3GPP TS 24.080 [5])
-	Messages for EventReport operations (see 3GPP TS 24.080 [5])
-	Messages for PeriodicTriggeredInvoke operations (see 3GPP TS 24.080 [5])
-	Messages for CancelDeferredLocation operations (see 3GPP TS 24.080 [5])
-	Messages for MSCancelDeferredLocation operations (see 3GPP TS 24.080 [5])
-	Messages for LocationPrivacySetting operations (see 3GPP TS 24.080 [5])
For LPP message, according to LPP procedures in TS 37.355, the following procedures are defined:
-	RequestCapabilities
-	ProvideCapabilities
-	RequestAssistanceData
-	ProvideAssistanceData
-	RequestLocationInformation
-	ProvideLocationInformation
-	Abort
-	Error
As specified in the above objective, reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state should be supported, which implies that the ProvideLocationInformation can be transferred in RRC_INACTIVE.
Furthermore, we propose that all the above LCS messages and LPP messages could be transferred in RRC_INACTIVE from RAN2 perspective. Otherwise, some mechanism is needed to prevent the transmission of LPP/LCS messages other than ProvideLocationInformation when UE in RRC_INACTIVE, including:
-	AS needs to inform NAS the RRC state, i.e. whether UE is in RRC_INACTIVE;
-	NAS needs to be aware of the type of LPP/LCS messages, i.e. whether it’s ProvideLocationInformation or not;
-	If the LPP message is not ProvideLocationInformation, the NAS may indicate AS to trigger the transition from RRC_INACTIVE to RRC_CONNECTED.
The above mechanism will involve cross-layer interaction and the benefit is unclear. As it’s agreed that the SDT can be used to transfer ProvideLocationInformation message, it’s simple to support the transmission of all the LCS and LPP message following the SDT framework.
Proposal 1: From RAN2 perspective, UL LCS messages and LPP messages (in addition to ProvideLocationInformation) can be transferred in RRC_INACTIVE via SDT.
Proposal 2: From RAN2 perspective, DL LCS messages and LPP messages can be transferred in RRC_INACTIVE when there is ongoing SDT for the UE.
2.2 Visibility of RRC state in LPP
Figure 1 shows the protocol layering used to support transfer of LPP messages. The LPP PDU is carried in NAS PDU between the AMF and the UE.
[image: ]
Figure 1: Protocol Layering for LMF to UE Signalling
Currently, the RRC state of UE is invisible to LPP/LMF. While some companies thought the RRC state of UE can be visible to LPP/LMF with potential benefit:
· LPP layer can select how to deliver the LPP message, e.g. SDT or change state.
· LMF may adapt the LPP message transmission according to UE’s RRC state.
To enable the LPP layer be aware of the RRC state, complex cross-layer interaction is needed. If the RRC state is visible to the LPP layer, the UE may be in three RRC states when LPP layer needs to send message:
· UE is in RRC_CONNECTED: the LPP message is submitted to the lower layers.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]UE is in RRC_INACTIVE: the LPP may decide whether to trigger the AS to transfer to RRC_CONNECTED to send the LPP message based on some criteria, which is similar with the SDT procedure in AS.
· UE is in RRC_IDLE: the LPP may trigger the AS to perform establish procedure to RRC_CONNECTED to send the LPP message.
As analyzed above, LPP layer being aware the RRC state will introduce cross-layer interaction while brings no benefit as the behavior of the AS layer may not change.
To enable the LMF be aware of the RRC state, complex cross-layer interaction is needed as well. However, the benefit may rarely when the RRC state transition occurs. For instance, the potential procedure of RRC state to be visible to LMF for adoptive transmission is as follows:
1. UE AS inform the higher layers when UE transfers to RRC_INACTIVE.
2. UE send an LPP message to LMF to transfer the RRC state.
3. LMF adapt the LPP message transmission according to UE’s RRC state. 
When RRC state transition to RRC_CONNECTED occurs during step 2 or step 3, the UE shall inform the NAS again, then the ongoing step 2 or step 3 may result in vain. 
Proposal 3: RRC state of UE is invisible to LPP layer and the LPP message is just submitted to lower layers which decide how to deliver it (SDT, transfer to RRC_CONNECTED, etc.). Therefore, LPP message transmission adoptive to the RRC state is not supported.
During RAN2#113bis-e meeting, some companies suggest that SDT may be useful when the measurement report is small for low accuracy positioning requirements. Hence, QoS requirements (i.e. only when low accuracy is needed) should influence the use of SDT. 
From our understanding, positioning accuracy is related to positioning methods, measurement duration and periodicity, etc. Meanwhile, as analyzed above, the RRC state should be invisible to LPP/LMF. 
Proposal 4: Aaccuracy requirement is not additional criteria to transfer the positioning message via SDT.
2.3 Type of location request
For some scenarios that the power saving is critical, positioning of UEs in RRC_INACTIVE state may be beneficial, e.g. deferred location request for periodic and triggered location events. Correspondingly, in section 6.7 of TS 23.273 [2], "low power periodic and triggered MT-LR" location procedure was specified which utilizes the Control Plane CIoT 5GS Optimisation and EDT to transfer the Event Report message.
The Control Plane CIoT 5GS Optimisation can be used to exchange message between the UE and the CN as payload of a NAS message in both uplink and downlink directions, avoiding the establishment of a user plane connection for the PDU Session. Meanwhile, if UE and NG-RAN node both support EDT, the UE can send an RRCEarlyDataRequest message to the NG-RAN node and includes a NAS control plane service request.
As SDT can fit into this location procedure, some companies suppose this procedure could be extended to support the SDT feature for NR. 
In RAN2#113bis-e meeting, RAN2 discussed which request type is supported in RRC_INACTIVE and no consensus was reached. We think it’s essential to clarify whether the positioning in RRC_INACTIVE via SDT is restrict to specific location type (e.g. low power periodic and triggered 5GC-MT-LR) or can be applied to all location types, which belongs to SA2 scope.
Proposal 5: LS to SA2 to confirm whether positioning in RRC_INACTIVE is restrict to specific location type (e.g. low power periodic and triggered 5GC-MT-LR).
3. Conclusion
In this contribution we discussed the open issues of positioning in RRC_INACTIVE.
The following proposals are made:
Proposal 1: From RAN2 perspective, UL LCS messages and LPP messages (in addition to ProvideLocationInformation) can be transferred in RRC_INACTIVE via SDT.
Proposal 2: From RAN2 perspective, DL LCS messages and LPP messages can be transferred in RRC_INACTIVE when there is ongoing SDT for the UE.
Proposal 3: RRC state of UE is invisible to LPP layer and the LPP message is just submitted to lower layers which decide how to deliver it (SDT, transfer to RRC_CONNECTED, etc.). Therefore, LPP message transmission adoptive to the RRC state is not supported.
Proposal 4: Aaccuracy requirement is not additional criteria to transfer the positioning message via SDT.
Proposal 5: LS to SA2 to confirm whether positioning in RRC_INACTIVE is restrict to specific location type (e.g. low power periodic and triggered 5GC-MT-LR).
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