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The work item on NR positioning enhancements includes the following objective [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
Initial discussion on this topic at RAN2#113bis resulted in the following agreements [2]:
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 propose the Stage 2 signalling and procedures to support positioning for UEs in RRC_INACTIVE state, which then also leads to a discussion of the FFS items above.
2. 	Background
Positioning of UEs in RRC_INACTIVE state would be beneficial for deferred location requests for periodic and triggered location events, as already specified in Rel-16 (clause 6.7 of TS 23.273 [3]). As an example, consider a battery powered tracking device which needs to report location at intervals of e.g. 1 hour or whenever there is a location change by more than x metres. The initial location initiation can be performed in connected state with a minuscule power saving (at most) by using inactive state. But the subsequent location reporting will benefit greatly from occurring in inactive state – e.g. for 8760 location reports over 1 year – which will extend battery life. 
The RAN2 WA summarized in section 1 above assumes any uplink LCS or LPP message can be transported in RRC_INACTIVE, which therefore, would also include the necessary UL messages to support the "low power periodic and triggered MT-LR" location procedure in TS 23.273 [3]. However, a location procedure comprises various signalling and procedures between different entities in the network and the UE and the e.g., transmission of "uplink LCS or LPP messages" should not be treated in isolation. In order to progress the RAN2 work, a common Stage 2 framework would need to be established first. Therefore, we propose:
Proposal 1:	Support the low power periodic and triggered 5GC-MT-LR procedures (clause 6.7 of TS 23.273 [3]) 		using the NR Small Data Transmission (SDT). 
If the Proposal 1 above is agreed by RAN2, it may also have impacts on SA2, e.g., since the currently specified "low power periodic and triggered 5GC-MT-LR procedures" in TS 23.273 [3] specifically exploits the Early Data Transmission (EDT) feature in idle state. Therefore, we propose:
Proposal 2:	If Proposal 1 can be agreed, send an LS to SA2 informing them about the RAN2 agreement. 

3.	Positioning Procedures for UEs in RRC_INACTIVE State
Figure 1 below shows a Low Power Periodic and Triggered 5GC-MT-LR Procedure using UL+DL Positioning (Multi-RTT). UL-only (UL-TDOA, UL-AoA) and DL-only (DL-TDOA, DL-AoD) positioning would use a subset of the individual steps accordingly. 
NOTE:	Although, UL positioning is considered as 2nd priority, we discuss the procedures for the general case of UL+DL positioning since (as also mentioned in section 2 above) a common Stage 2 framework would need to be established first.   
Figure 1 outlines the general procedure and corresponding signalling requirements. However, some details may depend on agreements made for NR small data enhancements [5].  



Figure 1: Low Power Periodic and Triggered 5GC-MT-LR Procedure for UL+DL Positioning.

1.	Steps 1-21 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [3], clause 6.3.1 are performed.
	At Step 15 of this procedure described in Figure 6.3.1-1 of TS 23.273 [3], the LMF may perform one or more positioning procedures to obtain an initial UE location estimate. During this step, the LMF may request and obtain the UE positioning capabilities which may include an indication that the UE can support UL+DL positioning in RRC_INACTIVE state. 
	The LMF may also provide an UL-PRS configuration, or a set of alternative UL-PRS configurations to the serving gNB via an NRPPa Positioning Information Request message. The serving gNB may then send an NRPPa Positioning Information Response message that indicates whether UL positioning can be supported for the UE in RRC_INACTIVE state. For a subsequent change of anchor gNB, the UL-PRS configuration(s) is sent to the new serving gNB as part of the transfer of a UE context to the new serving gNB. 
	The serving gNB then sends an RRCConnectionRelease with suspendConfig to move the UE to RRC_INACTIVE state. 
2.	The UE monitors for occurrence of the trigger or periodic event requested during step 1. The UE determines which positioning method(s) will be used for the detected event from the request in Step 1 (based on the position method(s) included in an LPP Request Location Information message carried in the LCS Periodic-Triggered Invoke Request during Step 1). 
The UE may also determine whether event reporting is allowed in RRC_INACTIVE State based on an indication received during Step 1.
3.	When event reporting is allowed in RRC_INACTIVE State and after (or slightly before) an event is detected, the UE performs a 4‑step or 2-step RACH procedure. 
When event reporting is not allowed in RRC_INACTIVE State, the UE may send an RRC Resume Request to enter RRC Connected State and then reports the event using the procedure in clause 6.3.1 of TS 23.273 [3]. 
UL-PRS is already configured in the UE and anchor gNB during Step 1.
4.	The UE sends a RRC Resume Request incl. a Small Data Request message with LCS Event Indication to trigger UL positioning.
5.	The serving gNB fetches the UE context from the anchor gNB. The UE context includes the UL-PRS configuration(s) (as determined during Step 1).
6.	The serving gNB determines the UL-PRS configuration based on the UE context information received at Step 5b and sends a NRPPa Positioning Information Update message to the LMF via the serving AMF (probably through the anchor gNB).
If the serving gNB does not have any UL-PRS configuration information, the serving gNB may send an indication to the LMF to request an UL-PRS configuration or the serving gNB may send an RRC Release to the UE indicating that the UE should perform normal event reporting.
7.	The LMF may send a NRPPa Positioning Activation message (possibly with a starting time) to the serving gNB to request UL-PRS activation in the UE.
8.	The serving gNB provides the UL-PRS configuration to the UE as part of the RRC Release message over msg4 or MsgB. The message may also include the CG Configuration.
	NOTE:	The UL-PRS configuration at this step may be an index to a pre-configured UL-PRS 						configuration (during Step 1), or a delta-UL-PRS configuration, etc. This may also be part of 				the MAC-CE SRS Activation and/or a new MAC-CE.
9.	The serving gNB sends a NRPPa Positioning Activation Response message to the LMF when activation in the UE was successful. 
10.	The LMF sends a NRPPa Measurement Request to a group of gNBs incl. the UL-PRS measurement configuration.
11.	The UE transmits UL-PRS according to the activated configuration at Step 8.
12.	The UE measures the DL-PRS, and each configured gNB at Step 10 measures the UL-PRS.
13.	The UE performs a 4‑step or 2-step RACH procedure. 
14.The UE sends an RRC Resume Request message to the serving gNB incl. a "Small Data Request message" with the SS LCS Event Report together with an LPP Provide Location Information message containing the DL-PRS measurements. 
15.	The serving gNB sends the SS LCS Event Report to the anchor gNB, which provides the SS LCS Event Report to the LMF (via serving AMF).
16.	The gNBs that performed the UL-PRS measurements provide an NRRPPa Measurement Response message to the LMF including the UL-PRS measurements performed at Step 12b.
17.	The LMF performs a position determination using the DL-PRS measurements obtained at Step 15 and the UL-PRS measurements obtained at Step 16.
18.	The LMF may send a NRPPa Positioning Deactivation Request message to the anchor gNB which forwards the message to the serving gNB. The serving gNB sends the UL-PRS Deactivation to the UE at Step 18b.
19.	The LMF sends a SS LCS Event Report Acknowledgement to the anchor gNB.
20.	The serving gNB provides the SS LCS Event Report Acknowledgement to the UE as part of the RRC Release message. 
21.	Steps 28-31 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [3], clause 6.3.1 are performed.

For DL-only positioning steps 3-11, 12b, 16, and 18 are not performed; for UL-only positioning, step 12a is not performed and an LPP Provide Location Information message containing DL-PRS measurements is not included at Step 14. Note, the SS LCS Event Report at Step 14 is always needed, independent on the positioning method [3].

From the above procedure description, we have the following observations:
Observation 1:	An LMF need to be aware whether the UE and NG-RAN can support positioning in RRC_INACTIVE State.
Observation 2:	The UE and LMF behavior for performing the positioning operations is different in RRC_CONNECTED (as currently defined) and RRC_INACTIVE states. Examples of this include (with reference to Figure 1): 
-	After an event is triggered (or slightly before) and if UL or UL+DL positioning was requested/allowed, the UE may provide a "Location Event Indication" to the gNB to trigger UL positioning (Step 4), which the UE would not do if in RRC_CONNECTED state (i.e. according to current procedures in TS 38.305 [6] and TS 23.273 [3]).
-	After the gNB received the Location Event Indication it pushes a SRS configuration to the LMF which triggers the LMF to initiate UL measurements at TRPs (Step 6). An LMF would expect such a "push" only if it has allowed positioning in RRC_INACTIVE state during Step 1 of the procedure.
-	The NRPPa Position Activation Request would activate a (allowed) preconfigured SRS without performing the NRPPa Positioning Information Exchange procedures. This LMF behavior is different compared to positioning in RRC_CONNECTED state.

Although, there may be different procedures and steps possible as those shown in Figure 1 to perform positioning in RRC_INACTIVE state, it seems Observation 2 basically holds. Therefore, RAN2 should develop a baseline Stage 2 procedure first before discussing individual message details and transport:

Proposal 3:	Develop a baseline Stage 2 description for positioning of UEs in RRC_INACTIVE state first, incl. support for DL-, UL-, UL+DL, and RAT-independent methods, before discussing e.g. which messages can be transported in RRC_INACTIVE, etc.

Figure 2 below shows a Low Power Periodic and Triggered 5GC-MT-LR with SDT procedure for Subsequent Data Transfer. This may be used for the Event and Measurement Reporting Phase in Figure 1 in the case of UL LPP message segmentation is required . 


Figure 2: Low Power Periodic and Triggered 5GC-MT-LR Procedure with SDT procedure for Subsequent Data Transfer.

1.	Steps 1-21 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [3], clause 6.3.1 are performed.
	The serving gNB then sends an RRCConnectionRelease with suspendConfig to move the UE to RRC_INACTIVE state. 
2.	The UE monitors for occurrence of the trigger or periodic event requested during step 1. The UE determines which positioning method(s) will be used for the detected event from the request in Step 1 (based on the position method(s) included in an LPP Request Location Information message carried in the LCS Periodic-Triggered Invoke Request during Step 1). 
The UE may also determine whether event reporting is allowed in RRC_INACTIVE State based on an indication received during Step 1.
When the event is detected (or slightly before) the UE performs the location measurements. 
3.	When event reporting is allowed in RRC_INACTIVE State and after an event is detected, the UE performs a 4‑step or 2-step RACH procedure. 
When event reporting is not allowed in RRC_INACTIVE State, the UE may send an RRC Resume Request to enter RRC Connected State and then reports the event using the procedure in clause 6.3.1 of TS 23.273 [3]. 
4.	The UE sends a RRC Resume Request incl. a "Small Data Request message" with an LCS Event Report including a LPP Provide Location Information (PLI) message.
This message includes the BSR MAC-CE and the embedded LPP PLI includes the moreMessagesOnTheWay flag [4]. 
5.	The serving gNB sends the SS Event Report with the LPP PLI message to the anchor gNB, which provides the SS Event Report to the LMF (via serving AMF).
6.	The serving gNB sends MSG4 (contention resolution)
7.	The UE sends the additional LPP Provide Location Information messages in the subsequent data transmission phase.
8.	The serving gNB sends the LPP PLI messages to the anchor gNB, which provides them to the LMF (via serving AMF).
9.	Once the noMoreMessages flag [4] in an LPP PLI has been received, the LMF sends a SS Event Report Acknowledgement to the anchor gNB which forwards the message to the serving gNB. The serving gNB then provides the SS Event Report Acknowledgement to the UE at Step 9b in an RRC Release message which terminates the SDT procedure.
10.	Steps 28-31 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [3], clause 6.3.1 are performed.

From the above procedure description, we have the following observations:
Observation 3:	An LCS Event Report including a LPP Provide Location Information message may need to be segmented and provided in multiple messages to the network (e.g., as "subsequent data" for SDT).
Observation 4:	A "large" LPP message can be sent in multiple smaller LPP messages using LPP message segmentation [4]. I.e., message segmentation is performed at "LPP layer".
Observation 5:	Observation 4 implies that "LPP Layer" is aware of the allowed/possible PDU size in order to perform the LPP message segmentation suitable for SDT procedures (which however, is generally not different compared to RRC_CONNECTED state).

From the above proposed procedures in Figure 1 and 2, the SDT requirements can be summarized as follows.
Observation 6:	The SDT "Small Data Request message" should support the transport of:
-	Location Event Indication message/flag to trigger UL positioning at the serving gNB
-	LCS Event Report (probably including LPP Provide Location Information)
-	Subsequent (segmented) LPP PLI using the same correlation ID/deferred routing identifier as used for the LCS Event Report. 
Observation 7:	The SDT "Network response messages" (DL data in response to UL SDT) should support the transport of:
-	UL-PRS configuration and/or indication to previously configured UL-PRS
-	UL-PRS Activation
-	LCS Event Report Acknowledgement
-	LPP Acknowledgement (in the case of LPP reliable transport procedures are used/allowed)

The observations above also lead to the following proposed modification of the agreement summarized in section 1 above:
Proposal 4:	Clarify the agreement from RAN2#113bis as follows:
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.
WA: The "positioning function" in the UE as well as an LMF need to be aware of the UE RRC state.
NOTE:	The LMF awareness of RRC State may be implicit; e.g., based on the sequence of events/steps performed (i.e., if an LMF foremost has allowed (or supports) positioning in RRC_INACTIVE), or may be explicit (e.g., an indication in the messages).
4. 	Summary
In this contribution, we discussed the signalling and procedures for positioning of UEs in RRC_INACIVE state.  The following observations and proposals are made.
Observation 1:	An LMF need to be aware whether the UE and NG-RAN can support positioning in RRC_INACTIVE State.
Observation 2:	The UE and LMF behavior for performing the positioning operations is different in RRC_CONNECTED (as currently defined) and RRC_INACTIVE states. Examples of this include (with reference to Figure 1): 
-	After an event is triggered (or slightly before) and if UL or UL+DL positioning was requested/allowed, the UE may provide a "Location Event Indication" to the gNB to trigger UL positioning (Step 4), which the UE would not do if in RRC_CONNECTED state (i.e. according to current procedures in TS 38.305 [6] and TS 23.273 [3]).
-	After the gNB received the Location Event Indication it pushes a SRS configuration to the LMF which triggers the LMF to initiate UL measurements at TRPs (Step 6). An LMF would expect such a "push" only if it has allowed positioning in RRC_INACTIVE state during Step 1 of the procedure.
-	The NRPPa Position Activation Request would activate a (allowed) preconfigured SRS without performing the NRPPa Positioning Information Exchange procedures. This LMF behavior is different compared to positioning in RRC_CONNECTED state.
Observation 3:	An LCS Event Report including a LPP Provide Location Information message may need to be segmented and provided in multiple messages to the network (e.g., as "subsequent data" for SDT).
Observation 4:	A "large" LPP message can be sent in multiple smaller LPP messages using LPP message segmentation [4]. I.e., message segmentation is performed at "LPP layer".
Observation 5:	Observation 4 implies that "LPP Layer" is aware of the allowed/possible PDU size in order to perform the LPP message segmentation suitable for SDT procedures (which however, is generally not different compared to RRC_CONNECTED state).
Observation 6:	The SDT "Small Data Request message" should support the transport of:
-	Location Event Indication message/flag to trigger UL positioning at the serving gNB
-	LCS Event Report (probably including LPP Provide Location Information)
-	Subsequent (segmented) LPP PLI using the same correlation ID/deferred routing identifier as used for the LCS Event Report. 
Observation 7:	The SDT "Network response messages" (DL data in response to UL SDT) should support the transport of:
-	UL-PRS configuration and/or indication to previously configured UL-PRS
-	UL-PRS Activation
-	LCS Event Report Acknowledgement
-	LPP Acknowledgement (in the case of LPP reliable transport procedures are used/allowed)

Proposal 1:	Support the low power periodic and triggered 5GC-MT-LR procedures (clause 6.7 of TS 23.273 [3]) 		using the NR Small Data Transmission (SDT). 
Proposal 2:	If Proposal 1 can be agreed, send an LS to SA2 informing them about the RAN2 agreement. 
Proposal 3:	Develop a baseline Stage 2 description for positioning of UEs in RRC_INACTIVE state first, incl. support for DL-, UL-, UL+DL, and RAT-independent methods, before discussing e.g. which messages can be transported in RRC_INACTIVE, etc.
Proposal 4:	Clarify the agreement from RAN2#113bis as follows:
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.
WA: The "positioning function" in the UE as well as an LMF need to be aware of the UE RRC state.
NOTE:	The LMF awareness of RRC State may be implicit; e.g., based on the sequence of events/steps performed (i.e., if an LMF foremost has allowed (or supports) positioning in RRC_INACTIVE), or may be explicit (e.g., an indication in the messages). 
Proposal 5:	Agree on the procedures in section 3 as baseline for Stage 2.
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