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AT RAN2#115-e, the following agreements were made [1]:
Agreements:
LPP PDU and LCS message transfer:
Proposal 1:	The LPP PDU Transfer Procedure in Annex A is used as baseline for further work.
NOTE 1:	Some details may depend on further progress of the SDT work item.
NOTE 2:	Whether such a procedure needs to be captured in Stage 2 specification or not can be decided later when the procedure has been fully developed/agreed. That is, the procedure can be considered as "running baseline".

Proposal 2:	The LCS Message Transfer Procedure in Annex B is used as baseline for further work.
NOTE 1:	Some details may depend on further progress of the SDT work item.
NOTE 2:	Whether such a procedure needs to be captured in Stage 2 specification or not can be decided later when the procedure has been fully developed/agreed. That is, the procedure can be considered as "running baseline".

Proposal 3:	UL LPP message segmentation can also be used by the UE in RRC_INACTIVE state; i.e., a LPP message body can be sent in several shorter LPP messages instead of one long LPP message by using the SDT "Subsequent Data Transmission" phase.  FFS spec impact.

DL and RAT-independent positioning:
Proposal 4:	The Deferred 5GC-MT-LR Procedure with SDT for DL-only and RAT-independent positioning in Annex C is used as baseline for further work.
NOTE 1:	Some details may depend on further progress of SDT work item.
NOTE 2:	Whether such a procedure needs to be captured in Stage 2 specification or not can be decided later when the procedure has been fully developed/agreed. That is, the procedure can be considered as "running baseline".
NOTE 3:	Once the procedure is stable from RAN2 perspective, send an LS to SA2 including the baseline procedure.
Note, the Annexe mentioned in the agreement above refer to the email discussion summary in R2-2108383 [2].

Agreement:
(High priority)Proposal 1: Support all the RAT independent positioning methods in RRC_INACTIVE state.

Agreement:
gNB can configure the UE with periodic SRS (assuming periodic SRS is supported in RRC_INACTIVE) by RRCRelease with suspendConfig at least when periodic event is configured for deferred MT-LR.  Other cases can be further discussed.

In this contribution, we discuss some remaining issues for positioning of UEs in RRC_INACTIVE State.

2.	DL-only and RAT-Independent Positioning Methods
The current baseline for the "Low Power Periodic and Triggered 5GC-MT-LR Procedure" with SDT is described in Annex C of [2] (see also Annex A of this contribution where additional changes are proposed as discussed below). At the end of this procedure, there is currently to following Note:
"NOTE:	For step 7, since the gNB does not know when to release the UE to RRC_INACTIVE state and whether there is a DL NAS response message at step 7, there are the additional options:
(a) The SS Event Report Acknowledgement at step 7 may be delivered before the RRC release message.
(b) If the gNB releases the UE immediately to RRC_INACTIVE state without waiting for the SS Event Report Acknowledgement, the UE has to be paged and the DL message will be delivered in RRC_CONNECTED state."
As mentioned in the Note above, the UE may need to be paged to deliver the Event Report Acknowledgement in RRC_CONNECTED state. It would be rather inefficient if paging of the UE needs to occur for delivery of a very small Event Report Acknowledgement. However, this can be avoided if the UE provides "assistance information" to the serving gNB during SDT initiation at Step 3 of the procedure (together with the RRC Resume Request). The gNB would need to know whether a UE will provide additional LPP Provide Location Information (PLI) messages and that a DL Event Report Acknowledgement is expected from the AMF. 
The MAC CE Buffer Status Report (BSR) carries the information on how much data a UE has in the buffer to be sent out, which however, does not enable a gNB to determine how many LPP messages a UE has to sent out since any type of NAS PDU could be sent via the SDT framework and the gNB does not know the content of the NAS PDU. A more reliable way of assisting the gNB when to release a UE to RRC_INACTIVE would be to provide an indication of more versus no more messages to follow. With the LPP moreMessagesOnTheWay/noMoreMessages flag visible at the serving gNB, the gNB would be informed that this is a LCS event report with more (or no more) LPP messages from the UE to follow, which can avoid that the gNB would release the UE to RRC_INACTIVE state before the location reporting is complete. Therefore, the event reporting can be reliably executed as currently described in the procedure description with no (or very small) risk that a UE would be transitioned to RRC_CONNECTED state before the event reporting is complete.
Observation 1:	The MAC CE Buffer Status Report (BSR) carries the information on how much data a UE has in the buffer to be sent out, which however, does not enable a gNB to determine how many LPP messages a UE has to sent out since any type of NAS PDU could be sent via the SDT framework and the gNB does not know the content of the NAS PDU.
If the RRC Resume Request with the Event Report or the subsequent UL SDT indicates "no more messages", the gNB waits for the DL NAS message (Event Report Acknowledgement) before releasing the UE.
Observation 2:	With the LPP moreMessagesOnTheWay/noMoreMessages flag visible at the serving gNB, the event reporting procedure can be reliably completed while the UE remains in RRC_INACTIVE state.

Proposal 1:	The LPP moreMessagesOnTheWay/noMoreMessages flag should be visible at the serving gNB when sending the RRC Resume Request + Event Report with LPP Provide Location Information (Step 3 of the baseline procedure in Annex C of R2-2108383 [2]). 

The message sequence for the baseline procedure for DL-only and RAT-independent positioning currently shows the messaging between gNB and LMF as a single step. It is proposed to provide more details and split these steps into corresponding NGAP signalling and AMF service operation, as shown in the description in Annex A of this contribution. The change bars indicate the proposed changes compared to the "baseline procedure" in Annex C of [2].
Since TS 23.273 [3] defines the "Low Power Periodic and Triggered 5GC-MT-LR Procedures" with Early Data Transmission, it is proposed to provide the baseline procedure to SA2 for determining any impacts to SA2 specifications. A draft LS text is proposed in R2-2110824 [4].

Proposal 2:	Send an LS to SA2 including the baseline procedure for DL-only and RAT-independent positioning in RRC_INACTIVE state as shown in Annex A of this contribution requesting SA2 to determine any SA2 specification impacts. A draft response LS is proposed in R2-2110824 [4].
3.	UL/UL+DL Positioning Methods
For UL-only and UL+DL positioning, a common baseline procedure is not yet available in RAN2. Two solutions emerged from the email discussion "[Post114-e][602][POS] Stage 2 procedure for deferred MT LR in RRC_INACTIVE" summarized in [2]. A 3rd solution was proposed by multiple companies in [5], which is primarily a modification of the "Procedure 2" in [2] for strict periodic events.

In this section we provide a comparison between the "Procedure 1" and "Procedure 2" as summarized in Annex E of [2]. We use the following designation:

-	Solution 1 (Huawei et al.): Procedure 2 in Annex E of R2-2108383 [2].
-	Solution 2 (Qualcomm): Procedure 1 in Annex E of R2-2108383 [2].
For easy reference, the two solutions are repeated in Annex B of this contribution (copied from [2]).

3.1	Basic Principles of the Two Solutions
The fundamental difference between the two solutions is the deferred MT-LR version which is used as baseline for positioning of UEs in RRC_INACTIVE state: Solution 1 is based on the "Deferred 5GC-MT-LR Procedure for Periodic, Triggered and UE Available Location Events" as specified in Clause 6.3 in TS 23.273 [3], but applied to RRC_INACTIVE state, whereas Solution 2 is based on the "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273 [3], but using NR SDT instead of LTE EDT.

At a high level, the differences between the two Deferred MT-LR variants are summarized in Figure 1 below. The main difference between the two deferred MT-LR variants is that for a "normal MT-LR" a UE positioning procedure is executed each time an event has been detected (step 5 in Figure 1, left hand side; which is Step 27 of the deferred 5GC-MT-LR procedure in clause 6.3 in TS 23.273 [3]). This is not the case for the "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273 [3] (right hand side of Figure 1). This is also clarified by the Note 4 in Clause 6.7 in TS 23.273 [3] copied below:

"13.	If a location estimate is needed for event reporting, the LMF determines the UE location using the location measurements and/or location estimate received in the event report at step 5 and/or the serving cell ID provided by the AMF at step 5.
NOTE 4:	The LMF does not attempt to obtain additional location measurements from the UE or from the NG-RAN."

For the "Low Power Periodic and Triggered 5GC-MT-LR Procedure", the location request information, assistance data, etc. are provided during the location preparation phase at Step 1 ("pre-configured assistance data"). The UE would then perform the measurements once an event occurred and provide the measurement results to the LMF. Obviously, this reduces the amount of signalling (and also latency), and therefore, increases the likelihood that the procedure can be completed while the UE remains in RRC_INACTIVE state which reduces the power consumption.


Observation 3:	Solution 1 is based on the "Deferred 5GC-MT-LR Procedure for Periodic, Triggered and UE Available Location Events" as specified in Clause 6.3 in TS 23.273 [3]. After an Event has been detected, an LMF performs a positioning procedure (LPP and/or NRPPa procedure; referred to as Step 27 in the procedure (see Annex B, Procedure 2)).

Observation 4:	Solution 2 is based on the "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273 [3]. The location request information and possibly assistance data are provided during the location preparation phase and the UE reports the location measurements/location estimate together with the Event Report. The LMF does not attempt to obtain additional location measurements from the UE or from the NG-RAN.

The "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273 [3] makes use of the LTE Early Data Transmission (EDT) feature for positioning of UEs in RRC_IDLE state. Therefore, it seems obvious that this procedure should also be exploited for positioning of UEs in RRC_INACTIVE state but using the NR Small Data Transmission (SDT) feature.


Observation 5: 	The "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273 [3] exploits the LTE Early Data Transmission feature for positioning of UEs in RRC_IDLE state. Therefore, it is natural to use the same procedure for positioning of UEs in RRC_INACTIVE state using NR SDT.

Indeed, the current baseline procedure for DL-only positioning in Annex C of [2] and discussed in section 2 above is using the "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273 [3] but using NR SDT instead of LTE EDT. In particular, the LPP Provide Assistance Data and Request Location Information are sent during the location preparation phase (when triggered location is requested in the UE) which allows the UE to obtain and report location measurements along with an event report. But for Solution 1, an LPP Request Location Information is sent to the UE after the Event Report Acknowledgment (Step 6a in Annex B, Procedure 2), which means that the UE does not obtain location measurements when an event is detected and does not even know that UL+DL positioning will be used until receiving the LPP Request Location Information. 


Observation 6:	The current "baseline procedure" for DL-only positioning in Annex C of R2-2108383 [2] is already based on the "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273 [3].

[bookmark: _Hlk84289219]Therefore, for Solution 1, the DL part of the UL+DL procedure would be different compared to the DL-only baseline procedure. For Solution 1, the SDT at step 4a (see Procedure 2 in Annex B) includes an Event Report without any measurements (Step 3 in Figure 1 below, left hand side) and there is not any more signalling data in the UE buffer to sent out. With the discussion in section 2 above, the gNB may therefore assume that there are no further UL messages to follow and expects the Event Report Acknowledgement from the AMF to release the UE to RRC_INACTIVE. Consequently, the LCS Acknowledgement may be provided together with the RRC Release as in the DL-only baseline and for any further DL messages (i.e., LPP Request Location Information, SRS Configuration (steps 5 and 6 in Procedure 2 in Annex B)) the UE would have to be paged and the DL messages would be delivered in RRC_CONNECTED state.


Observation 7:	With Solution 1 the DL part of the UL+DL procedure is different compared to the DL-only procedure. I.e., the DL-only procedure is not a sub-set of the UL+DL procedure anymore and requires different UE and network behaviour.

Observation 8:	With Solution 1, the UE would not have any additional UL signalling data to sent out after SDT Initiation (SDT with Event Report). Therefore, a gNB may likely release the UE to RRC_INACTIVE (with the Event Report Acknowledgement) before any positioning procedure can be instigated by an LMF.

Therefore, the "Low Power Periodic and Triggered 5GC-MT-LR Procedure" principle should be used for UL+DL positioning methods as well. This reduces the amount of signalling data exchange required, reduces the processing requirements at the UE and network (e.g., positioning methods etc. do not need to be newly determined at each individual event report), and therefore, conserves battery power. It can also ensure that the procedure can be completed while the UE remains in RRC_INACTIVE state (like the DL-only solution discussed in section 2 above).


Proposal 3:	The baseline procedure for UL/ UL+DL positioning in RRC_INACTIVE state should be based on the "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273[3] but using NR SDT instead of LTE EDT. In particular, the location request and assistance data information are provided during the positioning initiation phase and there is (normally) no need for an LMF to obtain additional location measurements from the UE or from the NG-RAN after an Event Report (with location measurements) has been received (i.e., the same as for the DL-only baseline procedure).
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	Deferred 5GC-MT-LR Procedure for Periodic, Triggered and UE Available Location Events
Clause 6.3 in TS 23.273	
	Low Power Periodic and Triggered 5GC-MT-LR Procedures

Clause 6.7 in TS 23.273

	

	


	- UE sends an Event Report when an event occurs
- LMF obtains UE location using LPP and/or NRPPa procedures

- Solution 1 uses this procedure as baseline
	- Location Request and possibly Assistance Data are provided at step 1
- UE sends an Event Report when event occurs together with the location information

- Solution 2 uses this procedure as baseline





Figure 1: Basic comparison of "Deferred 5GC-MT-LR Procedures" in TS 23.273 [3].



3.2	UL SRS Configuration
The "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273 [3] is currently supporting DL-only and RAT-independent positioning, since there is no e.g., UL+DL positioning method specified for LTE. Therefore, a solution is needed to also configure SRS for the UE and TRPs in an efficient manner. 

Similar to DL-PRS assistance data and location request information, the SRS configuration(s) can also be pre-configured in the UE during the location preparation phase when the UE is in RRC_CONNECTED state. In this case, there is no need to perform all the NRPPa and RRC procedures to configure SRS for the UE each time an event is triggered. Given that an LMF decides on the positioning method(s) and event reporting during the location preparation phase anyhow, performing the normal RRC_CONNECTED mode procedures for configuring SRS each time an event occurs is rather inefficient.

The SRS configuration procedure for the two solutions is summarized in Figure 2 below. Solution 1 uses the normal RRC_CONNECTED mode procedures in agreement with Observation 3 above. That is, each time an event occurs, the LMF instigates the SRS configuration procedures (although, the final SRS is decided by the serving gNB) as illustrated in Figure 2, left hand side. 


Observation 9:	Solution 1 uses the same procedures as in RRC_CONNECTED state to configure SRS for the UE when in RRC_INACTIVE. That is, the SRS configuration procedure is instigated by an LMF each time an event occurs.

However, as discussed in section 3.1 above, the UL SDT is complete with the Event Report at Step 1, and therefore,
the Event Report Acknowledgement at Step 2 may be provided in an RRC Release (as it is the case with the DL-only baseline procedure). Consequently, the UE would have to be paged and the SRS configuration would be delivered in RRC_CONNECTED state (and not in RRC Release as shown by Step 5 in Figure 2).  


Observation 10:	For Solution 1 the SRS configuration cannot reliably be provided to the UE in RRC_INACTIVE state (see also Observation 8). 

For Solution 2 the SRS configuration request is instigated by the UE via a new or existing RRC message (e.g., RRC LocationMeasurementIndication) and not via an Event Report. Since the location request has already been received during the location preparation phase, an LMF has already decided to use UL-based positioning for event reporting. Therefore, at this stage only the UL SRS transmission has to be requested. This can be triggered directly by the UE without detour through an LMF as illustrated in Figure 2, right hand side. The serving gNB then decides on the SRS (possibly taking the information from the location preparation phase into account) and provides the SRS to the LMF for configuring the TRPs.


Observation 11:	In Solution 2 the procedure for SRS configuration is triggered by the UE. The serving gNB decides on the SRS and provides the information to the LMF.

 
Obviously, the SRS configuration with Solution 2 would require only a small SDT procedure; i.e., SDT initiation with UL positioning/SRS trigger, and the RRC Release with SRS configuration. There is no risk that the UE would have to be paged to deliver the SRS configuration as in Solution 1 since the gNB knows that there is no further DL message expected from an AMF/LMF. With Solution 1, the Event Report may result in more UL messages (as for DL-only positioning), or may result in more DL messages (LPP Request Location Information), or may result is SRS configuration. This means that the gNB cannot reliably determine when to Release the UE to RRC_INACTIVE.

Observation 12:	With Solution 2 the positioning procedure can be reliably completed in RRC_INACTIVE state.


Proposal 4:	Support the UE triggering of SRS transmission for UL positioning (if requested/allowed by an LMF during the "location preparation phase") with an RRC message (e.g., LocationMeasurementIndication or a new message) provided along with an RRC Resume Request at SDT initiation. 

Solution 2 also supports (or can exploit) SRS pre-configuration during the location preparation phase, in a similar manner as the pre-configuration for DL-PRS, already used for the baseline procedure for DL-only and RAT-Independent positioning (see section 2 above). For example, a set of UL SRS configurations may be provided to the serving gNB and UE during the location preparation phase each with an associated identifier. The RRC Release with SRS configuration may then include only an identifier of a pre-configured SRS which would even further reduce the amount of signalling data exchange required in RRC_INACTIVE state. 


Observation 13:	In Solution 2, the SRS can also be pre-configured during the location preparation phase (similar to DL-PRS assistance data) while in RRC_CONNECTED state, further reducing the amount of signalling data and latency for positioning in RRC_INACTIVE state.

Proposal 5:	Support pre-configuration of UL SRS during the location preparation phase. One or more SRS configurations, each associated with an identifier, can be provided to the serving gNB/UE during the location preparation phase and "activated" by the serving gNB when SRS is needed.


	SRS Configuration Signalling in Solution 1
	SRS Configuration Signalling in Solution 2

	

	


	
- SRS configuration is instigated by the LMF (as in RRC_CONNECTED state) after SDT has been triggered (via Event Report) 
	
- SRS configuration is instigated by the UE with SDT.





Figure 2: Comparison of SRS configuration signalling.




3.3	Mobility Support
For area, periodic, or motion events [3] it seems rather unlikely that a UE in RRC_INACTIVE remains in the same cell where the deferred MT-LR initiation was received. Therefore, any positioning solution for UEs in RRC_INACTIVE state should support mobility of UEs.

For solution 1 mobility is supported in the same way as in RRC_CONNECTED state, since at each event occurrence the LMF performs an independent positioning procedure as if the UE would be in RRC_CONNECTED state. However, this per se is rather inefficient as discussed above.

For solution 2, the UE positioning context is transferred from the anchor gNB to the new serving gNB. The UE positioning context would for example include the pre-configured SRS configurations. Note, it would be still up to the new serving gNB whether to use/activate any of the pre-configured SRS or modify them etc. (incl. providing a completely new SRS configuration to the UE).


Proposal 6:	Support exchange of UE positioning context over Xn interface for positioning of UEs in RRC_INACTIVE state. The UE positioning context includes at least the pre-configured SRS configurations.

3.4	Comparison of Solutions Provided in [5]
Multiple companies provided a comparison of Solution 1 and Solution 2 in [5], which is repeated in the Table below. 
Based on the discussion above corrections and additions are made to this Table shown with change bars. 

	
	Solution 2
	Solution 1 

	Required Number of SDT procedures
	2 for UL 
2 for UL+DL
	1 for UL
2 for UL+ DL

	UL/UL+DL positioning request
	At Step 16 of Clause 6.3.1 of TS 23.273
	At Step 27 of Clause 6.3.1 of TS 23.273

	UE Positioning in the overall deferred MT-LR procedure
	At Step 25/26 of Clause 6.3.1 of TS 23.273
At Step 13 of Clause 6.7.1 TS 23.273
	At Step 27 of Clause 6.3.1 of TS 23.273

	Time-domain characteristics of SRS
	Periodic, Semi-persistent SRS.
SRS configuration delivered pre-configured to the UE in RRC_CONNECTED.
SRS configuration activated/delivered to the UE in RRC_INACTIVE.
	Periodic SRS
SRS configuration delivered to the UE in RRC_INACTIVE.
However, this may not be reliable, and the UE may have to be paged (see discussion for Observation 10).

	SRS deactivation mechanism
	Deactivation MAC CE
	Expiration of TAT for UL
RRCRelease with SRS configuration for UL+DL

	When is the positioning method determined?
	Determined during location preparation phase via at the configuration of triggered event is received when UE receives LCS Periodic-Triggered Invoke Request with embedded LPP Request Location Information.
	Determined each time when the UE receives sends an Event Report

	Triggered Event and Event Report
	Event Report with location information sent after the UE requests to the network for SRS transmission (since only then UL+DL measurements can be provided)
	Event Report sent immediately after event trigger, which however, may result in an RRC_RELEASE with Event Report ACK and therefore, delivery of SRS and LPP Request Location Information in RRC_CONNECTED state (see discussion for Observation 7/8).

	Required Stage-3 changes
	Changes needed by both Solutions
	SRS in RRC_INACTIVE

	
	XN-AP
	SRS configuration in the UE context transfer 
LMF routing id transferred from last serving gNB to the serving gNB
	No stage-3 impacts since no explicit mobility support.

	
	LCS Periodic-Triggered Invoke Request
	No impact, since location request is provided via LPP Request Location Information embedded as OCTET STRING in LCS Periodic-Triggered Invoke
Type of Positioning Method requested (UL or DL or UL+DL)
	

	
	RRC message
	The "Location Event Indication" may be a new RRC message or an extension of the RRC LocationMeasurementIndication message.
	

	Required SA2 changes
	SRS transmission request from the UE to the network
Event report is not immediately sent after event is triggered, but after SRS transmission request, since only then measurements can be provided.
	No SA2 stage2 impactsSA2 stage 2 TS 23.273 does not yet support location in RRC Inactive state. A new message flow would be needed, whatever solution is agreed.

	Efficiency
	Highly efficient solution with minimal signalling data exchange in RRC_INACTIVE state.

Very low risk that the procedure cannot be completed in RRC_INACTIVE.
	Same efficiency as in RRC_CONNECTED state with same signalling data exchanges as in RRC_CONNECTED, and positioning procedure execution each time an event is triggered.

High risk that the procedure cannot be completed in RRC_INACTIVE.




Given the discussion in the sections above, Solution 2 is clearly superior over Solution 1. Therefore: 

Proposal 7:	The Deferred 5GC-MT-LR Procedure with SDT for UL+DL positioning in Annex B, Procedure 1 is used as baseline for further work.
NOTE 1:	Some details may depend on further progress of SDT work item.
NOTE 2:	Whether such a procedure needs to be captured in Stage 2 specification or not can be decided later when the procedure has been fully developed/agreed. That is, the procedure can be considered as "running baseline".
NOTE 3:	Once the procedure is stable from RAN2 perspective, send an LS to SA2 including the baseline procedure.

3.5	Comments on Consolidated Solution Proposed in [5]
In the case of periodic event reporting, the "consolidated solution" in [5] proposes that a UE is configured with periodic SRS once (e.g., after the first event report or during the location preparation phase) and therefore, transmits SRS with configured periodicity until terminated (explicitly by the NW or implicitly (e.g., after cell change)). The TRPs listen to the UE's SRS with the same periodicity and perform the UL SRS measurements. This obviously requires synchronization of the SRS periodicity with the TRP measurement periodicity and the DL-PRS periodicity.
Therefore, this means the event is effectively reported using the UL SRS transmission and the LPP Request Location Information (Step 6 in the Procedure 2 in Annex B) needs to be sent to the UE slightly before the periodic event is expected by the LMF. This also means that the DL-PRS must be adjacent to the UL-PRS to perform the UE RxTx Time Difference Measurements at the UE. 
Obviously, this also requires that the UE remains in the same cell and additional procedures are required in the case of a cell change occurs (e.g., inform an LMF that the UE SRS transmission has stopped, etc.). It is questionable whether this can work even if a UE is moving without changing the cell from where the SRS configuration was received.  The UE may be moving around within the same cell which means it might at times be very close to the serving gNB and at other times far away and nearer to other gNBs. However, the UL SRS transmitted is the same (same power, etc.) for both cases. The UE would need to be paged to stop transmitting. This seem very inflexible and may be problematic if there are many such UEs in the same cell transmitting a high power SRS close to a gNB. In any case, it requires confirmation from RAN1 whether an anchor gNB could always authorize the same UE SRS transmission for a long time in advance for unknown future link conditions (e.g., distance to serving gNB) and whether UL SRS and DL-PRS periodicities can be synchronized to perform UE/gNB Rx-Tx Time Difference measurements.

Observation 14:	The "consolidated solution" proposed in [5] for UL+DL positioning has stringent requirements on SRS and DL-PRS transmission periodicities and breaks down if the UE has changed cell (which requires additional exception and recovery procedures for an LMF). In addition, the feasibility of UL SRS transmission for a long time in advance for unknown future link conditions (e.g., changing distance to serving gNB for a moving UE, etc.) is highly questionable and requires confimation from RAN1. 


4.	LPP PDU and LCS Message Transfer in RRC_INACTIVE State
[bookmark: _Hlk84317240]As summarized in section 1 above, the LPP PDU and LCS message transfer procedures with SDT in RRC_INACTIVE state are used as baseline. Since Stage 2 does currently not support LPP PDU and LCS message transfer in RRC_INACTIVE state, the procedures should be captured in Stage 2 TS 38.305 [6].

Proposal 8:	Capture the procedures in Annex A and Annex B of R2-2108383 [2] for the LPP PDU and LCS message transfer with SDT in RRC_INACTIVE state, respectively, in TS 38.305 [6]. 

5.	Summary
In this contribution, we discussed some remaining issues for positioning of UEs in RRC_INACTIVE State. The following Obervations and Proposals were made.

Observation 1:	The MAC CE Buffer Status Report (BSR) carries the information on how much data a UE has in the buffer to be sent out, which however, does not enable a gNB to determine how many LPP messages a UE has to sent out since any type of NAS PDU could be sent via the SDT framework and the gNB does not know the content of the NAS PDU.
Observation 2:	With the LPP moreMessagesOnTheWay/noMoreMessages flag visible at the serving gNB, the event reporting procedure can be reliably completed while the UE remains in RRC_INACTIVE state.
Observation 3:	Solution 1 is based on the "Deferred 5GC-MT-LR Procedure for Periodic, Triggered and UE Available Location Events" as specified in Clause 6.3 in TS 23.273 [3]. After an Event has been detected, an LMF performs a positioning procedure (LPP and/or NRPPa procedure; referred to as Step 27 in the procedure (see Annex B, Procedure 2)).
Observation 4:	Solution 2 is based on the "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273 [3]. The location request information and possibly assistance data are provided during the location preparation phase and the UE reports the location measurements/location estimate together with the Event Report. The LMF does not attempt to obtain additional location measurements from the UE or from the NG-RAN.
Observation 5: 	The "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273 [3] exploits the LTE Early Data Transmission feature for positioning of UEs in RRC_IDLE state. Therefore, it is natural to use the same procedure for positioning of UEs in RRC_INACTIVE state using NR SDT.
Observation 6:	The current "baseline procedure" for DL-only positioning in Annex C of R2-2108383 [2] is already based on the "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273 [3].
Observation 7:	With Solution 1 the DL part of the UL+DL procedure is different compared to the DL-only procedure. I.e., the DL-only procedure is not a sub-set of the UL+DL procedure anymore and requires different UE and network behaviour.
Observation 8:	With Solution 1, the UE would not have any additional UL signalling data to sent out after SDT Initiation (SDT with Event Report). Therefore, a gNB may likely release the UE to RRC_INACTIVE (with the Event Report Acknowledgement) before any positioning procedure can be instigated by an LMF.
Observation 9:	Solution 1 uses the same procedures as in RRC_CONNECTED state to configure SRS for the UE when in RRC_INACTIVE. That is, the SRS configuration procedure is instigated by an LMF each time an event occurs.
Observation 10:	For Solution 1 the SRS configuration cannot reliably be provided to the UE in RRC_INACTIVE state (see also Observation 8). 
Observation 11:	In Solution 2 the procedure for SRS configuration is triggered by the UE. The serving gNB decides on the SRS and provides the information to the LMF.
Observation 12:	With Solution 2 the positioning procedure can be reliably completed in RRC_INACTIVE state.
Observation 13:	In Solution 2, the SRS can also be pre-configured during the location preparation phase (similar to DL-PRS assistance data) while in RRC_CONNECTED state, further reducing the amount of signalling data and latency for positioning in RRC_INACTIVE state.
Observation 14:	The "consolidated solution" proposed in [5] for UL+DL positioning has stringent requirements on SRS and DL-PRS transmission periodicities and breaks down if the UE has changed cell (which requires additional exception and recovery procedures for an LMF). In addition, the feasibility of UL SRS transmission for a long time in advance for unknown future link conditions (e.g., changing distance to serving gNB for a moving UE, etc.) is highly questionable and requires confimation from RAN1. 

Proposal 1:	The LPP moreMessagesOnTheWay/noMoreMessages flag should be visible at the serving gNB when sending the RRC Resume Request + Event Report with LPP Provide Location Information (Step 3 of the baseline procedure in Annex C of R2-2108383 [2]). 
Proposal 2:	Send an LS to SA2 including the baseline procedure for DL-only and RAT-independent positioning in RRC_INACTIVE state as shown in Annex A of this contribution requesting SA2 to determine any SA2 specification impacts. A draft response LS is proposed in R2-2110824 [4].
Proposal 3:	The baseline procedure for UL/ UL+DL positioning in RRC_INACTIVE state should be based on the "Low Power Periodic and Triggered 5GC-MT-LR Procedure" as specified in Clause 6.7 in TS 23.273[3] but using NR SDT instead of LTE EDT. In particular, the location request and assistance data information are provided during the positioning initiation phase and there is (normally) no need for an LMF to obtain additional location measurements from the UE or from the NG-RAN after an Event Report (with location measurements) has been received (i.e., the same as for the DL-only baseline procedure).
Proposal 4:	Support the UE triggering of SRS transmission for UL positioning (if requested/allowed by an LMF during the "location preparation phase") with an RRC message (e.g., LocationMeasurementIndication or a new message) provided along with an RRC Resume Request at SDT initiation. 
Proposal 5:	Support pre-configuration of UL SRS during the location preparation phase. One or more SRS configurations, each associated with an identifier, can be provided to the serving gNB/UE during the location preparation phase and "activated" by the serving gNB when SRS is needed.
Proposal 6:	Support exchange of UE positioning context over Xn interface for positioning of UEs in RRC_INACTIVE state. The UE positioning context includes at least the pre-configured SRS configurations.
Proposal 7:	The Deferred 5GC-MT-LR Procedure with SDT for UL+DL positioning in Annex B, Procedure 1 is used as baseline for further work.
NOTE 1:	Some details may depend on further progress of SDT work item.
NOTE 2:	Whether such a procedure needs to be captured in Stage 2 specification or not can be decided later when the procedure has been fully developed/agreed. That is, the procedure can be considered as "running baseline".
NOTE 3:	Once the procedure is stable from RAN2 perspective, send an LS to SA2 including the baseline procedure.
Proposal 8:	Capture the procedures in Annex A and Annex B of R2-2108383 [2] for the LPP PDU and LCS message transfer with SDT in RRC_INACTIVE state, respectively, in TS 38.305 [6]. 
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Annex A:
Low Power Periodic and Triggered 5GC-MT-LR Procedure with SDT (DL-only and RAT-Independent positioning)





Figure A: Low Power Periodic and Triggered 5GC-MT-LR Procedure with SDT (DL-only and RAT-Independent positioning).

1.	Steps 1-21 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.
	The serving gNB then sends an RRCRelease with suspendConfig to move the UE to RRC_INACTIVE state. 
Editor's Note:	After performing these steps, the UE would have been provided with the location request information (e.g., requested positioning method(s) and mode, QoS, etc.) and possibly any required assistance data. The UE may request/receive additional/updated assistance data via posSI and/or LPP Request Assistance Data during the Event Reporting Phase as usual. 
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). 
When the event is detected (or slightly before) the UE performs the location measurements. 
3.	The UE sends an RRC UL Information Transfer message containing an UL NAS Transport message along with the RRC Resume Request with SDT. 
The UE includes the LCS Event Report and LPP Provide Location Information (PLI) message in the payload container of the UL NAS Transport message, and the Deferred Routing Identifier received during Step 1 in the Additional Information of the UL NAS Transport message as defined in TS 24.501.
The UE may send the RRC Resume Request message along with the additional information on how many messages the UE has to send (e.g., similar to MAC CE Buffer Status Report (BSR) (FFS)).
The RRC message as well as the embedded LPP PLI may include the moreMessagesOnTheWay flag [7TS 37.355]. 
NOTE 1:	The moreMessagesOnTheWay flag would be included when not all the location measurements obtained at step 2 can be included in the LPP PLI message.
NOTE 2:	The moreMessagesOnTheWay/noMoreMessages flag in the RRC Resume Request would indicate whether the 	serving gNB should wait for a response from the serving AMF before sending the RRC Release at step 7c and may further indicate whether the UE will send additional UL messages prior to such a response from the serving AMF.
4.	The serving gNB sends the SS Event Report with the LPP PLI message in an NGAP Uplink NAS Transport message to the LMF (via serving AMF and probably anchor gNB). The AMF determines the LMF from the Deferred Routing Identifier received in the Additional Information IE of the UL NAS TRANSPORT message and forwards the LCS Event Report with embedded LPP message via triggering Namf_Communication_N1MessageNotify service operation towards the LMF. The AMF also includes the Payload Container Type and the Correlation Identifier set to the Deferred Routing Identifier.
NOTE 3:	If the moreMessagesOnTheWay flag was provided in step 3, the LMF waits until all LPP message segments were received before sending the LCS Event Report Acknowledgement at step 7. 
5.	If the moreMessagesOnTheWay flag was provided in step3, the UE sends the additional LPP PLI message segments in the SDT subsequent data transmission phase.
The UE includes the LPP PDU in the payload container of an UL NAS Transport message, and the Deferred Routing Identifier, which has been received in step 1, in the Additional Information of the UL NAS Transport message defined in TS 24.501. The UE then sends the UL NAS Transport message to the serving NG-RAN node in an RRC UL Information Transfer message.
6.	If step 5 occurred, the serving gNB sends the LPP PLI message in an NGAP Uplink NAS Transport message to the LMF (via serving AMF and probably anchor gNB). The AMF determines the LMF from the Deferred Routing Identifier received in the Additional information IE of the UL NAS TRANSPORT message and forwards the LPP PLI message via triggering Namf_Communication_N1MessageNotify service operation to the LMF. The AMF also includes the Payload Container Type and the Correlation Identifier set to the Deferred Routing Identifier.
NOTE 4:	The Payload container type is set to "LPP message container" whereas the Payload container type at step 4 was set to "LCS message container". The LMF would realize from the moreMessagesOnTheWay flag in the LPP message and from the Deferred Routing Identifier that this message is a continuation of the LPP measurement reporting.
NOTE 5:	Steps 5 and 6 may be repeated for providing additional LPP message segments when needed.
7.	If step 3 did not include the moreMessagesOnTheWay flag or if step 3 did include the moreMessagesOnTheWay flag and once the noMoreMessages flag in an LPP PLI has been received, the LMF sends an SS Event Report Acknowledgement to the UE via triggering an Namf_Communication_N1N2MessageTransfer service operation to the serving AMF at step 7aanchor gNB which forwards the message to the serving gNB. Upon receipt of the SS Event Report Acknowledgment, the AMF sets the Payload Container Type to "LCS message container" and includes the Acknowledgement of the Event Report in the payload container in the DL NAS TRANSPORT message sent to the serving gNB at step 7b. The serving gNB then provides the SS Event Report Acknowledgement to the UE at sStep 7cb in an DL Information Transfer message along with the RRC Release message.
8.	Steps 28-31 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.

NOTE:	For step 7, since the gNB does not know when to release the UE to RRC_INACTIVE state and whether there is a DL NAS response message at step 7, there are the additional options:
(a) The SS Event Report Acknowledgement at step 7 may be delivered before the RRC release message.
(b) If the gNB releases the UE immediately to RRC_INACTIVE state without waiting for the SS Event Report Acknowledgement, the UE has to be paged and the DL message will be delivered in RRC_CONNECTED state.
Annex B:
Copied from [Post114-e][602][POS] in R2-2108383 [2]

Low Power Periodic and Triggered 5GC-MT-LR Procedure with SDT (UL+DL positioning)

Procedure 1:


1.	Steps 1-21 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.
	At Step 15 of this procedure described in Figure 6.3.1-1 of TS 23.273 [8], 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-SRS configuration, or a set of alternative UL-SRS 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-SRS 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 RRCRelease 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). 
3.	When event reporting is allowed in RRC_INACTIVE state and after (or slightly before) an event is detected and if CG-SDT resources are not configured or cannot be selected, the UE performs a 2-step or 4-step RACH procedure. In the case of a 2-step RACH, the UE includes an RRC Resume Request message in the PUSCH payload for MsgA; in the case of a 4-step RACH, the UE sends an RRC Resume Request message in msg3 to the gNB.
Otherwise, if CG-SDT resources are configured on the selected UL carrier and are valid, the UE sends an RRC Resume Request message in the CG transmission to the gNB. 
The UE sends a "Location Event Indication" along with the RRC Resume Request to trigger UL positioning at the gNB.
UL-SRS is already configured in the UE and anchor gNB during Step 1.
Editor's Note: The "Location Event Indication" may be a new RRC message or an extension of the RRC LocationMeasurementIndication message.  
4.	The serving gNB fetches the UE context from the anchor gNB. The UE context includes the UL-SRS configuration(s) (as determined during Step 1).
5.	The serving gNB determines the UL-SRS configuration based on the UE context information received at Step 4b and sends a NRPPa Positioning Information Update message to the LMF via the serving AMF (probably through the anchor gNB).
6.	The LMF may send a NRPPa Positioning Activation message (possibly with a starting time) to the serving gNB to request UL-SRS activation in the UE.
7.	The serving gNB provides the UL-SRS configuration to the UE along with the RRC Release message over msg4 or MsgB. The message may also include the CG Configuration and a MAC-CE SRS Activation Request (possibly with a starting time).
	NOTE:	The UL-SRS configuration at this step may be an index to a pre-configured UL-SRS 						configuration (during Step 1), or a delta-UL-SRS configuration, etc. 
8.	The serving gNB sends a NRPPa Positioning Activation Response message to the LMF when activation in the UE was successful. 
9.	The LMF sends a NRPPa Measurement Request to a group of gNBs incl. the UL-SRS measurement configuration.
10.	The UE transmits UL-SRS according to the activated configuration at Step 7.
11.	The UE measures the DL-PRS, and each configured gNB at Step 9 measures the UL-SRS.
12.	Same as Step 3, but with the RRC Resume Request message including the SS LCS Event Report indicating the type of event being reported. The LCS Event Report includes an LPP Provide Location Information message containing the DL-PRS measurements. 
13.	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).
14.	The gNBs that performed the UL-SRS measurements provide an NRRPPa Measurement Response message to the LMF including the UL-SRS measurements performed at Step 11b. 
15.	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-SRS Deactivation to the UE at Step 15b.
Editor's Note: This may be a downlink message in response to UL SDT.
16.	The LMF sends a SS LCS Event Report Acknowledgement to the anchor gNB.
17.	The serving gNB provides the SS LCS Event Report Acknowledgement to the UE along with the RRC Release message. 
18.	Steps 28-31 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273 [8], clause 6.3.1 are performed.

Procedure 2:

[image: ]

1. Steps 1-21 of TS 23.273, Clause 6.3.1 for deferred MT-LR for Periodic or Triggered Location Events are performed. 
2. The UE is released by the anchor gNB from RRC_CONNECCTED to RRC_INACTIVE by RRCRelease with SuspendConfig. The UE may be configured with CG-SDT or RA-SDT for small data transmission.
NOTE:	Before step 2, the anchor gNB should know the UE capability for UL+DL positioning in RRC_INACTIVE and the on-going deferred MT-LR session in the UE, such that the gNB can make informed decision on transferring the RRC state of the UE to RRC_INACTIVE, instead of RRC_IDLE. 
3. The UE monitors for occurrence of the triggered or periodic event requested in step 16 of TS 23.273 Clause 6.3.1. 
4. If a certain event is triggered or the periodic timer of the periodic event expires, the UE sends Event Report to the network with Small Data Transmission from the UE to the gNB and then to the LMF.
NOTE: The serving gNB of the UE when UE performs step 4 might be the same or different from the anchor gNB where the UE is released to the RRC_INACTIVE state. If the serving gNB is the same as the anchor gNB, either RA-SDT or CG-SDT can be performed; if the serving gNB is different from the anchor gNB, only RA-SDT can be performed. 
5. When the LMF receives the event report and if it can handle this event report, the LMF returns a supplementary services acknowledgment for the Event Report to the UE by subsequent DL Small data Transmission from gNB to the UE
6. If location estimate is needed for the Event Report and the LMF determines to perform UL+DL positioning for the UE based on prior knowledge of the UE capability for UL+DL positioning, the LMF sends LPP message RequestLocationInformation to the UE via subsequent DL Small Data Transmission from the gNB to the UE.
7. For the UL+DL positioning, the LMF sends NRPPa message POSITIONING INFORMATION REQUEST to the serving gNB of the UE with the field Request SRS characteristics for the SRS transmission in the UL positioning.
8. After the request from the LMF, according to the Request SRS Characteristics field within POSITIONING INFORMATION REQUST, the gNB configures the SRS of the UE and send the configuration to the LMF.
9. The serving gNB sends to the UE the RRCRelease message with SuspendConfig to keep the UE in RRC_INACTIVE state. The RRCRelease message also contains the SRS configuration for UL positioning and TA configuration for uplink transmission. 
10. The LMF sends a NRPPa MEASUREMENT REQUEST to a group of gNBs for SRS measurement including the SRS configuration.
11. The UE sends SRS after it receives the SRS configuration from the serving gNB and the gNBs that have received the NRPPa message for measurement request perform measurement of the SRSs sent by the UE.
NOTE:	The UE sends SRS immediately (still up to the UE requirements) after it receives the SRS configuration means that only periodic SRS is supported for UL positioning in RRC_INACTIVE. The UE will release the SRS configuration when the TA expires. The network shall take the length of the time it takes to perform the measurement into account in the TA configuration. 
12. At the same period of time the UE performs SRS transmission, the UE also performs PRS measurement for DL positioning.
13. After performing the SRS measurements, the gNBs send measurement results to the LMF with NRPPa message MEASUREMENT RESPONSE.
14. With Small Data Transmission, the UE sends the LPP message ProvideLocationInformation for the sending the PRS measurement results from step 12a to the LMF. 
15. After successful reception of the LPP message, the LMF sends an LPP acknowledgement to the UE. The LPP ACK message is sent along with the RRCRelease message with suspendConfig such that the UE stays in RRC_INACTIVE. 
Steps 28-31 of TS 23.273, Clause 6.3.1 for deferred MT-LR for Periodic or Triggered Location Events are performed.
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