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1	Background
After RAN2#114e, the following email discussion has been conducted:
[Post114-e][602][POS] Stage 2 procedure for deferred MT-LR in RRC_INACTIVE (Qualcomm)
	Scope: Develop stage 2 level descriptions of the positioning procedures in RRC_INACTIVE, using the deferred MT-LR procedure as a framework for parts where some LCS procedural context is necessary.  (This does not imply that only deferred MT-LR would be supported.)  The scope can include the possibility of no stage 2 impact.
	Intended outcome: Report to next meeting
	Deadline:  Long

During the online discussion in RAN2#115, the following agreements have been achieved for mainly the stage2 baseline for DL positioning in RRC_INACTIVE. 

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.

After the meeting, we have another email discussion focusing on the DL aspects of RRC_INACTIVE positioning, with the following agreements during the online discussion in RAN2#116e:
· [Post115-e][608][POS] PRS configuration and measurement in RRC_INACTIVE (vivo) 


Agreement:
Proposal 1 (modified): The PRS configuration from LMF to UE is independent of the RRC state. That is, no impact on PRS configuration for RRC_INACTIVE (13/15) from RAN2 perspective.
Proposal 4 (modified): For positioning in RRC_INACTIVE state, the positioning assistance data can be delivered to UE through the following ways:
-	positioning system information, i.e. posSIB;(12/13)
-	pre-configure assistance data when UE in RRC_CONNECTED state;(11/13)
-	send to UE in RRC_INACTIVE during ongoing SDT procedure. (9/13)

Agreement:
Proposal 6: SRS for positioning in RRC_INACTIVE state can be configured through the following ways: 
-	RRCRelease with SuspendConfig (13/13)
-	SDT DL RRC message, i.e. Msg B / Msg 4 of RA-SDT (9/13)
-	WA: pre-configure positioning SRS in RRC_CONNECTED (9/13)
FFS detailed signalling for these approaches.
Proposal 8: Support SP SRSp for positioning in RRC_INACTIVE state. (12/13)
Proposal 9: SP Positioning SRS Activation/Deactivation MAC CE is reused for triggering SRSp transmission in RRC_INACTIVE. (12/12) 
Proposal 10: AP SRSp is not supported for positioning in RRC_INACTIVE state. (11/13)


In this contribution, we further discuss on the remaining issues with UL and UL+DL positioning for RRC_INACTIVE. 
2	Discussion on UL/UL+DL positioning for RRC_INACTIVE
In RAN2#115, regarding UL and UL+DL positioning, the following email discussion has been conducted

[AT115-e][615][POS] UL and UL+DL positioning in RRC_INACTIVE (Huawei)
	Scope: Evaluate the proposed UL and UL+DL positioning schemes and attempt to converge on an agreeable procedure.
	Intended outcome: Report in R2-2108946
	Deadline:  Tuesday 2021-08-24 0800 UTC

The following agreement has been achieved for the time-domain characteristics of the posSRS transmitted in RRC_INATIVE, at least for periodic event for deferred MT-LR

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.

With the above agreement, the general stage2 baseline procedure remains as FFS. For now, the two solutions we have on the tables are the two solutions that have been summarized under R2-2108605 Way-forward on INACTIVE positioning:
· One solution in Section 2.1 as the one proposed by the rapporteur of [Post114-e][602][POS]
· Another solution in Section 2.2 submitted to the questionnaire of the email discussion [Post114-e][602][POS] by Huawei, HiSilicon
For these two solutions, the following comparison has also been given in Section 3 of R2-2108605

	
	Solution in 2.1 
	Solution in 2.2

	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 27 of Clause 6.3.1 of TS 23.273

	Time-domain characteristics of SRS
	· Semi-persistent SRS
· SRS configuration delivered to the UE in RRC_CONNECTED
	· Periodic SRS
· SRS configuration delivered to the UE in RRC_INACTIVE

	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 at the configuration of triggered event is received when UE receives LCS Periodic-Triggered Invoke Request
	Determined when the UE receives Event Report

	Triggered Event and Event Report
	Event Report sent after the UE requests to the network for SRS transmission
	Event Report sent immediately after event trigger

	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

	
	LCS Periodic-Triggered Invoke Request
	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
	No SA2 stage2 impacts



With the above comparison on the benefits of solution in 2.2 with less specification impacts, it is proposed to adopt the solution 2.2 as baseline for the UL and UL+DL positioning in RRC_INACTIVE. 

During R2#116, questions have been raised by the companies on solution 2.2. We try to address these comments in the below:

· One concern is raised for Step 5 and 7 in the stage2 baseline for UL+DL positioning that the gNB may wrongly send RRCRelease message to the UE after step5. However, it should be emphasized that the step 5 and 7 are not strictly serialized. Step 7 does not necessarily need to be sent after Step 5. When the gNB receives POSITIONING INFORMATION REQUEST, it would know that the UE is performing RRC_INACTIVE uplink positioning and would not send RRCRelease to the UE at that immediate moment;
· [bookmark: _GoBack]We don't think sending a LPP RequestLocationInformation is useless in the context of INACTIVE positioning. While the solution 2.1 assume the PRS AD for each triggered location events to be the same, this assumption does not hold when the UE moves in the INACTIVE state and the preferred PRS configuration can change. In addition, the required number of SDT procedures for both solution 2.1 and 2.2 are two, hence this does not bring additional overheads
· It is optional for the UE to request LPP ACK when sending an uplink LPP message. And it should be emphasized that the LPP ACK is also optional in solution 2.2. The network can send RRCRelease to the UE even without LPP ACK. Even with LPP ACK, this does not bring additional overhead since it is also carried by the RRCRelease message to the UE
· In the last meeting, we have clarified that semi-persistent SRS can also be supported by sending SRS-config and SP activation/deactivation MAC CE at the same time. Another point is that even if the LMF does not know the RRC state of the UE and request SRS blindly to the gNB by POSITIONING INFORMATION REQUEST, the final decision on the time-domain characteristics of the SRS is at the gNB, while the gNB knows the RRC state of the UE. 
Hence, we propose the following 

Proposal1: Adopt the stage2 procedure in Section 5 as baseline for UL and UL+DL positioning in RRC_INACTIVE. 
3.	Stage-3 Impacts for UL/UL+DL positioning in RRC_INACTIVE
With the above procedure as the baseline solution for stage2, we need to consider the following aspects for Stage3 changes.

During RAN1#106bis, the following agreements have been made regarding support of positioning in RRC_INACTIVE:
	Agreement:
· Send LS to RAN2 with the outcome of RAN1 discussion on types of SRS for positioning to be supported by UEs in RRC_INACTIVE state
· From RAN1 perspective, support of semi-persistent SRS for positioning by RRC_INACTIVE UEs is feasible
· It is up to RAN2 to confirm support of semi-persistent SRS for positioning by RRC_INACTIVE UEs and determine necessary signalling details

Agreement:
· For RRC_INACTIVE UEs, SRS for positioning bandwidth, SCS and CP type are configured by RRC and can be different from that of initial UL BWP configured by the system information

Agreement:
For OLPC of SRS for positioning transmission by RRC_INACTIVE UEs,
· Reuse validity criteria for pathloss measurement defined for RRC_CONNECTED UEs in Rel.16 including fallback behavior
1. FFS on UE fallback behavior (i.e. whether to reuse fallback to pathloss measurement by RRC_INACTIVE UE for the cell, from which the SS/PBCH is received to obtain MIB, is not accurate) 
· For spatial relation of SRS for positioning transmission by RRC_INACTIVE UEs,
1. FFS whether to define validity criteria or reuse validity criteria for OLPC pathloss measurement to determine whether spatial relation with configured RS is valid



3.1	SRS configuration
Another aspect is the applicability of the SRS configuration considering the mobility of the UE in RRC_INACTIVE. For SRS configuration, since it is configured as UE-specific signaling, if the SRS configuration is reserved for all the neighboring cells, the overhead will be quite large. The same issue has also arisen in CG-SDT. For CG-SDT, the CG configuration is released when the UE performs RRCResumeRequest to a neighboring cell. This has been agreed in RAN2#115e, with the following agreement:

	· UE should release CG-SDT resource (if stored) when UE initiates RRC resume procedure from another cell which is different from the cell in which the RRCRelease is received.



The reason is that the network will not know when the UE reselects to another cell, hence it is meaningless to release the SRS configuration when the UE only reselects to another cell. Only when the UE performs RRCResumeRequest to another cell and the network is aware of the change of the cell for the UE, the anchor gNB would also be able to release the CG configuration. 

We think the same approach can be adopted for SRS configuration. 
Proposal 2.1: The posSRS configuration is released when the UE sends RRCResumeRequest to an gNB other than the gNB where it is released to RRC_INACTIVE state. 

During the discussion for CG-SDT, it has been agreed that when TA expires, CG configuration for SDT shall be released by the UE. For posSRS in RRC_INACTIVE, we think the same should be followed. Since after TA expiry, the UE should not perform any uplink transmission except for RACH, the UE should release the posSRS configuration. Because the same timer is also maintained in the network side, the network can also release the SRS resource for efficient usage of the network’s resource when the TA expires. 

Proposal2.2: UE releases posSRS configuration when TA timer expires in RRC_INACTIVE. 

3.2	TA aspects
For SRS transmission during RRC_INACTIVE state, the TA solution can follow the framework of PUR. In PUR, the following has been specified for the TA timer configuration within the RRCRelease message:
	
PUR-Config-r16 ::=		SEQUENCE {	
	pur-ConfigID-r16				PUR-ConfigID-r16			OPTIONAL,	-- Need OR
	pur-ImplicitReleaseAfter-r16	ENUMERATED {n2, n4, n8, spare}	OPTIONAL,	-- Need OR
	pur-StartTimeParameters-r16		SEQUENCE {
		periodicityAndOffset-r16		PUR-PeriodicityAndOffset-r16,
		startSFN-r16					INTEGER (0..1023),
		startSubFrame-r16				INTEGER (0..9),
		hsfn-LSB-Info-r16				BIT STRING (SIZE(1))
	}		OPTIONAL,	--Need ON
	pur-NumOccasions-r16			ENUMERATED {one, infinite},
	pur-RNTI-r16					C-RNTI						OPTIONAL,	-- Need ON
	pur-TimeAlignmentTimer-r16		INTEGER (1..8)				OPTIONAL,	-- Need OR
	pur-RSRP-ChangeThreshold-r16	SetupRelease {PUR-RSRP-ChangeThreshold-r16} OPTIONAL,	-- Need ON
	pur-ResponseWindowTimer-r16		ENUMERATED {sf240, sf480, sf960, sf1920, sf3840, sf5760, sf7680, sf10240}		OPTIONAL,	-- Need ON
	pur-MPDCCH-Config-r16			PUR-MPDCCH-Config-r16		OPTIONAL,	-- Need ON
	pur-PDSCH-FreqHopping-r16		BOOLEAN,
	pur-PUCCH-Config-r16			PUR-PUCCH-Config-r16		OPTIONAL,	-- Need ON
	pur-PUSCH-Config-r16			PUR-PUSCH-Config-r16		OPTIONAL,	-- Need ON
	...
}


UE can first obtain the TA timer configuration through RRCRelease along with the TA value at that time i.e., NTA at the time of receiving RRCRelease. Then, the UE can use this initial TA when TAT for SRS is running.

Proposal2.3: TA timer configuration can be included in RRCRelease with suspendConfig for UL positioning in RRC_INACTIVE.

In the LTE-PUR solution, at cell reselection when the UE is configured with PUR, the UE should stop TAT for PUR transmission. 

	2>	if the UE has a stored pur-Config and the cell is different from the cell where pur-Config was provided:
3> if pur-TimeAlignmentTimer is configured, indicate to lower layers that pur-TimeAlignmentTimer is released;
3>	release pur-Config;
3>	discard previously stored pur-Config.



For SRS in RRC_INACTIVE, we should adopt the same solution, that when cell reselection is performed, the UE should consider the TA as expired and stop performing SRS transmission. 

Proposal2.4: When cell reselection is performed and UE initiates RRC resume procedure to the cell which is different from the cell in which the posSRS is configured, the TA timer configuration for SRS should be released. 

For TA validation, in CG-SDT, the same approach as PUR has been adopted that the network defines two thresholds defining the upper and lower limit for the RSRP change. If the RSRP change compared with the previous uplink transmission exceeds the threshold, the TA is considered as invalid and the UE stops the uplink transmission. The following agreement has been achieved during RAN2#113e:

· From RAN2 point of view, assume similar to PUR, that we introduce a TA validation mechanism for SDT based on RSRP change, i.e.  RSRP-based threshold(s) are configured.  Ask RAN1 to confirm.  FFS on how to handle CG configuration when TA expires or when is invalid due to RSRP threshold.  Details of the TA validation procedure can be further discussed.

We may adopt the same approach as CG-SDT that an upper and a lower RSRP threshold is defined for the UE that when the RSRP exceeds the threshold, the TA of the UE is considered invalid

Proposal2.5: gNB configures a threshold for RSRP change for the TA validation of SRS transmission.
4.	Conclusion
In this contribution, we provide way-forward for the stage2 baseline procedure for INACTIVE positioning for UL/UL+DL positioning. 
Stage2 baseline solution for UL/UL+DL positioning in RRC_INACTIVE
Proposal1: Adopt the stage2 procedure in Section 5 as baseline for UL and UL+DL positioning in RRC_INACIVE. 

Adopt the following CG-SDT approaches for SRS in RRC_INACTIVE.
Proposal2: Follow the CG_SDT approach for Positioning SRS configuration and TA
· Proposal2.1: The posSRS configuration is released when the UE sends RRCResumeRequest to an gNB other than the gNB where it is released to RRC_INACTIVE state. 
· Proposal2.2: UE releases posSRS configuration when TA timer expires in RRC_INACTIVE. 
· Proposal2.3: TA timer configuration can be included in RRCRelease with suspendConfig for UL positioning in RRC_INACTIVE.
· Proposal2.4: When cell reselection is performed and UE initiates RRC resume procedure to the cell which is different from the cell in which the posSRS is configured, the TA timer configuration for SRS should be released. 
·  Proposal2.5: gNB configures a threshold for RSRP change for the TA validation of SRS transmission. 
5	Annex
5.1	UL solution
[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.
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 positioning for the UE based on prior knowledge of the UE capability for UL positioning, the LMF sends NRPPa message POSITIONING INFORMATION REQUEST to the serving gNB of the UE with the field Requested SRS transmission characteristics for the SRS transmission in the UL.
NOTE:	Step 6 may not necessarily have to be performed after Step5. By proper implementation in the LMF, gNB can be timely acknowledged on the UE’s uplink positioning procedure by receiving POSITIONING INFORMATION REQUEST. 
7. After the request from the LMF, according to the Requested SRS transmission characteristics field within POSITIONING INFORMATION REQUEST, the gNB determines the SRS configuration of the UE and send the configuration to the LMF.
8. If the SRS configuration in Step 7 includes Semi-Persistent SRS, LMF sends POSITIONING ACTIVATION REQUEST for the activation of Semi-Persistent SRS. Otherwise, this step is absent.
9. The serving gNB configures the UE with RRCRelease message with SuspendConfig to keep the UE in RRC_INACTIVE state. The RRCRelease message contains the SRS configuration for UL positioning and TA timer configuration for uplink transmission. If the Semi-Persistent SRS is configured, the serving gNB activates the UL-SRS transmission by SP SRS activation/deactivation MAC CE as in TS 38.321 [Ref] and sends the NRPPa Positioning Activation Response message.
10. The LMF sends a NRPPa MEASUREMENT REQUEST to a group of TRPs for SRS measurement with the SRS configuration.
11. The UE transmits 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 will release the SRS configuration when the TA timer expires. The network shall take the length of the time it takes to perform the measurement into account in the TA timer configuration. 
12. After performing the SRS measurements, the gNBs send measurement results to the LMF with NRPPa message MEASUREMENT RESPONSE.
13. When the SRS transmission stops due to TA timer expires, the UE should send POSITIONING INFORMATION UPDATE to the LMF, indicating the SRS transmission in the UE has stopped. 
14. Steps 28-31 of TS 23.273, Clause 6.3.1 for deferred MT-LR for Periodic or Triggered Location Events are performed.
5.2	UL+DL solution

[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.
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 Requested SRS transmission characteristics for the SRS transmission in the UL positioning.
NOTE:	Step 7 may not necessarily have to be performed after Step 5 or 6. By proper implementation in the LMF, gNB can be timely acknowledged on the UE’s uplink positioning procedure by receiving POSITIONING INFORMATION REQUEST.
8. After the request from the LMF, according to the Requested SRS transmission characteristics field within POSITIONING INFORMATION REQUST, the gNB determines the SRS configuration of the UE and send the configuration to the LMF.
9. If the SRS configuration in Step 7 includes Semi-Persistent SRS, LMF sends POSITIONING ACTIVATION REQUEST for the activation of Semi-Persistent SRS.
10. 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 timer configuration for uplink transmission. If the Semi-Persistent SRS is configured, the serving gNB activates the UL-SRS transmission via SP SRS activation/deactivation MAC CE as in TS 38.321 [Ref] and sends the NRPPa Positioning Activation Response message.
11. The LMF sends a NRPPa MEASUREMENT REQUEST to a group of gNBs for SRS measurement including the SRS configuration.
12. 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 will release the SRS configuration when the TA timer expires. The network shall take the length of the time it takes to perform the measurement into account in the TA timer configuration. 
13. At the same period of time the UE performs SRS transmission, the UE also performs PRS measurement for DL positioning.
14. After performing the SRS measurements, the gNBs send measurement results to the LMF with NRPPa message MEASUREMENT RESPONSE.
15. When the SRS transmission stops due to TA timer expires, the UE should send POSITIONING INFORMATION UPDATE to the LMF, indicating the SRS transmission in the UE has stopped.
16. With Small Data Transmission, the UE sends the LPP message ProvideLocationInformation for the sending the PRS measurement results from step 12a to the LMF. 
17. 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. 
18. 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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