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1.	Introduction
In this contribution we discuss the current limitations for providing (pre-)configured SRS to a target device and propose that the SRS-PosRRC-InactiveValidityAreaConfigList can also be configured via RRC Reconfiguration.
2.	Discussion
2.1	SRS Configuration Signalling
Figure 1 below shows the SRS Configuration Signalling as specified in Rel-16 [1],[2]. The LMF sends a NRPPa POSITIONING INFORMATION REQUEST message to the serving gNB at Step 1 to request UL-SRS configuration information for the target device. The serving gNB then determines the resources available for UL-SRS at Step 2, configures the target device with the UL-SRS configuration at step 3, and provides the configured UL-SRS to the LMF in a NRPPa POSITIONING INFORMATION RESPONSE message at Step 4.


Figure 1: Rel-16 SRS Configuration Signalling.
In Rel-17, the SRS Configuration can be provided to the UE while in RRC_INACTIVE state using MO SDT for SRB2, as shown in Figure 2 [3],[4]. When an Event is detected and an UL or UL+DL positioning method was configured in the target device during the location preparation phase, the UE sends an RRC UL Information Transfer message containing an Event Report with SRS configuration request along with the RRC Resume Request with SDT at Step 1 in Figure 2.  The LMF then instigates the NRPPa Positioning Information exchange procedure at Step 2, receives the SRS configuration from the gNB at Step 4 and completes the procedure by sending the Even Report Acknowledgement at Step 5. The gNB completes the SDT procedure by sending a RRC Release message which includes the UL-SRS Configuration at Step 6 and the UE remains in RRC_INACTIVE state.


Figure 2: Rel-17 SRS Configuration Signalling in RRC_INACTIVE state using SDT-SRB2.

In Rel-18, the frequent SRS configuration signalling for RRC_INACTIVE (i.e., every time an Event Report is triggered) can be avoided by (pre-)configuring the UE with an SRS with Validity Area. The SRS configuration with Validity Area can be provided to the UE as in Rel-17 within the SuspendConfig of the RRC Release message [4] and is shown in Figure 3 (according to the baseline CR in [5]).  


Figure 3: Rel-18 SRS Configuration Signaling with Validity Area (according to [5]).
However, as also illustrated in Figure 3, there are some issues with the current specifications (RRC_STATE the UE is in and the trigger for an LMF to instigate the NRPPa Positioning Information Transfer procedure are unclear): 

A LMF will instigate the NRPPa Positioning Information Transfer procedure when an SRS needs to be configured in the target device (i.e., when an UL or UL+DL positioning method is selected to fulfil a location request for the target UE). The trigger for the NRPPa Positioning Information Transfer could be an immediate location request as in Figure 1, or an Event Report for a deferred location request (e.g., periodic or triggered reports) as in Figure 2 (note, in both cases and for Rel-16/17, the UE RRC state does not matter from LMF point of view. E.g., whether the Event Report and SRS Request is received while the UE is in RRC_CONNECTED or in RRC_INACTIVE (with SDT) does not impact the LMF behaviour).

TS 23.273, section 5.15 [3] specifies:
"If LMF receives from AMF of the LPHAP indication in the location request, LMF determines appropriate positioning method, e.g. network-based positioning method, or may determine to trigger the low power periodic and triggered 5GC-MT-LR procedures in clause 6.7 by taking into account the LPHAP indication."

Observation 1:	The Rel-16/17 SRS configuration procedure (NRPPa Positioning Information Transfer) is agnostic to the UE RRC state. I.e., the LMF behaviour is independent on whether the UE is in RRC_CONNECTED or RRC_INACTIVE state (whether to configure the UE with a SRS for positining for RRC_CONNECTED or RRC_INACTIVE is decided by the gNB-CU based on the current UE RRC state [6] and is unknown to an LMF).

However, in Rel-18, when a LMF instigates the NRPPa Positioning Information Transfer procedure with SRS Validity Area Cell List included, the LMF assumes that the UE is either in RRC_INACTIVE state or will be moved to RRC_INACTIVE when the NRPPa Positioning Information Transfer procedure is (successfully) completed (as shown in Figure 3). 	
Observation 2:	The Rel-18 SRS configuration procedure with Validity Area (NRPPa Positioning Information Transfer) is not agnostic to the UE RRC state. I.e., when a LMF instigates the NRPPa Positioning Information Transfer procedure with SRS Validity Area Cell List included, the LMF assumes that the UE is either in RRC_INACTIVE state or will be moved to RRC_INACTIVE when the NRPPa Positioning Information Transfer procedure is (successfully) completed.
The UE would be in RRC_INACTIVE state when an Event Report with SDT is being provided to an LMF (Scenario in Figure 2), or will be moved to RRC_INACTIVE when the gNB receives a NRPPa Positioning Information Request with SRS Validity Area (Scenario in Figure 3). However, an SRS (pre-)configuration with Validity Area can usually not trigger a gNB to release the UE to RRC_INACTIVE (i.e., there may be other activities ongoing, which must be completed before the UE can be released to RRC_INACTIVE). On the other hand, if the UE is already in RRC_INACTIVE state when the LMF triggers the NRPPa Positioning Information Transfer procedure, it implies that the UE had sent an Event Report as in Figure 2 using SDT, which however, would be against the purpose/benefit of (pre-)configured SRS (i.e., the UE should not need an Event Report to request a SRS configuration every time an Event is detected). 
Observation 3:	The current specifications seem to imply that SRS (pre-)configuration signalling with Validity Area is the same as in Rel-17 for positioning in RRC_INACTIVE state. I.e., the LMF trigger to configure an SRS is a UE Event Report with SDT and the SRS configuration is provided in an RRC Release (like in Rel-17/Figure 2).
The benefit of SRS (pre-)configuration with Validity Area is that the UE has a valid SRS configuration available when a location request is triggered (e.g., Event detected) and there is no need to send an Event Report with SRS request each time a location request is triggered. However, the UE must be in RRC_INACTIVE state when a location request is triggered or an Event is detected to use the SRS configuration for RRC_INACTIVE in the validity area.
The location request (e.g., for deferred location) is always being set up while the UE is in RRC_CONNECTED state [3]. Therefore, it is rather unclear when the SRS configuration with Validity Area is/can be provided to the UE in an RRC Release message. 
The most natural way to (pre-)configure the SRS with Validity Area is during the location request signalling while the UE is still in RRC_CONNECTED State as shown in Figure 4. The LMF may configure the UE with SRS, LPP location request, and/or LPP assistance data, etc. at the "UE Positioning" step in Figure 4 (steps b. – e.; corresponding to Step 15 in TS 23.273, clause 6.3.1 [3]). After these steps, there would be a series of additional steps (or probably other (non-positioning related) ongoing activity) until the serving gNB may move the UE to RRC_INACTIVE state (via RRCRelease). In this case (Figure 4), the SRS configuration signalling would be the same as in Rel-16 (Figure 1). For periodic pre-configured SRS for RRC_INACTIVE state, the UE could activate the SRS when transitioned to RRC_INACTIVE. For semi-persistent pre-configured SRS for RRC_INACTIVE state, the UE would wait for an activation MAC-CE as usual.
Whether to release the UE immediately to RRC_INACTIVE (Figure 3) or wait until all signalling activities are completed (Figure 4) can be decided by the gNB and would be agnostic to an LMF. 

Observation 4:	It is unclear when the (pre-)configuration of positioning SRS with Validity Area can occur during a (deferred) location request procedure.
Observation 5:	The (pre-)configuration of positioning SRS should occur during the location preparation phase of the 'Low Power Periodic and Triggered 5GC-MT-LR Procedures' (e.g., together with the pre-configuration of DL-PRS assistance data, if applicable) in the same way as in Rel-16. 




Figure 4: Deferred MT-LR with positioning SRS (pre-)configuration during location preparation phase.



3.	Proposal
Based on the above discussion and observations it is proposed:
Proposal 1:	RRC Reconfiguration can be used to provide SRS (pre-)configuration with validity area for use in RRC_INACTIVE.
Proposal 2:	Agree the TP to TS 38.331 in Annex B of this contribution.
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Annex A:	Low Power Deferred MT-LR Procedure with Event Reporting in RRC_INACTIVE state for UL+DL Positioning [3], [7]
[image: ]
Figure A.1: Low Power Deferred MT-LR Procedure with Event Reporting in RRC_INACTIVE state 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, clause 6.3.1 are performed. 
	The LMF may perform one or more positioning procedures at Step 15 of TS 23.273, clause 6.3.1 to request and obtain the UE positioning capabilities or provide any necessary assistance data to the target device.
	The LCS Periodic-Triggered Location Invoke at Step 16 of TS 23.273, clause 6.3.1 includes an embedded LPP Request Location Information message which indicates the allowed or required Multi-RTT location measurements for each location event reported.
	The UE is released by the last serving gNB from RRC_CONECTED to RRC_INACTIVE by RRCRelease with SuspendConfig. 
2.	The UE monitors for occurrence of the trigger or periodic event requested during step 1. 
3.	When an event is detected (or slightly before) 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 an LCS Event Report 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 LCS Event Report includes an embedded LPP Request Assistance Data message with IE NR-Multi-RTT-RequestAssistanceData and nr-AdType set to 'ul-srs' to request an UL-SRS for Multi-RTT positioning as specified in TS 37.355.
NOTE:	The receiving gNB of the UE when UE performs step 3 might be the same or different from the last serving gNB where the UE is released to the RRC_INACTIVE state. 
4.	The receiving gNB sends the LCS Event Report with the LPP Request Assistance Data message in an NGAP Uplink NAS Transport message to the serving AMF. 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:	If the anchor gNB is not changed from the last serving gNB to the receiving gNB, the LCS event report is forwarded form the receiving gNB to the last serving gNB via XnAP message RRC TRANSFER as in TS 38.423. Subsequent downlink/uplink messages are also forwarded between last serving gNB to the receiving gNB via XnAP message RRC TRANSFER.
5.	The LMF sends a NRPPa Positioning Information Request message to the receiving gNB to request UL-SRS for the target device.
6.	The receiving gNB determines the resources available for UL-SRS.
7.	The receiving gNB provides the UL-SRS configuration information to the LMF in a NRPPa Positioning Information Response message.
8.	The LMF sends a NRPPa Measurement Request to a group of gNBs incl. the UL-SRS measurement configuration. 
9.	The LMF sends a SS LCS Event Report Acknowledgement to the receiving gNB. The receiving gNB then provides the SS Event Report Acknowledgement to the UE at Step 9b via Subsequent DL SDT.
10.	The receiving gNB sends a RRCRelease message with suspendConfig to keep the UE in RRC_INACTIVE state. The RRCRelease message includes the UL-SRS Configuration.
11.	The UE performs DL-PRS measurements and each configured TRP performs UL-SRS measurements.
12.	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 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.
13.	The receiving gNB sends the LCS Event Report with the LPP Provide Location Information message in an NGAP Uplink NAS Transport message to the serving AMF. 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.
14.	After performing the UL-SRS measurements, the gNBs provide the UL measurements to the LMF in a NRPPa Measurement Response message.
15. When all LPP Provide Location Information messages have been received, the LMF sends a SS LCS Event Report Acknowledgement to the receiving gNB. The receiving gNB then provides the SS Event Report Acknowledgement to the UE at Step 15b via Subsequent DL SDT.
16.	The receiving gNB sends a RRCRelease message with suspendConfig to keep the UE in RRC_INACTIVE state. 
17.	Steps 28-31 for the deferred 5GC-MT-LR procedure for periodic or triggered location events specified in TS 23.273, clause 6.3.1 are performed.
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Annex B:	Text Proposal for TS 38.331

[bookmark: _Toc60776760][bookmark: _Toc146780717]5.3.5.3	Reception of an RRCReconfiguration by the UE
The UE shall perform the following actions upon reception of the RRCReconfiguration, or upon execution of the conditional reconfiguration (CHO, CPA or CPC):
[…]
1>	if the RRCReconfiguration message includes the ue-TxTEG-RequestUL-TDOA-Config:
2>	if ue-TxTEG-RequestUL-TDOA-Config is set to setup:
3>	perform the UE positioning assistance information procedure as specified in 5.7.14;
2>	else:
3>	release the configuration of UE positioning assistance information;
1>	if the RRCReconfiguration message includes the srs-PosRRC-InactiveValidityAreaConfigList:
2>	apply the configuration when entering RRC_INACTIVE state;
3>	if inactivePosSRS-ValidityAreaTAT is configured:
4>	instruct MAC to start the inactivePosSRS-ValidityAreaTAT;
[…]



[bookmark: _Toc60777108][bookmark: _Toc146781145]–	RRCReconfiguration
The RRCReconfiguration message is the command to modify an RRC connection. It may convey information for measurement configuration, mobility control, radio resource configuration (including RBs, MAC main configuration and physical channel configuration) and AS security configuration.
Signalling radio bearer: SRB1 or SRB3
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
RRCReconfiguration message
-- ASN1START
-- TAG-RRCRECONFIGURATION-START

[…]

RRCReconfiguration-v1800-IEs ::=        SEQUENCE {
    needForInterruptionConfigNR-r18                ENUMERATED { enabled, disabled }                               OPTIONAL, -- Need M
    uav-Config-r18                                 SetupRelease { UAV-Config-r18 }                                OPTIONAL, -- Need M
    sl-IndirectPathAddChange-r18                   SetupRelease { SL-IndirectPathAddChange-r18 }                  OPTIONAL, -- Need M
    n3c-IndirectPathAddChange-r18                  SetupRelease { N3C-IndirectPathAddChange-r18 }                 OPTIONAL, -- Need M
    n3c-IndirectPathConfigRelay-r18                SetupRelease { N3C-IndirectPathConfigRelay-r18 }               OPTIONAL, -- Need M
    otherConfig-v1800                              OtherConfig-v1800                                              OPTIONAL, -- Need M
    srs-PosResourceSetLinkedForAggBWList-r18       SetupRelease { SRS-PosResourceSetLinkedForAggBWList-r18 }      OPTIONAL, -- Need M
    ltm-Config-r18                                 SetupRelease {LTM-Config-r18}                                  OPTIONAL, -- Need M
    srs-PosRRC-InactiveValidityAreaConfigList-r18  SetupRelease { SRS-PosRRC-InactiveValidityAreaConfigList-r18 } OPTIONAL, -- Need M
    nonCriticalExtension                           SEQUENCE {}                                                    OPTIONAL
}

[…]

	RRCReconfiguration-IEs field descriptions

	[…]

	srs-PosRRC-InactiveValidityAreaConfigList 
SRS for positioning configuration for RRC_INACTIVE state which is valid across a number of cells comprising a validity area.

	[…]
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