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1 Introduction

At RAN plenary #91, the following revised WID was agreed [2], with new objectives based on mainly the conclusion of the RAN2 part of the positioning study item [1].  

	
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]

· [bookmark: _Hlk67643273]Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state
· Specify on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, including: [RAN2, RAN1, RAN3]
· UE-initiated request of on-demand DL PRS transmission; 
· LMF (network)-initiated request of on-demand DL PRS transmission; 

· Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· The assistance information that will be used to support integrity determination
· The information that will be used to provide the positioning integrity KPIs and integrity results
· Support of integrity for UE-based and UE-assisted A-GNSS positioning.
[bookmark: _Hlk67595233]Note: This objective is applicable to NR and E-UTRA.

· Support the following enhancements of A-GNSS positioning  [RAN2, RAN3, RAN4]
· Specify support for BDS B2a signal
· Specify support for BDS B3I signal
· Specify support for NavIC to NR
Note: This objective is applicable to NR and E-UTRA.

· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

· Discuss and specify new as well as the impact on the existing RAN4 requirements for positioning and other RRM measurements and corresponding procedures [RAN4]

· Define extensions of signalling, protocol and procedure for NR positioning enhancement, as needed [RAN3] 






At RAN2#113bis e meeting [4], the following agreements were made related to RRC Inactive;


Agreements:
WA: Any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective, subject to the data volume supported by AS layers.  I.e. RAN2 do not specify a restriction on message type.
FFS if LPP needs to select transport, i.e. if the message is just submitted to lower layers which decide how to deliver it (SDT, change state, etc.).
FFS if RRC state is exposed to LPP.

At RAN2#114-e, the following agreements were made related to RRC-INACTIVE [5];

	· R2-2106576	Summary of AI 8.11.3 for INACTIVE POS	Huawei, HiSilicon
· Any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective. 
· Follow Rel-17 SDT framework for INACTIVE UL and DL positioning:
· If the UE initiated data transmission using UL SDT, the network can send DL LCS, LPP message and RRC message (e.g. to configure SRS (TBD on what message is used), if UL positioning supported) to the UE. 
· Otherwise, if UE did not initiate UL SDT, rely on legacy operation, i.e. the network shall transition the UE to RRC_CONNECTED, e.g. based on RAN paging. 
· [Post114-e][602][POS] Stage 2 procedure for deferred MT-LR in RRC_INACTIVE (Qualcomm)
· Exposure of the RRC state of the UE to the LPP layer of the UE for RRC_INACTIVE UL and DL positioning will not be specified.  This does not exclude cross-layer behaviour in implementations.
· The RRC state of the UE is not exposed to the LMF for INACTIVE UL and DL positioning.
· [Post114-e][607][POS] LS to RAN1 on UL positioning in RRC_INACTIVE (Intel)
· Scope: Determine whether to send an LS to RAN1 on the RAN2 status for UL positioning in RRC_INACTIVE.




At RAN2#115e meeting [6], the following agreements were made:

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.

At RAN1#106bis e meeting, some agreements related to RRC Inactive state are as follows:
	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
Final LS agreed in R1-2110598

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





In this contribution, we discuss our views on introduction of the support of measurement and signaling procedures for a UE in RRC Inactive state, in particular the support of not only Periodic SRS transmission, but also the support for aperiodic and semi-persistent SRS transmission  

2 Discussions on Positioning in RRC Inactive
During the study phase, positioning in idle/inactive was discussed as an effort to support enhancements for commercial use cases. For the agreed work item [2], RAN2 will focus on measurements and reporting in RRC-Inactive state

2.1 SRS for Positioning in RRC Inactive
Supporting SRS when the UE in RRC_INACTIVE state can be beneficial to reduced UE power consumption. In this case, the UE does not necessarily need to change its state to RRC_CONNECTED state to transmit SRS for positioning. RAN1 agreed that it is feasible to support transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning. SRS for positioning can be transmitted in various types, such as periodic, aperiodic, and semi-persistent transmission. We consider each type can be use specific use-cases. SRS for positioning with periodic transmission can be used to periodically track a UE positioning estimate. SRS for positioning with aperiodic transmission can be used in case the location server (LS) wants to locate a UE spontaneously. Similarly, semi-persistent SRS for positioning transmission would enable a spontaneous UE localisation for a given time within certain duration of time. It would be beneficial to support these transmission types so that many positioning use-cases can be accommodated.

Observation 1: Supporting various types of SRS for positioning can enable many positioning use-cases. 

RAN1 has indicated that it is feasible to support semi-persistent SRS. We consider Aperiodic SRS can also be supported considering there some similarities between aperiodic and semi-persistent SRS operation.

Proposal 1: Support Aperiodic SRS for positioning in RRC_INACTIVE state.

In order to support SRS for positioning transmission when the UE in RRC_INACTIVE state, the UE should know the configuration of SRS for positioning. During RRC_INACTIVE state, The UE has limited communication with gNB. We consider the UE should receive the configuration of SRS for positioning prior performing SRS transmission in RRC_INACTIVE state. Realistically, the UE should receive the configuration of SRS positioning when the UE is in RRC_CONNECTED state. It can be the same configuration as when the UE transmits SRS for positioning when the UE is in RRC_CONNECTED state. Furthermore, the UE also need to receive an indication or activation of SRS transmission for positioning during RRC_INACTIVE state. This indication can be part of the RRC Release message.

Proposal 2: When the UE is in RRC_CONNECTED state, the UE receives the configuration of SRS positioning to be used in RRC_INACTIVE state. 

Proposal 3: The configuration of SRS positioning can contain the activation for a UE to transmit periodic SRS positioning when the UE is in RRC_INACTIVE state.

When the UE in RRC_CONNECTED state, the UE can be configured to transmit periodic SRS for positioning transmission during RRC_INACTIVE state. This may require the network / application to know in advance on when the positioning measurement / estimation can be carried out. Another use-case, particularly to the case where the network/application require sporadic UE positioning estimation, the UE can be triggered to transmit aperiodic or semi-persistent SRS during RRC_INACTIVE state. The UE can receive the positioning request in the paging message or any downlink transmission during RRC_INACTIVE state (e.g. RACH procedure, SDT). Upon reception of the positioning request, the UE transmit SRS for positioning. The detail signalling and/or paging message format should be decided by RAN2.

Observation 2: The UE can be triggered to transmit aperiodic SRS / semi-persistent SRS in RRC_INACTIVE state by the reception of downlink transmission in RRC_INACTIVE state (e.g. paging message, RACH procedure, SDT). 

Proposal 4: Support triggering mechanism during RRC_INACTIVE state to support semi-persistent and aperidic SRS for positioning.

The SRS transmission for positioning during RRC_INACTIVE state should also consider some aspects, such as the SRS transmission does not interfere or at least minimize the interference with other UE uplink transmission and also the SRS can be received by the intended TRPs with certain quality (i.e. at least the TRP can obtain a good positioning measurement result). We consider some validation criteria should be introduced so that the transmitted SRS when the UE is in RRC_INACTIVE state can be measured by the TRPs. During RRC_INACTIVE state, a UE may move to a new cell. A new cell or a new group of cells may have different SRS for positioning configuration. Hence, the SRS configuration that has been obtained by the UE (i.e, when the UE is in CONNECTED state) may no longer valid. As part of the validation scheme, the UE can transmit SRS for positioning when the UE is still camp to the same cell or a pre-configured group of cells.

Observation 3: The SRS transmission in RRC_INCATIVE state should not interfere or at least minimize the interference with other UE uplink transmission and also the SRS can be received by the intended TRPs with certain quality.
 
Proposal 5: Support to introduce validation scheme when the UE can transmit SRS for positioning in RRC_INACTIVE state. As part of the validation scheme, the UE can transmit SRS for positioning when the UE is still camp to the same cell or a pre-configured group of cells.

3 Summary
In this contribution, we have discussed our view on potential positioning enhancements in NR. Our observation and proposals are listed below:

Observation 1: Supporting various types of SRS for positioning can enable many positioning use-cases. 

Proposal 1: Support Aperiodic SRS for positioning in RRC_INACTIVE state.

Proposal 2: When the UE is in RRC_CONNECTED state, the UE receives the configuration of SRS positioning to be used in RRC_INACTIVE state. 

Proposal 3: The configuration of SRS positioning can contain the activation for a UE to transmit periodic SRS positioning when the UE is in RRC_INACTIVE state.

Observation 2: The UE can be triggered to transmit aperiodic SRS / semi-persistent SRS in RRC_INACTIVE state by the reception of downlink transmission in RRC_INACTIVE state (e.g. paging message, RACH procedure, SDT). 

Proposal 4: Support triggering mechanism during RRC_INACTIVE state to support semi-persistent and aperidic SRS for positioning.

Observation 3: The SRS transmission in RRC_INCATIVE state should not interfere or at least minimize the interference with other UE uplink transmission and also the SRS can be received by the intended TRPs with certain quality.
 
Proposal 5: Support to introduce validation scheme when the UE can transmit SRS for positioning in RRC_INACTIVE state. As part of the validation scheme, the UE can transmit SRS for positioning when the UE is still camp to the same cell or a pre-configured group of cells.
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