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[bookmark: _Ref488331639]Introduction 
During RANP#91e meeting, the positioning WID has been updated and one of the objectives regarding to positioning in RRC_INACTIVE sate is given below:
· [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
In this contribution, we discuss the DL positioning methods in RRC_INACTIVE state.
[bookmark: _Ref178064866]Discussion
In R16, NR DL and UL reference signals to facilitate support of NR positioning techniques in RRC connected mode have been defined respectively. 
· DL-method: DL-TDOA, DL-AoD;
· UL-method: UL-TDOA, UL-AoA;
· DL-and-UL method: multi-RTT; 
UE transmits SRS for positioning and/or receives DL-PRS based on network configuration to assist network to estimate UE position or evaluate position by UE itself. 
· While additional latency may be incurred prior to positioning of UE if not in connected mode, i.e. UE has to access to RRC connected mode first. 
· And power consumption will be increased for RRC state transition procedure. 
1. [bookmark: _Toc68256795]R16 positioning only support positioning in RRC connected mode except for UE-based method for MO-LR case.
1. [bookmark: _Toc68256796]For UE in RRC_INACTIVE state with positioning request, UE has to enter RRC connected mode for positioning, causing extra delay and power consumption. 
By supporting positioning in RRC_INACTIVE mode, UE do not need to enter RRC_CONNECTED state for positioning, and the corresponding power consumption and latency would be reduced. 
1. [bookmark: OLE_LINK2][bookmark: _Toc68256797]By supporting positioning in RRC_INACTIVE state, power consumption and positioning latency will be saved.
Positioning assistance data in RRC_INACTIVE
To enable DL NR positioning methods in RRC_INACTIVE state, the signalling and procedures for supporting the assistance data delivery, i.e. DL-PRS configuration, should be studied primarily.
R16 DL-PRS is configured by LMF either through LPP message or positioning system information. That is, the PRS configuration in RRC_INACTIVE state is already supported by providing it via positioning system information. 
1. [bookmark: _Toc68256798]Positioning assistance data delivered to UE through positioning system information in RRC_INACTIVE state is already supported in R16.
As specified in TS23.273, a deferred location request for MT-LR is defined to enable an LCS client or AF sends a location request to a PLMN for a target UE (or group of target UEs) and expects to receive a response containing the indication of event occurrence and location information if requested for the target UE (or group of target UEs) at some future time (or times), which may be associated with specific events associated with the target UE (or group of target UEs). 
For MT-LR, the deferred location request can be used to trigger the location request in advance, i.e. in RRC connected state, and UE performs the measurement of corresponding DL-PRS or reports the measurement result to LMF during RRC-inactive state. In this manner, the positioning assistance data may be delivered to UE in RRC connected mode in advance.
1. [bookmark: _Toc68256799]With a deferred location request, the positioning assistance data can be sent to UE in RRC connected mode in advance.
[bookmark: _Toc68256804]For MT-LR, deferred location request can be reused for positioning in RRC_INACTIVE state.
[bookmark: _Toc68256805]For positioning in RRC_INACTIVE state, the positioning assistance data can be delivered to UE by positioning system information.
[bookmark: _Toc68256806]For positioning in RRC_INACTIVE state, the positioning assistance data can be pre-configured when UE in RRC connected mode. 
For MO-LR, once a location request is submitted, a series subsequent LPP procedures (e.g. transfer UE positioning capabilities, assistance data provision to the UE and/or obtain location information from the UE) and NRPPa procedure (e.g. coordination on reference signal configuration) will be triggered, the sequence of operations for an MO-LR service is given in Figure 1.


Figure 1: UE Positioning Operations to support an MO-LR
[bookmark: _Hlk67921367]There is no significant benefit to support MO-LR in RRC_INACTIVE state by comparing with the connected mode positioning. UE can enter RRC connected mode directly when MO-LR is triggered and perform the remaining procedures in RRC connected mode.
1. [bookmark: _Toc68256800][bookmark: _Hlk67919881]There is no significant gain to support MO-LR in RRC_INACTIVE state.
[bookmark: _Toc68256807]MO-LR is not supported in RRC_INACTIVE mode.
Positioning reporting in RRC_INACTIVE 
How to report DL-PRS measurement result to LMF is another key issue to support DL positioning method in RRC_INACTIVE state especially for UE-assist positioning method. 
For RRC_INACTIVE state, there is another WI SDT on-going. During last RAN plenary meeting, the scope of SDT WI has been extended to support CP signalling transmission considering the requirement of positioning measurement reporting in RRC_INACTIVE state.
Working assumption 
1.    Support configuring of SRB1 and SRB2 for small data transmission for carrying RRC and NAS messages.
2.    Upon initiating RRC Resume procedure for SDT initiation (i.e. for first SDT transmission), the UE
shall also resume SRB2 that is configured for SDT, in addition to SDT DRBs that are configured for SDT
3.    RAN2 recommends to include SRB2 in WID
[bookmark: _Toc68256808]
[bookmark: _GoBack]UE transmits positioning measurement result in RRC_INACTIVE state by SDT.
Conclusion
Based on the discussion above, we have the following observations:
Observation 1	R16 positioning only support positioning in RRC connected mode except for UE-based method for MO-LR case.
Observation 2	For UE in RRC_INACTIVE state with positioning request, UE has to enter RRC connected mode for positioning, causing extra delay and power consumption.
Observation 3	By supporting positioning in RRC_INACTIVE state, power consumption and positioning latency will be saved.
Observation 4	Positioning assistance data delivered to UE through positioning system information in RRC_INACTIVE state is already supported in R16.
Observation 5	With a deferred location request, the positioning assistance data can be sent to UE in RRC connected mode in advance.
Observation 6	There is no significant gain to support MO-LR in RRC_INACTIVE state.

Based on the discussion above, we have the following proposals:
Proposal 1	For MT-LR, deferred location request can be reused for positioning in RRC_INACTIVE state.
Proposal 2	For positioning in RRC_INACTIVE state, the positioning assistance data can be delivered to UE by positioning system information.
Proposal 3	For positioning in RRC_INACTIVE state, the positioning assistance data can be pre-configured when UE in RRC connected mode.
Proposal 4	MO-LR is not supported in RRC_INACTIVE mode.
Proposal 5	UE transmits positioning measurement result in RRC_INACTIVE state by SDT.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
[1] RP-210903 Revised SID: Study on NR Positioning Enhancements    CATT, Intel Corporation
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