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1. Introduction
In RAN2#111e, RAN2 agreed to study positioning in idle/inactive mode, on-demand PRS and latency analysis in the study phase.
In RAN2#112e, RAN2 agreed:
Agreements:
Positioning measurement reporting (including location estimates for UE-based) should be supported in RRC_INACTIVE; involvement of SDT is FFS.  Reporting of specific measurements is pending RAN1 decision.
The issue is also discussed in the email discussion 609. But companies have different view on what should be supported and how.
In this contribution, we discuss how to support the positioning in IDLE/INACTIVE mode.
1. [bookmark: Proposal_Pattern_Length]Discussion
The support of positioning in IDLE/INACTIVE was discussed in [1], and got lots of supports. The benefit to support positioning in IDLE/INACTIVE without state transmission are:
· Can allow higher number of UEs to support positioning simultaneously, esp. for IIoT scenario;
· Low power consumption;
· Low signaling overhead;
· Low latency;
Therefore in Rel-17, the support of positioning in IDLE/INACTIVE is to support positioning in IDLE/INACTIVE without state transition. 
Proposal 1: Support positioning in IDLE/INACTIVE without state transmission;
According to [2], below positioning methods and versions are supported in NR. 
Table 4.3.1-1: Supported versions of UE positioning methods
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL

	A-GNSS
	Yes
	Yes
	No
	Yes

	OTDOA Note1, Note 2
	No
	Yes
	No
	Yes

	E-CID Note 4 
	No
	Yes
	Yes
	Yes for E-UTRA

	Sensor
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No

	TBS Note 5
	Yes
	Yes
	No
	Yes (MBS)

	DL-TDOA
	Yes
	Yes
	No
	Yes

	DL-AoD
	Yes
	Yes
	No
	Yes

	Multi-RTT
	No
	Yes
	Yes
	Yes

	NR E-CID 
	No
	Yes
	Yes
	Yes (DL NR E-CID)

	UL-TDOA
	No
	No
	Yes
	Yes

	UL-AoA
	No
	No
	Yes
	Yes



In [Post111-e][625][POS] End-to-end latency analysis (Intel), a related issue was discussed for UE based positioning: 
Scenario: For UE based positioning, the UE does not need to have NAS signaling connection. The UE could be in IDLE mode, and obtain the assistance data via system information, and perform the measurements and provide the results to internal APP. 
However companies have different view on the assumption. A company commented that the scenario can work if the assumption is, the LCS client is internal to the UE, and only DL positioning is used, but that is not exactly same as the definition of UE based positioning.  Therefore from implementation perspective, it is possible, i.e. if the location is used inside the UE, the UE can obtain the location without the interaction with LMF, and without the NAS connection with CoreNetwork. 
In addition, RAN2 introduced on demand SI request for positioning assistance data in rel-16, and one of the solution is dedicated for IDLE/INACTIVE UE. To our understanding, the motivation is to support it  for IDLE/INACTIVE UE. 
The issue has been mentioned in email discussion 609 again. It would be to confirm common understanding on this. Therefore we propose
Proposal 2: To confirm, in Rel-16, IDLE/INACTIVE UE can obtain UE location without  the need to have NAS signalling connection with Core network, i.e. without state transition for UE based DL only positioning with internal LCS client;
In last RAN1 meeting, RAN1 agreed NR positioning for UEs in RRC_INACTIVE state is recommended for normative work, but left the support of IDLE to RAN2. 
For MT-LR, MO-LR, the positioning procedure is triggered by the Core network and the positioning method is selected by the LMF, in addition, for MT-LR, the UE needs to report the location back to the LMF. Anyway the Core Network will page the UE if there is no NAS connection for MT-LR case. Therefore it does not work for IDLE mode UE, i.e. IDLE mode UE has to transit to CONNECTED mode in order to receive the request from the LMF and report the location back to the LMF (for MT-LR) even if the UE can get the assistance data from broadcast signalling. In addition, there is no existing solution or SI/WI in NR to support the reception/transmission in IDLE. Therefore it is difficult to complete the work on IDLE. 
Proposal 3: Do not consider RRC_IDLE positioning in Rel-17.
For INACTIVE UE, it can save UE power and reduce the latency if the UE do not need state transition when performing the positioning. And then the UE needs to receive the DL signalling, measure DL PRS and transfer UL signalling in INACTIVE. 
Proposal 4: To support UE based positioning without state transition, the INACTIVE UE should be able to:
· Receive the DL request from the LMF;
· Obtain the assistance data via broadcast signalling;
· Measure PRS and calculate the location;
· Transmit the location back to the LMF;
For UE assisted positioning, even if the UE can get the assistance data via broadcast signalling. We still cannot avoid the signalling exchange between the UE and the LMF for at least location response regardless of MO-LR, MT-LR, etc since the final calculation  is done in the LMF. 
Same as UE based positioning, it can save UE power and reduce the latency if the UE based positioning can be done without the state transition. We do not see the reason why some positioning methods shall not be supported for INACTIVE UE. 
Proposal 5: All existing positioning methods shall be considered in RRC_INACTIVE positioning:
To support all positioning methods, DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, E-CID, Multi-RTT, etc the INACTIVE UE should be able to:
· Transfer SRS in INACTIVE;
· Measure PRS in INACTIVE;
· [bookmark: _Hlk61426074]Receive DL signalling in INACTIVE (.e.g. LPP capability, assistance, location etc);
· Transmit UL signalling in INACTIVE (e.g. LPP capability, assistance, location, etc)
Proposal 6: To support UE assisted positioning without state transition, the INACTIVE UE should be able to:
· Transfer SRS;
· Measure PRS;
· Receive DL signalling (.e.g. LPP capability, assistance, location etc);
· Transmit UL signalling (e.g. LPP capability, assistance, location, etc);
There is ongoing Rel-17 SI SDT, the UE may transfer the data to the network without state transition. But the problem is, for positioning LPP message is carried via NAS/RRC, i.e. signalling, but SDT so far  only covers data in their discussion. Therefore we may need to ask SDT SI/WI to revise their scope if we conclude the need of this in positioning SI. 
Proposal 7:  How to enable the reception  of DL signalling and the transmission of SRS/UL signalling over SDT in INACTIVE can be discussed under Rel-17 SDT WI.

1. Conclusion
Based on the discussion, we have following proposals:
Proposal 1: Support positioning in IDLE/INACTIVE without state transmission;
Proposal 2: To confirm, in Rel-16, IDLE/INACTIVE UE can obtain UE location without  the need to have NAS signalling connection with Core network, i.e. without state transition for UE based DL only positioning with internal LCS client;
Proposal 3: Do not consider RRC_IDLE positioning in Rel-17.
Proposal 4: To support UE based positioning without state transition, the INACTIVE UE should be able to:
· Receive the DL request from the LMF;
· Obtain the assistance data via broadcast signalling;
· Measure PRS and calculate the location;
· Transmit the location back to the LMF;
Proposal 5: All existing positioning methods shall be considered in RRC_INACTIVE positioning:
Proposal 6: To support UE assisted positioning without state transition, the INACTIVE UE should be able to:
· Transfer SRS;
· Measure PRS;
· Receive DL signalling (.e.g. LPP capability, assistance, location etc);
· Transmit UL signalling(e.g. LPP capability, assistance, location, etc);
Proposal 7:  How to enable the reception  of DL signalling and the transmission of SRS/UL signalling over SDT in INACTIVE can be discussed under Rel-17 SDT WI.
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