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[bookmark: _Ref165266342]1. Introduction
[bookmark: _Hlk84833956]In the previous RAN2 meetings, agreements relevant to the positioning reference unit were as follows. 
[bookmark: _Hlk71270273]Agreements 
1 For purposes of RAN2 discussion, the PRU functionality as described in the RAN1 LS can be considered as UE with known location (to some degree of accuracy) at least. PRU modelled as a gNB can be discussed in RAN3 (no RAN2 action).
2 RAN2 confirm that the PRU considered as a UE supports the normal LPP procedures for assistance data transfer and location information transfer.
RAN3 also discussed the PRU and has sent the LS[1] as below,
Overall Description:
RAN3 thanks RAN1 for the LS on Positioning Reference Units (PRUs). Based on the information given by RAN1, RAN3 discussed PRUs and would like to provide the following feedback:
If the PRU is realized as a UE (from LMF perspective), then RAN3 believes there are no RAN3 specification impacts. Since the PRU may support, at least, some of the Rel-16 positioning functionalities of UE and not necessarily introduce a new network node, some companies believe that this option (UE) is the most appropriate.
Otherwise, if the PRU functionality were to be part of the gNB (from LMF perspective) e.g., realized as a TRP, then RAN3 specification impacts (if any) would require further scoping and evaluation.
Actions:
To RAN1 and RAN2
ACTION:	RAN3 kindly asks RAN1 and RAN2 to take the above into account.
In this contribution, we would like to discuss the solutions and identify the specification enhancements for the use of UE-typed PRUs for positioning.
2. Discussion
[bookmark: _Hlk76572957][bookmark: _Hlk78967856][bookmark: OLE_LINK3][bookmark: _Hlk78981113][bookmark: _Hlk78983470]Regarding the benefit of using PRUs for enhancing the positioning performance, it is because that the location of PRU is known and the PRU’s known location can be used to calculate the desired measurement. Besides, PRU can perform the actual measurement for DL PRS configured by LMF in the ProvideAssistanceData message or send UL PRS to enable the gNB to perform the actual measurement. Then, LMF can compare the desired measurement with the actual measurement and calculate the correction information. Finally, the correction information will be used by LMF to correct other normal UEs’ positioning results and improve positioning accuracy.
[bookmark: _Hlk78969459][bookmark: _Hlk78969253][bookmark: _Hlk78980905][bookmark: _Hlk78980855][bookmark: _Hlk78969416][bookmark: _Hlk78969333]Based on the analysis above, once LMF knows which UEs are PRUs in the network, LMF can initiate PRU-terminated positioning and obtain the correction information to assist other normal UEs’ positioning. Therefore, in PRU-terminated positioning, LMF will have the location request and initiate the positioning procedure. Besides, before the LMF has the location request and initiates the positioning procedure, LMF must know which UEs are PRUs in the network, otherwise, LMF will don’t know which UEs to initiate the positioning procedure to. Hence, we have the following observations,
[bookmark: _Hlk79147204]Observation 1: In PRU-terminated positioning, LMF will have the location request and initiate the positioning procedure.
Observation 2: LMF should be aware of PRUs in the network. Otherwise, LMF will don’t know which UEs to initiate the positioning procedure to.
[bookmark: _Hlk84835898]Regarding the solutions for enabling LMF to be aware of PRUs in the network, in our understanding, the signalling messages between the PRU and LMF should be involved. In the contribution [2], for UE-typed PRU, two solutions are proposed. The first solution is enhancing the current NAS Registration Request with an additional bit indicating the PRU functionality. The second solution is introducing new Supplementary Services (SS) LCS messages (e.g., Positioning Reference Unit Registration Request message). In our understanding, both solutions can work and they are in SA2 scope. Therefore, we suggest LS to SA2 to study how to enable the LMF to be aware of PRUs in the network. 
[bookmark: _Hlk78979624][bookmark: _Hlk78982412]Observation 3: There are several solutions for enabling LMF to be aware of PRUs in the network, which is out of RAN2 scope.
· [bookmark: _Hlk78982369]Enhance the current NAS Registration Request with an additional bit indicating the PRU functionality.
· [bookmark: _Hlk78980342][bookmark: _Hlk85559818]Introduce new Supplementary Services (SS) LCS messages (e.g., Positioning Reference Unit Registration Request message).
[bookmark: _Hlk78969769][bookmark: _Hlk78980646][bookmark: _Hlk85559849]Proposal 1: LS to SA2 to study how to enable the LMF to be aware of PRUs in the network.
[bookmark: _Hlk78981054]After LMF is aware of PRUs, LMF will initiate PRU-terminated positioning. In our understanding, the current positioning signalling and procedures for normal UE positioning can be reused and enhanced for PRU-terminated positioning as the below figure. Because same as the normal UE positioning, PRU will perform the measurement for DL PRS configured or send UL PRS to enable the gNB to perform the measurement. 



                             Figure 1: PRU-terminated positioning
[bookmark: _Hlk84835957][bookmark: _Hlk78984579][bookmark: _Hlk78809229]Proposal 2: The current LPP and NRPPa messages can be reused with enhanced IEs to support UE-typed PRU positioning. 
[bookmark: _Hlk85534717][bookmark: _Hlk78982971]PRU needs to report its location to LMF. Besides, if the PRU is mobile, the motion state(e.g., movement velocity, movement direction) should also be reported to LMF. 
[bookmark: _Hlk85559731]Proposal 3: The PRU should report PRU location information (e.g., known location coordinate, movement velocity, movement direction) to LMF.
As for the specific solution for reporting the PRU location, there are several solutions as below. 
· [bookmark: _Hlk78982513][bookmark: _Hlk78982735]Include PRU location information in the NAS Registration Request or new Supplementary Services (SS) LCS messages enabling LMF to be aware of PRUs in the network.
· [bookmark: _Hlk78982633]Enhance the current ProvideLocationInformation message to include PRU location information.

We think the current ProvideLocationInformation message can be enhanced. The ProvideLocationInformation message is already used to provide location-related information, so it is straightforward to resue the ProvideLocationInformation message with enhanced IEs. If PRU location information is also reported via NAS Registration Request or new Supplementary Services (SS) LCS messages enabling LMF to be aware of PRUs in the network, more standard effort and discussion for specifying the detail is needed. So we have the following proposal, 
[bookmark: _Hlk85558506]Proposal 4: Enhance the current ProvideLocationInformation message to include PRU location information.
In the [AT-115] [610] email discussion [3], the correction information from LMF to UE for UE-based positioning was discussed. Half of the companies expressed preference on RAN2 to confirm with RAN1 if it is valuable to provide the correction information from LMF to UE for UE-based positioning. In our understanding, for UE-based positioning, UE will calculate the positioning result and the correction information can be beneficial for UE to improve the positioning accuracy. So, we have the following proposal,
[bookmark: _Hlk84922970][bookmark: _Hlk84597663][bookmark: OLE_LINK2]Proposal 5: RAN2 to confirm with RAN1 if it is valuable to provide the correction information from LMF to UE for UE-based positioning.

According to TS37.355[4], there is already a method for providing assistance data by the location server to enable the UE based downlink positioning. The detailed information is as follows,
NR-PositionCalculationAssistance
[bookmark: _Hlk84923638]The IE NR-PositionCalculationAssistance is used by the location server to provide assistance data to enable UE‑based downlink positioning.
-- ASN1START

NR-PositionCalculationAssistance-r16 ::= SEQUENCE {
	nr-TRP-LocationInfo-r16 		NR-TRP-LocationInfo-r16				OPTIONAL,	-- Need ON
	nr-DL-PRS-BeamInfo-r16			NR-DL-PRS-BeamInfo-r16				OPTIONAL,	-- Need ON
	nr-RTD-Info-r16					NR-RTD-Info-r16						OPTIONAL,	-- Need ON
	...
}
-- ASN1STOP

In our perspective, reusing the existing message with enhanced IE can save the standard effort. Therefore, we have the following proposal,
[bookmark: _Hlk85535033][bookmark: _Hlk85723866]Proposal 6: NR-PositionCalculationAssistance IE in ProvideAssistanceData message can be enhanced to provide the correction information from LMF to UE for UE-based positioning.
3. Conclusions
Based on the analysis given above, we have the following observations and proposals:
Observation 1: In PRU-terminated positioning, LMF will have the location request and initiate the positioning procedure.
Observation 2: LMF should be aware of PRUs in the network. Otherwise, LMF will don’t know which UEs to initiate the positioning procedure to.
Observation 3: There are several solutions for enabling LMF to be aware of PRUs in the network, which is out of RAN2 scope.
· Enhance the current NAS Registration Request with an additional bit indicating the PRU functionality.
· Introduce new Supplementary Services (SS) LCS messages (e.g., Positioning Reference Unit Registration Request message).
Proposal 1: LS to SA2 to study how to enable the LMF to be aware of PRUs in the network.
Proposal 2: The current LPP and NRPPa messages can be reused with enhanced IEs to support UE-typed PRU positioning. 
[bookmark: _GoBack]Proposal 3: The PRU should report PRU location information (e.g., known location coordinate, movement velocity, movement direction) to LMF.
Proposal 4: Enhance the current ProvideLocationInformation message to include PRU location information.
Proposal 5: RAN2 to confirm with RAN1 if it is valuable to provide the correction information from LMF to UE for UE-based positioning.
Proposal 6: NR-PositionCalculationAssistance IE in ProvideAssistanceData message can be enhanced to provide the correction information from LMF to UE for UE-based positioning.
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[1] R2-2109345, Reply LS on Positioning Reference Units.
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