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[bookmark: _Ref165266342]1.Introduction
[bookmark: _Hlk78878322]Regarding the use of PRU (Positioning Reference Unit) for positioning, RAN1 has made relevant agreements and sent an LS to RAN2 as below,
	RAN1 has started working on Rel-17 WI on NR Positioning Enhancements [1]. During working on the WI, RAN1 has made the following agreement in RAN1#105:

Agreement:
Send an LS to RAN2/RAN3 (cc SA2), including the following content:
1. [bookmark: _Hlk78967678]RAN1 has evaluated the use of positioning reference units (PRUs) with known locations for positioning and observes improvements in using PRUs for enhancing the positioning performance. But, RAN1 has not identified specification enhancements needed in RAN1 specifications. RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning.
1. Notes: 
1. [bookmark: _Hlk78966303]The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
1. PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
1. Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
1. Transmit the UL SRS signals for positioning
1. [bookmark: _Hlk78795457][bookmark: OLE_LINK2]PRU may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the PRU is known, the information may also be requested by the LMF.
Actions:
[bookmark: OLE_LINK1]To RAN2/RAN3: 	RAN1 kindly requests RAN2/RAN3 to determine if and what specification enhancements are adopted for the use of PRUs for positioning.


[bookmark: _GoBack]In this contribution, we would like to discuss the solutions and identify the specification enhancements for the use of PRUs for positioning.
2.Discussion
[bookmark: _Hlk76572957][bookmark: _Hlk78966984][bookmark: _Hlk78967028][bookmark: _Hlk78967503]According to the quoted content from RAN1 LS [2] below, requirements for PRU have been defined. Firstly, a new network node won’t be introduced for PRU. So the PRU should be the existing network nodes(i.e., UE or gNB). Besides, regarding the functionalities of PRU, RAN1 LS uses the word “may” and sentence “if agreed, which is up to RAN2” to describe PRU’s functionalities. In our understanding, RAN1’s description of PRU’s functionalities is a little vague. Therefore, to better research the specification enhancements, RAN2 need to first discuss the specific PRU’s functionalities and decide the PRU type.
1. [bookmark: _Hlk78966484]The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
1. PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
4. Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
4. Transmit the UL SRS signals for positioning
Proposal 1: RAN2 to discuss the specific PRU’s functionalities and decide the PRU type.
[bookmark: _Hlk78967856][bookmark: _Hlk78981113][bookmark: _Hlk78983470][bookmark: _Hlk78968927]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 or PRU can compare the desired measurement with the actual measurement and calculate the measurement correction. Finally, the measurement correction 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 measurement correction 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 to initiate the positioning procedure to which UE. We have the following observations and proposal,
[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 to initiate the positioning procedure to which UEs.
Proposal 2: Both PRU and LMF can calculate the measurement correction based on the comparison between the desired measurement derived from PRU’s known location and the actual measurement.
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 [3], for gNB-typed PRU, LMF can be aware of PRUs by network implementation(e.g., Operation&Maintenance functionality). 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. We have the following observation and proposal,
[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]Introduce new Supplementary Services (SS) LCS messages(e.g., Positioning Reference Unit Registration Request message).
[bookmark: _Hlk78969769][bookmark: _Hlk78980646]Proposal 3: 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: _Hlk78984579][bookmark: _Hlk78809229]Proposal 4: The current LPP and NRPPa messages can be reused to support PRU-terminated positioning with enhanced IEs. 
[bookmark: _Hlk78983083]If the measurement correction is calculated by LMF, PRU needs to report its location to LMF. Besides, if the PRU is mobile, the motion state(e.g., movement velocity, movement direction) should be also reported to LMF. As for the specific solution for reporting the PRU-specific location, there are several solutions as below. 
· [bookmark: _Hlk78982513][bookmark: _Hlk78982735]Include PRU-specific 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: _Hlk78982971][bookmark: _Hlk78982633]Enhance the current ProvideLocationInformation message to include PRU-specific location information.
[bookmark: _Hlk78982888]In our understanding, enhancing the current ProvideLocationInformation message is better considering that more information bits will be added to NAS Registration Request or new Supplementary Services (SS) LCS messages, which leads to the signalling consumption and complexity. Besides, the ProvideLocationInformation message is already used to provide location-related information. 
Proposal 5: The PRU should report PRU-specific location information(e.g., known location coordinate, motion state for mobile PRU) to LMF.
Proposal 6: Enhance the current ProvideLocationInformation message to include PRU-specific location information.
[bookmark: _Hlk78983627][bookmark: _Hlk78983555]If the measurement correction is calculated by LMF, PRU should send the actual measurement used by LMF to calculate the measurement correction to LMF. If the measurement correction is calculated by PRU, the measurement correction should be directly sent to LMF. Hence, in our understanding, PRU-specific measurement should be introduced to include measurement correction, desired measurement, and actual measurement, etc. Besides, the current ProvideLocationInformation message which is already used to include the measurement information can be enhanced to include PRU-specific measurement information. Therefore, we have the following proposals,
[bookmark: _Hlk78809835][bookmark: _Hlk78983889]Proposal 7:PRU-specific measurement information(e.g., measurement correction) should be introduced.
Proposal 8: Enhance the current ProvideLocationInformation message to include PRU-specific measurement information.
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 to initiate the positioning procedure to which UEs.
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: RAN2 to discuss the specific PRU’s functionalities and decide the PRU type.
Proposal 2: Both PRU and LMF can calculate the measurement correction based on the comparison between the desired measurement derived from PRU’s known location and the actual measurement.
Proposal 3: LS to SA2 to study how to enable the LMF to be aware of PRUs in the network.
Proposal 4: The current LPP and NRPPa messages can be reused to support PRU-terminated positioning with enhanced IEs. 
Proposal 5: The PRU should report PRU-specific location information(e.g., known location coordinate, motion state for mobile PRU) to LMF.
Proposal 6: Enhance the current ProvideLocationInformation message to include PRU-specific location information.
Proposal 7: PRU-specific measurement information(e.g., measurement correction) should be introduced.
Proposal 8: Enhance the current ProvideLocationInformation message to include PRU-specific measurement information.
[bookmark: _Toc502437832]4.Reference
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