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1 Introduction
During RAN1#105-e [1], the following agreement was made for sending LS R1-2106326 [1] to RAN2/RAN3 on positioning reference units (PRUs): 
	Agreement:
Send an LS to RAN2/RAN3 (cc SA2), including the following content:

· 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.
· Notes: 
· 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.

· 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)

2. Transmit the UL SRS signals for positioning

· 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.




In this contribution, we discuss the aspects related to procedures and signalling for supporting PRUs. 

2 Discussion
Positioning Reference Unit (PRU), whose location is known by certain means (e.g. RAT-dependent/RAT-independent methods), can be configured to perform DL-PRS measurements or transmission of SRS for positioning (UL-SRSp). The measurements and the location information of the PRU can then be used by LMF for improving the accuracy of the positioning information of other UEs located in proximity to the PRU. 

In essence, the measurements and known location of the PRU can be used for determining the presence of potential errors in the measurements provided by other target UE nearby to the PRU. Based on the comparison between the measurements of both PRU and target UE and the known location of PRU, the LMF can apply certain corrections when calculating the location of the target UE.      

Procedure for positioning service initialization related to PRU
The PRUs, in many respects, can be considered as any conventional UE from the perspective of positioning protocols and LMF. The PRU can be configured to support different positioning methods, including DL-based methods (e.g. DL-TDoA, DL-AoA), UL-based methods (UL-TDoA, UL-AoD) or DL+UL methods (e.g. multi-RTT). In this regard, the LPP protocols and procedures, which are typically associated with configuring and reporting of positioning information of conventional UE, can also be applied for PRUs. 
Observation 1: 
The LPP protocols and procedures, typically used for conventional UE, can also be applied for PRU operation
The LS sent by RAN1 requests RAN2/RAN3 to determine whether there are any specification impacts for supporting PRU for positioning. To identify the possible RAN2 specification impacts related to positioning (e.g. LPP procedures) it would be necessary to discuss whether and how a normal UE can be considered for operation as a PRU.  

In a typical MO-LR positioning procedure, the LCS client in the UE triggers a location service request which is sent to the core network (CN). Subsequently, the positioning sessions between LMF and RAN (via NRPPa) and LMF and UE (via LPP) are instigated for determining the UE location based on measurements of DL-PRS or UL-SRSp. The calculated UE location is then provided to the LCS client in UE. Similar procedure is applied in the case of MT-LR where the location service request is sent to the CN by an external LCS client, followed by the LMF instigating the positioning session with RAN and UE. 

In the case of PRU, such location service request triggered by LCS client does not exists. Instead, a UE could initiate the PRU service by sending a registration message to the AMF by indicating its capability to operate as a PRU. Upon authenticating the UE, the AMF can then trigger LMF for registering the UE as a PRU. Subsequently, the LMF can then instigates the NRPPa and/or LPP positioning sessions, similar to the case of a conventional UE. The main difference from the perspective of positioning service initialization between a PRU and conventional UE is the absence of an LCS client and the associated location service request for determining the UE location.

Observation 2: 
Positioning service initialization for PRU does not require the involvement of an LCS client and the associated location service request
Once registering the UE as a PRU at LMF, the next set of PRU related LPP procedures and signalling can be triggered by the LMF. In this case, the LMF can function as the LCS client from the perspective of the PRU, and likewise, the PRU can be viewed as a UE from the perspective of LMF. The LMF can trigger an LPP session with the PRU and assign certain PRU ID and LPP session ID related to PRU operation. These IDs can be used when transferring any LPP signalling/messages between LMF and PRU. In the following, we discuss the potential impacts to LPP procedures when supporting PRU. 
Proposal 1:  
Support assignment and usage of identifiers related to PRU operation (e.g. PRU ID, LPP session ID for PRU) when transferring any protocol signalling/messages between LMF and PRU
LPP Capability Transfer Procedure for PRU
For determining the positioning capability of the PRU, the LMF can trigger the LPP capability transfer procedure by sending an LPP RequestCapabilities message to the PRU. In addition to the conventional capability information on the different positioning methods (e.g. DL-based, UL-based) supported, the PRU can indicate, for example, information on the known location of the UE (e.g. coordinates), positioning method used for determining its location, accuracy/uncertainty/integrity information of its location, mobility status of the PRU, etc. Such information will be beneficial to LMF for deciding whether and when the PRU can be used for assisting the LMF by using certain positioning method and/or sending the associated measurements. 
Proposal 2:  
Support signalling for requesting/sending of capability information related to PRU operation (e.g. supported positioning methods, known location of PRU, accuracy/uncertainty of location information) between LMF and PRU using LPP capability transfer procedure
LPP Assistance Data Transfer Procedure for PRU
After selecting a PRU for a particular operation (e.g. assisting the LMF, supporting a positioning service), the LMF can provide assistance information to the PRU, which can be decided based on the PRU capability information. 

For PRU operation, the LMF may also select and indicate the positioning mode (UE-assisted, UE-based) for the PRU. In certain scenarios the PRU may be indicated to operate in UE-assisted mode (e.g. when PRU is static) and in other scenarios both UE-assisted and UE-based modes may be used (e.g. when PRU is mobile). Depending on the identified positioning mode, the LMF can determine and provide the PRS configurations and other assistance data (e.g. correction info) to the UE in the LPP ProvideAssistanceData message.  

For ensuring that the accuracy/uncertainty of positioning information of PRU is consistently maintained at a level which would be necessary to operate as PRU, the LMF can also provide certain evaluation conditions in assistance information to the PRU. Such evaluation conditions can be related to quality of the measurements and the radio environment of the PRU. For example, the UE may operate as a PRU only when the RSRP of the measurements made on the PRS are above certain configured threshold. Along with the evaluation conditions, the LMF can also provide reporting configuration to the PRU to send status reports either periodically or aperiodically when detecting certain measurement events. The status report can be used by LMF for deciding whether the PRU can be continued to operate as such or decommissioned from operation.  
Proposal 3:  
Support sending of assistance information related to PRU operation (e.g. PRS configurations, evaluation conditions) from LMF to PRU using LPP assistance transfer procedure
LPP Location Information Transfer Procedure for PRU
When the LMF needs the PRU to make certain measurements and/or report on positioning information, the LPP RequestLocationInformation message can be sent to the PRU. The LMF can also indicate to the PRU the positioning mode (UE-assisted, UE-assisted + UE-based) to apply in the location request message, for example. 

In the case when the PRU is indicated to operate in UE-assisted mode, the PRU sends the measurement reports similar to conventional UE. On the other hand, when the PRU is indicated to operate in UE-assisted + UE-based mode, the PRU sends both the measurement report and location estimates to the LMF. In both cases, the PRU can send the requested positioning information (i.e. measurement report and/or location estimates) to LMF in the LPP ProvideLocationInformation message. 

Proposal 4:  
Support signalling for requesting/sending of location information related to PRU (e.g. positioning mode, measurement report and/or location estimates) between LMF and PRU using LPP location information transfer procedure
Conclusion
In this contribution, the following observation were made on: 

Observation 1: 
The LPP protocols and procedures, typically used for conventional UE, can also be applied for PRU operation
Observation 2: 
Positioning service initialization for PRU does not require the involvement of an LCS client and the associated location service request
Based on these observations, the following conclusions were made:
Proposal 1:  
Support assignment and usage of identifiers related to PRU operation (e.g. PRU ID, LPP session ID for PRU) when transferring any protocol signalling/messages between LMF and PRU
Proposal 2:  
Support signalling for requesting/sending of capability information related to PRU operation (e.g. supported positioning methods, known location of PRU, accuracy/uncertainty of location information) between LMF and PRU using LPP capability transfer procedure
Proposal 3:  
Support sending of assistance information related to PRU operation (e.g. PRS configurations, evaluation conditions) from LMF to PRU using LPP assistance transfer procedure
Proposal 4:  
Support signalling for requesting/sending of location information related to PRU (e.g. positioning mode, measurement report and/or location estimates) between LMF and PRU using LPP location information transfer procedure
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