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1. [bookmark: _Ref528762725][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In RAN2#105e, the LS [1] from RAN1 ask RAN2 to determine if and what specification enhancements are adopted for the use of PRUs for positioning. 
	Agreement:
Send an LS to RAN2/RAN3 (cc SA2), including the following content:
1. 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. 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. 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 the contribution, we would like to further discuss on the PRUs for positioning from RAN2’s perspective.
2. Discussion
2.1  Background
According to the functionalities of the positioning reference unit (PRU) in the LS, e.g., providing positioning measurements as well as transition UL SRS for positioning, it seems that at least the PRU can be a UE with known location. However, whether the PRU can be TRP with known location is not addressed in RAN1 LS [1]. Moreover, even if TRP is acted as PRU, the interaction with the LMF should be via the NRPPa signaling, and this is within RAN3 scope. Thus, we propose RAN2 to further study the case that UE acts as PRU, while the case that TRP acts as PRU should left to RAN3.
Observation 1: In case that UE acts as PRU, LPP signalling is impacted which is within RAN2 scope; while for the case that TRP acts as PRU, NRPPa signalling is impacted which is within RAN3 scope.
This contribution only focuses on the case that the PRU is a UE in the remaining discussions.
2.2  PRU in positioning architecture
According to RAN1’s LS, PRU is a device with known location and capable of at least the following positioning functionality:
· Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
· Transmit the UL SRS signals for positioning
For DL positioning, the PRU measure the DL-PRS, e.g., RSTD, RSRP, Rx-Tx time differences, and provide the positioning measurements to LMF; while for UL positioning, the PRU transmit the UL-SRS to enable the TRPs to measure and report the UL SRS positioning measurements from the PRU to LMF. Then LMF can compare with the reported measurements with the actual measurements obtained through the known location of the PRU, and calculated a positioning deviation term, e.g., the positioning deviation term can either be the RX/TX timing errors between different gNBs, or the synchronization errors between different gNBs. Based on the obtained positioning deviation term, the DL/UL measurements or the location estimate of other target positioning UEs can be corrected, thus improve the positioning accuracy.
Based on the above analysis, the PRU can perform like a normal UE capable of positioning, and the only difference is that the PRU is with known location. 
Observation 2: the PRU can perform like a normal UE capable of positioning, but with known location.
Thus, we propose the NG-RAN UE Positioning Architecture (see clause 5.1 of TS38.305 [2]), can be reused by the PRU as baseline with the following modifications.


Figure 1: UE/PRU Positioning Overall Architecture applicable to NG-RAN
Proposal 1: PRU to be added in the NG-RAN UE positioning architecture in clause 5.1 of TS38.305. 
2.3 [bookmark: _Hlk78729147][bookmark: _Hlk78927119] Procedures for PRU 
The following is the general procedure of positioning for PRU.


Figure 2: Stage-2 procedure of positioning for PRU
[bookmark: _Hlk78730678]1.	LMF determines the available PRU and related PRU information, and/or LMF choose PRU from the available PRU(s).
2a.	The LMF instigates location procedures with the serving and possibly neighbouring ng-eNB or gNB in the NG-RAN – e.g. to obtain positioning measurements or assistance data.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]2b.	In addition to step 2a or instead of step 2a, the LMF instigates location procedures with the chosen PRU– e.g. to interact with the PRU to obtain its capability if not obtained before, to obtain the actual location of the PRU if not obtained before, to obtain the positioning measurements or to transfer location assistance data to the PRU.
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Step 1, 2a and 2b are based on the LS from RAN1. Furthermore, there is a question: what’s the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences) and antenna orientation information for?
We assume that LMF may calculate some deviation term based on the measurements from PRU, and may forward it to UE. Step 3 and step 4 can be further discussed by RAN2.
3.	LMF determine the positioning deviation term by comparing the positioning measurements with the actual measurements expected through the known location of the PRU, e.g., the positioning deviation term can either be the RX/TX timing errors between different gNBs, or the synchronization errors between different gNBs. 
[bookmark: _Hlk78740391]4.	After LMF determine the positioning deviation term, LMF may instigates the positioning estimate/measurement correction procedure to the UE and/or NG-RAN node, 
Note: In step 4, the exact signalling procedure depends on how to usage the positioning deviation term, which is within the scope of RAN1. However, there is not agreement in RAN1 on whether and how to transfer results of the positioning deviation term, thus we propose to confirm with RAN1 within the reply LS about the usage of the positioning deviation term obtained based on the known location of PRU and the positioning measurement reported by the PRU.
Proposal 2: RAN2 to confirm with RAN1 whether additional information need to be provided to UE after LMF obtains the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences) and antenna orientation information.
Based on figure 2, we propose:
Proposal 3: The stage 2 procedure of positioning for PRU can be taken as baseline for further discussion of the PRU. FFS the procedure for deviation term between LMF and UE. 

2.4  Specification impact to support PRU
In this section, we will further discuss the specification impact to support the PRU based on the discussion in section 2.3.
2.4.1 How can LMF determine the available PRU? 
Before LMF select some PRU(s), LMF first need to know the available PRUs in the network, i.e., candidate PRUs. Then LMF can choose PRU(s) from the available PRUs in order to collect the required info. But how can LMF know which PRUs are available in the network?
Observation 3: There is no any PRU information within the LCS request to LMF, and it’s up to LMF to select PRU(s).
How can LMF know the available PRUs in the network? There are three options:
· Option 1: LMF obtains available PRU info by OAM, i.e. LMF configure the available PRUs.
· Option 2: LMF obtains available PRU info via LPP procedures:
PRU may initiate to report its information to LMF directly, including such as PRU (UE) id, and/or PRU capabilities, and/or the known location information.
· Option 3: AMF manage available PRU info, and LMF obtains it from AMF: 
PRU initiate the service registration procedure to the AMF, including the PRU capability as well as the known location information. When LMF needs PRUs info, it can send request to AMF to retrieve available PRUs. PRUs also can update its registration if the PRU is not static, so AMF can maintain all the available PRUs with related information dynamically.
However, the above three options for LMF to determine the available PRU (sets) have its pros and cons respectively. When PRU are not be static and it’s positioning may be updated, option 1 cannot update the available PRU lists dynamically, which may result in unavailable PRU or outdated PRU related information. Option 3 is better compared with option 2, since the AMF is more suitable to manage the PRU especially if the PRU is mobile. For example: With option 3, the AMF maintains the info of fixed and mobile PRUs. And LMF requests available PRUs from AMF when it needs PRU to perform measurements. Thus larger signaling overhead may be introduced for option 2. Based on the analysis above, we summarized the pros and cons of the above three options, which can be seen as Table I.
	
	Pros
	Cons

	Option 1 
(LMF manage PRUs by OAM)
	Less signaling interaction and specification impacts
	The PRU information cannot be updated dynamically

	Option 2
(LMF manage PRUs via LPP)
	PRU information can be updated dynamically;
No SA2 impacts
	signaling between LMF and UE;
Large signaling overhead to update the PRU information if PRU is mobile;

	Option3
(AMF manage PRUs)
	The PRU information can be updated dynamically;
AMF is more suitable to manage mobile PRUs.
Less signaling overhead to update the PRU information if PRU is mobile;
	Interaction between SA2 and RAN2 



Based on the above analysis, since the PRU information can be updated dynamically with less signaling overhead in option3, we recommend the option 3 (AMF manage PRUs) to help LMF select the available PRU(s) and send an LS to SA2 on RAN2’s agreement.
Proposal 4: Option 3(AMF manage PRUs) is recommended to help LMF select available PRU(s) and inform SA2 on RAN2’s agreement.

2.4.2 Signaling interactions between the LMF and PRU 
According to figure 2, after the LMF determine the available PRU (sets), LMF can determine to instigate the LPP procedure with the candidate PRUs, i.e., to obtain the PRU related capability, or the PRU location related information if not obtained before, or to obtain the positioning measurements or to transfer location assistance data to the PRU. Next, we will further discuss the interaction procedure between LMF and PRU.
· Capability transfer procedure between LMF and PRU
The capability transfer procedure between LMF and PRU is to allow the LMF to obtain the PRU related capability of candidate PRU, e.g., the supported positioning method, the supported measurements. Such interaction can be realized by reusing the current LPP capability transfer procedure, which can be seen as figure 3.


Figure 3: LPP capability transfer procedure between PRU and LMF
Proposal 5: LPP request/provide capability procedure can be reused for the capability information interaction between LMF and PRU.
Except the current positioning capability related information within the LPP request/provide capability information message, whether additional PRU specific positioning capability is still FFS, such as additional capability of PRU’s state, i.e., the PRU is static/fixed or dynamic. 
Proposal 6: FFS for further enhancement on stage 3 LPP request/provide capability information to support PRU specific capability.  
· Assistance data transfer procedure between LMF and PRU
After LMF decides the PRU in usage, obtained the PRU capability and the known location of PRU, LMF shall provide the assistance data, e.g., DL-PRS configuration, to the PRU for DL positioning. The current LPP provide assistance data or posSIB mechanism can be reused to provide the assistance data information to the PRU, which can be seen as figure 4. 


Figure 4a: LPP assistance data transfer procedure between PRU and LMF


Figure 4b: Procedures to support broadcast of assistance data to PRU
Proposal 7: LPP request/provide assistance data procedure or the posSIB can be reused to provide the assistance data to PRU.
· Location information transfer procedure between LMF and PRU
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Based on RAN1 LS [1], PRUs may be requested by the LMF to provide its own known location coordinate information, the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences), and/or the antenna orientation information of the PRU if it is known to LMF. In general, the LPP request location information/provide location information procedure can be reused for the interaction of the PRU location, or the positioning measurements between LMF and PRU, which can be seen as figure 5.


Figure 5: LPP location information transfer procedure between LMF and PRU
Proposal 8: LPP request/provide location information procedure can be reused for the measurements report, PRU location information report, and/or the antenna orientation information report if known between LMF and PRU. 
According to RAN1 LS, PRU may be additionally required to report the antenna orientation information to the LMF, thus additional field may be required to be added within the LPP request/provide location information message. 
Proposal 9: FFS for Further enhancement on stage 3 LPP request/provide location information message to support transfer the antenna orientation information.  
3. Conclusion
In the previous sections, we made the following observations and proposals:
Observation 1: In case that UE acts as PRU, LPP signalling is impacted which is within RAN2 scope; while for the case that TRP acts as PRU, NRPPa signalling is impacted which is within RAN3 scope.
Observation 2: the PRU can perform like a normal UE capable of positioning, but with known location.
Observation 3: There is no any PRU information within the LCS request to LMF, and it’s up to LMF to select PRU(s).

Proposal 1: PRU to be added in the NG-RAN UE positioning architecture in clause 5.1 of TS38.305. 
Proposal 2: RAN2 to confirm with RAN1 whether additional information need to be provided to UE after LMF obtains the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences) and antenna orientation information.
Proposal 3: The stage 2 procedure of positioning for PRU can be taken as baseline for further discussion of the PRU. FFS the procedure for deviation term between LMF and UE. 
Proposal 4: Option 3(AMF manage PRUs) is recommended to help LMF select available PRU(s) and inform SA2 on RAN2’s agreement.
Proposal 5: LPP request/provide capability procedure can be reused for the capability information interaction between LMF and PRU.
Proposal 6: FFS for further enhancement on stage 3 LPP request/provide capability information to support PRU specific capability.  
Proposal 7: LPP request/provide assistance data procedure or the posSIB can be reused to provide the assistance data to PRU.
Proposal 8: LPP request/provide location information procedure can be reused for the measurements report, PRU location information report, and/or the antenna orientation information report if known between LMF and PRU. 
Proposal 9: FFS for Further enhancement on stage 3 LPP request/provide location information message to support transfer the antenna orientation information.  
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