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1	Introduction
At RAN2#115-e the following agreement has been made on positioning reference unit (PRU) for positioning [1]:
Agreements:
Proposal 1 (modified): 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 (16/17).
PRU modelled as a gNB can be discussed in RAN3 (no RAN2 action).

Agreement:
RAN2 confirm that the PRU considered as a UE supports the normal LPP procedures for assistance data transfer and location information transfer.
According to the LS - RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning in the LS [2], RAN2 should figure out what the specification impact to adopt for PRUs.
In this contribution, we study the requirement for PRUs at first, and then the possible specification enhancements to support "Positioning Reference Units (PRUs)" within the functionalities defined in LS from RAN1.
2	Requirements for supporting PRU 
A Positioning Reference Unit (PRU) can perform and provide DL positioning measurements (e.g., RSTD, RSRP, UE Rx-Tx Time Differences, etc.) as well as its known location coordinate information to the LMF. 
	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
· [bookmark: OLE_LINK20][bookmark: OLE_LINK21]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.


The PRU measurements can be compared with the "true" measurements expected at the known device position to determine correction terms for other nearby UEs. The DL- and/or UL location measurements for other commercial UEs can then be corrected based on the previously determined correction terms. This principle is well known from e.g., Differential-GNSS operation. 
1. Role of PRU
Positioning functionalities may include, but not limited as PRUs:
-	Signal measurements and report (e.g., RSTD, RSRP, Rx-Tx time differences)
-	Known Location report
-   Antenna orientation information report if known
-   Transmit the UL SRS signals for positioning
The PRUs perform signal measurements just like a normal UE, but at known location. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1:	RAN2 to confirm PRUs may be requested to provide its own known location coordinate information, antenna orientation information if known, the positioning measurements to the LMF, and Transmit the UL SRS signals according to the LS from RAN1 [2].
2. Positioning methods supported by PRU
PRUs work for the enhacement of RAT-Dependent postioing performance, so PRUs are supposed to support RAT-Dependent positioning methods which depend on the capabilities of PRUs. According to the requirement in proposal 1, the positioning methods which PRUs may support are high light with yellow as below:

	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, Note 7 
	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

	NOTE 1:	This includes TBS positioning based on PRS signals.
NOTE 2:	In this version of the specification only OTDOA based on LTE signals is supported.
NOTE 3:	Void
NOTE 4:	This includes Cell-ID for NR method when UE is served by gNB.
NOTE 5:	In this version of the specification only for TBS positioning based on MBS signals.
NOTE 6:	Void
NOTE 7:	Enhanced Cell ID based on LTE signals.


[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Proposal 2:	RAN2 to confirm with RAN1 that all NR RAT-Dependent positioning methods may be supported by PRUs.
3. Mobility of PRUs
According to the offline discussion [610], companies mentioned that we need to understand if the PRU has other UE like requirements given that it can have limited positioning functionality, what the mobility requirements are etc. The use of positioning reference units (PRUs) with known locations may improve the positioning performance which is observed by RAN1. So if PRUs don’t support mobility, the enhancement of positioning performance would be limited where the PRUs are located. However if these PRUs can support mobility, e.g. from one cell to other cells, the benefit of enhancement will be enlarged and the cost of deployment of PRUs will be reduced a lot.
Proposal 3:	RAN2 to agree to support both stationary PRU and moving PRU in Rel-17.
4. Role of Obtaining or consuming the PRU location information
For PRUs, an AMF/LMF would not receive a location request to PRUs because there is no commercial location service request to PRUs from service perspective. Since the PRU measurements and location info are used by an LMF to correct the measurements for target UEs designed by RAN1 [2], the consumer of the PRU location information can be the LMF instead of AMF. So LMF can initiate a call directly to instigate location sessions to a PRU.
[bookmark: OLE_LINK3][bookmark: OLE_LINK11]Proposal 4:	RAN2 to agree that LMF can initiate a MT-LR without impact on SA2, by invoking the GMLC service.
3	Positioning Architecture to support PRUs
[bookmark: _Toc12632603][bookmark: _Toc46488949][bookmark: _Toc29305297][bookmark: _Toc76507906][bookmark: _Toc37338108][bookmark: _Toc52567302]3.1	Architecture
According to agreement at RAN2#115-e meeting, the PRU functionality as described in the RAN1 LS can be considered as UE with known location (to some degree of accuracy) at least.
Agreements:
Proposal 1 (modified): 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 (16/17).
PRU modelled as a gNB can be discussed in RAN3 (no RAN2 action).
PRU can be put in the NG-RAN UE Positioning Architecture (see clause 5.1 of TS38.305 [3]),


Figure 1: UE/PRU Positioning Overall Architecture applicable to NG-RAN

[bookmark: _Toc52567303][bookmark: _Toc76507907]3.2	PRU Positioning Operations
If the location client for PRU would be the LMF itself proposed by proposal 4, then LMF may initiate Location Service Request itself and LPP session. The PRU positioning operations can be designed as below:
In this procedure, the LMF acts as an NF accesses LCS services by invoking the GMLC service. This procedure is aligned with the SA2 specification based on the following description in clause 4.3.2 in TS 23.273[11]. Thus there is no SA2 impact.
“AFs and NFs may access LCS services from a GMLC in the same trust domain (e.g. in the same PLMN) using the Ngmlc interface or Event Exposure with location information from an AMF in the same trust domain using the Namf interface.”


[bookmark: OLE_LINK6][bookmark: OLE_LINK14]Figure 3.2-1: PRU Positioning Operations to support an MT-LR
0. To request PRU location, an LMF sends Ngmlc_Location_ProvideLocation Request to GMLC based on the PRUs info configured to LMF via O&M, e.g. UE Identification (SUPI), Client Type and serving AMF ID.
1.	The AMF sends a location request to the LMF for the target PRU.
2. The LMF instigates location procedures with the PRU – e.g. to obtain a location or positioning measurements or to transfer location assistance data to the PRU.
3. The LMF instigates location procedures with the serving and possibly neighbouring gNB – e.g. to obtain positioning measurements or assistance data.
4.	The LMF returns a location response to the AMF.
Proposal 5: RAN2 to agree that PRUs info is configured to LMF via O&M before step 0 in the procedure of PRU Positioning Operations to support an MT-LR. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 6: RAN2 to discuss PRU Positioning Operations to support an MT-LR to be added in the clause X.Y of TS38.305 and capture the TP as baseline in the annex. 
PRUs also can support MO-LR naturally if it follows the the sequence of operations for an MO-LR service, starting at the point where an LCS Client in the UE or the user has requested some location service (e.g., retrieval of the UE's location or transfer of the UE's location to a third party) which is specified in clause 7.3.3 MO-LR Service Support in TS 38.305. The LMF can identify PRU based on PRU capability report.


Figure 7.3.3-1: PRU Positioning Operations to support an MO-LR [3] 
[bookmark: OLE_LINK19][bookmark: OLE_LINK22]Proposal 7: RAN2 to agree PRU capability in LPP Provide Capabilities message can be sent to LMF, so PRU can be identified by LMF in MO-LR and then perform PRU Positioning Operations in Figure 7.3.3-1. 
Proposal 8: RAN2 to send the reply LS to RAN1 to check if the measurement corrections report from PRU to the LMF is needed for enhancement.
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]3.3	UE Positioning Operations
Based on the measurements provided by the PRU, UE and gNB, and the known locations of the PRU, the LMF may be able to derive the corrections of the UE/gNB measurements (similar to GNSS differential correction). For UE-based, the compensation is expected in UE side, because UE is responsible for location calculation.
If compensation is calculated by LMF based on PRUs measurement, there is a potential impact to RAN2, i.e., extra assistance data of compensation for UE-Based will be transferred via LPP. 
Proposal 9: RAN2 to send the reply LS to RAN1 to ask what the exact correction information from LMF to UE for UE-based positioning (commercial UE) is.
4	Conclusion
Requirements for supporting PRU
Proposal 1:	RAN2 to confirm PRUs may be requested to provide its own known location coordinate information, antenna orientation information if known, the positioning measurements to the LMF, and Transmit the UL SRS signals according to the LS from RAN1 [2].
Proposal 2:	RAN2 to confirm with RAN1 that all NR RAT-Dependent positioning methods may be supported by PRUs.
Proposal 3:	RAN2 to agree to support both stationary PRU and moving PRU in Rel-17.
Proposal 4:	RAN2 to agree that LMF can initiate a MT-LR without impact on SA2, by invoking the GMLC service.
PRU Positioning Operations
Proposal 5: RAN2 to agree that PRUs info is configured to LMF via O&M before step 0 in the procedure of PRU Positioning Operations to support an MT-LR. 
Proposal 6: RAN2 to discuss PRU Positioning Operations to support an MT-LR to be added in the clause X.Y of TS38.305 and capture the TP as baseline in the annex. 
Proposal 7: RAN2 to agree PRU capability in LPP Provide Capabilities message can be sent to LMF, so PRU can be identified by LMF in MO-LR and then perform PRU Positioning Operations in Figure 7.3.3-1. 
Proposal 8: RAN2 to send the reply LS to RAN1 to check if the measurement corrections report from PRU to the LMF is needed for enhancement.
UE Positioning Operations
Proposal 9: RAN2 to send the reply LS to RAN1 to ask what the exact correction information from LMF to UE for UE-based positioning (commercial UE) is.
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6	Text Proposals
-------------------------Start of Text Proposal1---------------------------------------------------------------------------
X.Y	PRU Positioning Operations


Figure X.Y-1: PRU Positioning Operations to support an MT-LR
0. To request PRU location, an LMF sends Ngmlc_Location_ProvideLocation Request to GMLC based on the PRUs info configured to LMF via O&M, e.g. UE Identification (SUPI), Client Type and serving AMF ID.
1. The AMF sends a location request to the LMF for the target PRU.
2. The LMF instigates location procedures with the PRU – e.g. to obtain a location or positioning measurements or to transfer location assistance data to the PRU.
3. The LMF instigates location procedures with the serving and possibly neighbouring gNB – e.g. to obtain positioning measurements or assistance data.
4. The LMF returns a location response to the AMF.
-------------------------End of Text Proposal1---------------------------------------------------------------------------
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