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1.
Introduction

This document summarizes the following email discussion:

· [AT116-e][615][POS] PRUs (Qualcomm)


Scope: Discuss the handling of the PRU topic taking the related contributions into account, and determine a way forward.


Intended outcome: Report to positioning session in R2-2111364, and LS out if necessary


Deadline:  Monday 2021-11-08 1000 UTC (report available)

At RAN2#115-e the following agreements were made on positioning positioning reference units [11]:
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.

Companies are asked to provide their views on the stated topics and questions.

Contact Points

Respondents to the email discussion are kindly asked to fill in the following table.

	Company
	Name
	Email Address

	Qualcomm (moderator)
	Sven Fischer
	sfischer@qti.qualcomm.com

	Huawei, HiSilicon
	Yinghao Guo
	yinghaoguo@huawei.com

	vivo
	Annie Zhong
	tingting.zhong@vivo.com

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.
Input Contributions
The following PRU related contributions have been submitted in AI 8.11.7:

[1]
R2-2109489, "Discussion on Positioning Reference Units (PRUs)", CATT, ZTE Coroporation, Intel Coroporation.

[2]
R2-2109827, "Support of Positioning Reference Units", Lenovo, Motorola Mobility.

[3]
R2-2109919, "On the Positioning Reference Units aspects", Ericsson.
[4]
R2-2109983, "Discussion on support for positioning reference unit", vivo.
[5]
R2-2110039, "Stage-3 impacts of PRU support", Apple.
[6]
R2-2110177, "Discussion on PRU", Huawei, HiSilicon.
[7]
R2-2110826, "Remaining issues for Positioning Reference Units", Qualcomm Incorporated.

[8]
R2-2110827, "[draft] Response LS on Positioning Reference Units (PRUs) for enhancing positioning performance", Qualcomm Incorporated.

[9]
R2-2110934, "Discussion on supporting Positioning Reference Units", InterDigital.

[10]
R2-2111109, "Discussion on how to manage PRU", Xiaomi.

Other References:

[11]

R2-2108835, "Report from session on positioning and sidelink relay", Session Chair (MediaTek).

[12]

R2-2106920 (R1-2106326), "LS on Positioning Reference Units (PRUs) for enhancing positioning 




performance", RAN1.

3.
Stage 2 Aspects
3.1
General PRU Functions and Capabilities
	CATT et al. [1]
	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.

	Lenovo [2]
	Proposal 4: Support reporting of the known location information source by a PRU UE (e.g., RAT-independent methods, manual/offline/preconfigured location, etc.) to the LMF.
Proposal 5: PRU UE to support change/update of the location information to the LMF. FFS the signalling (e.g., solicited/unsolicited request) and any relevant event-triggered criteria.

	vivo [4]
	Proposal 3: The PRU should report PRU location information (e.g., known location coordinate, movement velocity, movement direction) to LMF.

	Qualcomm [7]
	Proposal 2: 
All LPP positioning methods can be supported by a PRU, dependent on PRU capabilities.


According to the RAN1 LS in [12], at least the following PRU functionality may be supported:

"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:

-
Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)

-
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."

Question 1:
Which of the following general functions and capabilities should be supported by a PRU:
(1)
Provide PRU location coordinates to an LMF.
(2)
Provide the location source to an LMF (e.g., location method used, pre-configured, etc.)
(3)
Provide PRU antenna information to an LMF.
(4)
Transmit UL-SRS.
(5) Provide location measurements to an LMF. The PRU location measurements can be provided for: 

(5a)
All NR RAT-dependent positioning methods only.

(5b)
All LPP positioning methods.

(6)
PRUs may be stationary or moving.

(7)
Provide PRU movement information to an LMF (e.g., location updates, velocity, etc.).

(8)
Other – please specify.
	Company
	Item(s) #
	Comments

	Huawei, HiSIlicon
	(1), (2), (3), (4), (5a), (6), 
	We think that the UE’s known location should be transferred from the UE to the LMF rather than configured by OAM. This can be reflected by the following in the LS from RAN1.
PRU may be requested by the LMF to provide its own known location coordinate information to the LMF.
For the positioning method that the PRU should support, we think that we should bare in mind the functionality of the PRU, which is to help LMF adjust the timing for the network entities. Hence, we think a PRU should only support the positioning methods that can enable this functionality. Hence, we think at least RAT-independent positioning methods should be excluded. We should further investigate whether all the RAT_depedent positioning methods should be supported, e.g., whether E-CID is needed.
While for (7), it leaves us the impression that the UE shall trigger the update and autonomously send the updated location and velocity to the LMF. While, we think this is not needed. The PRU’s service should be triggered by the LMF that the it should only be triggered when the LMF needs it. 

	vivo
	(1), (3), (4),(5a),(6), (7)
	We think no need to support (2). Because PRU location information(e.g., (1),(3),(7)) is enough, which is used by LMF to calculate the correction information.

PRUs are used to enhance RAT-Dependent positioning methods, so we think all NR RAT-dependent positioning methods only are enough.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3.2

PRU registration at LMF/Management of PRUs
	CATT et al. [1]
	Proposal 4:
RAN2 to agree that LMF can initiate a MT-LR without impact on SA2, by invoking the GMLC service.
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.

	Lenovo [2]
	Proposal 1: LMF is responsible for the management of the PRU (e.g., configuration) via existing LPP procedures.

	vivo [4]
	Proposal 1: LS to SA2 to study how to enable the LMF to be aware of PRUs in the network.

	Apple [5]
	Proposal 1: the known locations of the PRUs is made available to the LMF via OAM.
Proposal 3: regular UEs should not be used as PRUs, which may require appropriate capability signalling.

	Huawei [6]
	Proposal 4: The LMF can request the location and/or positioning measurements from the PRUs by its implementations and no LCS requests for the PRUs are needed to trigger the LMF.

	Qualcomm [7]
	Proposal 1:
Enable an LMF to act as an "LCS Client" for PRUs, i.e., enable an LMF to instigate location procedures (e.g., LPP, NRPPa procedures) with PRUs without location requests from an AMF.

	InterDigital [9]
	Proposal 1:  
Support assignment and usage of identifiers related to PRU operation (e.g. PRU ID, LPP session ID for PRU) when transferring any LPP signalling/messages between LMF and PRU

	Xiaomi [10]
	Proposal 1: The PRU can send MO-LR request to the LMF to indicate that there is an available PRU in the network.
Proposal 2: The LMF can acquire the PRU information based on OAM configuration.


From the Proposals above and general PRU purpose, it appears obvious that the consumer of the PRU location information is an LMF. From an LCS point of view, this seems to imply that the LMF effectively becomes the "LCS Client" for PRUs. 
Question 2:
Do you agree that the consumer of the PRU location information is an LMF, and therefore, an LMF needs to be enabled to instigate location procedures with PRUs in the network?
	Company
	YES / NO
	Comments

	Huawei, HiSIlicon
	Yes for the former part; 

NO for the latter part, but this is up to SA2 to decide
	For the first part of the question, “Do you agree that the consumer of the PRU location information is an LMF,” we agree that for the use of PRU, this is different from the legacy types of positioning requests (e.g., MT-LR, MO-LR..) that this is not triggered by a LCS client or external AF. The positioning procedure should be triggered when the LMF thinks there is a need for the LMF to perform timing adjudgment for the network entities. 
For the latter part of the question an LMF needs to be enabled to instigate location procedures with PRUs in the network?
We think it is better for the AMF and LMF to take up the role of the PRU management. The following procedure has been proposed in [6] for the procedure 
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Hence, the PRU information is managed in the UDM. When LMF wants to perform positioning, the LMF can first request to the AMF. Then the AMF can query the UDM and the UDM can returns the UE ids of the PRUs. Then, like the other types of LCS requests, the LMF can reuse the service operation Nlmf_location_determine to get the location and measurements of the PRU
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However, we think the latter question is not for RAN2 to answer and should be determined by SA2, thus we think we should send an LS to SA2 to trigger the discussion in SA2. 

	vivo
	Yes
	Because the benefit of PRUs with the known location is enhancing the positioning performance, which is different from the positioning procedure for normal UEs.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


To instigate location procedures by an LMF with PRUs in the network, the availability of PRUs (e.g., PRU IDs etc.) need to be known by an LMF. 
Question 3:
If your answer to Question 2 was 'YES', which of the following general options can/should be used to make an LMF aware of PRUs in a network:

(1)
PRU information is configured in an LMF via OAM. The PRU information may for example include PRU IDs, location coordinates, etc. (TBD)).
(2)
Left to implementation.

(3)
LMF can initiate a MT-LR without impact on SA2, by invoking the GMLC service.

(4)
The PRU can send MO-LR request to the LMF to indicate that there is an available PRU in the network.

(5)
Should be studied and decided by SA2.

(6)
Other – please specify.
	Company
	Item(s) #
	Comments

	Huawei, HiSIlicon
	(5)
	Whether the PRU should be registered and the information within the registration should be decided by SA2.
Our thinking is that the type of LCS is not MT-LR or MO-LR or any other types of LCS. But this again, should be decided by SA2

	vivo
	(5)
	We think at least LS to SA2 first is more appropriate. Because the whole procedure for PRU also involves SA2.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


4.
Stage 3 Aspects

4.1
LPP Signalling
	CATT et al. [1]
	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.

	Lenovo [2]
	Proposal 2: Separate UE capabilities for PRU are to be defined. RAN1 input is required.
Proposal 3: The PRU UE can report its known available location information to the LMF via:

1)
LPP signalling; 

2)
RRC signalling (e.g. using CommonLocationInfo message) via gNB.

Proposal 3: The PRU UE can report its location information to the LMF via 1) LPP signalling; 2) combination NRPPa and RRC signalling via gNB; 3) offline/pre-configured location calibration.
Proposal 6: PRU UEs can include positioning QoS information as part of its location estimate report to determine the quality/uncertainty of the location estimate. FFS whether an existing IE may be reused, or any new information is needed (e.g., confidence levels).

	vivo [4]
	Proposal 2: The current LPP and NRPPa messages can be reused with enhanced IEs to support UE-typed PRU positioning.
Proposal 4: Enhance the current ProvideLocationInformation message to include PRU location information.

	Apple [5]
	Proposal 2: not to define LPP signalling for PRU to send its known location to the LMF.

	Huawei [6]
	Proposal 1: Enhance the LPP Request/Provide location information message to support the transfer of PRU antenna orientation information.
Proposal 2: Enhance the LPP capability transfer procedure to support the transfer of PRU antenna orientation information.
Proposal 3: Re-use the existing LPP procedure for the PURs to provide the positioning measurements and the locations.

	InterDigital [9]
	Proposal 2: 
LPP capability transfer procedure is used to transfer of new capability information related to PRU operation (e.g. supported positioning methods, known location of PRU, accuracy/uncertainty of location information) between UE (i.e. PRU) and LMF.
Proposal 3: 
LPP assistance data transfer procedure is used to transfer new assistance information related to PRU operation (e.g. PRS configurations, validity conditions, evaluation conditions) between UE (i.e. PRU) and LMF

Proposal 4: 
LPP location information transfer procedure is used for requesting/sending of new location information related to PRU operation (e.g. UE-assisted or UE-assisted+UE-based mode, measurement report and/or location estimates) between UE (i.e. PRU) and LMF

	Xiaomi [10]
	Proposal 3: The LPP capabilities transfer procedure can be used by LMF to acquire PRU capabilities and the PRU capabilities may include the known location, antenna orientation and mobility state of the PRU.
Proposal 4: The LMF should indicate UE to report its known location and/or location based on PRS measurement when the LMF acquires the PRU location by LPP request location information message.


As summarized in section 1 above, RAN2 already confirmed that a PRU considered as a UE supports the normal LPP procedures for assistance data transfer and location information transfer. Extensions may be needed as usual, dependent on agreed PRU functionality and other LCS aspects. However, the current agreement does not include the LPP Capability Exchange mentioned in various Proposals above.

Question 4:
Do you agree with the following: 
RAN2 confirm that the PRU considered as a UE supports the normal LPP procedures for capability transfer.
	Company
	YES / NO
	Comments

	Huawei, HiSIlicon
	No
	We think the only difference between PRU and the normal UE is that the PRU can send antenna orientation information and the known location to the LMF. For this LPP UE capability needs to be defined. 

	vivo
	Yes
	Normal LPP procedures for capability transfer is supported by PRU, which can be used to indicate PRU’s capability(e.g., supported positioning method).

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


4.2
Assistance Data

	CATT et al. [1]
	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.

	Lenovo [2]
	Proposal 7: LMF may provide DL-PRS differential correction information via a new posSIB to assist UEs in compensating differential errors for UE-based positioning. Send LS to RAN1.

	vivo [4]
	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.


An LMF may determine correction terms from PRU mesurements to assist/improve the location measurements for target UEs. For UE-based mode, the correction terms would be needed at the UE. 
Question 5:
Do you agree that the "correction information" determined by an LMF from PRU measurements should be provided to a target UE for UE-based mode?
	Company
	YES / NO
	Comments

	Huawei, HiSIlicon
	Yes, but
	Yes, but this is part of the current AD for the UE for the UE-based mode. We wonder any specification change is needed?

	vivo
	Yes
	For UE-based positioning, UE will calculate the positioning result and the correction information can be beneficial for UE to improve the positioning accuracy. In addition, the impacted RAN2 spec is limited.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


The specific "correction information" may depend on the RAT-dependent/RAT-independent positioning method supported. Companies proposed to send an LS to RAN1 for the specific "correction information".

Question 6:
If your answer to Question 5 was 'YES', do you agree that an LS should be send to RAN1 asking RAN1 which "correction information" should be provided to UEs for UE-based mode?
	Company
	YES / NO
	Comments

	Huawei, HiSIlicon
	No
	No change is needed. The correction can be reflected by the AD provided

	vivo
	Yes
	We think the specifically required correction information is in the RAN1 scope.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


5.
Way Forward related Proposals

	Ericsson [3]
	Proposal 1 PRU discussion is postponed to Rel-18 when SA2 has discussed the PRU first.

	Huawei [6]
	Proposal 5: Send a LS to SA2 regarding how to manage the information of PRUs by the network. RAN2 can discuss the specification impacts after the procedures of PUR information management being defined by SA2.
Proposal 6: Discuss the UE capability of supporting PRU after the issue of how to manage the PRU information has been determined.

	Qualcomm [7]
	Proposal 3: Since the specification details for Proposal 1 are in the realm of SA2, agree on the LS to SA2 in R2-2110827 [7].

Proposal 4: Before discussing specification changes for PRUs in RAN2, RAN2 should wait for the SA2 LCS Stage 2 support of PRUs.


Dependent on how PRU registration and management will be supported (see Questions 2/3), the detailed RAN2 specification changes may differ, incl. the possibility of no RAN2 specification impacts at all (e.g., if LCS procedures are used to convey PRU specific information).
The Proposals above essentially suggest that the discussion on PRU details in RAN2 should be postponed until the PRU registration and management has been defined by SA2. However, the general PRU functions and capabilities (e.g., Question 1) could still be further discussed and decided in RAN2 in parallel to any SA2 work.

Based on this, moderator would suggest the following general way forward for discussion (note, some proposed items below depend on the outcome of the Questions asked above – no need to repeat individual comments which already have been made in the answers to the questions above).

Question 7:
Do you agree with the following Way Forward on how to handle the PRU topic:
(1)
Send a LS to SA2 asking SA2 to add location service support for PRUs such that an LMF can instigate location procedures with PRUs in the network.

(2)
Postpone the discussion of RAN2 specification details until the location service support for PRUs has been completed by SA2.

(3)
RAN2 continues to discuss the general PRU functionality and capabilities (e.g., like in Question 1).

(4)
Send an LS to RAN1, asking RAN1 which "correction information" determined from PRU measurements should be provided to target UEs for UE-based mode.

Please provide any comments on e.g., which items above can not be agreed, any proposed changes to the suggested items, or any additional items necessary at this stage.
	Company
	Comments

	Huawei, HiSIlicon
	We agree with the following: (1), (3)
For (2), we think RAN2 needs to progress on the required LPP changes, since this is already agreed by RAN1 as part of the R17 pos

For (4), this is clarified by our answer above that the adjustment can be reflected by the AD and no additional information is needed. 

	vivo
	Agree with (1)-(4).

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


6.
Other

For any other comments, companies are requested to use the following table.
	Company
	Comments
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