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1 Introduction
This is to kick off the email discussion.

· [AT123][419][POS] Location information type for PRUs (Ericsson)
      Scope: Discuss the proposals in R2-2308400 and R2-2308488, gather company views, and work towards a conclusion.
      Intended outcome: Report to CB session
      Deadline: Wednesday 2023-08-23 2000 UTC

The relevant agreement as part of LS that for information is provided below:
	SA2 request:
	Additionally, SA2 also would like to know what location information can be provided by PRU, and whether RAN1 and RAN2 see benefit to allow PRU to provide its location information together with the location measurements reports.



RAN2 response:
A PRU should be able to report
(a) the location coordinates and associated location quality/uncertainty of the PRU only, 
(b) the location measurements performed by the PRU only, or 
(c) the location coordinates and associated location quality/uncertainty of the PRU together with any
   performed location measurements,
where location measurements above include the currently defined location measurements in LPP and potential new location measurements defined in Rel-18; and location coordinates and location quality/uncertainty provide the location and quality of the reported location, respectively, of the PRU.



[bookmark: _Ref178064866]2	Discussion

For Case (c), the contributions have different views.
(c) the location coordinates and associated location quality/uncertainty of the PRU together with any performed location measurements

R2-2308400 discussion paper proposed that explicit request for both location and measurement is not needed based on the following understanding: 

“This reporting would be required if the (known) location of the PRU changes during the location measurements/reporting, which may be the case if the PRU is moving as discussed in RAN1 [8][9]. Only the PRU knows that it is moving when performing location measurements or changing its location for other reasons. Therefore, an explicit request by an LMF would not help (or is not needed) to achieve the required functionality.
“
However, as per SA2 specification 23.273 i20:
	4.3.6	UDM
The UDM contains LCS subscriber LCS privacy profile and routing information. The UDM is accessible from an AMF, GMLC or NEF via the Nudm interface.
The UDM may also contain an indication whether a UE is allowed to serve as a PRU and indication whether PRU is stationary PRU as part of the UE subscription data.
The UDM may also contain LMF identifier(s) and indication of user plane positioning between UE and LMF in UE LCS subscription data.



Therefore, it is clear that LMF would know whether UE may move or stay in the same location based upon stationary indication. That is, this sentence in R2-2308400 is not entirely correct “Only the PRU knows that it is moving when performing location measurements or changing its location for other reasons.” 
NW would need to obtain both location and measurement for PRUs that indicate that they are not stationary UEs. Hence, R2-2308488 proposed that it is natural to have a solicit request from NW to obtain both measurement and location.
Question 1: Companies are requested to provide their input if they agree that it is a bit natural and beneficial to have a solicit request from NW Or not.

	Company Name
	Solicit/Unslocit
	Comments

	Qualcomm
	Unsolicited
	The e.g., UDM may know whether a PRU is stationary or may be allowed to move. However, this is not the issue here since a LMF can always re-acquire the PRU location when desired. Reporting location together with measurements is required when the UE moves during the measuremets. This can not be known by the e.g., UDM or LMF. Only the PRU knows when this is this is the case. Hence, a PRU which is moving shall always provide the requested location measurements together with the location coordinates of the PRU for the time when the location measurements were obtained. An explicit request does not help here and is not needed. PRU operation does not require LPP changes (appart from those which will be discussed in Rel-18 (e.g., carrier phase), which however, are common to UEs and PRUs).

	vivo
	Solicit
	The existing request types include:
	locationEstimateRequired,
	locationMeasurementsRequired,
	locationEstimatePreferred,
	locationMeasurementsPreferred,
For solution in [1], the LMF may indicate locationMeasurementsPreferred or locationMeasurementsRequired even if its real intention is for both location and measurement. And it’s up to PRU implementation to provide measurement or both.
We think the case (c) should not rely on PRU implementation. And it is a straightforward way to introduce a new request type i.e., both location and measurement are required, to indicate the real intention of LMF.

	Xiaomi
	Unsolicited
	We think there is a risk for the solicit request. If the solicit request is used, the PRU only reports the location and measurement based on the LMF request, but the LMF may not always know the status of the PRU. Consequently. the UE will not report location and measurement even if PRU is moving since LMF don’t send the request.

	OPPO
	Unsolicited
	We agree with Qualcomm that the PRU UE could choose to report both of the location estamate and the location measurements automatically in the LPP msg when it detects it is moving. 
The information provided from the UDM to the LMF only implies the UE type but not the UE moving status. If the LMF always request the location estimate result from the UE, it will result in unnecessary signaling overhead issue if the the UE is not moving for a long time. 
Overall, a smarter approach should be pursued

	LG
	Unsolicited
	We think that a solicit request from network is not needed. PRU may know its own movement rather than any network entities (e.g. UDM, AMF, LMF) even though network has UE subscription information. So PRU can trigger positioning session for its own location estimate by itself. 
As described in 38.305, PRU is UE at a known location, which means PRU should acquire its location first, then PRU measurement report is more useful to achieve higher accurracy. Therefore, we don’t see the strong need of a combined single report. 
But, we additionally could see some benefit of new location information type i.e. for both UE-based and UE-assisted. Since current spec implies positioning mode is selected for either UE-based or UE-assisted regardless of “required“ and “preferred“. Dual mode (i.e. UE-based and UE-assited) may help achieve higher accuracy by comparing two calculaiton results between UE and LMF. 

	Intel
	Solicited
	The UE should only report the information if it is allowed by the network. 

	Ericsson
	Solicited
	Also for CPP feature; NW need to obtain simulatenous measurement from PRU and target UE; if NW has flexibility to obtain both location and measurement, it will be more reliable to apply the corrections.

	Samsung
	Solicited
	Share the view with vivo. Considering that the accuracy of PRU’s know location affects other UE’s positioning accuracy, it seems reasonable to allow the LMF to explicitly request the location information along with measurement result if needed. We prefer not to left it to PRU implementation.

	Lenovo
	Unsolicited
	Share the same view with Qualcomm, even when LMF knows whether UE may move or stay in the same location based upon stationary indication, it does not affect UE behaviors to report the location with measurement unsolicited. And the solicited request is unnecessary in the case PRU UE can perform reporting when it detects it is moving. On the contrary, it may cause additional signaling overhead and uncertainty for the reporting since LMF may not fully acquire the PRU status only by the stational indication. 
In addition, it is also necessary that the UE updates its location whenever it changes in order to associate the reference measurements with the correct updated location. Therefore, an unsolicited approach would be preferred.

	ZTE
	Solicited, but
	Normal UE does not need to(or required to) report both. If this solicited request it to be introduced, it has to ensure it only applies to PRUs

	Huawei, HiSIlicon
	Solicit
	The LMF just needs to send request to the UE for both location estimate and measurements when it requires the PRU functionality from the UE. 
If the UE is moving, the UE can report to the LMF that it fails to satisfy the request from the LMF.

	CATT
	Solicited
	If location and measurement is required simulatenously report from UE for stational status, the solicited solution works.

	Spreadtrum communication
	Unsolicited
	Agree with QC. The PRU moving status is most clear by PRU. PRU can report location estimate and location measurement automatically when it detects it is moving.




Summary: 13 companies have replied (7 prefer solicit and 5 prefer unsolicited). LG mentions that unsolicited is preferred but they see advantage with solicit too. The main question is whether to leave it to UE implementation or also give the option to NW to provide solicit signalling. One may also view that unsolicited PRU frequent updates even when location changes marginally may only increase signalling overhead and the updated location may not be useful by the NW. For reliability and signalling overhead reduction purpose, it may be desired that depending upon the LMF need to obtain correction characteristics, a solicit signalling is used on whether both location and measurement are needed. There is also slight majority to have solicit signalling. Hence, it is proposed as below.
Moreover referring to SA2; step 8 suggests solicit signalling is preferred.

[bookmark: _Toc138251294]6.17.4	Positioning of a target UE
Figure 6.17.4-1 shows a procedure used by a serving LMF for a target UE to obtain a location of the target UE using location information provided by one or more PRUs.


Figure 6.17.4-1: Location of a target UE using PRUs
1.	The serving LMF for the target UE and other PRU serving LMFs may use the procedures defined in clause 6.11 to obtain location information from one or more PRUs associated in the serving LMF and in the other PRU serving LMFs that is not related to the target UE. For example, the location information may include location information for the PRU(s) or for the NG-RAN or both.
2.	The serving LMF for the target UE receives a location request from the serving AMF for the target UE. The location request may be included in an Nlmf_Location_DetermineLocation Request service operation for a 5GC-MO-LR, 5GC-MT-LR or 5GC-NI-LR for the target UE. Alternatively, the location request may be implied by receipt of an Namf_Communication_N1MessageNotify service operation carrying a supplementary services event report from the target UE for a periodic or triggered 5GC-MT-LR.
3.	The serving LMF uses the procedures defined in clause 6.11 to obtain location information for the target UE from the target UE and/or from the NG-RAN and may determine pre-calculated location of target UE. During the procedures, the LMF decides to use PRUs to improve the positioning result.
4.	The serving LMF selects one or more PRUs associated with the serving LMF to assist in locating the target UE. The selected PRU(s) may be nearby to an initial location estimate for the target UE obtained at step 3 or indicated by a serving cell identifier for the target UE received at step 2.
NOTE 1:	The PRU selection criteria are implementation specific and may be based on operator policies.
5.	The serving LMF may optionally invoke an Nnrf_NFDiscovery Request service operation to an NRF. The service operation includes a PRU indication and an area which could be TAs decided by the serving LMF of the target UE based on the serving cell of the target UE.
6.	If step 5 is performed, the NRF selects one or more other PRU serving LMFs based on the PRU indication and the area received in step 5 and sends an Nnrf_NFDiscovery Response to the serving LMF of target UE. The service operation includes the profiles of the other PRU serving LMFs selected by the NRF.
7.	If steps 5 and 6 are performed, the serving LMF of the target UE may send an Nlmf_Location_MeasurementData Request service operation to one or more of the other PRU serving LMFs indicated at step 6. The service operation for each of the other PRU serving LMFs includes target UE cell ID or pre-calculated location of target UE in step 3.
8.	The serving LMF uses the procedure defined in clause 6.11.1 to obtain location information (e.g. PRU location coordinates, associated location quality/uncertainty of the PRU together with any performed location measurements) related to the target UE from the PRU(s) selected at step 4.
9.	If steps 5-7 are performed and if PRU information is included in the PRU serving LMF profile sent by the NRF to the target UE serving LMF, each of the other PRU serving LMFs for step 7 uses the procedure defined in clause 6.11.1 to obtain the location measurements and/or location requested at step 7 from each of the PRUs identified at step 7 for this LMF.
	If steps 5-7 are performed PRU serving LMFs for step 7 selects one or more PRUs based on the locally associated PRU information and information in the location measurements requested (the target UE cell ID, or pre-calculated location of target UE), and uses the procedure defined in clause 6.11.1 to obtain the location measurements requested at step 7 from each of the selected PRUs.
NOTE 2:	Steps 3, 8 and 9 can be performed in any order, including simultaneously. A common scheduled location time may be used if the LMF determines that simultaneous measurements for UE and PRU(s) are desirable.
10.	If step 9 is performed, each of the other PRU serving LMFs for step 9 returns the location measurements and the known PRU location obtained from PRUs at step 9 to the serving LMF for the target UE.
11.	The serving LMF for the target UE determines the location of the target UE based on the location information obtained at step 1 (if step 1 is performed), step 3, step 8 and step 10.
12a.	If an Nlmf_Location_DetermineLocation Request service operation for a 5GC-MO-LR, 5GC-MT-LR or 5GC-NI-LR was received at step 2, the serving LMF returns the location estimate of the target UE to the serving AMF.
12b.	If an Namf_Communication_N1MessageNotify service operation carrying a supplementary services event report from the target UE for a periodic or triggered 5GC-MT-LR was received at step 2, the serving LMF sends an event report for the target UE to a GMLC with the location estimate obtained at step 11 as described in clause 6.3.1.

[bookmark: _Toc143771695]Solicit signalling by adding a location information type that enables LMF to configure a PRU device to report both a location estimate and positioning measurements is supported.
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Conclusion
In the previous sections we made the following observations: 

Referring to SA2; step 8 suggests solicit signalling is preferred.

6.17.4	Positioning of a target UE
Figure 6.17.4-1 shows a procedure used by a serving LMF for a target UE to obtain a location of the target UE using location information provided by one or more PRUs.


Figure 6.17.4-1: Location of a target UE using PRUs
1.	The serving LMF for the target UE and other PRU serving LMFs may use the procedures defined in clause 6.11 to obtain location information from one or more PRUs associated in the serving LMF and in the other PRU serving LMFs that is not related to the target UE. For example, the location information may include location information for the PRU(s) or for the NG-RAN or both.
2.	The serving LMF for the target UE receives a location request from the serving AMF for the target UE. The location request may be included in an Nlmf_Location_DetermineLocation Request service operation for a 5GC-MO-LR, 5GC-MT-LR or 5GC-NI-LR for the target UE. Alternatively, the location request may be implied by receipt of an Namf_Communication_N1MessageNotify service operation carrying a supplementary services event report from the target UE for a periodic or triggered 5GC-MT-LR.
3.	The serving LMF uses the procedures defined in clause 6.11 to obtain location information for the target UE from the target UE and/or from the NG-RAN and may determine pre-calculated location of target UE. During the procedures, the LMF decides to use PRUs to improve the positioning result.
4.	The serving LMF selects one or more PRUs associated with the serving LMF to assist in locating the target UE. The selected PRU(s) may be nearby to an initial location estimate for the target UE obtained at step 3 or indicated by a serving cell identifier for the target UE received at step 2.
NOTE 1:	The PRU selection criteria are implementation specific and may be based on operator policies.
5.	The serving LMF may optionally invoke an Nnrf_NFDiscovery Request service operation to an NRF. The service operation includes a PRU indication and an area which could be TAs decided by the serving LMF of the target UE based on the serving cell of the target UE.
6.	If step 5 is performed, the NRF selects one or more other PRU serving LMFs based on the PRU indication and the area received in step 5 and sends an Nnrf_NFDiscovery Response to the serving LMF of target UE. The service operation includes the profiles of the other PRU serving LMFs selected by the NRF.
7.	If steps 5 and 6 are performed, the serving LMF of the target UE may send an Nlmf_Location_MeasurementData Request service operation to one or more of the other PRU serving LMFs indicated at step 6. The service operation for each of the other PRU serving LMFs includes target UE cell ID or pre-calculated location of target UE in step 3.
8.	The serving LMF uses the procedure defined in clause 6.11.1 to obtain location information (e.g. PRU location coordinates, associated location quality/uncertainty of the PRU together with any performed location measurements) related to the target UE from the PRU(s) selected at step 4.
9.	If steps 5-7 are performed and if PRU information is included in the PRU serving LMF profile sent by the NRF to the target UE serving LMF, each of the other PRU serving LMFs for step 7 uses the procedure defined in clause 6.11.1 to obtain the location measurements and/or location requested at step 7 from each of the PRUs identified at step 7 for this LMF.
	If steps 5-7 are performed PRU serving LMFs for step 7 selects one or more PRUs based on the locally associated PRU information and information in the location measurements requested (the target UE cell ID, or pre-calculated location of target UE), and uses the procedure defined in clause 6.11.1 to obtain the location measurements requested at step 7 from each of the selected PRUs.
NOTE 2:	Steps 3, 8 and 9 can be performed in any order, including simultaneously. A common scheduled location time may be used if the LMF determines that simultaneous measurements for UE and PRU(s) are desirable.
10.	If step 9 is performed, each of the other PRU serving LMFs for step 9 returns the location measurements and the known PRU location obtained from PRUs at step 9 to the serving LMF for the target UE.
11.	The serving LMF for the target UE determines the location of the target UE based on the location information obtained at step 1 (if step 1 is performed), step 3, step 8 and step 10.
12a.	If an Nlmf_Location_DetermineLocation Request service operation for a 5GC-MO-LR, 5GC-MT-LR or 5GC-NI-LR was received at step 2, the serving LMF returns the location estimate of the target UE to the serving AMF.
12b.	If an Namf_Communication_N1MessageNotify service operation carrying a supplementary services event report from the target UE for a periodic or triggered 5GC-MT-LR was received at step 2, the serving LMF sends an event report for the target UE to a GMLC with the location estimate obtained at step 11 as described in clause 6.3.1.


Summary: 13 companies have replied (7 prefer solicit and 5 prefer unsolicited). LG mentions that unsolicited is preferred but they see advantage with solicit too. The main question is whether to leave it to UE implementation or also give the option to NW to provide solicit signalling. One may also view that unsolicited PRU frequent updates even when location changes marginally may only increase signalling overhead and the updated location may not be useful by the NW. For reliability and signalling overhead reduction purpose, it may be desired that depending upon the LMF need to obtain correction characteristics, a solicit signalling is used on whether both location and measurement are needed. There is also slight majority to have solicit signalling. Besides SA2 procedure suggest that solicit signalling can be used to obtain PRU location; i.e. it is not up to UE implementation to provide the update to the NW. Hence, it is proposed as below.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Solicit signalling by adding a location information type that enables LMF to configure a PRU device to report both a location estimate and positioning measurements is supported.
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