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Abstract of the contribution: This contribution proposes an initial evaluation and conclusion for KI#5 and KI#6. 
1.
Discussion
This document is used as the placeholder for the evaluation of solutions from TR 23.700-05 related to KI#5 and KI#6. Some of the contents are from other unhandled contributions, e.g. S2-2206452, S2-2206453, S2-2206624, S2-2206096, and S2-2205655.
Based on the mapping table in clause 6.0 of TR 23.700-05, there are four solutions addressing KI#5 (Support of location service for UEs accessing via a MBSR) and one solution addressing KI#6 (Provide cell ID/TAC of MBSR for services). 
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Regarding KI#6, the KI definition addresses the problem of cell ID/TAC of MBSR not reflecting the location of the UE. 
	5.6
Key Issue #6: Provide cell ID/TAC of mobile base station relay for services
When the mobile base station relay (i.e. IAB-node) is present, the physical location of the cell/IAB-node serving the UEs may change even without changing its IAB-donor node. Therefore, the serving cell ID/TAC of the UE may not always accurately reflect the location of the UE. This may affect services, e.g. regulatory services, tariff notifications, and etc. that rely on cell ID/TAC as location reference. Therefore, this key issue needs to address:

-
How to provide appropriate cell ID/TACs information (and possible its corresponding geographic area) of mobile base station relay that moves when such cell ID/TACs are needed, e.g. to assist route an emergency call to the correct PSAP, to assist to handle Lawful Interception, to assist the Public Warning System, etc.


Accordingly, the solution#9 (clause 6.9) in the TR proposes that gNB (i.e. IAB-donor gNB) provides additional ULI (IAB-UE ULI), besides the normal ULI for the UE to the AMF for the UEs when the UEs are connected via a MBSR. The normal ULI (TAI/NR CGI) is the cell UE selected and covered by the IAB-node. The additional ULI is the cell selected by the IAB-node during restriction and managed by the IAB-donor gNB. 

Considering the TAI/NR CGI in additional ULI is managed by gNB, it’s static and related to a specific geographic area if the TAI/NR CGI in normal ULI does not reflect a specific geographic area. 
It shall also be realized that the geographic area covered by the mobile IAB-node is normally covered by the IAB-donor gNB. Using the additional ULI, together with the normal ULI, to manage mobility related restriction is reasonable.

Note: text from S2-2205655, and needs to be updated.  
The AMF of the UE determines the UE’s location by taking the IAB-UE ULI into account. However, as below figure 1 illustrates, using the ULI information of the IAB-UE itself does not provide sufficient information to determine the actual UE location.
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Figure 1. Scenario for UE location when served by MBSR
Clearly, as in figure 1, depends on the location of the MBSR 1, the UE 1 served by it can be at different locations, e.g. out of coverage of Cell ID 1, or in coverage of Cell ID2. However, according to solution#9, the same additional ULI (e.g. TAC1, Cell ID 1) would be provided to the 5GC. 

Therefore, while the providing the additional ULI based on MBSR’s serving cell to 5GC can indicate the UE’s rough area, it still does not provide accurate location information of the UE1 and could be misleading in some cases. For the 5GC operations that requires more accurate location of the UE (e.g. if Cell 1 has a range of 300m, and Cell 4 has a range of 200m, having two ULIs would only provide a granularity of 500m in UE location), the 5GC would need to obtain the location of the MBSR besides the ULI of the MBSR. 
Besides KI#6, TR 23.700-05 also has a related KI#5, which looks into how to provide location service support for UEs accessing via a MBSR.  
	5.5
Key Issue #5: Support of location services for UEs accessing via a mobile base station relay
Based on the requirements of TS 22.261 [3], the 5G system shall be able to support location services for the UEs accessing 5GS via a mobile base station relay. However, when the mobile base station relay (i.e. IAB-node) is present, the location of the cell/IAB-node serving the UEs may change, and this may affect not only positioning procedures but also regulatory services needs UE location. Therefore, this key issue needs to address:

-
How to support location services for the UEs served by a mobile base station relay that moves (with or without changing IAB-donor gNBs); or roams to VPLMN;


For the solutions (#7, #8, #14 and #15) for the KI#5, there are common and different considerations:

· Solution#7 proposed that the RAN node informs LMF that one of the cells involved in UE positioning operation is a MBSR and the corresponding 5G-GUTI of the MBSR. The LMF uses the 5G-GUTI of the MBSR to identify the AMF serving the MBSR and trigger the positioning procedures for the MBSR via the AMF serving the MBSR. 
· Solution#8 proposed that the MBSR provides its location to LMF via NRPPa for UL positioning of the UE, and the MBSR may trigger MO-LR to obtain its own position; and for DL positioning, the MBSR provides its UE ID to LMF, which obtains the MBSR positioning via MT-LR procedures.
· Solution#14 proposed 
that the PLMN level NRF stores the IAB-UE ID (e.g. GUTI of MBSR), cell ID, and the serving AMF of the MBSRs. The AMF serving the UE determines that a UE is accessing via MBSR when received additional ULI, and obtains the AMF information and IAB-UE ID (e.g. GUTI of MBSR) of the MBSR from PLMN level NRF in order to trigger a positioning procedure for the MBSR. 
· Solution#15 proposed that the AMF serving the UE indicate to the LMF the existence of the MBSR. The LMF either obtains the MBSR position information when receiving the measurement reports from the MBSR or by querying the MBSR with a specific time information. The MBSR velocity information is taken into consideration to determine the MBSR location at the requested time. The LMF requests the MBSR positioning information via NRPPa procedure similar to obtaining location information of a TRP.        

It is clear from the above that all solutions, except solution#8, assume that the AMF serving the UE would need to be informed of the existence of the MBSR. This can be achieved via either an explicit indication from NG-RAN, or the additional ULI information. Solution#8 allows such additional indication of MBSR from NG-RAN to LMF via NRPPa directly. 
In most of the solutions, it is assumed that for the positioning procedure that involves MBSR measurements, the MBSR location is provided by MBSR to LMF directly. 

In most of the solutions, except solution#15, the MBSR’s UE ID needs to be provided to the AMF or LMF serving the UE in order to trigger a MT-LR procedure to obtain MBSR location. For Solution#15, the MBSR location is obtained by the UE’s LMF using NRPPa query for TRP location, and no UE ID for MBSR is needed..   
As indicated in both solution#8 and solution#15, the time of positioning measurements for UE and that for MBSR could be different. In order to reduce positioning error caused by the time difference, it is useful to take MBSR velocity into consideration. This seems to be also applicable to other solutions. 

Based on this analysis of solutions for KI#5, it is proposed to conclude that:

· the existence of the MBSR is indicated by the AMF to the LMF of the UE;
· when MBSR is involved in providing the positioning measurements for the UE, the MBSR location information is provided by the MBSR via NG-RAN to LMF via NRPPa;
· when the LMF of the UE needs to obtain the MBSR location information, it can use NRPPa procedure for TRP location query;
·  MBSR velocity information and time for obtaining its location should be provided to the LMF when available.
Additionally, for KI#6, the following conclusions are proposed:

· the NG-RAN provides an additional ULI based on the MBSR’s donor gNB information to the AMF when a UE connects to the 5GC via a MBSR. 

-
if the AMF requires more accurate information of the UE than the combined range of donor gNB and MBSR, it can obtain the accurate MBSR location from the UE’s LMF based on the additional ULI information.   
2.
Text proposal
It is proposed to agree the following changes to TR 23.700-05:
>>>>BEGINNING OF 1st CHANGES<<<<
6.0
Mapping of solutions to key issues

Editor's note:
This clause describes the mapping between solutions and key issues.
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>>>>BEGINNING OF 2nd CHANGES<<<<
7
Evaluation
Editor's note:
This clause provides the evaluations of the solutions of clause 6.
7.x
Evaluation for KI#5
For KI#5, the solution #7, #8, #14, #15, solution x (from S2-2205653) and solution y (from S2-2206856) are related and have the following common and different designs:
-
Solution#7 (as updated at SA2#152) proposed that the LMF executes a TRP information procedure and gather information on which TRP is mobile when a MBSR is integrated in any RAN node (including at full migration time if applicable). this means that OAM ensures the LMF gathers the info it needs ahead of positioning procedure. then, when the LMF triggers a positioning event towards a RAN node, the LMF that one or more of the cells involved in UE positioning operation is a MBSR and the corresponding GPSI (with the serving cell ID) of the MBSR. The LMF uses the GPSI of the MBSR to identify the AMF serving the MBSR and trigger the positioning procedures for the MBSR via the AMF serving the MBSR. Alternately the LMF, for mobile TRP retrieves the TRP location information from the RAN of the MBSR(s)TRPs by causing the F1-AP to trigger a MO-LR procedure at MBSR IAB-UE (this can avoid contacting the UDM). The LMF uses this location together with the measurements data sets for the Target UE to estimate the location of the Target UE and provides the result to the Target UE’s serving AMF. The LMF may instruct the MBSR which the UE is accessing and other cells to start PRS broadcasting. The Target UE may be instructed to perform DL positioning measurements on the cells and report the measurements back to the LMF. The LMF derive from the measurements/cell-ID which measurement data set that belongs to a MBSR.


The Target UE may also be instructed to perform DL positioning measurements on the cells and report the measurements back to the LMF. The LMF derive from the measurements/cell-ID which measurement data set that belongs to a MBSR and this triggers the MBRS TRP positioning.
-
Solution#8 proposed that the MBSR provides its location to the LMF via NRPPa as part of the UL positioning procedure of the UE, and the MBSR may trigger MO-LR to obtain its own position for this purpose; and for DL positioning of the UE, the MBSR provides its UE ID (e.g. GPSI) to LMF, which obtains the MBSR positioning and velocity information via MT-LR procedures. LMF perform calculation of UE location taking into account the MBSR location and velocity information.
-
Solution#14 proposed that the PLMN level NRF stores the UE ID, cell ID, and the serving AMF of the MBSRs. The AMF serving the UE determines that a UE is accessing via MBSR when received additional ULI, and obtains the AMF information and UE ID of the MBSR (e.g. SUPI) from the PLMN level NRF. The AMF provides the information to LMF, which triggers a positioning procedure for the MBSR. The LMF uses the location of the MBSR and the measurement data from the Target UE procedures to estimate the Target UE’s location. The two location measurements shall be done at the same time T.
-
Solution#15 proposed that the AMF serving the UE indicates to the LMF the existence of the MBSR. The LMF either obtains the MBSR position information when receiving the measurement reports from MBSR or by querying the MBSR with a specific time information. The MBSR velocity information is taken into consideration to determine the MBSR location at the requested time. The LMF requests the MBSR positioning information via NRPPa procedure similar to obtaining location information of a TRP.   
-
Solution #18 proposed that the NG-RAN keeps the 5G-GUTI of the MBSR, and provides that to the AMF-UE in the Initial UE message. When location request is sent to the LMF, AMF-UE provides also the 5G-GUTI of MBSR, so that additional location procedure for MBSR can be triggered by the LMF.    

-
Solution #19 proposed to several options to avoid sending privacy check signaling toward MBSR nodes, in order to optimize the network operations.  
It is clear from the above that all solutions, except solution#8, assume that the AMF serving the UE would need to be informed of the existence of the MBSR. This can be achieved via either an explicit indication from NG-RAN, or the additional ULI information. Solution#8 allows such additional indication of MBSR from NG-RAN to LMF via NRPPa directly. 
The LMF decides that the target UE connects to MBSR based on information received from the AMF. The AMF provides the information to LMF when it determines that the UE connects to MBSR based on the additional ULI received from NG-RAN as described in solution#7, #8 and #14. However, it is not described in solution#15 that how the AMF makes the decision. Furthermore, solution#15 also includes another way for LMF to make the decision, i.e. based on UE positioning capability which is enhanced to include MBSR access provided by UE via LPP. But it is also not described that how the UE determines that it connects to MBSR.
All solutions believe that the Target UE shall behave as a legacy UE and no new UE features are needed to support LCS for UEs accessing the network via a MBSR, e.g the Target UE reports the cell-ID in the DL positioning report to the LMF.
In most of the solutions, it is assumed that for the positioning procedure that involves MBSR measurements, the LMF obtains the MBSR location to calculate target UE location. How the LMF derives the location of the MBSR differs between the solutions. The LMF triggers the AMF that serves the MBSR directly (solution #7 and #14), or the LMF request the GMLC to derive the location (Solution #8). The GMLC will trigger the serving AMF in the next step. In both approaches the LMF needs to obtain the UE-ID of the MBSR. The third approach (in Solution #15) is that the LMF requests the location and velocity of the MBSR by using modified NRPPa procedure.
For Solution#15, the MBSR location is obtained by the UE’s LMF using NRPPa query for TRP location, and no UE ID for MBSR is needed. 
How the LMF resolves the cell-ID may differ slightly between the solutions. In Sol#7 The LMF correlates cell-ID with GPSI of MBSR received by the AMF and/or in TRP information exchanges. In Sol#8 the IAB-donor RAN node provides the GPSI to the LMF. In Sol#14 the AMF-UE queries the PLMN level NRF for the MBSR’s SUPI and AMF-ID of the AMF that is serving the MBSR using the cell-ID. The AMF provides this info to the LMF. In Sol#15 the LMF receives the cell-ID with an indication that it is a MBSR from the AMF.
As indicated in both solution#8 and solution#15, the time of positioning measurements for UE and that for MBSR could be different. In order to reduce positioning error caused by the time difference, it is useful to take MBSR velocity into consideration. This is also applicable to other solutions. Solution#14 and solution#7 also touches on ensuring the positioning information to be measured at the same time or as close as possible.
7.y
Evaluation for KI#6
For KI#6, the KI definition in clause 5.6 addresses the problem of cell ID/TAC of MBSR not reflecting the location of the UE. The solution#9 (clause 6.9) proposes that the gNB (i.e. IAB-donor gNB) provides the additional ULI (IAB-UE ULI) to the AMF for the UEs when the UEs are connected via a MBSR. The AMF of the UE determines the UE’s location by taking the IAB-UE ULI into account. 
The additional ULI is the cell selected by the MBSR during the registration and managed by the IAB-donor gNB. The details of how to determine the cell that UE is located is a mobile IAB’s cell and how to provide additional ULI of IAB-UE on NGAP have RAN dependency.
Considering the TAI/NR CGI in additional ULI is managed by gNB, it’s static and related to a specific geographic area if the TAI/NR CGI in normal ULI does not reflect a specific geographic area.

The geographic area covered by the MBSR is normally also covered by the IAB-donor gNB. Using the additional ULI, together with the normal ULI, to manage mobility related restriction is feasible. However, as below figure 7.y-1 illustrates, there are cases where the additional ULI information of the IAB-UE itself does not provide sufficient information to determine the actual UE location.
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Figure 7.y-1. Scenario for UE location when served by MBSR

As illustrated in figure 7.6-1, depending on the location of the MBSR 1, the UE 1 served by it can be at different locations, e.g. out of coverage of Cell ID 1, or in coverage of Cell ID2. However, according to solution#9, the same additional ULI (e.g. TAC1, Cell ID 1) would be provided to the 5GC. 

Therefore, while providing the additional ULI based on MBSR’s serving cell to 5GC can indicate the UE’s rough area, it still does not provide accurate location information of the UE1 and could be misleading in some cases. For the 5GC operations that requires more accurate location of the UE (e.g. if Cell 1 has a range of 300m, and Cell 4 has a range of 200m, having two ULIs would only provide a granularity of 500m in UE location), the 5GC would need to obtain the location of the MBSR besides the ULI of MBSR. 

Based on the solutions for KI#5, the LMF of the UE is able to obtain the location information of the MBSR. Therefore, if the AMF requires more accurate ULI information than the combined range, it can obtain the accurate MBSR location from the UE’s LMF, which would trigger a NRPPa procedure to query the MBSR location information as a TRP. This should not require triggering the full location service procedure for the UE. Some new indication may be needed in the request to LMF to only request the MBSR location.    

>>>>BEGINNING OF 3rd CHANGES<<<<
8.
Conclusions
Editor's note:
This clause provides the conclusions for the study.
8.x
Conclusions for KI#5
For Key Issue #5 (Support of location services for UEs accessing via a mobile base station relay), the followings are taken as initial conclusion:

-
To aid the LMF to estimate the accuracy of the UE location estimation the MBSR velocity information and time for obtaining its location measurement data should be provided to the LMF when available.

- 
Target UE performs location measurements and SRS transmission as a legacy Rel-17 UE.

-
The Target UE reports the cell-IDs of all the TRP/gNB/eNB the UE performed DL positioning measurements on.

-
The MBSR includes it’s cell-ID and GPSI in the reported UL positioning measurement that it performed on the Target UE.

-
The AMF provides the cell-ID of the cell that the Target UE is connected to the LMF in the location request (legacy behaviour) and indicates if possible that the cell-ID belongs to a MBSR.

Editor's note:
It is FFS whether the AMF provides more parameters related to the MBSR to the LMF.

-
The LMF uses the Target UE reported cell-IDs to derive whether the cell-ID corresponds to a MBSR. There can be more than one MBSR in the measurement report.
- 
The LMF can learn that a new integrated MBSR TRP at a gNB is mobile and its MBSR IAB UE ID (GPSI) via TRP information exchange towards the gNB with the cell Id of the TRP. this is triggered by OAM.
-
The UDM of MSBR holds MBSR subscription data stores an updated record that includes the MBSRs SUPI, MBSR GPSI serving AMF ID,
Editor's note:
It is FFS if there is any extra function in UDM is needed.
-
Options for the LMF to derive the location and velocity of the MBSR.

-
The LMF can derive the location of the MBSR by either triggering the AMF serving the MBSR, or the gNB serving the MBSR (as per solution 7 MO-LR case) or by requesting the GMLC to derive the location of the MBSR (UE).
-
When the LMF of the UE needs to obtain the MBSR location information, it can use NRPPa procedure for TRP location query that triggers the MBSR to perform MO-LR;

Editor's note:
It is FFS whether the NRPPa procedure for TRP location needs to be enhanced to include velocity estimation.
-
When MBSR is involved in providing the positioning measurements for the UE (and the LMF knows it from info obtained e.g. from TRP info exchanges), the MBSR location information may be provided by the MBSR via NG-RAN to the LMF via NRPPa; 
Editor's note:
It is FFS whether all these options for LMF to derive the location of MBSR would be supported.

- 
As the timing of the location estimations for the Target UE and MBSR(s) is important for the quality of the location estimation of the Target UE, means to secure minimal timing offset for when the positioning measurements is performed should be specified.
8.Y
Conclusion for KI#6

For Key Issue #6 (Provide cell ID/TAC of mobile base station relay for services), the followings can be taken as initial conclusion:

-
the NG-RAN provides an additional ULI based on the MBSR’s donor gNB information, together with the existing ULI, to the AMF when a UE connects to the 5GC via a MBSR. The additional ULI includes the TAI/NR CGI of selected by the IAB-Node when it’s registered to the network. 

-
AMF may use the additional ULI, together with the existing ULI, apply the mobility management (e.g. Mobility restriction).

NOTE: providing additional ULI needs further coordination with RAN WG and further updates may apply. 

-
The Solution#9 is recommended for normative specifications as basis for providing serving cell ID/TAC of mobile base station relay to the AMF serving the UE.
>>>>END OF CHANGES<<<<
�The UDM from Solution#14 is changed to PLMN level NRF 
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