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1. Discussion
According to the Solution#7, the LMF learns that a cell is mobile during TRP Information Exchange procedure and uses the cell-IDs reported by the Target UE in the UL positioning message to derive whether the Cell ID corresponds to a MBSR. For example, the corresponding descriptions of Figure 6.7.3.1-1 are captured in the following: 
	0. TRP Information Exchange procedure is triggered by OAM, when the MBSR is integrated or fully migrated in the RAN at a gNB. The LMF requests gNBs to provide detailed information (e.g. the geographical coordinates for the TRP) for TRPs hosted by the gNBs. During this procedure, the MBSR IAB-DU informs the Donor gNB-CU that its TRP(s) is mobile, which is further forwarded to the LMF. The MBSR cell ID and a permanent MBSR IAB-UE identity (MBSR ID, which may be a GPSI) which is also used to identify the MBSR UE in the UDM, is also passed to the LMF.
......
3. 	The LMF performs the positioning procedures, e.g. Step 8 of TS23.273[4] 6.1.1 5GC-MT-LR procedure for the regulatory location service, or Step 12 of TS 23.273[4] 6.1.2 5GC-MT-LR Procedure for the commercial location service. The LMF configures the gNBs within the area of interest based on the provided serving cell-ID to start broadcast PRS, in the response the gNB provides the list of TRPs that are activated with an indication if the TRP is a MBSR. The UE send the UL positioning message including the positioning data captured by the UE. The data set may include one or more cell-ID(s) with positioning data associated with one or more mobile base station relay (which are known from step 0 or by the updated list received in this step). If no MBSR cell is included, the steps 4-6 are skipped. 



However, the open issue mentioned in KI#3 regarding whether the Cell ID changes or not may affect this solution. For the same MBSR, the Cell ID reported in the step 0 may be different from the Cell ID included in the UL positioning message. In this case, the LMF cannot determine whether the Cell ID in the UL positioning message corresponds to a MBSR.  In order to address the above issue, it is proposed that LMF triggers to subscribe the latest Cell ID of MBSR, when LMF learns that a cell is mobile during TRP Information Exchange procedure.  

2. Text Proposal
[bookmark: specNumber][bookmark: specVersion]It is proposed to capture the following changes into TR 23.700-05 V1.0.0.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc100980696][bookmark: _Toc104390064][bookmark: _Toc112425727]6.7	Solution #7: Network based Positioning of mobile base station relay for location services
[bookmark: _Toc100980697][bookmark: _Toc104390065][bookmark: _Toc112425728]6.7.1	General
This solution relates to KI#5 "Support of location services for UEs accessing via a mobile base station relay". It proposes a solution where the UE and the mobile base station relay (MBSR) uses the legacy location procedures and positioning protocols described in the specifications TS 23.273 [4], TS 37.355 [13] and NRPPa in TS 38.455 [14].
There are three different cases for a UE location estimation served by a mobile base station relay:
-	A UE performing network assisted GNSS location.
-	A UE performing positioning measurements based on signals from the mobile base station relay and other base stations gNBs.
-	A UE performing positioning measurements only on the mobile base station relay, i.e. no neighbouring gNBs to measure on. The UE may use the Sidelink positioning procedures investigated in the FS_Ranging_SL captured in TR 23.700-86 [15]
This solution does not address the GNSS based positioning estimation case as the GNSS location is not dependent on the exact location of the mobile base station relay. Therefore, GNSS positioning can use the legacy positioning protocol.
[bookmark: _Toc100980698][bookmark: _Toc104390066][bookmark: _Toc112425729]6.7.2	Functional descriptions
A network node on which UE performs its positioning measurements against needs a known position. In case the network node is a mobile base station relay it may change its location, and therefore it is important that the position/location of the mobile base station relay node is known for the time period when the UE performs measurements on the node.
Thus, there are different cases that needs to be taken into account:
-	When a UE performs positioning measurements based on signals from the mobile base station relay and possibly other base stations gNBs the current position of the mobile base station relay needs to be known by the LMF and therefore the LMF may need to request positioning measurements of the mobile base station relay.
-	When a UE only can perform measurements on the mobile base station relay i.e. no or too few neighbouring gNBs to measure on, it may use the sidelink positioning procedures as investigated in FS_Ranging_SL TR 23.700-86 [15]. This solution will not go into details of this solution as it is handled within FS_Ranging_SL.
To support the UEs location procedures, the mobile base station relay needs to get a good location estimate. The solution is based on the following principles:
-	Reuse of the LPP TS 37.355 [13] for DL/UL positioning messages to the UE served by the mobile base station relay.
-	It is assumed that the mobile base station relay does not always transmit a Positioning Reference Signal (PRS). Therefore, the donor-IAB RAN node will need to send a control message to the mobile base station relay to turn on the PRS.
-	The donor-IAB RAN node will need to inform the LMF that it has an IAB-DU node that is a mobile base station relay. In Rel-17 the IAB-DU node was assumed to be static at a known location.
-	The LMF will need to perform location determination of the mobile base station relay in case the UE reports positioning data from the mobile base station relay, that the donor-IAB RAN node reported as a mobile base station relay.
-	The Mobile base station relay will then act like a UE using the LPP protocol.
[bookmark: _Toc100980699][bookmark: _Toc104390067][bookmark: _Toc112425730]6.7.3	Procedures
[bookmark: _Toc112425731][bookmark: _Toc100980700][bookmark: _Toc104390068]6.7.3.0	General
Only the MT-LR UE positioning procedure is described. The MO-LR positioning procedure is a straightforward extension, where the trigger is MO-LR.
[bookmark: _Toc112425732]6.7.3.1	MT_LR for UE served by a mobile base station relay
This procedure on MT-LR positioning consists of two parts, first the procedure for UE positioning from TS 23.273 [4] utilizing the mobile base station relay as a RAN node and then the IAB-UE positioning using the UE positioning procedures in TS 23.273 [4].

0. TRP Information Exchange

Figure 6.7.3.1-1: Procedure for MT_LR for UE served by a MBSR using TRP information request procedure
0.	TRP Information Exchange procedure is triggered by OAM, when the MBSR is integrated or fully migrated in the RAN at a gNB. The LMF requests gNBs to provide detailed information (e.g. the geographical coordinates for the TRP) for TRPs hosted by the gNBs. During this procedure, the MBSR IAB-DU informs the Donor gNB-CU that its TRP(s) is mobile, which is further forwarded to the LMF. The MBSR cell ID and a permanent MBSR IAB-UE identity (MBSR ID, which may be a GPSI) which is also used to identify the MBSR UE in the UDM, is also passed to the LMF.
NOTE 1: this procedure is typically performed before LMF initiating a position procedure for a UE as this is UE independent.
After the LMF learns that a cell is mobile during TRP Information Exchange procedure, the LMF triggers to subscribe the latest Cell ID of MBSR so that the latest Cell ID of MBSR can be reported to the LMF upon the Cell ID of the MBSR changes.
NOTE X: the details of Cell ID change depend on the coordination with RAN WGs.
1.	The AMF serving UE is triggered to initiate location reporting procedure for UE as specified in TS 23.273 [4].  
NOTE 2:	This step may be same as the procedure for a UE served by normal gNB and does not require the MBSR to be register at the same AMF as the UE. 
2.	The LMF, selected by the AMF serving UE, is triggered to initiate location reporting procedure for the UE. The AMF provides the LCS correlation ID and the cell-ID of the serving cell, i.e. the serving cell of the MBSR.
3. 	The LMF performs the positioning procedures, e.g. Step 8 of TS23.273[4] 6.1.1 5GC-MT-LR procedure for the regulatory location service, or Step 12 of TS 23.273[4] 6.1.2 5GC-MT-LR Procedure for the commercial location service. The LMF configures the gNBs within the area of interest based on the provided serving cell-ID to start broadcast PRS, in the response the gNB provides the list of TRPs that are activated with an indication if the TRP is a MBSR. The UE send the UL positioning message including the positioning data captured by the UE. The data set may include one or more cell-ID(s) with positioning data associated with one or more mobile base station relay (which are known from step 0 or by the updated list received in this step). If no MBSR cell is included, the steps 4-6 are skipped. 
4.	Since the LMF knows the TRP hosted by MBSR(s) is mobile (in Step 0), the LMF initiate a TRP Information Exchange procedure to request the updated location information of the TRP(s) associated with MBSRs by directing the TRP information exchange messages to the gNB(s) associated with the Cell ID(s), for example, by setting the NRPPa TRP Information Type Item IE to “geo-coordinates”. Donor-CU further send a F1 TRP INFORMATION REQUEST message to any MBSR IAB-DU. 
5. 	The MBSR IAB-UE initiate a 5GC-MO-LR procedure (as defined in 23.273 [4] section 6.2) to get its location information. The MBSR IAB-UE’s location info is used by the co-located MBSR IAB-DU to determine the updated location for its TRP.
6.  The MBSR IAB-DU report its updated TRP location, e.g. TRP’s geo-coordinate, to the Donor-CU, which is further forwarded to LMF which uses the updated location of MBSR’s TRP for calculation the UE’s position.
7.	The LMF provides the UE location to the AMF serving the UE.

There is another variation on how LMF know the updated location of TRP. In current F1/NRPPa, the DU can report its TRP location as a relative location to a reference point. Current reference point is fixed and its location info is configured by OAM.  This can be enhanced for MBSR by using the MBSR IAB-UE as the reference point. By knowing the reference point is a MBSR IAB-UE (as from step 0 TRP Information exchange), the LMF can first initiate MT-LR to determine the location of the Reference Point (i.e. MBSR IAB-UE), then determine the TRP’s location. An example call flow is shown below.

0. TRP Information Exchange

Figure 6.7.3.1-2: Procedure for MT_LR for UE served by a MBSR using another MT-LR procedure
0.	TRP Information Exchange procedure is triggered by OAM. when the MBSR is integrated or fully migrated in the RAN at a new gNB. The LMF requests gNBs to provide detailed information (e.g. the geographical coordinates for the TRP) for TRPs hosted by the gNBs. During this procedure, the MBSR IAB-DU informs the Donor gNB-CU that its TRP(s) is mobile, which is further forwarded to the LMF. The MBSR cell ID and a permanent MBSR IAB-UE identity (MBSR ID, which may be a GPSI) which is also used to identify the MBSR UE in the UDM, is also passed to the LMF.
NOTE 1:	This procedure is typically performed before LMF initiating a position procedure for a UE as this is UE independent.
[bookmark: _GoBack]After the LMF learns that a cell is mobile during TRP Information Exchange procedure, the LMF triggers to subscribe the latest Cell ID of MBSR so that the latest Cell ID of MBSR can be reported to the LMF upon the Cell ID of the MBSR changes.
NOTE X: the details of Cell ID change depend on the coordination with RAN WGs.
1.	The AMF serving UE is triggered to initiate location reporting procedure for UE as specified in TS 23.273 [4].
NOTE 2:	This step may be same as the procedure for a UE served by a normal gNB.
2.	The LMF, selected by the AMF serving UE, is triggered to initiate location reporting procedure for the UE. The AMF provides the LCS correlation ID and the cell-ID of the serving cell, i.e. the serving cell of the MBSR.
3.	The LMF performs the positioning procedures, e.g. Step 8 in  clause 6.1.1 of TS 23.273 [4] 5GC-MT-LR procedure for the regulatory location service, or step 12 in clause 6.1.2 of TS 23.273 [4] 5GC-MT-LR Procedure for the commercial location service. The LMF configures the gNBs within the area of interest based on the provided serving cell-ID to start broadcast PRS, in the response the gNB provides the list of TRPs that are activated with an indication if the TRP is a MBSR. The UE send the UL positioning message including the positioning data captured by the UE. The data set may include one or more cell-ID(s) with positioning data associated with one or more mobile base station relay (which are known from step 0 or by the updated list received in this step). If no MBSR cell is included, the steps 4-5 are skipped.
4.	Since the LMF know the TRP hosted by the MBSR is mobile (in step 0), the LMF initiate a 5GC-MT-LR procedure for the Reference Point (i.e. MBSR IAB-UE) by using the MBSR ID as UE identity. The serving AMF is retrieved from UDM using the MBSR ID.
5.	The LMF determines the location of the MBSR's TRP by using the updated location of the Reference Point (i.e. the updated MBSR-MT's position).
6.	The LMF provides the UE location to the AMF serving the UE.


[bookmark: _Toc100980701][bookmark: _Toc104390069][bookmark: _Toc112425733]6.7.4	Impacts on services, entities, and interfaces
LMF:
-	Support for receiving the indication that a TRP is mobile, and (optionally) the identity of the Reference Point which is the identity of the MBSR IAB-UE. If an identity is received MT-LR is used to retrieve the location or the UE.
-	Support for subscribing the latest Cell ID of MBSR and receiving the latest Cell ID of MBSR.
- 	When there is a need to use the MBSR’s TRP for positing a UE, LMF initiates TRP information exchange procedure to get the updated location information of the MBSR IAB-DU, or initiate a position procedure for the MBSR IAB-UE and determine the TRP location based on the MBSR IAB-UE’s location.
RAN:
-	Support providing the indication that a TRP is mobile, and (optionally) the identity of the Reference Point which is the identity of the MBSR IAB-UE.
 - 	When there is a request for the location of the MBSR’s TRP, initiate a MO-LR procedure for the MBSR IAB UE and determine the location of the TRP based on the location of the IAB-UE.

* * * * End of changes * * * *
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