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1. Introduction
[bookmark: _Toc510607461]The SID agreed for Study on Vehicle Mounted Relays in SP-211636 includes the following objective:
	- WT#3	support for roaming of mobile base station relay (including the roaming of MT and DU components),  support for regulatory requirements (e.g. emergency, priority services, public safety), and support for location services for UEs accessing mobile base station relay;



TR 23.700-05 contains the following objectives for KI#5:
	[bookmark: _Toc97151690][bookmark: _Toc100700468]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;
NOTE:	For this key issue, this study should not seek to change the LCS framework, and the coordination with the study on FS_eLCS_PH3 may be needed.



The solution described here supports location of UEs accessing an MBSR (e.g. a VMR) and can be used to support location for a 5GC-MT-LR, 5GC-MO-LR, 5GC-NI-LR and deferred 5GC-MT-LR as defined in TS 23.273. The solution enables the current MBSR location to be used as part of UE location determination where the MBSR location is provided to the LMF by the MBSR.
2. Text Proposal
The following text is proposed to be applied to TR 23.700-05.
*** First Change ***

[bookmark: references][bookmark: _Toc93486472][bookmark: _Toc97151675][bookmark: _Toc100700453]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System architecture for the 5G System (5GS); Stage 2".
[3]	3GPP TS 22.261: "Service requirements for the 5G system; Stage 1".
[4]	3GPP TS 23.273: "5G System (5GS) Location Services (LCS); Stage 2".
[5]	3GPP TS 23.502: "Procedures for the 5G System (5GS); Stage 2".
[6]	3GPP TS 38.401: "NG-RAN; Architecture description".
[7]	3GPP TS 23.503: "Policy and Charging Control Framework for the 5G System".
[8]	3GPP TS 24.588: "Vehicle-to-Everything (V2X) services in 5G System (5GS); User Equipment (UE) policies; Stage 3".
[9]	3GPP TS 23.304: "Proximity based Services (ProSe) in the 5G System (5GS)"
[10]	3GPP TS 24.501: "Non-Access-Stratum (NAS) protocol for 5G System (5GS); Stage 3"
[11]	3GPP TS 23.287: "Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services".
[12]	3GPP TS 23.122: "Non-Access-Stratum functions related to Mobile Station (MS) in idle mode".
[13]	3GPP TS 37.355: "LTE Positioning Protocol (LPP)". 
[14]	3GPP TS 38.455: "NR Positioning Protocol A (NRPPa)".
[15]	TR 23.700-86: "Study on Architecture Enhancement to support Ranging based services and sidelink positioning".
[aa]	TS 38.305: “Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN”.
[bb]	TS 38.473: “F1 application protocol (F1AP)”.

*** Next Change ***
[bookmark: _Toc93486475][bookmark: _Toc97151678][bookmark: _Toc100700456]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
MBSR	Mobile Base Station Relay
TRP	Transmission-Reception Point
VMR	Vehicle Mounted Relay


*** Next Change ***
[bookmark: _Toc97151693][bookmark: _Toc100700471]6.0	Mapping of solutions to key issues
[bookmark: MCCQCTEMPBM_00000028]Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of solutions to key issues
	
	Key Issues

	Solutions
	1
	2
	3
	4
	5
	6
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[bookmark: _Toc100700472][bookmark: _Toc26520138][bookmark: _Toc26530876][bookmark: _Toc26530926][bookmark: _Toc26530975][bookmark: _Toc30685082][bookmark: _Toc31014357][bookmark: _Toc31109398][bookmark: _Toc31109468][bookmark: _Toc31109559][bookmark: _Toc43819872][bookmark: _Toc43882354][bookmark: _Toc49966751][bookmark: _Toc50390310][bookmark: _Toc50450148][bookmark: _Toc50450360][bookmark: _Toc50451582][bookmark: _Toc50451794][bookmark: _Toc50464474][bookmark: _Toc54378872][bookmark: _Toc54776462][bookmark: _Toc57373207][bookmark: _Toc73524089][bookmark: _Toc75324070]*** Next Change (all new text) ***
[bookmark: _Toc100700473]6.X	Solution #X: Support of location services for MBSR access with provision of MBSR Location and RAT dependent positioning
6.X.1	Introduction
The solution uses existing procedures defined in TS 23.273 [4] and TS 38.305 [aa] to locate a UE with MBSR (e.g. VMR) access using RAT dependent positioning, where the MBSR location is used to help determine the UE location. A subset of the solution can be used with RAT independent position methods (e.g. A-GNSS or WLAN), though this is not described here.
Since the MBSR may be moving, a current (rather than previous) location of the MBSR may be critical to obtaining an accurate UE location. Preferably, the MBSR location is obtained at the same time as any location measurements obtained by the UE of the MBSR or any location measurements obtained by the MBSR of the UE. If the MBSR location is instead obtained some time before or after these location measurements are obtained, there may be an additional error in locating the UE. For example, if the UE is stationary but the MBSR (e.g. a VMR attached to a vehicle) is moving at 60kph and the MBSR location is obtained 3 seconds before or 3 seconds after the UE location measurements are obtained, then the MBSR location at the time the UE location is measured will differ from the obtained MBSR location by 50 meters. If instead the MBSR is travelling at 120kph (e.g. on a highway) and the time error is 5 seconds, the MBSR location error would be 167 meters. These errors may produce similar errors to the determined UE location – e.g. if the UE location is obtained based only on measurements for or by the MBSR.
[bookmark: _Toc100700474]6.X.2	Functional Description
Location procedures as currently defined in TS 23.273 [4] and TS 38.305 [aa] are reused with the following additions:
(a) The MBSR is assumed to have a self location capability (e.g. using GNSS) or to be able to obtain its own location using existing UE capabilities (e.g. MO-LR) and to be able to support positioning functions of a TRP as defined in TS 38.305 [aa] and TS 38.473 [bb].
(b) The AMF or the UE informs the LMF that the UE is accessing an MBSR. 
(c)	Based on the MBSR indication, the LMF requests and obtains the MBSR positioning capabilities when acting as a TRP using NRPPa [14] and F1AP [bb]. The existing TRP Information Exchange procedure defined in TS 38.455 [14] can be reused for this. The sending of an NRPPa TRP INFORMATION REQUEST message to the donor gNB by the LMF for this case as defined in TS 38.455 [14] would need to be modified to indicate that the request relates to the MBSR serving the target UE. This could be accomplished by sending the NRPPa TRP INFORMATION REQUEST message to the donor gNB as a UE associated message rather than as a non-UE associated message as is currently defined in TS 38.455 [14].
NOTE:	The details above are within the scope of RAN3 who would need to evaluate and determine the precise support.
(d)	If the UE is positioned using measurements by the MBSR of UL SRS (or other signals) transmitted by the UE, the location and velocity of the MBSR at the time of these measurements is obtained by the MBSR (e.g. using GNSS) and reported to the LMF along with the measurements. 
(e)	If the UE is positioned using measurements by the UE of DL PRS (or other signals) transmitted by the MBSR, the UE indicates the time of measurement to the LMF. The LMF then determines the location of the MBSR at that time either from a location and velocity provided as in bullet (d) or by querying the MBSR for the MBSR location at that time.
NOTE:	While transmitting DL PRS, the MBSR might need to maintain and store a short location history to allow the LMF query in bullet (e).
[bookmark: _Toc100700475]6.X.3	Positioning Procedure
A generalized procedure to support positioning of a UE accessing an MBSR that is applicable to a 5GC-MT-LR, 5GC-MO-LR, 5GC-NI-LR and deferred 5GC-MT-LR as defined in TS 23.273 [4] is shown in Figure 6.X.3-1.


Figure 6.X.3-1: Positioning Procedure for a UE with MBSR access
1.	A trigger for either locating the UE or reporting a UE location event occurs at the AMF. The trigger can be a request for an 5GC-MT-LR received from a GMLC as at step 5 in TS 23.273 clause 6.1.2 [4], a request for a 5GC-MO-LR received from the UE as at step 2 in TS 23.273 clause 6.2 [4], a trigger for a 5GC-NI-LR as at step 1 in TS 23.273 clause 6.10.1 [4], or an event report sent by the UE for a deferred 5GC-MT-LR for periodic or triggered location as at step 25 in TS 23.273 clause 6.3.1 [4].
2.	The AMF selects an LMF. Except for a deferred 5GC-MT-LR for periodic or triggered location where the LMF may be preassigned, the AMF selects an LMF and may select an LMF able to support location for MBSR access if the AMF is aware (e.g. from the donor gNB) that the UE has access via an MBSR.
3.	For a 5GC-MT-LR, 5GC-MO-LR or 5GC-NI-LR, the AMF sends a location request to the LMF using a. Nlmf_Location_DetermineLocation Request service operation and may include parameters such as serving cell ID, LCS Correlation identifier and required QoS as defined in TS 23.273 [4]. For a deferred 5GC-MT-LR for periodic or triggered location, the AMF forwards the event report received form the UE to the LMF. For both cases, the AMF indicates MBSR access if the AMF is aware of this.
4.	The LMF obtains the UE positioning capabilities using LPP according to the procedure in TS 23.273 clause 6.11.1 [4]. The UE, if aware, may indicate MBSR access to the LMF.
5.	If MBSR access is indicated at either step 3 or step 4, the LMF requests the positioning capabilities of the MBSR when functioning as a TRP using an NRPPa procedure (TRP Information exchange) defined in TS 38.455 [14] and a corresponding F1AP procedure defined in TS 38.473 [bb]. The procedure is slightly modified as described in clause 6.X.2 bullet (c) to allow the LMF to indicate to the donor gNB that it applies to the MBSR. The MBSR returns its positioning capabilities which indicate, for example, a capability to act as a TRP that can configure and transmit DL PRS to the UE and configure and measure UL SRS transmitted by the UE. A TRP ID for the MBSR is also assigned by the donor gNB and returned to the LMF.
NOTE:	The TRP ID allows the LMF to indicate the MBSR to the donor gNB at steps 7, 8 and 15 and allows the MBSR to identify itself at step 14.
6.	The LMF selects one or more position methods supported by the UE and the MBSR as indicated by the positioning capabilities received at steps 4 and 5. If position methods are selected that are not supported by the MBSR, the procedure here is no longer applicable and is not used.
7.	Depending on the position methods selected at step 6, the LMF may use existing procedures in TS 38.455 [14] and TS 38.473 [bb] to configure transmission of DL PRS by the MBSR (and possibly from other nearby gNBs) and/or to configure transmission of UL SRS by the UE. These procedures make use of sending and received NRPPa messages to and from the donor gNB using the procedure in TS 23.273 clause 6.11.2 [4].
8.	If the LMF configured transmission of UL SRS by the UE at step 7, the LMF uses existing procedures in TS 38.455 [14] and TS 38.473 [bb] to request measurements of the UL SRS by the MBSR and optionally by other nearby gNBs. The LMF makes use of the procedure in TS 23.273 clause 6.11.3 [4] to exchange NRPPa messages with the donor gNB (and other gNBs) for this purpose.
9.	If the LMF configured transmission of DL PRS by the MBSR at step 7, the LMF uses existing procedures in TS 37.355 [13] to request measurements of the DL PRS by the UE and optionally of DL PRS from other nearby gNBs. The LMF makes use of the procedure in TS 23.273 clause 6.11.1 [4] to exchange LPP messages with the UE for this purpose.
10.	The UE transmits UL SRS if requested at step 7 and/or measures DL PRS from the MBSR (and other gNBs) if requested at step 9. 
11.	The MBSR transmits DL PRS if requested at step 7 and/or measures UL SRS from the UE if requested at step 8.
12.	Other gNBs may transmit DL PRS if requested at step 7 and/or measure UL SRS from the UE if requested at step 8.
13.		If the UE measured DL PRS from the MBSR (and other gNBs) at step 10 as requested at step 9, the UE returns the measurements to the LMF according to the procedure in TS 23.273 clause 6.11.1 [5] and includes the time (or times) of the measurements.
14.		If the MBSR (and other gNBs) measured UL SRS from the UE at step 11 (and step 12) as requested at step 8, the MBSR (and other gNBs) return the measurements to the LMF according to the procedure in TS 23.273 clause 6.11.3 [5]. The MBSR also includes the MBSR location at the time of measurement and the MBSR velocity. 
15.	If the LMF receives UE measurements of DL PRS transmitted by the MBSR at step 13 along with a time of measurement, the LMF may request the location of the MBSR from the MBSR for the time of measurement using a slightly modified NRPPa procedure for obtaining the location of a TRP. This may not be needed, however, if the MBSR provides a location and velocity for the MBSR at step 14, because the LMF can then estimate the location of the MBSR at the time of measurement using this location and velocity.
16.	The LMF determines the UE location using the measurements received at steps 13 and/or 14. The LMF also uses the location and velocity of the MBSR received at step 14 and/or the MBSR location received at step 15 to determine MBSR location(s) as input for the determination of the UE location.
17.	For a 5GC-MT-LR, 5GC-MO-LR or 5GC-NI-LR, the LMF returns the UE location to the AMF. For a deferred 5GC-MT-LR for periodic or triggered location, the LMF may forward the event report and the UE location to a GMLC to send on to an LCS Client or AF.
[bookmark: _Toc100700476]6.X.4	Impacts on services, entities, and interfaces
AMF:
-	receive an indication of an MBSR from the donor gNB and transfer to the LMF
-	optionally select an LMF that supports location for MBSR access
LMF:
-	support a request for the TRP capabilities of an MBSR
-	receive and make use of a location and velocity of an MBSR reported in measurements of UL SRS
-	request a location of an MBSR for a previous time
Donor gNB:
-	enable a TRP capability request for an MBSR from the LMF and assign a TRP ID to the MBSR 
MBSR:
-	support TRP functions as defined in TS 38.455 [14} and TS 38.473 [bb] including configuration and transmission of DL PRS and/or configuration and measurement of UL SRS
-	measure and provide a location and velocity of the MBSR when reporting measurements of UL SRS to the LMF
-	provide a location of the MBSR for an indicated earlier time of transmitting DL PRS if requested by the LMF
UE:
-	optionally indicate MBSR access to an LMF
-	report a time of measurement of DL PRS from the MBSR to the LMF
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