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1 Introduction
In this paper we discuss the LCM for AIML based positioning with UE-sided model, i.e., case 1 and case 2a.

· (1st priority) Case 1: UE-based positioning with UE-side model, direct AI/ML positioning
· (2nd priority) Case 2a: UE-assisted/LMF-based positioning with UE-side model, AI/ML assisted positioning
2 Discussion
2.1	Configuration and report of AIML inference output
For AIML based positioning with UE-sided model, the inference output will be either estimated UE location using the Direct AIML positioning method (case 1) or enhanced intermediate measurements like LOS/NLOS indicator (case 2a). The inference output will be sent from UE to LMF according to the configuration/request by LMF. To support the configuration and report of inference output from UE to LMF, we believe the legacy LPP location information transfer procedure can be taken as a baseline, which has been used to support UE based positioning or UE assisted LMF based positioning in the legacy.

	[bookmark: _Toc27765118][bookmark: _Toc37680775][bookmark: _Toc46486345][bookmark: _Toc52546690][bookmark: _Toc52547220][bookmark: _Toc52547750][bookmark: _Toc52548280][bookmark: _Toc156478844]TS 37.355
5.3	Procedures related to Location Information Transfer
The purpose of the procedures in this clause is to enable the server to request location measurement data and/or a location estimate from the target, and to enable the target to transfer location measurement data and/or a location estimate to a server in the absence of a request.
These procedures instantiate the Location Information Transfer transaction in TS 36.305 [2] and TS 38.305 [40].
NOTE:	The service layer (e.g. NAS or OMA SUPL ULP) would be used to transfer information associated with a location request from a target to a server (MO-LR).
[bookmark: _Toc27765119][bookmark: _Toc37680776][bookmark: _Toc46486346][bookmark: _Toc52546691][bookmark: _Toc52547221][bookmark: _Toc52547751][bookmark: _Toc52548281][bookmark: _Toc156478845]5.3.1	Location Information Transfer procedure
The Location Information Transfer procedure is shown in Figure 5.3.1-1.


Figure 5.3.1-1: LPP Location Information transfer procedure
1.	The server sends a RequestLocationInformation message to the target to request location information, indicating the type of location information needed and potentially the associated QoS.
2.	The target sends a ProvideLocationInformation message to the server to transfer location information. The location information transferred should match or be a subset of the location information requested in step 1 unless the server explicitly allows additional location information. If step 3 does not occur, this message shall set the endTransaction IE to TRUE.
3.	If requested in step 1, the target sends additional ProvideLocationInformation messages to the server to transfer location information. The location information transferred should match or be a subset of the location information requested in step 1 unless the server explicitly allows additional location information. The last message shall include the endTransaction IE set to TRUE.



[bookmark: _Toc166230239]The legacy LPP location information transfer procedure is taken as the baseline to support the report configuration and inference output report of AIML based POS with UE-sided model (case 1 and 2a).

As an example of direct AI/ML positioning, RF Fingerprinting is a well-known positioning technique, which leverages RSS measurements collected offline which are then mapped to ground truth locations. Any subsequent measurements received by the UE during the online phase are then mapped to these ground truth locations, in order to determine a UE’s location. Since legacy positioning discussion and information exchange are grouped in a per positioning method manner (e.g., DL-TDOA, A-GNSS, Enhanced Cell ID etc.) and any direct AI/ML positioning method (e.g., fingerprinting) can be regarded as a new positioning method after all since new potential channel measurements may be developed by RAN1 (pending RAN1 progress)’, the signalling design can follow legacy principle, e.g., for each direct AI/ML positioning method, introducing new IE in existing LPP message carrying all relevant capability/assistance information.  
	[bookmark: _Toc27765144][bookmark: _Toc37680801][bookmark: _Toc46486371][bookmark: _Toc52546716][bookmark: _Toc52547246][bookmark: _Toc52547776][bookmark: _Toc52548306][bookmark: _Toc156478870]–	RequestLocationInformation
The RequestLocationInformation message body in a LPP message is used by the location server to request positioning measurements or a position estimate from the target device.
-- ASN1START

RequestLocationInformation ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			requestLocationInformation-r9	RequestLocationInformation-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

RequestLocationInformation-r9-Ies ::= SEQUENCE {
	commonIEsRequestLocationInformation
										CommonIEsRequestLocationInformation	OPTIONAL,	-- Need ON
	a-gnss-RequestLocationInformation	A-GNSS-RequestLocationInformation	OPTIONAL,	-- Need ON
	otdoa-RequestLocationInformation	OTDOA-RequestLocationInformation	OPTIONAL,	-- Need ON
	ecid-RequestLocationInformation		ECID-RequestLocationInformation		OPTIONAL,	-- Need ON
	epdu-RequestLocationInformation		EPDU-Sequence						OPTIONAL,	-- Need ON
	...,
	[[
	sensor-RequestLocationInformation-r13
										Sensor-RequestLocationInformation-r13
																			OPTIONAL,	-- Need ON
	tbs-RequestLocationInformation-r13	TBS-RequestLocationInformation-r13	OPTIONAL,	-- Need ON
	wlan-RequestLocationInformation-r13	WLAN-RequestLocationInformation-r13	OPTIONAL,	-- Need ON
	bt-RequestLocationInformation-r13	BT-RequestLocationInformation-r13	OPTIONAL	-- Need ON
	]],
	[[	nr-ECID-RequestLocationInformation-r16
										NR-ECID-RequestLocationInformation-r16
																			OPTIONAL,	-- Need ON
		nr-Multi-RTT-RequestLocationInformation-r16
										NR-Multi-RTT-RequestLocationInformation-r16
																			OPTIONAL,	-- Need ON
		nr-DL-AoD-RequestLocationInformation-r16
										NR-DL-AoD-RequestLocationInformation-r16
																			OPTIONAL,	-- Need ON
		nr-DL-TDOA-RequestLocationInformation-r16
										NR-DL-TDOA-RequestLocationInformation-r16
																			OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP



[bookmark: _Toc115180859][bookmark: _Toc127518840][bookmark: _Toc166142766]Legacy LPP protocol is designed to serve different positioning methods, and information carried in LPP messages is also grouped in a per positioning method way.
[bookmark: _Toc127518846][bookmark: _Toc166230240]RAN2 considers each direct AI/ML positioning method (e.g., case 1) as a new separate positioning method.

In terms of AI/ML assisted positioning, it has been well-established that NLOS and multipath effects have detrimental positioning performance arising from ambiguous path and time-of-arrival (ToA) measurements. In Rel-17, multi-path (additional path) report enhancements and LOS/NLOS indication were introduced in order to address the issues prevalent in Indoor factory scenarios. Enhancements included:
· The maximum number of additional paths that can be reported is increased (up to 8) with per path RSRP measurements and associated relative timing supported. 
· Multiple UL-AOAs (up to 8) per additional path reporting is supported for the UL-TDOA and Multi-RTT positioning methods. 
· The LOS/NLOS indicator was introduced that can be associated with specific measurements, DL/UL reference signals / resources for positioning. 

[bookmark: _Hlk101547603][bookmark: _Toc127518841][bookmark: _Toc166142767]Rel-17 already supports reporting enhancements for NLOS and multipath effects.
Since AI/ML assisted positioning is essentially adding information/value to legacy non-AI/ML positioning method rather than a new positioning method, information related to AI/ML assisted positioning should be carried inside the existing IE for different legacy non-AI/ML positioning method.

[bookmark: _Toc127518847][bookmark: _Toc166230241]RAN2 considers AI/ML assisted positioning as enhancement to legacy non-AI/ML positioning method (i.e., case 2a) rather than a new separate positioning method.

2.2 AIML based positioning capability and applicable functionalities
RAN2#125bis
Agreements
1.	Which AI/ML-enabled Features/FGs and functionalities are supported should be standardized. The details wait for RAN1’s progress.   “supported” means that the UE is capable of supporting the functionality and doesn’t mean neccesarily that the UE has the model available.  FFS what functionality refers to.  
2.	Supported AI/ML-enabled Features/FGs and supported functionalities are included in UE capability.
Agreements for positioning and beam management 
1 Support proactive reporting of UE-sided applicable functionality, e.g., the UE reports its applicable AI/ML functionalities via UAI message/LPP message.  
2 Support reactive reporting of UE-sided applicable functionality.  The NW configures AI/ML functionalities via RRC/LPP message.  FFS what the configuration contains. FFS how to report applicable functionality and what is applicable functionality 
3	FFS how the two approaches will be specified and whether we can combine them into one procedure.    FFS how to report applicable functionality, what is applicable functionality, how the UE determines which function is applicable or not (if it is needed)

In the last RAN2 meeting, it was agreed to report supported functionalities (which is considered static) in UE capability, and report applicable functionalities (which is considered semi-static) via UAI/LPP message. When it comes to AIML based positioning with UE-sided model, we believe the legacy LPP procedure related to capability transfer can be taken as a baseline. 
· LPP capability transfer procedure: UE transmits LPP ProvideCapabilities message to LMF in response to a LPP RequestCapabilities message received from LMF. Such procedure can be enhanced to transfer the static UE capabilities related to supported AIML based POS functionalities.
· LPP capability indication procedure: UE can provide unsolicited capabilities to the LMF without being requested by LMF. Such procedure can be enhanced to transfer the semi-static applicable functionalities. 

	5.1	Procedures related to capability transfer
The purpose of the procedures that are grouped together in this clause is to enable the transfer of capabilities from the target device to the server. Capabilities in this context refer to positioning and protocol capabilities related to LPP and the positioning methods supported by LPP.
These procedures instantiate the Capability Transfer transaction from TS 36.305 [2] and TS 38.305 [40].
[bookmark: _Toc27765106][bookmark: _Toc37680763][bookmark: _Toc46486333][bookmark: _Toc52546678][bookmark: _Toc52547208][bookmark: _Toc52547738][bookmark: _Toc52548268][bookmark: _Toc156478832]5.1.1	Capability Transfer procedure
The Capability Transfer procedure is shown in Figure 5.1.1-1.


Figure 5.1.1-1: LPP Capability Transfer procedure
1.	The server sends a RequestCapabilities message to the target. The server may indicate the types of capability needed.
2.	The target responds with a ProvideCapabilities message to the server. The capabilities shall correspond to any capability types specified in step 1. This message shall include the endTransaction IE set to TRUE.
[bookmark: _Toc27765107][bookmark: _Toc37680764][bookmark: _Toc46486334][bookmark: _Toc52546679][bookmark: _Toc52547209][bookmark: _Toc52547739][bookmark: _Toc52548269][bookmark: _Toc156478833]5.1.2	Capability Indication procedure
[bookmark: _Hlk165293288]The Capability Indication procedure allows the target to provide unsolicited capabilities to the server and is shown in Figure 5.1.2-1.


Figure 5.1.2-1: LPP Capability Indication procedure
1.	The target sends a ProvideCapabilities message to the server. This message shall include the endTransaction IE set to TRUE.



[bookmark: _Toc166230242]The legacy LPP capability transfer procedure (i.e., via LPP RequestCapabilities/ ProvideCapabilities messages) is taken as the baseline for the reactive transfer of supported/applicable AIML based POS functionalities from UE to LMF.
[bookmark: _Toc166230243]The legacy LPP capability indication procedure (i.e., via LPP ProvideCapabilities message) is taken as the baseline for proactive transfer of applicable AIML based POS functionalities from UE to LMF.

2.3 Management of UE-sided model
In our companion paper R2-2404816, we discussed LCM issues related to AIML based BM with UE-sided model. Many principles can be applicable to AIML based POS with UE-sided model as well, although specific details may vary. In the following, we present proposals tailored for the AIML-based POS use case. We have omitted detailed analyses that mirror those in R2-2404816; companies may consult R2-2404816for the underlying reasoning.

Network decision, Network-initiated
[bookmark: _Toc166230244]For AIML based POS with UE-sided model/functionality, a default method (AIML or non-AIML) should be always in place for UE to fallback upon.
[bookmark: _Toc166230245]For AIML based POS with UE-sided model/functionality, the management decision made by LMF (e.g., (de)activation, selection, switching, and fallback etc.) is sent to UE via LPP message.
[bookmark: _Toc166230246]UE may refuse to comply the LMF decided selection/activation/switching considering other UE factors such as memory, energy consumption.
[bookmark: _Toc166230247]UE is expected to comply with LMF decided deactivation/fallback.
[bookmark: _Toc166230248]RAN2 confirms that after receiving the management decision from LMF (e.g., activation/deactivation etc.), UE will always reply and inform LMF whether UE complies successfully.

UE decided vs. NW decised deactivation/fallback

[bookmark: _Toc166230249]For deactivating/fallback one UE-sided model/functionality for AIML based POS, UE can always trigger it considering UE factors such as memory and energy consumption.
[bookmark: _Toc165909372][bookmark: _Toc166230250]RAN2 discusses whether:
a. [bookmark: _Toc165909373][bookmark: _Toc166230251]The UE triggered model/functionality deactivation/fallback is decided by UE as well, and the decision is sent to LMF (i.e., UE autonomous, decision reported to LMF), or
b. [bookmark: _Toc165909374][bookmark: _Toc166230252]The UE triggered model/functionality deactivation/fallback is sent as UE preference to LMF, and the decision is made by LMF (i.e., UE initiated, LMF decision). LMF is expected to follow UE’s preference in this case.
[bookmark: _Toc166230253]The deactivation/fallback decision/preference of UE-sided model management made by UE autonomously is reported to LMF over LPP.

3	Conclusion

Based on the discussion above, we observe:
Observation 1	Legacy LPP protocol is designed to serve different positioning methods, and information carried in LPP messages is also grouped in a per positioning method way.
Observation 2	Rel-17 already supports reporting enhancements for NLOS and multipath effects.


Based on the discussion above, we propose:

Proposal 1	The legacy LPP location information transfer procedure is taken as the baseline to support the report configuration and inference output report of AIML based POS with UE-sided model (case 1 and 2a).
Proposal 2	RAN2 considers each direct AI/ML positioning method (e.g., case 1) as a new separate positioning method.
Proposal 3	RAN2 considers AI/ML assisted positioning as enhancement to legacy non-AI/ML positioning method (i.e., case 2a) rather than a new separate positioning method.
Proposal 4	The legacy LPP capability transfer procedure (i.e., via LPP RequestCapabilities/ ProvideCapabilities messages) is taken as the baseline for the reactive transfer of supported/applicable AIML based POS functionalities from UE to LMF.
Proposal 5	The legacy LPP capability indication procedure (i.e., via LPP ProvideCapabilities message) is taken as the baseline for proactive transfer of applicable AIML based POS functionalities from UE to LMF.
Proposal 6	For AIML based POS with UE-sided model/functionality, a default method (AIML or non-AIML) should be always in place for UE to fallback upon.
Proposal 7	For AIML based POS with UE-sided model/functionality, the management decision made by LMF (e.g., (de)activation, selection, switching, and fallback etc.) is sent to UE via LPP message.
Proposal 8	UE may refuse to comply the LMF decided selection/activation/switching considering other UE factors such as memory, energy consumption.
Proposal 9	UE is expected to comply with LMF decided deactivation/fallback.
Proposal 10	RAN2 confirms that after receiving the management decision from LMF (e.g., activation/deactivation etc.), UE will always reply and inform LMF whether UE complies successfully.
Proposal 11	For deactivating/fallback one UE-sided model/functionality for AIML based POS, UE can always trigger it considering UE factors such as memory and energy consumption.
Proposal 12	RAN2 discusses whether:
a.	The UE triggered model/functionality deactivation/fallback is decided by UE as well, and the decision is sent to LMF (i.e., UE autonomous, decision reported to LMF), or
b.	The UE triggered model/functionality deactivation/fallback is sent as UE preference to LMF, and the decision is made by LMF (i.e., UE initiated, LMF decision). LMF is expected to follow UE’s preference in this case.
Proposal 13	The deactivation/fallback decision/preference of UE-sided model management made by UE autonomously is reported to LMF over LPP.
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