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SA2 agreed a CR to TS 23.273 in [1] for the storage of UE positioning capabilities at an AMF. In the agreed solution, an LMF returns the UE positioning capabilities to the AMF along with the UE location when the UE positioning is complete. The AMF then stores the positioning capabilities and provides them to the LMF for any new location request for the UE, as illustrated in Figure 1.  Thus, for an initial location request in Figure 1, the AMF would not include UE positioning capabilities at step 2 but would receive UE positioning capabilities from the LMF at step 4. The AMF can then include the positioning capabilities at step 2 for any later UE location request.


Figure 1: Provision of UE Positioning Capabilities to an LMF with storage in an AMF.
The Nlmf_Location_DetermineLocation Response towards the AMF at Step 4 in Figure 1 returns the current location of the UE and may provide the UE Positioning Capability including an indication that the capabilities are non-variable and not received from the AMF in step 2. 
An Editors' Note is included in the CR [1] noting that it is to be coordinated with RAN whether the UE Positioning Capability can be variable or not. Accordingly, an LS was sent to RAN2 (cc: RAN3) in [2] that SA2 would like to confirm with RAN2 the following question: "Whether the UE positioning capability is variable or not? If yes, in which situation it is changed?" [2]. SA2 also asks RAN2 to take the CR in [1] into account in supporting positioning enhancements in Release 17, if necessary. 
In this contribution we discuss the LPP impacts of the CR in [1] and propose a response LS to SA2.
2.	UE Positioning Capabilities in LPP
Capabilities in an LPP context refer to the ability of a target UE to support different position methods defined for LPP, different aspects of a particular position method (e.g. different types of assistance data) and common features not specific to only one position method (e.g. ability to handle LPP message segments). 
LPP was designed as a "feature based" protocol where each positioning feature has its own capability indicator and there is no strict connection to a UE Release. For example, a Rel-16 device can still support Rel-9 LPP if the desired feature is supported in that Release [3]. An LMF would know from the location request received from an AMF whether the device supports LPP or not [4][5]. Any positioning specific capabilities would then be obtained from the UE using the LPP capability transfer procedure. Therefore, a positioning procedure typically begins with an LPP capability exchange [6] and there is no requirement for a UE to report the same positioning capabilities in different positioning sessions. Note also, an LMF normally requests the UE LPP capabilities only for those positioning methods an LMF supports. Therefore, the content of a LPP Provide Capabilities message from a UE may be different for different LMFs. An AMF determines an LMF suitable for location estimation of the target UE, e.g., based on RAT type, QoS, LMF capabilities, etc. [7].
2.1	Variation of UE Positioning Capabilities
The positioning capabilities reported by a UE may not always be static but may instead vary depending on the UE state, LMF capabilities and configuration by a user. Examples include:
-	LMF dependency: As already mentioned, a UE would not report capabilities that are not requested by an LMF. Thus, if a PLMN uses LMFs from different vendors or dedicated to different user cases (e.g. regulatory versus commercial), different capabilities could be reported.
-	Radio configuration dependency: Positioning capabilities based on current/active radio configuration are obviously not static (e.g., the srs‑PosResourceConfigCA-BandList [8] is provided for the current configured CA band combination).
-	Power Savings: A (e.g., IoT) UE whose battery level is low may switch off positioning support in order to conserve battery power for more important tasks such as communicating with an external server or may report lower processing capabilities (e.g., lower DL-PRS processing capabilities, or single-frequency GNSS capabilities instead of dual-frequency, or single-GNSS instead of multi-GNSS capabilities, etc.).
-	Processing Resources Constraints: The available processing resources (processors, memory, etc.) may be shared between "communication" and "positioning operations".  If the "communication operation" requires increased processing resources (for example, a large number of carriers to aggregate), the resources allocated to the "positioning operation" may temporarily be reduced (e.g., lower DL-PRS processing capabilities, or single-frequency GNSS capabilities instead of dual-frequency, or single-GNSS instead of multi-GNSS capabilities, etc.).
-	Privacy / User Interaction: A user may be allowed to disable location support for non-regulatory services (e.g. for a location request from an external non-regulatory LCS Client). In that case, when an LMF requests the positioning capabilities of the UE, the UE may reply with no positioning capabilities or with some limited minimal set of capabilities. An exception would be if the UE is aware of an emergency services call when the UE would provide its full capability set to an LMF.
Or a user may establish certain location areas and/or times of day where and/or when the UE will support location requests from a non-regulatory LCS Client by sending a minimal or zero set of positioning capabilities to an LMF. An example of this case would be an employee at a hospital who allows accurate location during working hours but no location after hours.
Except for the LMF dependency which is outside the control of the UE vendor, the examples and scenarios above may not be supported on all UEs and may not always need to be supported. However, a UE vendor may still offer users some form of control over UE location capability as described above.

Observation 1:	The positioning capabilities of a UE may not be static but may vary according to user preference or other external conditions like battery level.

A consequence of varying positioning capabilities is that any positioning capabilities previously stored by the network could be in error at a later time. Therefore, Step 4 in Figure 1 may include an indication that the capabilities are non-variable as defined in [1]. 
3.	LPP Impacts for Storage of UE Positioning Capabilities
In order to enable an LMF to provide an indication to the AMF in the Nlmf_Location_DetermineLocationResponse service operation that the positioning capabilities are non-variable, an LMF would need to obtain this information from the UE during the LPP Capability Exchange procedure (Step 3 in Figure 1). 
3.1	UE Positioning Capability Variability Indicator
A "variability indicator" for the UE positioning capabilities could in principle be introduced at various levels of the LPP capability signalling:
(1)	At LPP message body level (ProvideCapabilities):
	A "Variability indicator" in CommonIEsProvideCapabilities.
(2)	At LPP positioning method level:
	A "variability indicator" for each IE [Method]-ProvideCapabilities (where [Method] could be A-GNSS, OTDOA, ECID, Sensor, TBS, WLAN, BT, NR-ECID, NR-Multi-RTT, NR-DL-AoD, NR-DL-TDOA, NR-UL).
(3)	At sub-positioning method level:
	A "variability indicator" for each or some of the fields in IE [Method]-ProvideCapabilities.
In some situations, a UE may indicate a reduced set of capabilities for a positioning method as discussed in section 2.1 above. However, a "variability indicator" at LPP message body level (1) would still be sufficient for the purpose of latency reduction.
For example, if a UE determines that parts of the DL-TDOA capabilities are variable (e.g. NR-DL-PRS-ProcessingCapability), a LMF would have to send a NR-DL-TDOA-RequestCapabilities message to the UE in order to receive the current NR‑DL‑PRS‑ProcessingCapability from the UE. Therefore, the capability exchange procedure would be required independent on which particular parameter in the NR-DL-TDOA-ProvideCapabilities is variable. However, a reduction of latency could only occur if no LPP RequestCapabilities message is needed at all. Therefore, it does not matter whether a single parameter in NR-DL-TDOA-RequestCapabilities is variable or all parameter are variable; in all cases a capability exchange proceedure would be required to obtain the current positioning capabilities for DL-TDOA (in this example).
Similar for a "variability indicator" at LPP positioning method level (2). For example, if a UE (and LMF) generally supports GNSS, DL‑TDOA, and WLAN positioning and the capabilities of DL-TDOA are variable in the current situation and not provided during Step 3 in Figure 1, a LMF may provide the GNSS and WLAN capabilities to an AMF for storage at Step 4 in Figure 1. However, this does not mean that the UE always does not support additional positioning methods (DL‑TDOA in this example), and therefore, a LMF cannot be sure that the received capabilities at Step 2 in Figure 1 are complete or current which impacts the location service (e.g., an LMF may always use GNSS or WLAN positioning for this UE and not request updated capabilities at step 3 in Figure 1).
Therefore, a "variability indicator" at LPP message body level (1) would be sufficient and has also the least impact on LPP. This would also be aligned with the CR in [1] which currently defines:
	"The LMF returns the Nlmf_Location_DetermineLocation Response towards the AMF to return the current location of the UE and UE Positioning Capability if the UE Positioning Capability is received in step 8 including an indication that the capabilities are non-variable and not received from AMF in step 7." [1].
A UE could include an indication in CommonIEsProvideCapabilities as to whether the positioning capabilities are non-variable (stable), meaning that they are fixed and cannot be changed by the UE or by a user of the UE. For positioning capabilities which are not stable, the LMF can choose not to store them. 

Observation 2:	A single "Variability Indicator" in CommonIEsProvideCapabilities is sufficient to indicate to an LMF whether the provided positioning capabilities are non-variable (stable), meaning that they are fixed and cannot be changed by the UE or by a user of the UE. For positioning capabilities which are not stable, the LMF can choose not to store them.

Note, that a restriction of positioning capability storage just to UEs whose positioning capabilities are stable need not be of much disadvantage. For example, a very low latency requirement is most typically associated with an IoT UE or some other autonomous UE without a user, which means that disabling and reenabling of location would not occur and the positioning capabilities could be stable for a certain time. In contrast, a UE with a user (e.g. a smartphone or tablet) where location might be disabled and reenabled would not normally require extremely low latency even for an emergency call. So storage of UE capabilities may not necessarily be needed in that case.
To indicate that the positioning capabilities are stable for a certain time, an "expiration time" could be added to the "Variability Indicator", indicating for how long the provided positioning capabilities are stable. This would be useful in the case a UE can predict when a change (e.g., reduction) of positioning capabilities would be needed (e.g., based on battery state) or when a user has a day-time based privacy setting (e.g., an employee at a hospital who allows accurate location during working hours but no location after hours). An "expiration time" should normally only be needed in the case the provided capabilities are stable, because only in this case an AMF may store the capabilities when received at Step 4 in Figure 1 for later use at Step 2. When the positioning capabilities are variable (non-stable), a LMF would normally not provide them for storage to an AMF and stored capabilities cannot be provided to an LMF at Step 2 in Figure 1.

Observation 3:	The "Variability Indicator" in CommonIEsProvideCapabilities should include an "expiration time" indicating how long the provided positioning capability is stable.

Positioning capabilities which are per definition not-stable should be excluded in the setting of the "Variability Indicator", meaning that they would always have to be requested by an LMF, when needed. For the current LPP specification, this applies only to the srs-PosResourceConfigCA-BandList in NR-UL-SRS-Capability [8].
In order to overcome the dependence of positioning capabilities reported by a UE on LMF capability, an LMF could be configured to "over request" the UE positioning capabilities, by requesting capabilities which may be needed not just by the LMF but by other LMFs belonging to the same PLMN. Since the whole point of storing UE capabilities is to avoid repeatedly requesting positioning capabilities using LPP, a small extra signalling and processing overhead involved in this may not be important.
3.2	LPP Text Proposal
A small LPP change according to the discussion in section 3.1 above could be as follows.
------------------------------------------------------- Begin LPP Change Proposal -----------------------------------------------------
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The CommonIEsProvideCapabilities carries common IEs for a Provide Capabilities LPP message Type.
-- ASN1START

CommonIEsProvideCapabilities ::= SEQUENCE {
	...,
	[[
	segmentationInfo-r14			SegmentationInfo-r14			OPTIONAL,	-- Cond Segmentation
	lpp-message-segmentation-r14	BIT STRING { serverToTarget	(0),
												targetToServer	(1) }	OPTIONAL
	]],
	[[
	variabilityIndicator-r17		VariabilityIndicator-r17		OPTIONAL
	]]
}

VariabilityIndicator-r17 ::= SEQUENCE {
	capabilityVariability-r17		ENUMERATED { variable, non-variable },
	expirationTime-r17				UTCTime							OPTIONAL,
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	Segmentation
	This field is optionally present, need OP, if lpp-message-segmentation-req has been received from the location server with bit 1 (targetToServer) set to value 1. The field shall be omitted if lpp‑message‑segmentation-req has not been received in this location session, or has been received with bit 1 (targetToServer) set to value 0.



	CommonIEsProvideCapabilities field descriptions

	segmentationInfo
This field indicates whether this ProvideCapabilities message is one of many segments, as specified in clause 4.3.5.

	lpp-message-segmentation
This field, if present, indicates the target device's LPP message segmentation capabilities. 
If bit 0 is set to value 1, it indicates that the target device supports receiving segmented LPP messages; if bit 0 is set to value 0 it indicates that the target device does not support receiving segmented LPP messages.
If bit 1 is set to value 1, it indicates that the target device supports sending segmented LPP messages; if bit 1 is set to value 0 it indicates that the target device does not support sending segmented LPP messages.

	variabilityIndicator 
This field indicates whether the positioning capabilities in this ProvideCapabilities message are variable or not.
UE positioning capabilities are non-variable if the positioning capabilities are fixed and cannot be modified by the UE or by a user of the UE. This field comprises the following subfields:
capabilityVariability indicates whether the positioning capabilities are variable, or non-variable. A UE whose positioning capabilities cannot change should indicate 'non-variable'. Otherwise, the UE should indicate 'variable'. If the positioning capabilities are variable, the LMF may choose not to store them (see TS 23.273 [42]). 
expirationTime indicates the time for how long the provided positioning capability is non-variable (fixed). This field may only be present when the capabilityVariability indicates 'non-variable'.
The following UE capabilities which are always variable should not be taken into account in the determination of the value for the capabilityVariability field:
-	srs-PosResourceConfigCA-BandList in NR-UL-SRS-Capability



------------------------------------------------------- End LPP Change Proposal ---------------------------------------------------

Observation 4:	From RAN2 perspective, the CR in [1] to support storage of UE positioning capabilities in the 5GC has only a small impact to LPP.

4.	Summary
In this contribution, we discussed the SA2 CR to TS 23.273 on UE positioning capability storage [1] and the questions to RAN2 in [2]. The following observations were made.
Observation 1:	The positioning capabilities of a UE may not be static but may vary according to user preference or other external conditions like battery level.
Observation 2:	A single "Variability Indicator" in CommonIEsProvideCapabilities is sufficient to indicate to an LMF whether the provided positioning capabilities are non-variable (stable), meaning that they are fixed and cannot be changed by the UE or by a user of the UE. For positioning capabilities which are not stable, the LMF can choose not to store them.
Observation 3:	The "Variability Indicator" in CommonIEsProvideCapabilities should include an "expiration time" indicating how long the provided positioning capability is stable.
Observation 4:	From RAN2 perspective, the CR in [1] to support storage of UE positioning capabilities in the 5GC has only a small impact to LPP.
Therefore it proposed:
Proposal 1:	Add an indicator to LPP CommonIEsProvideCapabilities to indicate to an LMF whether the provided positioning capabilities are non-variable (stable), meaning that they are fixed and cannot be changed by the UE or by a user of the UE. 
A response LS to SA2 is proposed in [9] accordingly.
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