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Abstract of the contribution: Discusses and evaluates alternative solutions to store UE Positioning Capabilities in 5GC.
1. Introduction
At SA2#143e, there was a discussion paper in S2-2100674 [1] entitled “Discussion on UE positioning capabilities storage in core network” which looked at the benefits of storing UE positioning capabilities in the 5GC and some alternative solutions for this. This concluded with the following proposals.
	S2-2100674
Discussion on UE positioning capabilities storage in core network

	Proposal 1: The positioning latency is reduced by storing positioning capabilities in core network before the positioning request is received by network.
Proposal 2: It is feasible to store the UE positioning capabilities in core network.
Proposal 3: The UE positioning capabilities is stored in AMF.



There were no comments on this during SA2#143e and the discussion was noted.  The starting position taken in the discussion paper here is that Proposals 1-3 above can be considered as partially correct but with some qualifications. These are listed below:
	1)	The reduction in latency according to [1] is in the range 43-89 ms.
2)		For user cases where the external LCS Client is a person and not a machine or a server, latency requirements would be in the order of seconds, for which a latency reduction of 43-89 ms would be negligible.
3)	Low latency (e.g. < 1sec) requirements (e.g. in TS 22.261 [2]) seem to be more associated with IIoT, where there may be no user of the UE and a machine or server may act as an external LCS Client.
4)	Storing positioning capabilities comes with some extra cost in the form of extra implementation which may not be justified for the user cases in 2).
5)	There may be other solutions for storing positioning capabilities and other ways of evaluating these solutions.
Subsequent sections here look into 5) above in the light of 1) to 4).
2. Variation of Positioning Capabilities
[bookmark: _Toc510607461]The positioning capabilities of a UE may not always be static but may instead vary depending on the UE state and configuration by a user. For example, 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.
In another scenario, a CIoT 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. In a third scenario, 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.
The examples and scenarios above may not be supported on all UEs and may not always need to be supported, since  a home PLMN can offer a subscription to different levels of privacy and location QoS in an HGMLC. 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. 

3. Solutions for Storage of UE Positioning Capabilities
Three solutions are identified here that could be used to store UE positioning capabilities and are referred to as Solutions A, B and C and are as described below.


Figure 1 – Solution A: Provision of UE Positioning Capabilities to an AMF using NAS
Solution A is illustrated in Figure 1. The UE provides its positioning capabilities to the serving AMF using NAS, e.g. in a NAS Registration Request. The AMF stores the positioning capabilities and later provides them to an LMF as part of any location request for the UE sent to the LMF. 		


Figure 2 – Solution B: Provision of UE Positioning Capabilities to an LMF
Solution B is illustrated in Figure 2. The UE provides its positioning capabilities to the LMF using LPP when requested by the LMF as part of positioning the UE. The LMF then stores the positioning capabilities and uses them for any future positioning session with the UE. For this solution to work, the AMF would need to include a UE identifier at step 2 to enable the LMF to identify the UE for future location requests. The identifier might be a SUPI or PEI or some other AMF determined identifier which hides the SUPI and PEI from the LMF.


Figure 3 – Solution C: Provision of UE Positioning Capabilities to an LMF with storage in an AMF
Solution C is illustrated in Figure 3. Solution C is similar to Solution B with the difference that the 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. Thus, for an initial location request in Figure 3, 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.
4. Evaluation of Solutions
For Solution A, the positioning capabilities might be provided using a different encoding than that used in LPP to provide positioning capabilities to an LMF – e.g. might be encoded using a new NAS parameter. However, that would increase both UE and LMF impacts to support new encoding and decoding. A simpler solution would be to provide the positioning capabilities using existing LPP encoding – e.g. by including an LPP Provide Capabilities message in a NAS message at step 1 in Figure 1. However, this is still a new signaling impact.
With Solution A, it would also be possible for a UE to resend its positioning capabilities to the AMF whenever there is a change, so this solution can in principle support variation of UE positioning capabilities. However, this would add extra UE and AMF impact. There could also be a privacy concern since sending positioning capabilities to a serving PLMN could effectively tell the serving PLMN when a user had disabled or reenabled location support in a UE. A user (e.g. in a foreign country) might not want a PLMN operator to be aware of this.
With Solution B, the positioning capabilities are only useful if the same LMF is used later to position the UE and not a different LMF. In addition, if the positioning capabilities of the UE change at a later time, the LMF may use incorrect positioning capabilities. This last disadvantage can be partially overcome if the UE also includes an indication (e.g. in an LPP Provide Capabilities message) as to whether the positioning capabilities are stable. A UE whose positioning capabilities cannot change would indicate they are stable. Otherwise, the UE would indicate that positioning capabilities are not stable. This would be a small extra signaling impact to LPP. For positioning capabilities which are not stable, the LMF can choose not to store them. A stability indicator can be useful because a very low latency requirement is most typically associated with an IIoT UE or some other autonomous UE without a user (as noted in section 1 bullet 3)), which means that disabling and reenabling of location would not occur and the positioning capabilities could be stable. 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 (as noted in section 1 bullet 2)) even for an emergency call. So a restriction of positioning capability storage just to UEs whose positioning capabilities are stable need not be much disadvantage.
Solution C overcomes the limitation of Solution B of restricting UE positioning capability storage to just one LMF but can be otherwise the same as Solution B. Due to storage of location in an AMF, Solution C would have an AMF impact comparable to Solution A. In addition, Solution C has a new signaling impact.
The characteristics described above are summarized below in Table 1, where green indicates a good characteristic, red indicates a poor one and yellow is in between.
	Characteristic
	Solution A
	Solution B
	Solution C

	Signaling Impact
	Medium
	Low
	Medium

	UE Impact
	Medium
	Low
	Low

	AMF Impact
	Medium
	None or Low
	Medium

	LMF Impact
	Low
	Low
	Medium

	Restriction to one LMF
	No
	Yes
	No

	Support of Stable Positioning Capabilities
	Yes
	Yes
	Yes

	Support of variable Positioning Capabilities
	Yes
	No 
	No

	Possible Privacy Issues
	Yes
	No
	No


Table 1 – Summary of Characteristics of Solutions A, B and C
Table 1 shows that Solution B should have lowest overall impact. Solutions A and C may have similar higher impact. In terms of capability, Solution A is most capable followed by Solution C and then B. However, the extra capability of Solution A in supporting variable positioning capabilities may not be very useful if user cases with low latency requirement are typically or always associated with UEs with stable positioning capabilities. In addition, there may be privacy concerns for Solution A in requiring a UE to notify a PLMN when its positioning capabilities have changed. That might lead to some UE vendors being unwilling to support Solution A. 
Observation 2	Three solutions, A, B and C, were evaluated for storage of positioning capabilities. Solution C has least impact but also lowest capability. Solutions B and C have higher impact. Solution A has highest capability, but the capability advantage over Solution C may not be very significant and Solution A has a possible privacy issue that might lead to reduced deployment.
In our view, there is no clear best solution here and hence a low impact solution like Solution C may be preferred. 
Observation 3	There is no clear best solution and hence a low impact solution like Solution C may be preferred. 
5. Proposal
[bookmark: _Hlk51968268]The following observations have been 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	Three solutions, A, B and C, were evaluated for storage of positioning capabilities. Solution C has least impact but also lowest capability. Solutions B and C have higher impact. Solution A has highest capability, but the capability advantage over Solution C may not be very significant and Solution A has a possible privacy issue that might lead to reduced deployment.
Observation 3	There is no clear best solution and hence a low impact solution like Solution C may be preferred. 
Based on these, the following proposal is made.
Proposal 1	Include Solution C in TS 23.273 as an LMF implementation option. Request RAN2 to enhance LPP to allow a UE to indicate whether its positioning capabilities are stable. If agreeable, a CR and an LS can be provided at SA2#145e.
6. References
[1]	S2-2100674, SA2#143e:  “Discussion on UE positioning capabilities storage in core network”.
[2]	3GPP TS 22.261: “Service requirements for the 5G system; Stage 1”.
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