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1. Introduction

About periodic attempts for re-selection to a higher priority SNPN when access for localized services in SNPN is enabled, CT1 has discussed several meetings and no conclusion was made.
CT1 has sent an LS C1-232888 to SA1 for stage 1 service requirement confirmation and was confirmed by SA1 in the reply LS C1-235078 as below:
"Question:
In Rel-18, does SA1 have a service requirement that requires the UE to perform periodic attempts to re-select to a higher priority SNPN, when access for localized services in SNPN is enabled?

Reply:
There is no requirement for the periodic attempts to re-select a higher priority SNPN when access for localized services in SNPN is enabled, but the absence of Stage-1 service requirements does not preclude other working group to discuss a technical solution regarding periodic attempts for re-selection to a higher priority SNPN."
This paper attempts to analyse the use cases need to be covered, the issues need to be resolved and the possible solutions needs to be provided while keeping both the above SA1 green text and the above SA1 yellow text in mind.

As a start, the author of this paper would like to highlight that for network (re-)selection in the idle mode, including both PLMN (re-)selection and the SNPN (re-)selection, the stage 1 service requirements are under SA1's remit while the stage 2 procedure definition is under CT1's remit. This is the business as usual since very beginning. This paper will strictly follow this business principle.
2. Discussion
2.1. What are the use cases need to be covered and what are the issues need to be resolved?
Even though SA1 has clearly confirmed that there is no stage1 service requirement on the periodic attempts to re-select a higher priority SNPN for obtaining localized services, the proposal is still pushed in CT1 due to some companies believe following stage 1 service requirements in SA1 TS 22.261 on localized services in SNPN are not implemented in stage 2:

"The 5G system shall enable the home network to allow a UE to automatically select a hosting network for accessing localized services when specified conditions (e.g., predefined time, location) are fulfilled.
The 5G system shall enable the home network to instruct a UE to select a hosting network with certain conditions (e.g., predefined time, location) based on the request from a service provider."
Please note that for above SA1 requirements, also as clearly confirmed in the reply LS by SA1, there is no any requirements on periodic attempts for re-selection to a higher priority SNPN for localized services. Actually what above SA1 requirements indicated are: the UE should try to select (please bear in mind that here it is "select", NOT "re-select") an SNPN for which the user wants to obtain the localized services when the validity conditions (e.g. time and location) are met, e.g. the user wants to obtain the sports event localized service when the UE is in a stadium within the sports event time period.
Just due to it is "select", NOT "re-select", once the UE has successfully selected an SNPN which could provide the intended localized services for the UE, i.e. above SA1 requirements are met, then the UE will not re-select another one. This is very reasonable in the field, e.g. the user is already under enjoying the sports event localized service in the stadium very well, then why the UE needs to change to another SNPN which will abort the ongoing localised service? Very bad user experience here. Why just in a same stadium, there are many different SNPNs with different priority to provide the same sports event localized services? This is totally impractical in the field.
Also to guarantee above SA1 requirements (i.e. "select", NOT "re-select"), CT1 has already define below SNPN selection procedure in TS 23.122 sub 4.9.3.1.1 which puts the selected SNPN in the highest priority order for the UE:
"The MS selects an SNPN, if available and allowable, in the following order:
a0)
if the MS supports access to an SNPN providing access for localized services in SNPN and access for localized services in SNPN is enabled, then, using the SNPN selection parameters for access for localized services in SNPN in the selected entry of the "list of subscriber data" or associated with the selected PLMN subscription:
1)
the SNPN previously selected as result of an entry of a list of bullet a0) 2) or a0) 3) with which the UE was last registered, if validity information of the entry is still met;"
Observation #1: As per stage 1 requirements specifed in SA1 and stage 2 procedure defined in CT1, once the UE has successfully selected an SNPN which could provide the intended localized services for the UE, the UE will not re-select another SNPN for the same intended localized services, i.e. periodic attempts for re-selection to a higher priority SNPN is not needed.
The above mentioned SA1 requirements mainly touched the UE side. Furthermore, based on following related SA1 requirements which touched the network side, one can see that basically in end-to-end, the 5G network operators and localized service providers should guarantee the provided localized services are available for the user as far as possible.
"The 5G system shall support means for the service provider to request the hosting network via standard mechanisms to provide access to 3rd party services at a specific period of time and location.
Based on localized services agreements, the 5G system shall provide suitable means to allow the service provider to request and provision various localized service requirements, including QoS, expected/maximum number of users, event information for discovery, network slicing, required IP connectivity etc, and routing policies for the application of the localized services via the hosting network.
The 5G system shall support a mechanism to enable configuration of a network that provides access to localized services such that the services can be limited in terms of their spatial extent (in terms of a particular topology, for example a single cell), as specified by a service provider of localized services.

The 5G system shall support a mechanism to enable configuration of a network that provides access to localized services such that the services can be limited in terms of the resources or capacity available, to correspond to requirements that apply only to the locality of service delivery, as specified by a service provider of localized services."
Hence, from network deployment perspective, the localized service provider should make the coverage area of SNPN in which the localised services are available matches the location condition of the SNPN configured at the UE as far as possible. Typically to make the coverage area of SNPN is larger than the location condition of the SNPN configured at the UE, e.g. as shown in Figure 1 below. In this case, normally the user can always obtain the intended localized services when the validity conditions (both the time and the location) are met. Note that based on the localized services agreements between the home network and the hosting network, the location condition of the SNPN configured at the UE can be tailored to the actual coverage area of SNPN as far as possible. This is also clearly specified in below stage 1 service requirement in TS 22.261:
"The 5G system shall be able to limit access of specific UEs to a configurable area of a hosting network's coverage area."
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Figure 1. The typical deployment example for localized services.

Observation #2: As per stage 1 requirements specifed in SA1, to guarantee the provided localized services available for the user as far as possible, the coverage area of SNPN in which the localised services are available should match the location condition of the SNPN configured at the UE as far as possible. Typically the coverage area of SNPN is larger than the location condition of the SNPN configured at the UE.
However, during the past CT1 discussions, it seems mainly focus on other deployment cases (e.g. the location condition of the SNPN configured at the UE is larger than the coverage area of SNPN as shown in Figure 2) or special scenarios (e.g. the user is temporarily in underground metro station even it is in the coverage area of SNPN, as show in Figure 3).
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Figure 2. The deployment example for localized services: location condition of the SNPN configured at the UE is larger than the coverage area of SNPN.
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Figure 3. A special scenario: the user is temporarily out of the coverage area of SNPN (e.g. in underground metro station) even it is in the coverage area of SNPN.

As per Observation #2, we believe the deployment case as shown in Figure 2 should be avoided as far as possible as this is just intentionally to create troubles for operator/service providers themselves to provide very bad user experience for localized services.
We also believe the special scenario as shown in Figure 3 is just a temporary case and hence, cannot be justified as a normal requirement to define a standard solution for it. Note that for Figure 3, it could be argued that if the user is in the underground metro station, then more reasonably, it should have lost the coverage for all networks, not only for the SNPN which provides the localized services, i.e. the UE should in the state 5GMM-DEREGISTERED.NO-CELL-AVAILABLE or 5GMM-REGISTERED.NO-CELL-AVAILABLE.
Anyway, to move forward, we could be fine to cover the cases as shown in Figure 2 and Figure 3 in standard discussion.

Then for cases as shown in Figure 2 and Figure 3, from a higher level perspective and keep Observation #1 in mind, it can be generalized to a case (referred as "the concerned case" hereafter): there is no previous selected SNPN and the intended SNPN is not available or the previous selected SNPN is not available but the validity conditions of this SNPN are still met.

Observation #3: The only use case needs to be covered is: there is no previous selected SNPN and the intended SNPN is not available or the previous selected SNPN is not available, but the validity conditions of this SNPN are still met at the UE.
Based on Observation #3, we believe the only issue (referred as "the concerned issue" hereafter) needs to be resolved is:

Issue: How does the UE obtain the intended localized services in case of no previous selected SNPN and the intended SNPN is not available or the previous selected SNPN is not available, but the validity conditions of this SNPN are still met at the UE.
2.2. Possible stage 2 solutions
To resolve the concerned issue, CR [1] proposed a solution (referred as "Solution #1" hereafter), i.e. periodic attempts for SNPN re-selection for localized services in SNPN.
We believe Solution #1 is overdone to implement the stage 1 service requirements as quoted in section 2.1 and has some drawbacks as analysed in Table #1 below:

Table 1: Drawback evaluation for Solution #1.
	
	Drawbacks
	Technical analysis

	Drawback #1
	· It enforces the UE to perform the periodic attempts for re-selection to a higher priority SNPN for localized services even after the UE has successfully selected and obtained the intended localized services.
· This indeed drains the UE battery and also impacts the user experience very much as the user is already under using the intended localised services.
	This against the Observation #1 in section 2.1. Note that in Solution #1, a timer T for localized services in SNPN is started and it will keep running even after the UE has successfully selected and obtained the intended localized services. At the expiry of timer T, as per proposed by the Solution #1 as below, the UE actually performs re-selection to a higher priority SNPN for localized services. 

" b)
The MS shall make the following attempts at the value for timer T for localized services after the last attempt.

…

the MS shall periodically attempt to perform SNPN reselection by scanning for available and allowable SNPNs and selecting an SNPN in accordance with bullets a0) 2) 3), b) and c) of the automatic SNPN selection mode procedure in clause 4.9.3.1.1."

	Drawback #2
	· It defers the UE to obtain the intended localized services up to 1h as the default value of timer T is 1h.
	The timer T mechanism is copied from PLMN case, hence, based on the experience in PLMN case, normally the default value will be used. In this case, it will defer the UE to obtain the intended localized services for too long time.

	Drawback #3
	· It copies the very similar logic of periodic attempts for re-selection to a higher priority PLMN when the UE is in a VPLMN which gives a hint that the roaming is supported in SNPN.
	The periodic attempts for re-selection to a higher priority PLMN is only performed when the UE is roaming but in SNPN case, until now, the roaming is still not supported yet.


Based on Table #1; Solution #1 cannot be the only one solution and other possible solutions should be taken in account as well. From the UE implementation perspective, other alternative solutions can be evaluated in Table #2 below:
Table 2: Technical evaluation on other alternative solutions.
	
	Solution description in debrief
	Technical analysis

	Solution #2
	· The UE changes to state 5GMM-DEREGISTERED.PLMN-SEARCH or state 5GMM-REGISTERED.PLMN-SEARCH.
	· As per specified SNPN selection procedure in TS 23.122 sub 4.9.3.1.1, in case of the intended SNPN for localised services cannot be selected after perform step a0) and the validity information of the intended SNPN is still met, then the UE changes to:

(1) If another SNPN can be selected and registered, the UE changes to state 5GMM-REGISTERED.PLMN-SEARCH; or

(2) If no SNPN can be selected and registered, the UE changes to state 5GMM-DEREGISTERED.PLMN-SEARCH;
in order to select the intended SNPN for localised services as far as possible.
Note that here the UE is operating in SNPN access operation mode over 3GPP access and hence, the UE cannot perform PLMN selection and registered to a PLMN over 3GPP access.

	Solution #3
	· The UE starts an implementation-specific timer to trigger the SNPN selection and the timer could be a fix timer period or a flexible timer period.
	· For a fix timer period, it is the same as Solution #1.

· For a flexible timer period, the UE could make it smarter and many implementation-specific ways could be adopted as required. For example, to balance the UE battery drain and the delay of obtaining the localized services, the UE could perform the SNPN selection as below:
(1) Set the timer T = 5m and perform SNPN selection at expiry of T.
(2) If the intend SNPN is not available, set the timer T = 10m.

(3) Repeat step (2) with increased timer value, e.g. (T = 20m, 30m, 40m, 50m, 1h).

(4) Once the timer T = 1h and the intended SNPN is still not available, go back to step (1) and repeat (1) – (4).

(5) If the intended SNPN is available and selected successfully, stop timer T.

	Solution #4
	· The UE uses the location change to trigger the SNPN selection, e.g. TA/cell change, or the geo-location change.
	· For cases as shown in Figure 2 and Figure 3, if the user does not move, then regardless of which solution is taken, the UE cannot obtain the intended localized services ever as the coverage area of SNPN will not change dynamically.
· TA may be too big but as per below SA1 service requirements, the location condition could be cell level and hence, once the cell is changed, the UE triggers SNPN selection.
"The 5G system shall support a mechanism to enable configuration of a network that provides access to localized services such that the services can be limited in terms of their spatial extent (in terms of a particular topology, for example a single cell), as specified by a service provider of localized services. "
· Also, from implementation perspective, the UE can use the change of geo-location to trigger SNPN selection as said above, the user should move into the coverage area of SNPN.

	Solution #5
	· The UE indicates localized services not available information to the user and then let the user to, e.g. manually trigger the SNPN selection or disable/re-enable the localised services.
	· As per clearly indicated by below SA1 requirements in TS 22.261, the user is aware of localized services provided by the SNPN based on which could decide to enable/disable it.
"The user can become aware of the available access to local services, and the process to gain and terminate access to the hosting network and local services. This process should be efficient, and convenient from a user experience standpoint.
…
Principally the service providers (e.g., brick and mortar businesses, entertainment venues, construction contractors, first responder agencies, etc.) will provide information and proper incentive or instructions to potential users so that they will seek to access the local services via hosting networks."
· Hence, it is a reasonable option that the UE indicates localized services not available information to the user and then let the user to be involved, e.g., manually trigger the SNPN selection or disable/re-enable the localised services.


Except alternative solutions in Table #2 which are under the scope of 3GPP, there are other ways out of the scope of 3GPP which could also help to resolve the issue, e.g. the user is clearly aware of the intended localised services in a given time and location, hence, once the user has entered the location in the given time but the UE cannot provide the intended localized services, the user can actively do something, e.g. to manually trigger the SNPN selection or disable/re-enable the localised services.
Observation #4: In addtion to the solution (i.e. periodic attempts for SNPN re-selection for localized services), there are many other workable or even better solutions could resolve the concerned issue very well. 
3. Proposal
Based on the discussion given in section 2, we could have:

(1) In a reasonable and typical network deployment for localized services, the concerned issue will not happen.

(2) The concerned issue does mainly happen in temporary and special cases.

(3) There are mainly workable solutions can resolve the concerned issue.

If so, then why we have to document only one solution in standard to restrict the UE implementation? The reasonable way forward is to leave this to the UE implementation to meet the stage 1 services requirements defined in SA1.
Proposal: It proposes to leave to the UE implementation to obtain the intended localized services in case of no previous selected SNPN and the intended SNPN is not available or the previous selected SNPN is not available, but the validity conditions of this SNPN are still met at the UE.
4 Conclusion
This paper has analysed the use cases need to be covered, the issues need to be resolved and the possible solutions needs to be provided.

Based on discussion, following observations were provided:

Observation #1: As per stage 1 requirements specifed in SA1 and stage 2 procedure defined in CT1, once the UE has successfully selected an SNPN which could provide the intended localized services for the UE, the UE will not re-select another SNPN for the same intended localized services, i.e. periodic attempts for re-selection to a higher priority SNPN is not needed.
Observation #2: As per stage 1 requirements specifed in SA1, to guarantee the provided localized services available for the user as far as possible, the coverage area of SNPN in which the localised services are available should match the location condition of the SNPN configured at the UE as far as possible. Typically the coverage area of SNPN is larger than the location condition of the SNPN configured at the UE.
Observation #3: The only use case needs to be covered is: there is no previous selected SNPN and the intended SNPN is not available or the previous selected SNPN is not available, but the validity conditions of this SNPN are still met at the UE.
Observation #4: In addtion to the solution (i.e. periodic attempts for SNPN re-selection for localized services), there are many other workable or even better solutions could resolve the concerned issue very well. 

Based on discussion and observations, below issue needs to be resolved:

Issue: How does the UE obtain the intended localized services in case of no previous selected SNPN and the intended SNPN is not available or the previous selected SNPN is not available, but the validity conditions of this SNPN are still met at the UE.
To resolve above issue, below proposal was provided:

Proposal: It proposes to leave to the UE implementation to obtain the intended localized services in case of no previous selected SNPN and the intended SNPN is not available or the previous selected SNPN is not available, but the validity conditions of this SNPN are still met at the UE.
The above proposal is captured in CR C1-237357.
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