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1	Introduction
RAN2 has received from SA2 the LS in [1]. This LS presents questions to RAN2 on “Key Issue #3”  in the Rel-18 study FS_eNS_Ph3 study documented in TR 23.700-41.  Key Issue #3 is described as:  “Network Slice Area of Service for services not mapping to existing TAs boundaries, and Temporary network slices”. 
In this contribution an analysis of the questions asked by SA2 is provided and feedback on the LS from SA2 is given. 
Similar analysis was submitted to RAN3 in R3-225507.
[bookmark: _Ref178064866]2	Discussion
KI#3 is defined in TR23.700-41 v1.0.0 as follows:
Network Slices are deployed for services over an Area of Service which may match the existing TAs or for which the Area of Service can be different. Currently, the network slice availability (i.e. where the network slices are defined to be supported) is designed to match deployed TA boundaries. In addition, the UEs and network configuration can be impacted when network slices are deployed and decommissioned over certain time interval (e.g. the Configured NSSAI can change when a network slice is no longer available or becomes available, this can affect the Allowed NSSAI and other parameters and in turn the RA may need to change, etc.).
This Key Issue will study how to address the issues described above and whether system level improvements are needed to mitigate e.g. the deployment and control plane issues that arise due to the currently defined system behaviour:
-	The support of services over network slices when the services have Area of Service not matching the existing deployed TA boundaries.
-	The support of network slices which have a limited lifetime (including how to gracefully terminate a network slice which can apply also to network slices which have a longer lifespan in order to avoid abrupt PDU Session release).
From the above we understand that the target of KI#3 is that of enabling policies that allow certain services to be available in certain areas without being subject to the constraint of being homogeneous available within a TA. Thus it will not always be possible for the CN to ensure that the services on a slice is homogeneous available within the RA of each UE.
We note that there is no requirement on the slice or service availability for the service on the slice when a UE is outside its area of service. Namely, if a service on a slice has to be available in e.g. Cell x, Cell y and Cell z, there is no requirement on whether such service may or may not be available outside these cells coverage. The slice and also service may well be available outside its area of service but subject to specific operator´s policies.
[bookmark: _Toc115430190]KI#3 focuses on enabling policies to allow a service on a slice to be available in areas that do not have to match with a TA coverage. The slice, and also service may be available outside its area of service, provided that operator´s policies rule what such availability entails.

Also, we note that there is no requirement on modifying mobility mechanisms, such as network registration. We understand that such mechanisms shall be left untouched if possible. 
In general, and as a common principle followed by 3GPP, the solution to be sought should be one fulfilling the objective of the key issue while minimising the impacts on current specifications.
[bookmark: _Toc115430191]The solution to be sought for KI#3 should minimise the impacts on the network while fulfilling the main objectives of the issue

2.1 Feedback on Q1

With the above in mind, we analyse the three questions asked in the LS in [1].
Q1.Whether NG-RAN can broadcast one or more Secondary TAIs (up to a number RAN2 agrees, we note that for NTN is already possible to broadcast TWO TACs) via an updated SIB or new SIB, and report them to the CN and between gNBs as per existing Tracking Area related information exchange procedures but with indication they are secondary. The additional TAIs are associated with specific S-NSSAI(s) like the existing TAs and will be treated by UEs supporting secondary TAs as a normal Tracking area from RM standpoint (as described in solution#9)

The solution in Q1 proposes additional secondary TAIs, which are for the sole purpose of enabling the use of slices that don’t fully align with an existing TA. The secondary TAIs are to be broadcast over an existing and updated SIB or via a new SIB and, for that, they can be used by new UEs only. Namely, this solution does not work for legacy UEs. The latter means that if any slice is supported only in the secondary TAIs, such slice will not be accessible to a legacy UE, even if the user for the legacy UE have subscribed to such slice. The latter is non-trivial given that a user may, for example, contract access to a slice deployed on a secondary TAI and move its SIM card to a legacy device not supporting secondary TAIs. Hence the user will be denied access to the contracted slice services.
We note that this solution has impacts on the whole network, namely:
· The solution impacts UEs, which need to support decoding the secondary TAIs in new SIB information and behaving accordingly
· The solution impacts the RAN, which has to broadcast the secondary TAIs via modified or new SIBs, signal them over common interfaces to CN and other NG-RAN nodes and adopt specific behaviours associated with them. 
· The solution impacts the CN, which needs to consider such secondary TAIs for processes such as network registration, paging, user location information etc.
· The solution impacts the OAM, which needs to configure the secondary TAIs on a per cell basis and the mapping between them and the supported slices.
[bookmark: _Toc115430192]The solution presented in Q1 has an impact on the whole 5G system and it has a serious impact on legacy UEs in that slices deployed in the secondary TAs are not available to the UEs even if they have a subscription for those slices.
As hinted above, it is not clear what the UE should do when entering such secondary TAIs. If such TAIs are equivalent in functionalities to legacy TAIs, then the solution modifies mobility and paging procedures by introducing, for example, new, extra registration updates at secondary TAI change. This would incur in an increase of signalling over the air and over the RAN-CN interface, as well as changing well established mobility and paging functionalities. 
[bookmark: _Toc115430193]The solution in Q1 causes an increase of over the air and network signalling and changes well established mobility and paging functionalities
Whether the solution solves the issue raised by KI#3 is also questionable. If KI#3 is motivated by the fact that existing tracking areas are difficult to adapt to the area of service for a given slice, then why would the introduction of yet another type of TAI resolve the problem? Wouldn´t it be that secondary TAIs would also be difficult to modify in coverage once they are established? In this case, the area of service for new slices introduced after the secondary TAIs have been setup would probably not match the coverage of the secondary TAI. Would then the solution be to introduce yet another type of TAI? 
A clear conclusion is that this solution is not scalable or flexible to adapt to the area of service that slices deployed at different points in time would demand.
[bookmark: _Toc115430194]The solution in Q1 does not fulfil the objective of KI#3 due to lack of flexibility and scalability. This is due to the fixed coverage of secondary TAIs, which, like with normal TAIs, would not be easy to adapt to areas of service once it is configured.
One further aspect of the solution in Q1 is that some RAN behaviours would become ambiguous. For example, how should the RAN decide on mobility targets on the basis of the neighbour cells´ TAI Support List and Secondary TAI Support List? If a UE is allowed to access some slices in normal TAIs and some others in secondary TAIs, should the RAN steer mobility towards cells supporting “normal” TAIs, or should it choose cells supporting “secondary TAIs”?
Another example of how this solution distorts legacy behaviours concerns connected mode mobility, which is currently controlled by the Mobility Restriction List. Namely, a cell would support multiple TAs, legacy ones and secondary ones. What would happen if, e.g. a secondary TA is allowed and the legacy one is forbidden (or vice versa)? It is not clear if the UE is allowed to be handed over to the cell or not.
[bookmark: _Toc115430195]The solution in Q1 creates ambiguity in certain RAN behaviours such as connected mode mobility

In light of the observations above, we propose the following
[bookmark: _Toc115430199] RAN2 sends a reply LS to SA2, stating that the solution in Q1 is not feasible to solve KI#3 because:
· It has a high impact on the whole 5G system
· It does not work for legacy UEs and it prevents legacy UEs from using the slices available in Secondary TAIs
· It causes an increase of over the air and network interface signalling, while impacting some well established functions such as mobility and paging
· It does not fulfil the objective of KI#3 due to lack of flexibility and scalability
· It does create ambiguity in nodes behaviours, for example in case of connected mode mobility
2.2 Feedback on Q2
In [1] Q2 is captured as follows:
Q2. Whether the NG-RAN can be configured with a slice availability on a per-cell basis and
a)  inform AMF and other gNBs in NGAP messages (as described in solution#11 and others)
b) Whether in Constrained Service Area the network slice is still supported but since no dedicated resources are allocated for the network slice the SLA of the network slice is not guaranteed.(as described in solution#45).

It is understood from Q2 that even though a slice is supported (e.g., over one or more TAs), the slice and the services on the slice may be subject to different degrees of availability, namely it will be served with different policies, depending on the cell.
The solutions #11 and #45 in Q2 are based on the configuration at the RAN of a policy by which the RAN makes some services on network slices fully available (i.e. served according to fulfil the SLA’s of the slices) in some cells while leaving the availability of such services in other cells up to an operator´s configured policy.
This approach allows fulfilment of SLAs within those cells configured to be within the service area. For cells outside the service area, but in the same TA (the constrained area), the slice may be served as best effort (no GBR flows allocated to services on the slice), the slice may be served with low priority (no dedicated and/or prioritized resources allocated to the slice), or it may not be served at all (no resources allocated to the slice).
Concerning question 2.a: we do not see the reason to communicate a list of cells with configured availability over NGAP and XnAP. Reasons for this are:
· The slice availability policy is configured and executed at the RAN for a subset of cells in the TA. Nevertheless, the concept of supported slices per TA remains unchanged, hence there seem to be no reason to signal a list of cells with slice availability to the AMF, given that the AMF is already aware of all supported slices per TA and this is all the AMF needs to know to run its processes
· It is already possible for RAN nodes to understand the availability of resources for a slice in a neighbour cell (via the Xn: Resource Status Reporting procedure), which is all it is needed to carry out connected mode mobility. This is done via the Resource Status Reporting procedure over Xn. Hence, cells where slice availability is configured will show higher available resources, while cells where no slice availability has been configured will show low or no available resources.
Concerning question 2.b: the same observations as for question 2.a are valid. Additionally, we believe it is plausible that the policy on how to serve slices outside the slice availability area can be configured and it depends on operators´ choices. In one example, slices outside the slice availability area may be served as best effort and/or with low priority. In another example, the operator may choose to configure the RAN not to allocate any resources to these slices in cells outside the slice availability area.  
Moreover, we note that the solution in Q2.b can be achieved by means of existing tools. Namely, the RRM policies specified in TS28.541 allow already to configure the RAN with per slice resources, hence enabling the concept of “Constrained Service Area”
In light of the above, we propose the following:
[bookmark: _Toc115430200]RAN2 sends a reply LS to SA2, stating that it is feasible to configure the NG-RAN with an additional per-cell service availability for a supported slice, however
· There is no need to signal a list of cells configured with slice availability over RAN interfaces
· It is feasible to leave up to operators´ configuration and based on existing RRM policy configuration tools what resources a slice may access outside its slice availability area

2.3 Feedback on Q3
In [1] Q3 is captured as follows:
Q3.	The NG-RAN receives in solution 29 (but conceivably this would be needed for similar solutions) the partially allowed S-NSSAIs in addition to the Allowed NSSAI. Can the NG-RAN in principle trigger handover procedure to a supporting TAI of the partially allowed S-NSSAIs when it is possible to do so? this can happen while in connected mode or when the UE is engaged in transition from Idle to connected mode. The reason is to enable the support of the maximum number of S-NSSAIs in the Allowed and partly allowed S-NSSAIs lists. 

The solution 29 in Q3 is based on the introduction of a partially allowed NSSAI, in addition to the Allowed NSSAI. It is primary a solution to the case when the slice support is homogeneous per TA, but the RA includes TA’s with different slice support. This is actually Key Issue #5 in the SA2 study. Many similar solutions are proposed for both KI3 and KI5, where the UE is signaled a TA-list specifying in which TA’s the slice is available.
The main difference between the different solutions is the UE’s behavior. In some of the solutions, the UE is required to register again to get access to a slice that is ‘partially allowed’, and in other solutions the UE is considered registered, but it is not allowed to request service. 
In solution 29, the UE is allowed to request service also on a slice that it knows is not allowed in the current TA. It can be noted that this is the same behavior of legacy UE’s when the slice is in the Allowed NSSAI, so this solution is very close to solution 45, where the UE will also request service even if outside the service area. In both solutions, it is up to operator policy how the service request is treated. The UE could be HO to another frequency band if within coverage, or services could be denied. However, while solution 45 works for legacy UE’s, solution 29 requires the UE to support the feature, even though it is unclear what the UE is using the partially allowed NSSAI for.
[bookmark: _Toc115430196]The UE’s behavior in Solution 29 is the same as legacy UE’s when the slice is in the Allowed NSSAI, so it is unclear what the UE is using the partially Allowed NSSAI for.
The question asks if the NG/RAN can “in principle trigger handover procedure to a supporting TAI of the partially allowed S-NSSAIs when it is possible to do so”. 
RAN can move/redirect UE’s to cells at other frequencies through HO, Release with re-direct, or dedicated frequency priorities in RRC Release. As discussed for Q2, In a legacy network, RAN can get information of resources available for slices in neighbouring cells through Xn, and can therefore decide to move a UE to cell at another frequency that have more resources available for the slices in the allowed NSSAI. If the UE want access to a slice that is not supported in the current TA, the CN can use the Target NSSAI to inform RAN, and the UE can similarly be moved. 
The partial allowed NSSAI would only be available for UE’s supporting the feature, so it is not backward compatible. However, if a partial allowed NSSAI is signalled to RAN, and indicates that the UE may want access to a slice that are served in a TA at another frequency, that information can be used just as the Target NSSAI to move the UE to that frequency band.   
[bookmark: _Toc115430197]RAN could use the partially allowed NSSAI as an indication that a UE may want access to a slice at another frequency band. However, there are other alternatives that also works for legacy UE’s, as Target NSSAI, or solution 45.
[bookmark: _Toc115430201]RAN 2 captures the above observations in the reply LS to SA2, stating that “Legacy mobility functions already allow the RAN to carry out handovers of UE’s to other frequency bands, if RAN is aware of the need. RAN could use the partially allowed NSSAI as an indication that a UE may want access to a slice at another frequency band. However, there are other alternatives that also works for legacy UE’s, such as Target NSSAI, or solution 45.”
2.4	Other RAN impacts from FS_eNS_Ph3 Solutions 
The questions in the LS does not cover all RAN impact from the mentioned solutions, and there are more solutions to KI3 as well as other Key issues that have RAN impact. Therefor we expect that SA2 will come back with another LS asking for more feedback.,
[bookmark: _Toc115430198]  The SA2 LS does ask for feedback on all issues with RAN2- impact. It is expected that they will come back with another LS asking for more feedback.

In the contribution R2-225506, we have captured the above observations.
[bookmark: _Toc115430202]RAN2 sends a reply LS to SA2, based on the draft LS in R2-225506, capturing the above observations.



[bookmark: _Ref189046994]Conclusion
In the previous sections we made the following observations: 
Observation 1	KI#3 focuses on enabling policies to allow a service on a slice to be available in areas that do not have to match with a TA coverage. The slice, and also service may be available outside its area of service, provided that operator´s policies rule what such availability entails.
Observation 2	The solution to be sought for KI#3 should minimise the impacts on the network while fulfilling the main objectives of the issue
Observation 3	The solution presented in Q1 has an impact on the whole 5G system and it has a serious impact on legacy UEs in that slices deployed in the secondary TAs are not available to the UEs even if they have a subscription for those slices.
Observation 4	The solution in Q1 causes an increase of over the air and network signalling and changes well established mobility and paging functionalities
Observation 5	The solution in Q1 does not fulfil the objective of KI#3 due to lack of flexibility and scalability. This is due to the fixed coverage of secondary TAIs, which, like with normal TAIs, would not be easy to adapt to areas of service once it is configured.
Observation 6	The solution in Q1 creates ambiguity in certain RAN behaviours such as connected mode mobility
Observation 7	The UE’s behavior in Solution 29 is the same as legacy UE’s when the slice is in the Allowed NSSAI, so it is unclear what the UE is using the partially Allowed NSSAI for.
Observation 8	RAN could use the partially allowed NSSAI as an indication that a UE may want access to a slice at another frequency band. However, there are other alternatives that also works for legacy UE’s, as Target NSSAI, or solution 45.
Observation 9	The SA2 LS does ask for feedback on all issues with RAN2- impact. It is expected that they will come back with another LS asking for more feedback.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 sends a reply LS to SA2, stating that the solution in Q1 is not feasible to solve KI#3 because:
· It has a high impact on the whole 5G system
· It does not work for legacy UEs and it prevents legacy UEs from using the slices available in Secondary TAIs
· It causes an increase of over the air and network interface signalling, while impacting some well established functions such as mobility and paging
· It does not fulfil the objective of KI#3 due to lack of flexibility and scalability
· It does create ambiguity in nodes behaviours, for example in case of connected mode mobility
Proposal 2	RAN2 sends a reply LS to SA2, stating that it is feasible to configure the NG-RAN with an additional per-cell service availability for a supported slice, however
· There is no need to signal a list of cells configured with slice availability over RAN interfaces
· It is feasible to leave up to operators´ configuration and based on existing RRM policy configuration tools what resources a slice may access outside its slice availability area

Proposal 3	RAN 2 captures the above observations in the reply LS to SA2, stating that “Legacy mobility functions already allow the RAN to carry out handovers of UE’s to other frequency bands, if RAN is aware of the need. RAN could use the partially allowed NSSAI as an indication that a UE may want access to a slice at another frequency band. However, there are other alternatives that also works for legacy UE’s, such as Target NSSAI, or solution 45.”
Proposal 4	RAN2 sends a reply LS to SA2, based on the draft LS in R2-225506, capturing the above observations.
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