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1. Introduction
This pCR introduces evaluation for solutions that address KI#4 and in particular the solutions that address the following question of KI#4 :
-
How a Disaster Roaming PLMN can limit the area of service to Inbound Disaster Roamers to the region where Disaster Condition applies
2. Reason for Change
There is currently no evaluation for solutions that address the particular question that is indicated above which is part of KI#4. This pCR attempts to evaluate the solutions that relate to the question shown above.
Before evaluating the solutions, it is good to revisit the requirement from SA1 for which the question above is related. The requirement is shown below from 3GPP TS 22.261, subclause 6.31.2.2:
The 3GPP system shall be able to support provision of service to Disaster Inbound Roamer only within the specific region where Disaster Condition applies.
As can be seen, the requirement calls for confinement of the area of the disaster roaming service to by ONLY within the area where the disaster condition has occurred. 
The solutions that are related to this are: solutions #17, #19 and #52. Moreover, solutions #17 and #19 related to the UE and the AMF, whereas solution #52 is related to how the AMF provides service area information to the RAN. As such, these solutions apply on different interfaces and are complementary as will be discussed.
Evaluation of Solution #17

This solution proposes that the AMF uses a registration area such that the TAI list overlaps with the area of the disaster condition. However, the overlap cannot be guaranteed to be a very accurate overlap with the area of the disaster condition. For example, the list of TAIs may lead to the UE having normal service in an area that is larger than the area of the disaster condition. 
· This does not have new impacts on the UE or the AMF. 
· However, the AMF would need to set the registration area such that it overlaps with the area of the disaster condition as much as possible.
In the case where the registration area contains TAIs that are much beyond the area of the disaster condition, the soluion also enables the AMF to use the existing service area restriction mechanism to set the allowed area such that the area where disaster roaming service is provided would be smaller the area covered by the entire TAI list and closer, with respect to coverage area, to the area of the disaster condition. 
· This does not have new impacts on the UE or the AMF. 
· However, the AMF would need to set the service area list such that it overlaps with the area of the disaster condition as much as possible.
While the solutions as described can work and will indeed limit the service area, they are not very granular and can lead to cases in which the UE may get normal service in a much larger area than the area of the disaster condition, an outcome which would be contrary to the SA1 requirement. The figure below shows a possible scenario in which this can happen:
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With deployments that have numerous cells within one single TAI, an outcome such as the one shown above can be much more common. Relying on the TAI and service area restriction list only makes it much more difficult to meet the SA1 requriement.
To overcome the issue above, solution #17 also enables the AMF to optionally confine the area of the disaster roaming service in a more granular form by using cell identities, where the UE’s service area will be determined by a set of cell identities that the AMF provides to the UE. In the figure above, the UE will receive two cell identities that correspond to the disaster area. As such, these cells will determine the allowed service area for the UE as follows:
· If the UE camps on one of these cells for which the identity is received from the AMF, the UE will be in state 5GMM-REGISTERED.NORMAL-SERVICE
· If the UE camps on any other cell for which the identity is not part of the cell identities received from the AMF, then the UE will be in state 5GMM-REGISTERED.NON-ALLOWED-SERVICE.
This optional component of solution #17 has new impacts to the AMF and the UE:
· AMF provides a new list of cell identities representing the cells on which the UE can get normal service such that these cells correspond to the area of the disaster condition
· The UE determines whether it can receive normal service or not (and thereby enter 5GMM-REGISTERED.NON-ALLOWED-SERVICE) based on verifying the cell identity that the UE is camped on against the list of cell identities that is received from the AMF
Evaluation of Solution #19
This solution proposes that the AMF uses a registration area such that the TAI list overlaps with the area of the disaster condition. However, the overlap cannot be guaranteed to be a very accurate overlap with the area of the disaster condition. For example, the list of TAIs may lead to the UE having normal service in an area that is larger than the area of the disaster condition. 

· This does not have new impacts on the UE or the AMF. 

· However, the AMF would need to set the registration area such that it overlaps with the area of the disaster condition as much as possible.

Evaluation of Solution #52
This solution proposes that the AMF uses the existing mobility restriction list and to provide it to the RAN with the service area list (e.g. set to indicate the allowed service area) such that it corresponds, as much as possible, to the area of the disaster condition. Additioanlly the AMF also indicates that EPC is not an allowed core network since MINT servcies do no apply to EPS.
As mentioned earlier, this solution is between the AMF and the RAN (over the N2 interface) and is independent of, and complementary to, solutions #17 and 19 both of which are related to the information set by the AMF and provided to the UE.
· Solution #52 does not introduce new changes to the AMF other than the AMF setting the existing mobility restriction as described above
3. Conclusions

Setting by the AMF of a registration area that overlaps with the are of the disaster condition is common to both solutions #17 and #19. However, the list of TAIs may be much larger than the area of the disaster condition and alone this solution cannot meet the SA1 requirements. However, this should be a basis for all solutions i.e. the registration area should be set such that it is, as best as possible, confining the UE’s mobility to the area of the disaster condition.
Solution #17 further uses the services area list to provide another level of granularity when possible e.g. when the UE’s regsitration area is much broader than the service area.
However, restricting the registration area to a minimum and/or using a restricted service area can still lead to cases in which the UE gets served in an area that is much larger than the area of the disaster condition thereby these solutions may not meet the requirements from SA1. For this purpose, solution #19 provides yet another level of granularity by updating the concept of restricted servcie area such that cell identities are used to define a finer area that would correspond better to the area of the disaster condition.
Solution #52 is complementary to solutions #17 and #19 and is between the AMF and the RAN in which the AMF uses the existing mobility restrictions to indicate the smallest possible service area which overlaps with the area of the disaster condition, and to indicate that EPC is not an allowed core network.
4. Proposal

It is proposed to agree the following changes to 3GPP TR 24.811 V1.0.0.
* * * First Change * * * *

7.4
Evaluation on solutions of Key Issue #4
Editor's note:
evaluation of solutions for other aspects of KI#4 is to be completed.
This section presents an evaluation of the solutions that address only the following specific aspect of KI#4:
-
How a Disaster Roaming PLMN can limit the area of service to Inbound Disaster Roamers to the region where Disaster Condition applies
Both solutions #19 and 17# have a common solution which reuses existing mechanims to confine the UE to a certain area by determining a UE registration area such that it corresponds to the area of the disaster condition. The solutions require that the AMF determines the registration area for a UE based on the area of the disaster condtion.

Solution #17 also provides the AMF with the option to use the service area list that can be used in the case when the registration area contains TAIs that are more than the TAIs of the area that is considered to correspond to the area of the disaster condition. Again this does not have new impacts to the AMF or the UE, noting that the AMF only needs to determine the service area restriction based on the area of the disaster condition. This implies that the UE will not be able to get service when the UE is in a non-allowed area until the UE attempts to transition to 5GMM-CONNECTED mode after which the AMF can redirect the UE based on solutions to KI#6.
Solution #17 enables further provides the AMF with the option to have finer control and determination of the area where the UE can get disaster roaming service by defining a service area based on a set of cells. This requires the AMF to provide a set of cell identities where this set would correspond to the area with the disaster condition. The UE which receives this information is also required to determine whether it should be in state 5GMM-REGISTERED.NORMAL-SERVICE or 5GMM-REGISTERED.NON-ALLOWED-SERVICE. The determination in the UE is based a check of the cell identity on which the UE is camped, where the UE gets this information from the AS layer by implementation specific means.
Solution #17 enables the UE to optionally perform PLMN search when the UE enters 5GMM-REGISTERED.NON-ALLOWED-SERVICE and is in 5GMM-IDLE mode.
The use of the service area restriction, as described above for solution #17, can lead to cases in which the UE may move into a non-allowed area that is considered to be non-allowed because of the serving PLMN’s service area restrictions that are not related to confining the UE’s service area during disaster roaming. In this case, the UE that implements PLMN search after entering 5GMM-REGISTERED.NON-ALLOWED-SERVICE, and is in 5GMM-IDLE mode, can lead to unnecessary PLMN search as the UE would still be in an area that corresponds to the disaster area. If this happens, then increased UE power consumption would occur from this unnecessary PLMN search.
While solutions #17 and #19 relate to the determination of the registration area, etc, which is relevant to the AMF and the UE, solution #52 is relevant to the AMF and the RAN and as such is independent of, and complementary to, solutions #17 and #19.

Solution #52 requires the AMF to use the existing mobility restriction list and to set the contents of the service area (e.g. allowed area) such that it corresponds to the area of the disaster condition and to indicate that EPS is not allowed as a core network for the UE. Other than this, solution #52 does not introduce any new impacts on the N2 protocol interface.
* * * Next Change * * * *

8
Conclusions
Editor's note:
conclusions for KI#4 are to be completed.
With regards to the following aspect from KI#4:
-
How a Disaster Roaming PLMN can limit the area of service to Inbound Disaster Roamers to the region where Disaster Condition applies;
the following interim conclusions are made.
For confining the UE to a specific, the following solutions are adopted for the normative phase:
· The AMF in the PLMN offering disaster roaming service determines a registration area for the UE such that the 5GS tracking area list contains only those tracking area identities (TAIs) that overlap with the known area of the disaster condition.
· The AMF in the PLMN offering disaster roaming service provides the mobility restriction list to the RAN with the service area set to the area that corresponds with the area of the disaster condition and also indicating that EPC is not an allowed core network.
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