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1. Introduction

This paper attempts to provide solutions for the key issues #3, #4,#5,#7,#8
2. Discussion
2.1 General
To discuss the solutions for the key issues #3, #4, #5, #7, #8, please consider the following scenario as a general example. The solutions will be explained based on this simple example.

· PLMN DC is the PLMN in Disaster Condition.

· PLMN NDC1 is the Non Disaster Condition PLMN1 which is not in Disaster Condition but it is in the forbidden PLMN list of the UE.

· PLMN NDC2 is the Non Disaster Condition PLMN2 which is not in Disaster Condition but it is in the forbidden PLMN list of the UE.

· UE is served by PLMN DC and detects that PLMN DC is in Disaster condition.

· PLMN NDC1 or PLMN NDC2 are not in disaster condition, but will be able to provide normal service as long as the PLMN DC is in disaster condition.
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Overall solution is based on a new PLMN list named “List of PLMNs to be used while in Disaster condition” which is assigned by the serving PLMN via NAS signalling or preconfigured by the HPLMN. In reality when the UE is in home country, there will be few available PLMNs and there will be few forbidden PLMNs (in reality 2 or 3 forbidden PLMNs). So if the HPLMN has a roaming agreement with the FPLMNs for disaster condition, HPLMN can configure UE with the ‘list of PLMNs to be used while in Disaster condition’. (in reality this list will contain only 2-3 PLMNs only). HPLMN ( or the serving PLMN) can define an order of PLMNs in the PLMN list so that the UEs are equally distributed between the VPLMNs to avoid potential overloading of the network. Also there will be a timer value associated with the PLMNs which will indicate ‘a minimum wait time’ for the UEs to perform registration on to the VPLMN ( and later when the UE comes back to the HPLMN). This minimum wait time can be set by the network as it knows exactly how many UEs are being served in the problem area and also based on the subscription priority.e.g For a high priority the minimum wait time can be the lowest value so that it attempts registration first.
2.2 Key Issue #3
Following are the items for studying in key issue #3

-
Which PLMN(s) are responsible for indicating their accesibility to Disaster Inbound Roamers;

-
How other PLMN(s) than the PLMN with Disaster Condition indicate that they can accommodate Disaster Inbound Roamer; and

-
What information can be provided to potential Disaster Inbound Roamers.

Solution to Key issue #3.
UE is provided with “List of PLMNs to be used while in Disaster condition”. The list can be configured in the USIM or stored in the ME. List can also be dynamically updated via NAS signalling ( e.g when the UE is not in home country). As soon as UE detects that there is a disaster condition (based on the solution in key issue #1) UE can perform a PLMN selection based on the “List of PLMNs to be used while in Disaster condition”.
Benefit of this solution is that

a)  the UE is well prepared with the information needed for disaster roaming. In reality there will only 2 or 3 forbidden PLMNs in a country (which is also stored in the USIM) and so this information about disaster roaming will be stored in a similar way. 
b) Radio resources are preserved by not broadcasting too much information especially in a disaster situation.

2.3 Key Issue #4

How a registration procedure initiated by Inbound Disaster Roamer is performed;
-
How to authenticate Inbound Disaster Roamer during the registration procedure;

-
Which network functions or entities are involved for the registration procedure of Disaster Inbound Roamers;

-
How a Disaster Roaming PLMN can limit the area of service to Inbound Disaster Roamers to the region where Disaster Condition applies; and

-
How and which function to collect charging information for a Disaster Inbound Roamer with information about the applied disaster condition.
Solution to Key issue #4
UE which is in disaster roaming shall use a new registration type in the registration request message so that the core network can know that the registration request from the UE is due to disaster roaming. This is typically the registration that is done by the UE after detecting a disaster condition and move to a PLMN supporting disaster roaming. This will enable the network to know that the UE is performing registration due to disaster roaming.

The disaster roaming PLMN can set the service area based on the disaster area. Allowed area or the TAI list can be set to the disaster area and as soon as UE moves out of the TAI list UE can perform registration.

2.4 Key Issue #5

1)
How the UE selects a PLMN if it is determined that a "Disaster Condition" applies;

a)
If the UE determines that a Disaster Condition applies as described in Key Issue #1 "Notification of Disaster Condition to the UE", then how to update PLMN selection procedure so that the UE avoids selecting the PLMN with Disaster Condition.

b)
If the UE determines that a Disaster Condition applies as described in Key Issue #1 "Notification of Disaster Condition to the UE", there is no available PLMN except for PLMNs in the list of "Forbidden PLMNs", and one or more available PLMNs indicate accessibility for the UE as described in Key Issue #3 "Indication of accessibility from other PLMNs without Disaster Condition to the UE", then how to update PLMN selection procedure so that the UE selects one of the PLMNs indicating accessibility for the UE.

c)
if there are more than one PLMN indicating accessibility for the UE, then how to update PLMN selection procedure for selecting one of those PLMNs.

NOTE:

The interaction between this Key Issue and Key Issue #7 (Prevention of signaling overload in PLMNs without Disaster Condition) should be considered, since preventing UEs from overloading a PLMN without Disaster Condition might have an impact on which PLMN the UEs should select.

2)
How the UE handles the list of "forbidden PLMNs" when selecting a PLMN indicating accessibility for the UE in the bullet 1).
Solution for key issue #5

Once the UE detects Disaster condition based on the solution for key issue #1, UE shall perform a PLMN selection and shall consider the list of “List of PLMNs to be used while in Disaster condition”. In the PLMN selection procedure, if the UE finds available PLMN that is in the forbidden PLMN list, UE shall consider the forbidden PLMN also for PLMN selection if they are present in the “List of PLMNs to be used while in Disaster condition”. Forbidden PLMNs shall be considered in the same order in which they are present in the “List of PLMNs to be used while in Disaster condition”. 
This is because the HPLMN can arrange the PLMNs in a particular order to distribute the UEs equally among the PLMNs.
As long as the disaster condition is applicable, PLMNs in the forbidden list shall not be considered as forbidden if they are present in the “List of PLMNs to be used while in Disaster condition”. Once the disaster condition is over, UE shall treat the PLMNs in the forbidden PLMN list as forbidden.
2.5 Key Issue #7
Following are the key issues to solve for the key issue #7

-
a) How to distribute the subscribers of the PLMN with Disaster Condition between the PLMNs without Disaster Condition available in the area where the Disaster Condition applies, so as to share the load as evenly as possible between the PLMNs without Disaster Condition;

-
b) How to stagger the arrival of UEs in the PLMNs without Disaster Condition, so as to spread out registration attempts over time and keep the number of UEs attempting to register simultaneously within a manageable limit;

-
c) How to use new Access Identity 3 for the purpose of Disaster Inbound Roamer access control and signalling overload prevention in the PLMNs without Disaster Condition;

-
d) How to enable a PLMN without Disaster Condition to efficiently prevent Disaster Inbound Roamers from attempting registration on the PLMN when the PLMN can no longer accept Disaster Inbound Roamers due to congestion.

Solution for #7

For a)

PLMNs in “List of PLMNs to be used while in Disaster condition” are arranged in a particular order by the serving PLMN. Serving PLMN knows exactly how many PLMNs are there in an area before hand and so when assigning the “List of PLMNs to be used while in Disaster condition”, it provides the UE with a priority order.

For example, in the figure 1, for UE1, PLMN DC can assign “List of PLMNs to be used while in Disaster condition” as {PLMN NDC_1, PLMN NDC_2} and for UE2, PLMN DC can assign the “List of PLMNs to be used while in Disaster condition”. As {PLMN NDC_2, PLMN NDC_1}. If both the PLMNs NDC_1 and PLMN NDC_2 are available for the UEs, they need to give priority to the order in which the PLMNs are populated in “List of PLMNs to be used while in Disaster condition”.

So in this case UE1 will go to PLMN NDC1 and UE2 will go to PLMN NDC2. The serving PLMN can thus equally distribute 

For b)

Each of the entry of PLMN in “List of PLMNs to be used while in Disaster condition” is also associated with a ‘minimum wait time’ timer which is used to control the registration attempt. UE shall not perform a registration until the ‘minimum wait time’ timer has expired. This will also give the NW a chance to provide service to the UEs based on its priority. For a high priority device the value of the minimum wait time can be set to a very low value. 

Right now in NAS, a random timer value is used in some situations, advantages of have a ‘minimum wait time’ value is that the registration of the UEs can be arranged in a more controlled way. Some UEs can also be given priority. 

It can also be that the UE can have a random timer started after the minimum wait time is over which will also ensure less signalling load on the network. 

2.5 Key Issue #8
-
How to stagger the return of UEs to the PLMN previously with Disaster Condition, so as to spread out registration attempts over time and keep the number of UEs attempting to register simultaneously within a manageable limit.

Solution to key issue #8

Each of the entry of PLMN in “List of PLMNs to be used while in Disaster condition” is also associated with a ‘minimum wait time’ timer which is used to control the registration attempt. UE shall not perform a registration until the ‘minimum wait time’ timer has expired. This will also give the NW a chance to provide service to the UEs based on its priority. For a high priority device the value of the minimum wait time can be set to a very low value. 

So when the UE returns to the HPLMN after the disaster condition is over, the same wait time can be applied to distribute the registration attempt of the UEs in the HPLMN. 

Advantage of having a minimum wait time configured by the NW is that the NW can assign the time according to the load of the network and also according to the priority of the UEs in the network. This method is more beneficial that using a random timer.

3 Proposals

Proposal 1 ( For key issue #3): It is proposed to provide UE with “List of PLMNs to be used while in Disaster condition” where are the PLMNs are arranged in a priority order and are associcated with a ‘minimum wait time’ which is used when the UE registers to the network.
Proposal 2 ( For Key issue #4): It is proposed to use a new registration type by the UE to inform the NW that the UE is performing registration update procedure due to disaster roaming. It is also proposed that the NW may allocate the service area or the registration area based on the actualy area where the disaster happened so as to restrict the UE’s service in the disaster inbound roaming PLMN to that area.

Proposal 3 (For Key issue #5): It is proposed the UE uses the PLMNs in “List of PLMNs to be used while in Disaster condition” in the order in which they are present in the list. 
Proposal 4(For key issue #7): It is proposed that the UE uses the order in which the PLMNs are present in the “List of PLMNs to be used while in Disaster condition” while selecting PLMN and use with the associated ‘minimum wait time’ to perform registration to the PLMN that supports disaster roaming so as to reduce the signalling overload on the network.

Proposal 5(For Key issue #8): it is proposed that the UE uses the minimum wait time timer value to wait before performing registration while coming back to the PLMN that was in disaster condition.
3 Conclusion
The proposals #1/#2/#3 #4 #5 are captured in p-CRs C1-210150, C1-210151, C1-210152, C1-210153, C1-210155 respectively.
