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1. Abstract

This paper evaluates the status of the current stage 3 specified mechanism for handling at use of cause value #78, "PLMN not allowed to operate at the present UE location" and suggests a way forward allowing network signalling of lower bound values to achieve a stage 3 re-attempt mechanism taking properties of satellte access into account.

2. Discussion

2.1 Background

In the work on 5G satellite access requirements have been introduced that allows the network to reject UE requests based on evaluation of the UE location and assessment that the PLMN cannot serve the UE in its current location. To acheve this a new cause value has been introduced.
In stage 3, behaviour is normally specified for reject causes that control when the a rejected request can be re-attempted. Due to the properies at satellite access are fundamentally different than at legacy 3GPP TN accesses, a new mechanism has been specified in CT1 stage 3 in which time and distance travelled since receiving cause value 78 controls when an attempt can be retried. The values are selected by the UE and the network can optionally signal lower bound values. The stage 3 specification is however not yet complete in that the definition of the IEs to indicate network indicated lower bound values remain to be specified.
In discussions it is questioned whether in completing the mechanism for #78 should keep the network optional signalling of lower bound values for time and/or distance, or whether this alternative shall be removed and the UE to be allowed to select values for time and/or distance by implementation alone.
2.2 Analysis of "PLMN not allowed to operate at the present UE location" use case
In current stage 2, the requirements for not allowing UE access in the current UE location are specified as follows:
If the AMF determines based on the Selected PLMN ID and ULI (including Cell ID) received from the gNB that it is not allowed to operate at the present UE location the AMF should reject any NAS request with a suitable Cause value and, if known in AMF, inform the UE of the country of the UE location. If the UE is already registered to the network when the AMF determines that it is not allowed to operate at the present UE location, the AMF may initiate deregistration of the UE. The AMF should not reject the request or deregister the UE unless it has sufficiently accurate UE location information to determine that the UE is located in a country in which the PLMN is not allowed to operate.

From the highlighted part of the stage 2 requirements, it is clear that the network can only use cause value #78 when the network can determine the UE location sufficiently accurately and that this location is not in the geographic area the network is allowed to operate in. The network at using cause value #78 therefore needs to be aware of the relation between the current UE location and the border to the area the network is allowed to operate in and can provide information based on this knowledge to the UE that will aid in the UE selection of reasonable values for the cause value #78 re-attempt mechanism. 

Observation 1:
The network rejecting the UE with cause value #78 knows the UE current location and how this location is related to the area the network is allowed to operate in.
Furthermore, it can be noted that the use of cause value #78 depends on UE location and there is no component of load or congestion so in cases when requests are rejected because of congestion control the existing cause values dedicated to such cases are expected to be used. If rejects with cause value #78 result in frequent re-attempts because of e.g. too aggressive re-attempts caused by limited information at the UE when a re-attepmt is llikey to be accepted, an increase of load could be experienced that as a side-effects leads to congestion that need to be handled on the scope of congestion control mechanisms.
Observation 2:
The use of cause value #78 is not related to congestion and high signalling load but is only used at network determination of UE location outside the area the network is allowed to operate.

Following the stage 2 text copied above, cause value #78 is used by the network when the UE attepts a request in a location the PLMN is not allowed to operate. From a UE point of view this means that the UE, even if it is able to determine its location as a geographic position, does not have the information to determine that the PLMN it accesses is allowed to operate the current UE location. If the UE was unable to determine its location as inside the area the network is allowed to operate, it is unlikely that the UE is able to select appropriate values to apply for the stage 3 specified re-attempt mechanism. Any re-attempt based on equally insufficient UE determined information as the initial attempt would have equally small chance of success.
Observation 3:
The UE receiving cause value #78 has not been able to determine that it is located outside the area the network is allowed to operate.

Observation 4:
Any re-attempts based on equally insufficient information as the initial request, that was rejected with cause value #78, would have equally small chance of success.
2.3 Analysis of #78 re-attempt alternatives

Following observation 1 the network need to have accurate UE location to use cause value #78 and is therefore also in the position to determine reasonable values for time and/or distance when further re-attempts can be successful from the perspective of UE location related to the area the network is allowed to operate. If provided to the UE in combination with cause value #78, futile re-attempts can be avoided that would only result in new rejects with cause value #78. The UE can select greater values, if seen appropriate, by implementation.
The aspect of network signaled lower bound values not only provides a certain degree of network and operation control over the re-attempt mechanism at cause value #78, it is also a function that can easily be tested to secure standard compliant UE implementations.

Observation 5:
A re-attempt mechanism where values for time and distance are selected by UE implementation but limited to optional network signaled lower bounds results in testable mechanism that provides a certain degree of network and operator control.

Following observations 3 and 4, the UE receiving cause value #78 has not been able to determine its position in relation to the area the PLMN is allowed to operate. There is no reason to expect that the UE better can determine its location related to the area the PLMN is allowed to operate in after receiving just a cause value to inform of the case as such. In the CT1 specified re-attempt mechanism the UE is allowed to select values for time and/or distance when a re-attempt is allowed, but without additional information to estimate reasonable values, such selection will be assumptions and not likely to be more accurate than an initial request being rejected with cause value #78.

As there are no restrictions specified, the UE can by implementation select any value and the re-attempt mechanism at cause value #78 will be an unnecessarily complex specified mechanism that could be expressed as “upon receiving cause value #78 the UE determines when to re-attempt by implementation”. Such open UE decided re-attempt mechanism without network guidance or standardized minimum values increases the risk of too frequent re-attempts with unnecessarily high signalling load as a consequence.

Additionally, as the UE can select any values by implementation, testing of UE re-attempt logic is not possible as there are no requirements to test, opposite to existing specified re-attempt mechanisms in legacy specification for other cases than cause value #78.

Observation 6:
A re-attempt mechanism based on UE implementation only need not be specified with the detail as currently agreed, and leaves the mechanism untestable and uncontrollable from network and operator perspective.

Proposal 1:
It is proposed to maintain the currently specified optional network signaling of lower bounds to the UE selected values for time and distance that limit re-attempts at cause value #78, and complete the specification by adding definitions of the needed information elements.
3. Proposal

The following observations and proposals have been made in the discussion part above:

Observation 1:
The network rejecting the UE with cause value #78 knows the UE current location and how this location is related to the area the network is allowed to operate in.
Observation 2:
The use of cause value #78 is not related to congestion and high signaling load but is only used at network determination of UE location outside the area the network is allowed to operate in.

Observation 3:
The UE receiving cause value #78 has not been able to determine that it is located outside the area the network is allowed to operate in.

Observation 4:
Unless the UE is provided with additional information, any re-attempt will be based on equally insufficient information as the initial request that was rejected with cause value #78.
Observation 5:
A re-attempt mechanism where values for time and distance are selected by UE implementation but limited to optional network signaled lower bounds results in testable mechanism that provides a certain degree of network and operator control.

Observation 6:
A re-attempt mechanism based on UE implementation only need not be specified with the detail as currently agreed, and leaves the mechanism untestable and uncontrollable from network and operator perspective.

Proposal 1:
It is proposed to maintain the currently specified optional network signaling of lower bounds to the UE selected values for time and distance that limit re-attempts at cause value #78, and complete the specification by adding definitions of the needed information elements.
A CRs is available in C1-22abcd, to complete the specification by adding definitions of the needed information elements for optional network signaling of lower bounds to the UE selected values for time and distance that limit re-attempts at cause value #78.
