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Abstract of the contribution: NAS level mobility management congestion control as introduced for 5GS was discussed for Rel-16 where negative effects were observed as well as misalignments to stage 2 requirements. No changes were progressed, and it was decided to address the issue further in Rel-17. This paper discusses alternatives to resolve the issue for Rel-17.
1. Introduction

In the Rel-16 discussions on NAS MM back-off handling, issues and misalignments between the stage 3 implementation and stage 2 requirements were identified. The DP in C1-203497 provided analysis of MM back-off functionality, its extension to 5GS and the status of stage 2 5GS requirements vs. stage 3 implementation. The content of C1-203497 is still valid when continuing discussions for Rel-17, so the content is not repeated but used for observations in this paper.
A number of observations are highlighted for discussion and agreement, to form a common understanding of the current situation for MM back-off mechanism.

Some alternative solutions are described for addressing the issues and conclude the topic in Rel-17

2. Discussion
2.1 Background
In [1] it is explained that MM back-off functionality was introduced in 3GPP for GPRS, [3], and EPS, [4], in the Rel-10 WI NIMTC. The UE MM back-off is requested by the network in applicable NAS messages and controlled in the UE using a back-off timer. NIMTC introduced two such timers: T3246 and T3346, where T3246 controls MM back-off for the CS domain and T3346 for the PS domain and network and UE handles MM congestion/back-off independently between these two domains. For T3346 it was in NIMTC concluded that it applies for a common back-off handling of PS domain, i.e. T3346 is RAT independent.
As there for GPRS and EPS is no non-3GPP access, the MM back-off applies to 3GPP accesses only for these systems.
For 5GS, the stage 2 requirements from Rel-15 and onwards [2] the 5GMM back-off mechanism for General NAS level congestion control were based on the corresponding requirements for EPS but were extended to also include non-3GPP access. A UE registered in the same PLMN is required to apply a network requested 5GMM back-off to both 3GPP and non-3GPP accesses, and if the UE is registered to different PLMN in 3GPP access and non-3GPP access a network requested 5GMM back-off is applied only to the PLMN from which the 5GMM back-off was received.
In stage 3 for 5GS the requirements for 5GMM back-off were based on EPS using the same timer T3346, extended to apply for both 3GPP and non-3GPP if registered in the same PLMN for both accesses. As for legacy systems, a running timer T3346 is stopped upon registration attempt to a non-equivalent PLMN. As observed during Rel-16, this latter requirement results in cancellation of a running T3346 for the remaining access if the UE attempts registration to a non-equivalent PLMN for one access.
To establish the status for MM back-off functionality as of Rel-16, based on [1] and discussions related to observed T3346 cancellation issue, some observations can be made. At agreement of the correctness of these observations, the behavior of MM back-off can be determined and negative consequences identified. A decision can be made whether current behavior is acceptable or whether a solution should be developed.
To determine the current MM back-off behavior, the following observations are made:

Observation 1: Timer T3346 was introduced to control a common MM back-off for GPRS (PS 2G and 3G) and EPS.
Observation 2: In GPRS and EPS, T3346 applies to 3GPP access.

Observation 3: 5GMM back-off reused T3346 to control MM back-off in 5GS.
Observation 4: In 5GS, timer T3346 controls 5GMM back-off in both 3GPP and non-3GPP accesses in the same PLMN.

Observation 5: In 5GS, timer T3346 does not apply to the access type using a different PLMN than the access type on which the timer T3346 was requested.

Observation 6: Timer T3346 is UE-wide, i.e. a T3346 value received in one RAT/access applies to all other RATs/access types of a PLMN using timer T3346, and the timer is commonly started/stopped.
NOTE: By implementation, separate timers or timer instances can be running to control MM back-off e.g. per RAT or access type, but the standard using one common T3346 implies that such instances need to be coordinated.
Observation 7: When registration is attempted to a non-equivalent PLMN for GPRS, EPS, 5GS 3GPP access or 5GS non-3GPP access, a previously running T3346 is stopped.
Observation 8: Stage 2 [2] requires that T3346 can be running simultaneously for two different PLMNs, one for 3GPP access and one for non-3GPP access.
Observation 9: Stage 3 supports only one timer T3346 for GPRS [3] and EPS [4], whereas for 5GS it is implied that T3346 can be per 5GS access type even though there is no introduction of timer T3346 instances in 5GS [5].
2.2 Consequences of current MM back-off specification

From the observations in 2.1 above it can be seen that (observation 1) T3346 was introduced to restrict MM signaling from a UE via any RAT of the PLMN that requested back-off, i.e. upon requested back-off via one RAT the UE cannot select a different RAT of the PLMN and initiate MM signaling. When reusing T3346 for 5GS, also 5GS access types of the PLMN are included in the restricted RATs/access types.
In GPRS/EPS the UE uses only one RAT at a time and change to a non-equivalent PLMN stops a running timer T3346 (observation 7). Thus, for GPRS/EPS there can only be one T3346 running and it applies to all RATs of the current PLMN (and equivalent PLMNs). When extending MM back-off to 5GS there is also the possibility of concurrent registrations to both 3GPP and non-3GPP (observations 4 and 5) potentially to different PLMNs. Further for dual-registration mode, concurrent registration to EPS and 5GS 3GPP access is possible. These additional options of concurrent registration to different RATs/access types/PLMNs were not addressed at introducing MM back-off for 5GS, leading to negative side-effects, e.g.:
1. A UE registered to both 5GS 3GPP access and non-3GPP access in the same PLMN with T3346 changes to a different PLMN for non-3GPP access. This leads to cancellation of T3346 in the “old” PLMN.
2. A UE registered to 5GS 3GPP access in PLMN1 and non-3GPP access in PLMN2. PLMN1 requests MM back-off. Timer T3346 will not be applied to non-3GPP access for PLMN1 and the UE can change to PLMN1 for non-3GPP access and initiate further 5GMM signaling for non-3GPP access in PLMN1.

3. A UE registered to 5GS 3GPP access in PLMN1 and non-3GPP access in PLMN2. PLMN1 requests MM back-off. Timer T3346 will be applied to 3GPP access for PLMN1, and not to non-3GPP in PLMN2. PLMN2 requests MM back-off. A running timer T3346 will be stopped, i.e. back-off in PLMN1 is cancelled. Timer T3346 will be started and applied to non-3GPP access for PLMN1, and not to 3GPP in PLMN1.
The above issues come from the specification not being updated with instances of T3346, that seems to be needed if stage 2 requirement to maintain individual MM back-off for 3GPP vs non-3GPP in case of different PLMNs. All requirements of checking for a running T3346, starting T3346 and stopping T3346 come from the legacy way of MM back-off specification when there was one and only one T3346 instance. It should also be noted that the example issues above are limited to 5GS accesses, but in the full functionality also 2G/3G/4G accesses are involved. For these legacy accesses, MM back-off act on the one and only T3346 instance without any consideration that there can be concurrent registrations in 3GPP and non-3GPP.
As the above issues show that there can be severe consequences unless MM back-off is enhanced to take concurrent registrations into account, i.e. a PLMN cancelling MM back-off requested by a non-equivalent PLMN or different MM back-off between access types of a single PLMN, it is proposed to address this and seek a solution for Rel-17.
Proposal 1: A solution for MM back-off to handle concurrent registrations for different access types and PLMNs should be introduced in Rel-17

3 Solutions
In the following some possible solutions for MM back-off supporting concurrent registrations for different access types and PLMNs are described with pros and cons. Other solutions may be possible. It is proposed:
Proposal 2: Discuss solutions for MM back-off supporting concurrent registrations for different access types and PLMNs to seek a commonly agreeable way forward.

3.1 T3346 instances per access type

It is clear from stage 2 requirements that 5GMM back-off should be possible per access type in 5GS, i.e. 3GPP access and non-3GPP access, when accessing different PLMNs. If T3346 timer instances are introduced per access type, these can be individually controlled. Additional specification is needed to introduce such instances and the coordination of these at mobility between PLMNs for the different access types. It is assumed that 5GS 3GPP access shares the legacy T3346 with the 2G/3G/4G RATs and the 5GS non-3GPP T3346 can be introduced and handled as a new timer or timer instance.
Pros:
3GPP access type including 5GS 3GPP access keeps the legacy logic.

Same principle can be used at adding new access types in the future.
Cons:
Specification impact to 5GS to introduce a new 5GMM back-off timer (instance) for non-3GPP access type.
Unclear:
Mobility/access to a PLMN with a running MM back-off timer (for other access type).
3.2 T3346 instances per (non-equivalent) PLMN
As the need for individual MM back-off only occurs, following stage 2, when the UE is registered to different PLMNs for 3GPP vs non-3GPP access type, timer T3346 instances could be introduced per PLMN. This way a PLMN requested MM back-off would apply to all access types and RATs of that PLMN and no coordination is needed between MM back-off of different PLMNs. Such principle however may break legacy logic in that MM back-off is kept for a PLMN even if the UE registers to a different PLMN for the same access type. It should however be noted that also legacy MM back-off has a PLMN component for the one and only T3346 as it tied to the PLMN requesting MM back-off (and its equivalent PLMNs).
Pros:
Simple consistent MM back-off for all access types and RATs of different PLMNs.

Cons:
Backwards compatibility issues


Specification impact to introduce a new MM back-off timer instances per PLMN.

Unclear:
-
3.3 Keep existing logic
To keep using a single MM back-off timer would lead to negative impact of unintended MM back-off cancellation and different MM back-off per access type within a PLMN. Both these aspects would lead to the UE attempting MM requests even though the network requested MM back-off and the MM request rate would increase. The network can respond to such unwanted MM signaling with reject and re-request of MM back-off that the UE should follow until the next inter PLMN mobility resulting in unintended MM back-off cancellation.
Pros:
Minimal standardization effort

Cons:
Increased signaling at congestion

Unclear:
Is signaling increase significant or can repeated reject with MM back-off be acceptable?
4. Proposal

It has been discussed how legacy and current mechanism for NAS level mobility management congestion control is specified, and the problems with this given 5GS enhancements. As current specification leads to significant negative impact, it is proposed:
Proposal 1: A solution for MM back-off to handle concurrent registrations for different access types and PLMNs should be introduced in Rel-17.

To seek a solution for Rel-17, it is proposed:

Proposal 2: Discuss solutions for MM back-off supporting concurrent registrations for different access types and PLMNs to seek a commonly agreeable way forward.
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