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Abstract of the contribution: NAS level mobility management congestion control has been specified for 5GS using the corresponding functionality in GPRS/EPS as basis, but due to differences in stage 2 requirements, stage 3 needs to be further modified.
1. Introduction

The requirements for NAS level mobility management congestion control in 5GS have been specified in 24.501 using EPS as a basis, and current 24.501 for most part corresponds to the functionality in GPRS/EPS. Due to additions in stage 2 related to the fact that a UE can be simultaneously registered in 3GPP access and non-3GPP access, and potentially to different non-equivalent PLMNs, there is a need to assess stage 3 specification and evaluate what modifications are needed.
2. Discussion
2.1 Background for GPRS and EPS
NAS level mobility management congestion control was introduced for 2G/3G/4G in the NIMTC WI in Rel-10, and 3GPP TS 24.008 and 24.301 were updated to implement the functionality. The basis is that the network can determine congestion on MM level and request the UE to refrain from MM signaling by requesting a back-off time. Unless for exceptions such as emergency related services, the UE is expected to follow the requested back-off. 
For MM back-off it was decided to handle back-off separately for CS and PS services, but PS was agreed to have a common back-off independently of what RAT is used. Thus, a PS MM backed-off UE shall apply the common back-off for 2G, 3G and EPS. The back-off is further applicable to all equivalent PLMNs, but is stopped by the UE at change to a non-equivalent PLMN. At change to a non-equivalent PLMN, start of PS MM back-off can again be requested.
Specification of MM back-off at the UE is based on the T3346 timer in both GPRS and EPS, which is a UE level timer that can be started upon signaling in either GPRS or EPS. The CS MM back-off is specified using the timer T3246 at the UE, and therefore MM back-off are applied independently between CS and PS.
For the network there is no timer standardized that aligns to the requested UE back-off, but on stage 2 level it is specified that the network optionally may store a back-off time per UE and reject non-allowed UE signaling from non-standard compliant UEs with a minimum of processing, i.e. follow previously requested back-off without the need to re-evaluate congestion conditions.

To summarize, the PS MM back-off at the UE:

a) PS MM back-off is controlled by T3346

b) T3346 applies on UE level

c) T3346 applies for all RATs

d) T3346 applies to all equivalent PLMNs

e) There is maximum one instance of T3346 running at the UE

2.2 Current specification of NAS level mobility management congestion control in 5GS 
At specification of 5GS Rel-15, the functionality for NAS level mobility management congestion control was introduced by using 24.301 as a basis. Timer T3346 was kept for MM back-off in 5GS and, using the same principles to start and stop T3346, signaling of requested back-off from network to UE was added in applicable 5GS NAS messages.
Observation 1: Support for NAS level mobility management congestion control was added to 5GS by extending the mechanism as specified for GPRS and EPS.

In an addition to the 5GS MM congestion control it was specified that: 
“If the UE is registered in the same PLMN over the 3GPP access and non-3GPP access, and the UE receives the timer T3346 from the AMF, the timer T3346 shall apply to both 3GPP access and non-3GPP access.”

This requirement says a running timer T3346 at the UE restricts signaling in both 3GPP and non-3GPP access in the PLMN. It is a natural extension of the legacy NAS level mobility management congestion control where 5GS 3GPP access and 5GS non-3GPP access are added to the accesses/RATs that are restricted by the same, shared T3346.
Observation 2: Both 5GS 3GPP access and 5GS non-3GPP access are restricted by a common running T3346, in addition to the restricted RATs as specified for GPRS and EPS.
However, in current 24.501 specification the legacy requirement is also copied:

“If the UE enters a new PLMN while timer T3346 is running, and the new PLMN is not equivalent to the PLMN where the UE started timer T3346, the UE shall stop timer T3346 when initiating 5GMM procedures in the new PLMN.”

Also this behavior is in line with the legacy NAS level mobility management congestion control and ensures that there at most is one running timer T3346 at the UE that applies to all accesses and RATs of registered PLMN (and any equivalent PLMNs). This mechanism works well for a UE with only one registration or a UE with simultaneous registrations to 3GPP and non-3GPP access of the same PLMN, but will result in problems at simultaneous registration to non-equivalent PLMNs. In this latter case, a possible active NAS level mobility management congestion control will be prematurely cancelled upon subsequent registration of one access type to a non-equivalent PLMN.
Observation 3: 5GS enhancements allowing simultaneous registrations to non-equivalent PLMNs for 3GPP access type and non-3GPP access type results in possible issues for the currently specified NAS level mobility management congestion control mechanism in stage 3.
2.3 Stage 2 requirements NAS level mobility management congestion control in 5GS 

The stage 2 requirements for General NAS level congestion control in 23.501 have been modified compared to legacy to take simultaneous registrations into account. 
“If UE registered in the same PLMN for 3GPP access and non-3GPP access and receives a Mobility Management back-off time from the AMF, the back-off time is applied to both 3GPP access and non-3GPP access. If UE registered in different PLMNs for 3GPP access and non-3GPP access respectively and receives a Mobility Management back-off time, the back-off time is only applied to the PLMN that provides the time to the UE.”

Even if it is not clearly spelled out whether the back-off for a PLMN applies only when registered or also for attempts to register when not yet successfully registered, it can be assumed that the latter is the valid alternative. Such interpretation can be justified by the requirement to maintain T3346 when deregistered and that the timer T3346 is not stopped at “Cell/RAT/TA/Access Type change” 
A conclusion of the above copied requirements is that a UE that registers to both 3GPP access type and non-3GPP access type in different, non-equivalent PLMNs can separately receive back-off from both PLMNs, resulting in two active, parallel back-off timers where each applies to all RAT/Access types of the PLMN where it was received (and its equivalent PLMNs).
Observation 4: 5GS stage 2 requirements imply that a UE can have multiple parallel MM back-off timers, each applicable to the (equivalent)PLMN(s) where it was received and to all RATs/access types of those PLMNs.

As this aspect of NAS level mobility management congestion control has not been captured in stage 3, it should be introduced. The negative impact by not supporting this stage 2 aspect is significant, but not critical. The result will be possible unintended cancellations of active back-off across PLMNs, leading to additional signalling attempts, congestion evaluation and repeated back-off request. Given this, it is proposed to not update Rel-15. Further, as Rel-16 is about to be frozen and the stage 3 impact is not likely to be trivial due to fundamental changes of current mechanism and inter-operability with GPRS/EPS, it is also proposed to not update Rel-16 but to address the issue in Rel-17, either as a TEI17 effort or with a dedicated CT1 WI.
Proposal 1: It is proposed to address NAS level mobility management congestion control enhancements to support simultaneous registrations to 3GPP and non-3GPP and different, non-equivalent PLMNs in Rel-17
2.4 Attempt to resolve unintended back-off cancellation

In CT1#123-e a CR was discussed and agreed (C1-202684), which proposed to correct the unintended cancellation of an active back-off at simultaneous registration of one access type to a non-equivalent PLMN. The proposed solution is to cancel back-off in the source PLMN only for the access type for which the UE attempts registration to a non-equivalent PLMN.
This proposal can be interpreted as it would make the timer T3346 access type specific, which would be:

a) a fundamental change compared to legacy and current specification as explained in 2.1 and 2.2 above;

b) not supported by stage 2 requirements that rather enhances multiple parallel MM back-off based on PLMNs, and not based on access type.

c) Breaks the requirement that an active back-off applies to all RATs/access types.
Given the unclear impact of the proposal in 24.501 CR#2190 and the contradiction with existing stage 2 and stage 3 requirements, it is proposed to un-agree CR#2190 and allow time for a thorough analysis of updates required to implement existing stage 2 requirements.

Proposal 2: It is proposed to un-agree the previously agreed version of 24.501 CR#2190 to allow more thorough analysis of updates needed to NAS level mobility management congestion control given existing stage 2 requirements.
An alternative to CR#2190 is available in C1-203498. This proposal shows a solution direction in line with existing stage 2 requirements, i.e. T3346 instances based on PLMN rather than access type, and will if agreed make introducing access type specific timer T3346 superfluous.

For the required updates in 24.501 a revision of either C1-203498 or CR#2190 could be used, if CT1 can agree a viable solution in the Rel-16 timeframe.
3. 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. It was also pointed out what the current stage 2 requirements say and what would be a possible way forward. it is therefore proposed:
Proposal 1: It is proposed to address NAS level mobility management congestion control enhancements to support simultaneous registrations to 3GPP and non-3GPP and different, non-equivalent PLMNs in Rel-17
Proposal 2: It is proposed to un-agree the previously agreed version of 24.501 CR#2190 to allow more thorough analysis of updates needed to NAS level mobility management congestion control given existing stage 2 requirements.

To show a possible way forward given existing stage 2 requirements, a basis update proposal is provided in C1-203498.
