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1 
Introduction
5GS introduced AMF and SMF as two logically separate core Network Functions (NFs) to manage MM and SM layer functionalities respectively. However, MM-SM have very tight coupling within the 3GPP system, which leads to unintended consequences. This paper discusses those unintended consequences and suggests a way forward.
2
Discussion
1. Discussion on general layered design principles.
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System-1: Impact on Layer-1 have no impacts on upper layers. System-2: Issues at Layer-1 impacts all the upper layers.
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In computer networking architecture, a key principle is to design the architecture in a layered-manner i.e. an issue at each layer must be self-contained or recovered without affecting the other layers in the system [1]. In other words, there are practical advantages when the design does not permit impacts at lower layer to be propagated to upper layers. For example, the following are some of the benefits of System-1 over System-2 (see above figure):

1. Reduction of signalling and resource optimization – Unnecessary signalling at Layer-2/Layer-3 signalling to re-establish the sessions is eliminated. 

2. Reduction of service activation time – Since recovery time is only of layer-1 while in System-2 recovery time is recovery time of Layer-1+Layer-2+Layer-3.
3. Upper layer agnostic recovery – Typically, upper layers are not aware of underlying issues of below layers. In System-2, if upper layers (Layer-2/3) belongs to external entities, with a non-layer approach, the underlying issues from Layer-1 will propagate to the external entities leading to sub-optimal user experience. 
Observation-1: Layered design principle expects an issue at each layer to self-contained or recovered without affecting the upper layers in the system. This helps in signalling and resource optimization, better service re-activation time, and upper layer agnostic recovery.

2. Discussion on layered design principles of 3GPP system.
Whenever a reset of MM layer occurs (i.e. when UE enters 5GMM-DEREGISTERED state) in 3GPP system, it has implications on multiple layers and all the way up to application layer due to the loss of SM context and as well as the IP address allocated to the UE. This is against the basic layered design principle explained in clause 1, which leads to sub-optimal behaviour in the 3GPP system.
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Example events that lead to MM context reset to occur:

1. Silent reset at Modem 

2. Security patch updates

3. OS upgrade 

4. Modem feature or system SW updates
5. Device reboot upon USIM Refresh

6. Device reboot upon Modem setting changes via OMA-DM

7. Network initiated Detach Request with “Re-Attach Required”

8. Data Stall recovery upon throttling timer Expiry

9. No service case (Implicit detach timer expiry at network)

NOTE: Events 7 and 9 can usually happen due to AMF maintenance (e.g., planned removal), AMF failure, etc.
Observation-2: In 3GPP system, MM and SM contexts are tightly-coupled. If MM context reset occurs when the UE enters deregistered state, the UE’s SM context is also deleted with negative implications at the application layer.
3. MM-SM tight coupling and application layer impact
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The complete UE context involves the establishment of MM context, SM context and application layer context. Due to tight coupling of MM and SM context, whenever MM context is lost i.e. whenever UE enters deregistered state, SM layer context is also lost and hence the IP assigned w.r.t the PDU session is also lost. If UE recovers the MM context, the SM context also needs to be re-established. This causes significant SM signaling per PDU session as shown in above figure. UE needs to execute the above signaling “n” number of times for “n” PDU sessions. Further, once the PDU sessions are established, application level signalling (e.g. IMS re-registration etc.) will also need to be executed.
Observation-3: When MM context recovers, the SM context has to be re-established and Application layer context also needs to be re-established which involves good amount of signaling resources.
4. Communication of internal 3GPP system aspects to 3rd party applications:

Whenever a reset of MM layer occurs in 3GPP system, it is instantly communicated all the way up to the application layer, because IP address allocated to the UE is also lost. In 5GS, with increasing verticals expected to get integrated with 3GPP system and various deployment models, such communication of internal aspects in the 3GPP system those 3rd party applications/verticals is not desirable. This may lead to a situation where such 3rd party applications interacting with multiple operators are able to rank the quality of serving operator in a given country, resulting unintended consequences for the serving operators. 
Observation-4: Communication of internal 3GPP system aspects/issues to the 3rd party applications/verticals must be avoided. 
5. The service re-activation time is increased. 
Within the current 3GPP system, the MM context reset recovery procedure involves first, the re-establishment of MM context, followed by SM context re-establishment, and then re-establishment of application layer instead of simply recovering MM context alone. This leads to comparative delays in re-establishing the application sessions. If those applications are time sensitive applications any delay in re-establishing the application layer sessions is not desirable.
Observation-5: Due to tightly-coupled architecture, loss in MM context leads to re-establishment of MM+SM+Application layer context instead of simple recovering only the MM context. This leads to undesired service-activation delay i.e. re-activating the application layer context. This is not desirable, particularly for time sensitive applications.   

3
Proposal

Based on following observations:
Observation-1: Layered design principle expects an issue at each layer to self-contained or recovered without affecting the upper layers in the system. This helps in signalling and resource optimization, better service re-activation time, and upper layer agnostic recovery.
Observation-2: In 3GPP system, MM and SM contexts are tightly-coupled. If MM context reset occurs when the UE enters deregistered state, the UE’s SM context is also deleted with negative implications at the application layer.
Observation-3: When MM context recovers, the SM context has to be re-established and Application layer context also needs to be re-established which involves good amount of signaling resources.
Observation-4: Communication of internal 3GPP system aspects/issues to the 3rd party applications/verticals must be avoid.
Observation-5: Due to tightly-coupled architecture, loss in MM context leads to re-establishment of MM+SM+Application layer context instead of simple recovering only the MM context. This leads to undesired service-activation delay i.e. re-activating the application layer context. This is not desirable, particularly for time sensitive applications.
To address the observations and associated technical improvements, we propose to study them in Release-18 with the following objectives:

· When UE faces a MM reset how to recover 3GPP system without impacting SM and the above layers.
· When AMF faces a MM reset how to recover 3GPP system without impacting SM and the above layers, including the case of network initiated deregistration with “re-attach required”. 
· How to recover the 3GPP system without impacting SM and above layers for the case of OS upgrades, USIM parameter refresh for e.g. SUCI, NAS parameter change, which needs initial registration procedure as a trigger in Release-17.
Time units requested for study: 5.
4
Conclusions

It is proposed to discuss the observations and the proposed objectives for the study in SA2#145e. Based on the feedback the source company is willing to bring a SID to SA2#146e meeting.
5
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3GPP System: Issues at MM impacts all the upper layers.




