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1. Introduction

Since SA2#80(S2-104406) has introduced an APN based congestion control mechanism, which makes the network could reject the UE’s EMM/ESM request with a Mobility Management back-off timer and Session Management back-off timer, when the UE receives these back-off timers, it could not re-initiate request procedure until the back-off timers expires. This paper aims to analyse the APN based congestion control mechanism approved in SA2#80, and discuss an enhancement for this mechanism.
2. Analysis
The APN based congestion control mechanism introduced by SA2 can be divided into two parts shown as follows:

1. Congestion control for EMM procedure:

According to description in S2-104406: 
“The MME may perform the APN based congestion control for a UE by rejecting Attach or Tracking Area Update procedures with a Mobility Management back-off timer when requested (default) APN is congested. If the MME rejects Attach or Tracking Area Update requests for priority user and/or for emergency services, the Session Management back-off timer shall not be included.”
It says when a UE initiates Attach or TAU procedure for a requested APN which is in congestion, it may be rejected with a Mobility Management back-off timer; if a UE initiates Attach or TAU procedure for priority user and/or for emergency services, it may be rejected with a Mobility Management back-off timer but not the Session management back-off timer. 

2. Congestion control for ESM procedure:

The description of congestion control mechanism for ESM procedure is excerpt from S2-104406:
“The MME may reject the PDN Connectivity Request with a Session Management back-off timer for congested APNs. If UE provides no APN, then default APN from subscription data is used by the MME. …”
“The UE shall support a separate Session Management back-off timer for every APN that the UE may activate.”
The MME will send a separate Session Management back-off timer to UE for each APN when the APN requested by UE is in congestion, it means if the UE initiated PDN Connectivity Request for an APN in congestion, the UE will be rejected with a Session Management back-off timer for this APN, after that, the UE may re-initiate the PDN Connectivity Request procedure for that APN after the Session Management back-off timer expires, or could initiate another PDN Connectivity Request for another APN.

3. Discussion

For congestion control for EMM/ESM procedure, there may be some questions need to be clarified: 
Q1: The MME shall not include a Session Management back-off timer for rejecting Attach or TAU procedure initiated for priority user and/or for emergency services. Does that means if the Attach or TAU procedure was initiated NOT for priority user and/or for emergency services, the MME shall also include a Session Management back-off timer in the reject message?

In our understanding, the Session Management back-off timer shall also be included in the reject message, and then the UE could know whether it could re-initiate Attach or TAU procedure according to the Session Management back-off timer of that APN after the Mobility Management back-off timer expires. Further more, the MME may include all the UE’s subscribed APNs that in congestion in the reject message, hence the UE could choose an APN not in congestion to re-initiate Attach procedure and could know whether the TAU procedure could be accepted, after the Mobility Management back-off timer expires.
Proposal 1: The MME could include a list of Session Management back-off timers for the congested APNs which are subscribed by the UE together with the Mobility Management back-off timer in the reject message when rejecting Attach or TAU procedure for the requested APN is congested.

Q2: If the UE initiated a TAU procedure, which is the requested APN? In addition, If the UE has multiple PDN connections exist and all APNs of these PDN connections are not in congestion, how does MME process?

It seems that, in the TAU procedure, if the MME find that an APN in UE’s Bearer Context is in congestion, the MME shall reject the TAU procedure with a Mobility Management back-off timer. 
If the UE has multiple PDN connections and even some of them have the APN not in congestion, MME still rejects the TAU procedure, and the UE will enter EMM-REGISTERED.UPDATE_NEEDED state, in this state, the UE
====excerpt from 3GPP TS 24.301====

-
shall not send any user data;

-
shall not send signalling information unless as a response to paging;
-
shall perform cell selection/reselection according to 3GPP TS 36.304 [21]; and

-
shall enter the appropriate new substate depending on the EPS update status as soon as the access is allowed in the selected cell for one of the access classes of the UE.

Actually, there are some PDN connections which have the APN not in congestion in the UE. In this case, the UE should be able to get services on these PDN connections. 
Proposal 2: CT1 shall consider which kind of state the UE should enter while the TAU procedure was rejected as there is an APN congested in the UE’s Bearer Context; or the MME could accept the TAU procedure but sends the Mobility Management back-off timer and the Session Management back-off timers to UE.
Q3: During the UE initiated PDN Connectivity Request procedure, if the requested APN is in congestion, MME shall reject the request with a Session Management back-off timer for that APN, but is it good enough to send the Session Management back-off timer just for that APN?
Considering to improve the user’s experience, the UE may hope to access the network or get service immediately after it was rejected by the network, so the UE may try to initiate another PDN Connectivity Request for another APN, for UE’s bad luck, this APN may be in congestion as well, and the UE will be rejected again, in some unfortunate cases, the UE may be rejected several times, this will cause bad user experience and inefficient signalling consuming. 
For improving the user’s experience, when the MME rejects the PDN Connectivity Request because the APN requested is in congestion, the MME could send all Session Management back-off timers for the congested APNs which are subscribed by UE. When the UE received the information about the APNs in congestion, it could choose an APN that is not in congestion to initiate a PDN Connectivity Request procedure if it hopes to access the network as soon as possible.

Proposal 3: The MME sends a list of Session Management back-off timers for the congested APNs which are subscribed by UE when rejecting UE initiated PDN Connectivity Request procedure for the requested APN is congested
4. Proposal

We would like CT1 to discuss the above questions, and consider whether they should be solved. We are happy to submit the CR(s) to fulfil the decision of CT1 in the future meeting.
