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1. Introduction

This paper attempts to discuss and determine whether an existing EMM/ESM/SM cause code can be reused by the network to perform the APN based congestion control. In addition, this paper tries to define an EMM timer mechanism related to a specific cause code for the APN based congestion control.
2. Requirement

The APN based congestion control mechanisms have been introduced in Stage 2 in SA2#80 and both the UEs/MSs and the network shall support this function. The network can detect APN congestion and start and stop performing the APN based congestion control based on some predefined criteria (e.g. Maximum number of active EPS bearers / PDP contexts per APN). If the APN congestion has been detected, the network can perform the APN based congestion control by rejecting any Mobility Management procedures or Session Management procedures with a Mobility Management back-off timer value or Session Management back-off timer value. Note that the APN based congestion control mechanism is applied to all the UEs/MSs not only to MTC devices.
To achieve the above requirements in Stage 2, there are some related works to do in Stage 3:

(1) The network should use a specific reject cause code to indicate the UE/MS that the current request is rejected by the network due to APN congestion. 
(2) In order to avoiding the UE/MS re-initiate the request targeting at connecting to the congested APN immediately and simultaneously, a back-off timer mechanism needs to be introduced.
(3) The behaviours of the UE/MS and the network should be defined when the APN based congestion control has been performed by the network.
In EPS, the network can perform APN based congestion control either in the EPS Mobility Management procedures (i.e. Attach or Tracking Area Update procedures) or in the EPS Session Management procedure (i.e. PDN Connectivity Request). Hence, both the EMM cause code and the ESM cause code should be defined and both the EMM back-off timer and the ESM back-off timer should be introduced. However, the congestion control for EMM and ESM actually can not be performed simultaneously for a UE. If the congestion control for EMM is performed for a UE, the congestion control for ESM is not needed for this UE.

In 2/3G, the network only needs to perform APN based congestion control in the Session Management procedure (i.e. Activate PDP Context Request). This is due to the MS does not request connecting to any APN in the GMM procedures. Hence, only SM cause code and SM back-off timer should be defined.
3. Discussion on cause code

In the current Stage 3 specification TS 24.301 and TS 24.008, many EMM/ESM/SM cause codes have been defined and used in the related EMM/ESM/SM reject messages (e.g. ATTACH REJECT). Here giving an analysis on the existing EMM/ESM/SM cause codes and attempting to determine whether an existing cause code can be reused by the network to perform the APN based congestion control.
3.1 Analysis on existing EMM cause codes

All the existing EMM cause codes are defined in TS 24.301 Annex A according to the following categories:

A.1
Causes related to UE identification
A.2
Cause related to subscription options
A.3
Causes related to PLMN specific network failures and congestion/authentication failures
A.4
Causes related to nature of request
A.5
Causes related to invalid messages
Based on the definition of each EMM cause code, all the existing EMM cause code except cause code "Congestion" belonged to A.3 are not suitable for the APN based congestion control.

The existing cause code "Congestion" is defined as (excerpted from TS 24.301 Annex A.3):

"Cause #22 – Congestion


This EMM cause is sent to the UE because of congestion in the network (e.g. no channel, facility busy/congested etc.). "
The above definition applies to all the congestion scenarioes in the network which also covers the APN based congestion. However, this cause code is used only in the combined Attach / combined TAU procedure and only applied to the case that combined Attach / combined TAU is successful for EPS services only in the current TS 24.301. This gives understanding that this cause code means the network is congested in CS domain only, which rather limits its usage. Hence it is sensible to extend the usage of the existing cause code "Congestion" to the PS domain congestion, especially to the APN based congestion in the network.
3.2 Analysis on existing ESM cause codes

All the existing ESM cause codes are defined in TS 24.301 Annex B according to the following categories:

B.1

Causes related to nature of request
B.2

Protocol errors (e.g., unknown message) class
If the MME detects the APN congestion based on one or multiple PDN GWs of an APN are not reachable or indicated congestion to the MME, the cause code "Request rejected by Serving GW or PDN GW" seems to be suitable for this case on the first sight. However, the Serving GW or PDN GW can reject the PDN Connectivity Request with causes other than APN congestion in P-GW (e.g. Service not supported, System failure etc.), this cause code can not be reused for the APN based congestion control. Any other existing ESM cause codes are also not releated to the APN based congestion according to their definition.

3.3 Analysis on existing SM cause codes

All the existing SM cause codes are defined in TS 24.008 Annex I according to the following categories:

I.1

Causes related to nature of request
I.2

Causes related to invalid messages
Similar to the existing ESM cause codes, the existing SM cause code "Activation rejected by GGSN, Serving GW or PDN GW" can not be reused for the APN based congestion control. Also, any other existing SM cause codes are not releated to the APN based congestion according to their definition. 

4. Discussion on EMM timer mechanism

In the current Stage 3 specification TS 24.301, an existing EMM timer mechanism (i.e. T3411 and T3402) for the Attach/TAU failure has been defined. In order to avoiding the UE re-initiate the request targets to the congested APN immediately, an EMM back-off timer mechanism is newly introduced. The UE shall not re-initiate the Attach/TAU procedure to the rejected APN until the EMM back-off timer expires. Note that there is no existing ESM timer mechanism for the ESM procedure failure.
Now whether the UE can re-initiate the Attach/TAU procedure after the previous request failure should depend on the behavior of three timers (T3411, T3402 and EMM back-off timer). If the EMM back-off timer is running, the UE shall not re-initiate the Attach/TAU procedure even when T3411 or T3402 expires. Hence, how can the existing timer mechanism and the new introduced back-off timer machnism co-work for the APN based congestion control needs to be studied.

There are three solution alternatives for the above timer mechanism handling:

Alternative I: both T3411, T3402 and EMM back-off timer are started
In this alternative, upon receipt of the reject message sent by the network due to APN congestion, the existing timer T3411, T3402 shall be started as normal and the EMM back-off timer shall also be started. However, at the time that T3411 or T3402 is expired while the EMM back-off timer is running, the UE shall not re-initiate the Attach/TAU procedure until the EMM back-off timer expires.

This alternative will change the UE’s behavior and need more timer resources provided by the UE.

Alternative II:  T3411 or T3402 is started conditionally
In this alternative, upon receipt of the reject message sent by the network due to APN congestion, the UE shall start the EMM back-off timer and behave as follows:

(1) If the time value of T3411 is shorter than the time value of the EMM back-off timer,  T3411 shall not be started.
(2) If the time value of T3402 is shorter than the time value of the EMM back-off timer,  T3402 shall not be started even its start cause is happened.
This alternative optimizes the usage of the timer resources but make the UE’s behavoir more complicated.
Alternative III: only EMM back-off timer is started, T3411 and T3402 are not started
In this alternative, upon receipt of the reject message sent by the network due to APN congestion, the UE shall only start the EMM back-off timer. The timer T3411 and T3402 shall not be started.

This alternative does not impact the current UE’s behavior and optimizes the usage of the timer resources provided by the UE.

5. Proposal

5.1 Proposal for cause code

Based on the analysis given in section 3, the existing EMM cause code "Congestion" is proposed to be reused by the network to perform the APN based congestion control in the EMM procedures. 
For the ESM and SM procedures, any existing cause code can not be reused for the APN based congestion control. It is proposed to define a new ESM/SM cause code also named "Congestion" for the APN based congestion control.
5.2 Proposal for EMM timer mechanism

Based on the discussion given in section 4, the Alternative III is proposed for the EMM timer mechanism used for the APN based congestion control. 
In addition, the specific behaviours of the UEs/MSs and the network should also be defined when the APN based congestion control has been performed by the network. The UE can take different actions to the same cause code "Congestion" based on the different received reject messages.
The above proposals are provided in the CRs C1-103696 / C1-103697 (TS 24.301) and C1-103698 (TS 24.008), and this paper proposes CT1 to agree on the CRs.
