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1. Introduction

The MM back-off timer for the PS domain was introduced in Rel-10 as part of the work item MTC, but it is applicable to all UEs. In principle, the back-off timer mechanism allows the MME to reject a NAS request from the UE with a back-off timer, and as long as the timer is running, the UE shall not initiate any NAS request for mobility management procedures with certain exceptions:
-
the UE is allowed to initiate mobility management procedures for high priority access and emergency services even when the back-off timer is running, and
-
in Rel-11 a Dual Priority UE is allowed to initiate mobility management procedures when the UE has a PDN connection without low access priority active (or is attempting to establish such a PDN connection) when the back-off timer is running due to a reject of  a NAS request sent with low access priority.
When CT1 standardized the stage 3 protocols for SMS and LCS via E-UTRAN in Rel-8, they decided that messages for SMS and LCS are sent encapsulated in EPS mobility management (EMM) messages: Uplink/Downlink NAS Transport and Uplink/Downlink Generic NAS Transport, respectively. This is different from SMS and LCS via GERAN/UTRAN where the protocols for SMS, LCS and GPRS mobility management (GMM) are running on the same level of protocol stack, i.e. regardless of the protocol the messages are sent encapsulated in the same type of LLC frames or RRC/RANAP messages.

As a result of this difference, and of CT1's interpretation of the stage 2 requirements for stage 3, SMS, LCS are affected by the MM back-off timer in E-UTRAN in a much stronger way than they are in GERAN/UTRAN.
In the present paper we show that this results in a number of inconsistencies in the UE behaviour and in some violations of the stage 2 requirements – or at least of the 'intention' of the stage 2 requirements.
SA2 is asked to discuss the issue and decide whether stage 2 and stage 3 need to be updated.

2. Stage 2 Requirements for the PS MM back-off timer in EPS
Stage 2 requirements for the MM back-off timer can be found in TS 23.401 (Rel-10), especially in subclause 4.3.7.4.2.3 on "APN based Mobility Management congestion control": 

When congestion control is active for UEs with a particular subscribed APN, a Mobility Management back-off timer may be sent by the MME to UE.

…

While the Mobility Management back-off timer is running, the UE shall not initiate any NAS request for Mobility Management procedures. However, the UE is allowed to initiate the Mobility Management procedures for high priority access and emergency services even when the Mobility Management back-off timer is running. While the Mobility Management back-off timer is running, the UE is allowed to perform Tracking Area Update if it is already in connected mode.

and in subclause 4.3.7.4.2.4 on "General NAS level Mobility Management congestion control":
Under general overload conditions the MME may reject Mobility Management signalling requests from UEs. When a NAS request is rejected, a Mobility Management back-off timer may be sent by the MME and MME may store the back-off time per UE if MME maintains the UE context. While the Mobility Management back-off timer is running, the UE shall not initiate any NAS request for Mobility Management procedures except for Detach procedure and except for high priority access, emergency services and mobile terminated services. After any such Detach procedure, the back-off timer continues to run. While the Mobility Management back-off timer is running, the UE is allowed to perform Tracking Area Update if it is already in connected mode. If the UE receives a paging request from the MME while the Mobility Management back off timer is running, the UE shall stop the Mobility Management back-off timer and initiate the Service Request procedure.

…
The MME should not reject Tracking Area Update procedures that are performed when the UE is already in connected mode.

…
In Rel-11, due to the introduction of the feature Dual Priority UE, the following requirement was added to subclause 4.3.7.4.2.4:
While the Mobility Management back-off timer is running, the UE configured with a permission for overriding low access priority is allowed to initiate the Mobility Management procedures without low access priority if the Mobility Management back-off timer was started due to a reject message received in response to a request with low access priority and the upper layers in UE request to establish a PDN connection without low access priority or the UE has an established PDN connection that is without low access priority.

3. Stage 3 Requirements for the transfer of SMS and LCS in E-UTRAN and in GERAN/UTRAN 
The stage 2 requirements for E-UTRAN were implemented by CT1 in stage 3 (TS 24.301) in the following way:

The messages for SMS over SGs are sent encapsulated in the EMM messages UPLINK/DOWNLINK NAS TRANSPORT, and the messages for LCS in the EMM messages UPLINK/DOWNLINK GENERIC NAS TRANSPORT.
The handling of these EMM messages for the case when the MM back-off timer is running in the UE is specified in TS 24.301, subclause 5.6.3.4 "Abnormal cases in the UE":
a)
Timer T3346 is running


The UE shall not send an UPLINK NAS TRANSPORT message unless the UE accessed the network with access class 11 – 15 or has a PDN connection for emergency bearer services established. The UPLINK NAS TRANSPORT message can be sent, if still necessary, when timer T3346 expires or is stopped.

and in subclause 5.6.4.4 "Abnormal cases in the UE":
a)
Timer T3346 is running


The UE shall not send an UPLINK GENERIC NAS TRANSPORT message unless the UE accessed the network with access class 11 – 15 or has a PDN connection for emergency bearer services established. The UPLINK GENERIC NAS TRANSPORT message can be sent, if still necessary, when timer T3346 expires or is stopped.
I.e. except for the cases "access with AC 11-15" and "emergency bearer service", the UE is not allowed to send any of these "NAS TRANSPORT" messages in the uplink direction if the MM back-off timer T3346 is running. Note that this text has not been changed for Rel-11.
For the support of mobile terminating services, it is also relevant that according to subclause 5.6.2.2.1 "Paging for EPS services through E-UTRAN using S-TMSI":
… Upon reception of a paging indication, the UE shall stop the timer T3346, if running, and initiate a service request procedure to respond to the paging (see 3GPP TS 23.401 [10] and 3GPP TS 36.413 [23]). …

For access via GERAN/UTRAN, as we said before, SMS and LCS messages are not sent encapsulated in GMM messages, and the MM back-off timer is not applicable to these two protocols. 

Thus, when the UE is in GERAN cell belonging to the routing area where it is registered, or when it is in a UTRAN cell in Connected mode, it can send and receive SMS and LCS messages without restriction.
4. Consequences of current stage 3

In the following we will focus on SMS, however, LCS is equally affected and all the arguments apply in the same way. 

As we saw in the previous section, the two exceptions "access with AC 11-15" and "emergency bearer services" have been implemented in stage 3, but apart from these cases the UE is not allowed to send an UPLINK NAS TRANSPORT when the MM back-off timer is running. 
But SA2 has explicitly acknowledged that a UE in E-UTRAN can be in Connected mode even when the back-off timer is running (see e.g. above, in the quote from TS 23.401, subclause 4.3.7.4.2.4, the permission for the UE to initiate a TAU procedure when the UE is already in Connected mode).   
As a consequence of the current stage 3 requirements, even if the UE is already in Connected mode, it will not be able to initiate an SMS MO or send the necessary acknowledgement messages for an SMS MT. I.e. the service will fail in both directions.
1) Regarding SMS MT we have doubts that this is in line with the intention of the stage 2 requirements above:
"While the Mobility Management back-off timer is running, the UE shall not initiate any NAS request for Mobility Management procedures except for Detach procedure and except for high priority access, emergency services and mobile terminated services."

which are granting a general exception for all mobile terminated services.

The behaviour is also inconsistent in so far, as SMS MT in Idle mode is possible, because the network will page the UE first, and upon receipt of the paging the UE will stop the MM back-off timer T3346. If the network tries to deliver the same SMS MT while the UE is in Connected mode, the delivery will fail, as the timer is kept running and the UE is not allowed to send the necessary acknowledgements.

2) Regarding SMS MO the current stage 3 results in the inconsistent behaviour that SMS MO in Connected mode is possible via Iu-ps, but not via S1/SGs. 
Note also that when the UE is in Connected mode, SMS MT/MO over IMS would be allowed by the standard, as the back-off-timer does not put any restriction on the user data traffic.
3) As the MM back-off timer is to be supported by any UE from Rel-10 onwards, so the above issues exist for any UE. 
In Rel-11, however, with the introduction of the Dual Priority UE, there is an additional issue:  
The general principle for a "UE configured with permission for overriding low access priority" in stage 2 is that the UE is allowed to initiate MM procedures without low access priority, if it has a PDN connection without low access priority established or is attempting to establish such a connection and the back-off timer was started due to a request with low access priority. I.e. the idea is that with regard to the MM signalling such a UE behaves like a UE not configured for low access priority.
So the UE is allowed to initiate a service request procedure, but then according to the current stage 3, the UE will still not be able to send UPLINK NAS TRANSPORT messages, i.e. it will not be able to use SMS or LCS. 
5. Discussion and Proposal
The current stage 3 specification results in a number of inconsistencies regarding the support of SMS when the MM back-off timer is running:
1) SMS MT via SGs can be delivered when the UE is initially in Idle mode, but not when the UE is already in Connected mode.

2) SMS MT/MO via SGs is not possible when the UE is in Connected mode, but SMS MT/MO via IMS is possible.

3) SMS MT/MO via SGs is not possible when the UE is in Connected mode in E-UTRAN, but it is possible when the UE is in Connected mode in UTRAN.

These inconsistencies are affecting all UEs, not just UEs configured for low access priority. They are also affecting dual priority UEs that have a PDN connection without low access priority activated.

Furthermore, in our view it is questionable:
4) whether the stage 3 restrictions for SMS MT in Connected mode in E-UTRAN are in line with the stage 2 requirement to allow exceptions for NAS requests for mobile terminated services; and 

5) whether the stage 3 restrictions for SMS MT/MO for a Dual Priority UE are in line with the stage 2 requirement to allow mobility management procedure without low access priority if the UE has a PDN connection activated without low access priority and the back-off timer is running due to rejection of a NAS request initiated with low access priority.
In order to achieve a more consistent behaviour, we would like to propose that: 
1) 
For a UE in Connected mode in E-UTRAN, the MM signalling for SMS and LCS via E-UTRAN should be generally allowed. 

Such a change will remove the inconsistencies described above under item 1, 2, and 3. 

Furthermore, the UE will then be able to receive all kinds of mobile terminating services as required by stage 2 (item 4), 
- 
as the UE can respond to SMS MT messages also when the network skips the paging (because the UE is already in Connected mode), 
and the UE will be able to fulfil the requirements for Dual Priority UEs (item 5),
-
as a UE with a PDN connection activated without low access priority and with back-off timer running due to rejection of a NAS request initiated with low access priority will be allowed to initiate a service request procedure when needed. And once the UE is in Connected mode it can initiate signalling for SMS and LCS via E-UTRAN.
Regarding SMS MO via SGs, we think that the additional load caused by such a change will not be essential, as the majority of UEs with MM back-off timer running will be in Idle mode rather than in Connected mode, and a UE in Idle mode with MM back-off timer running is allowed to initiate a service request only in exceptional cases (access with AC 11-15, emergency bearer services, dual priority UE).
(Note that also the scenario in the SA2 CR which introduced the permission of a TAU procedure in Connected mode was assuming that the UE had a PDN connection for emergency bearer services when changing to Connected mode and released that PDN connection while staying in Connected mode, e.g. for a transfer of non-emergency related user data. So also this scenario was related to the known exceptional cases [access with AC 11-15, emergency bearer services, dual priority UE].)
2)
 Preferably, the changes should be effective from Rel-10 onwards, in order to ensure the support of SMS MT in Connected mode also in Rel-10.

We would like to ask SA2 to agree on these proposals.

Intel has submitted related CRs to TS 23.401 in S2-141721 – S1-141723. 
If the stage 2 CRs are agreed by SA2, Intel is going to submit corresponding CRs to TS 24.301 to the next CT1 meeting in July. (Proposal will be to remove the items a) from TS 24.301, subclause 5.6.3.4 and 5.6.4.4, completely.)
