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1.  Introduction
CN overload control mechanisms are being discussed as part of the NIMTC-RAN_overload work item. At RAN #73, two sets of CRs were technically endorsed for LTE [1, 2] and UTRA [3, 4]. The main reason that the CR could not be agreed in RAN2 was because of the backward compatibility problem, i.e., a Rel-10 MTC device accessing a legacy network. This paper discusses this backward compatibility problem and proposes way forward on the issue.
2.  Discussion
In principle, backward compatibility consists of two aspects:

1) A legacy UE accessing a network of a later release (example in Fig.1(a));

2) A UE of a later release accessing a legacy network (example in Fig.1(b)).
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Fig.1  Two aspects of backward compatibility.

Both aspects are crucial to realise robust protocols and to allow flexible network migration.
The backward compatibility problem with Rel-10 MTC is related to the second aspect (Fig.1(b)). The technically endorsed CRs [1, 3] redefine one of the spare establishment cause values in the RRCConnectionRequest message to “delay tolerant”. The intention is that MTC devices use this “delay tolerant” cause value in establishing connection, so that a network can reject those devices using an “extended wait timer” (a longer wait timer introduced in Rel-10) in case of CN congestion. However, if the network is legacy, this “delay tolerant” cause value will not be comprehended. Instead, the network will see a UE trying to establish connection using a “spare” cause value. The network behaviour upon reception of such “spare” is up to implementation.

To resolve this problem in LTE, RAN2 technically endorsed a CR [2], which introduces network restriction to treat any “spare” as “one of the existing” cause values. However, “one of the existing” is a vague requirement. The handling is still up to network implementation and the CR neither guarantees successful establishment nor rejection. Thus, the CR has no value. Moreover, the CR is not backward compatible either, since it still requires upgrades to existing networks.
In fact, a similar problem was identified in CT1 for NAS. One of the requirements of Rel-10 MTC was to include an indication from the UE upon service request that the UE is a “low priority” device. Since the NAS Service Request message was size critical, CT1 decided to use Extended Service Request and indicate “low priority” therein. However, the indication is by using one of the spare cause values, as for RRC. Hence, if the MME is legacy, the cause value will not be comprehended.

Because of this critical problem, CT1 initially gave up NAS indications and requested similar information to be delivered by AS (RRC + S1-AP) in their LS R2-110716/ C1-110755. However, at CT1 #70, CT1 made a drastic change in opinion that a UE would only use Extended Service Request (with the “low priority” cause value) if it was configured to do so upon the Attach procedure (by NAS Attach Accept) [5]. CT1 decided that the normal Service Request is used otherwise. This turnaround in decision was notified to RAN2 by LS R2-111559/ C1-111187.
Clearly the two WGs have contradictory opinions. That is, CT1 thought the problem is critical, and hence provided a solution. In contrast, RAN2 thought the problem is not realistic, and has not considered a solution. An argument made in RAN2 was that a network will anyway be upgraded if it were to handle MTC. However, such an argument seems to be awkward and even dangerous. Why would an operator have to upgrade its network just because of some roaming-in MTC devices using some “spare” cause value? This is clearly violating the basic principles of backward compatibility.
To resolve this problem in RRC and to align with the NAS behaviour, the following solutions can be considered:

Alternative 1
Introduce UE behaviour so that the UE uses the “delay tolerant” cause value only if it was configured to use Extended Service Request (with the “low priority” cause value) by the Attach procedure.
Alternative 2
Introduce 1 bit in system information broadcast, so that the UE would use the “delay tolerant” cause value only if the bit was present in system information.

Alternative 1 would be a consistent approach between RRC and NAS. Since the use of “delay tolerant” in RRC is requested by NAS, CT1 will have to capture this behaviour in TS 24.301. However, Alt.1 is not a perfect solution since the “delay tolerant” access cannot be performed for the first RRCConnectionRequest upon the Attach procedure. Moreover, Alt.1 assumes that the entire radio access network (or at least the cells comprising the registered Tracking Area) supports “delay tolerant” access.
Alternative 2 would also solve the first RRCConnectionRequest upon the Attach procedure. However, this would introduce overhead in broadcast. Moreover, although access class barring enhancements were deferred to a later release, the new bit can already act as a way of access barring mechanism, since a network can include the bit only if the network is congested. If access class barring enhancements are introduced in Rel-11 (note that work on “Extended Access Class Barring” is ongoing for GERAN in Rel-10), the broadcast bit would be redundant. In addition, if the bit is introduced, it becomes questionable whether the solution adopted in CT1 is required.
Hence, from these analyses, approving CRs at this stage seems to be premature. To decide on the appropriate solution, the requirements first have to be clarified, whether the differentiation needs to be accomplished also for the initial establishment upon Attach or if it is enough to differentiate only for the subsequent service requests.
On top of this, a more critical problem is regarding “charging”. If a network is legacy, i.e., does not comprehend the “delay tolerant” cause value, it is likely that the network does not support differentiated charging for MTC traffic. In such case, it is questionable if an MTC device should even attempt to establish connection. The current CRs, both in RAN2 and CT1, allows the MTC device to access network without knowing whether the network supports MTC-related features. As a result, the MTC device may be charged just like normal traffic. This may not be acceptable from service requirements point of view. On this point also, clarification on service requirements is necessary.
3.  Conclusions
The backward compatibility problem of Rel-10 MTC was described, together with misaligned status quo between RAN2 and CT1. For the reasons described, it is proposed not to approve any CRs technically endorsed by RAN2, at RAN #51. Instead, RAN2 and CT1 should study further to come up with a well designed and aligned solution, consulting SA regarding requirements. At least clarification on service requirements is necessary on the following points:
1) Whether differentiation in AS is required on the initial establishment upon Attach, or it is enough to differentiate subsequent service requests only.

2) Whether an MTC device should be allowed to access a network that does not support MTC-related features, including charging aspects.

If this way forward is agreeable, RAN should inform CT and SA about the situation to coordinate further work. Due to these consequences, the Rel-10 work item should be extended at least for one quarter.
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