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1. Introduction

As captured in [1], RAN overloading issue is identified as high priority in RAN2. So far the effort has been mainly focusing on the RACH overloading. Other RAN overload solutions are not fully addressed in details yet. In RAN2#70b contributions [2][3][4] have analyzed possible signalling overload issue. Furthermore SA2 has provided LS [5] indicating the necessity of having RAN mechanisms for protecting CN from signalling overload.
There are three levels of CN overloading prevention

1. ACB via SIB2 broadcast,
2. Rejection of RRC connection establishment,
3. APN based congestion control [10] (out of RAN scope),
And the first 2 bullets will have immediate RAN impacts. In this paper, we try to look at the required RAN improvements to facilitate such overloading prevention measures, and discuss how to use “MTC indication” in RRC signaling to enable these mechanisms. 
2. Usage of MTC indication in RRC signalling for overload prevention 
2.1 Use case 1: Access class barring via broadcast
The ACB has been one of the focused approaches in RAN2 MTC study. In addition SA2 concluded that [9]
“CN triggered, O&M and internally RAN triggered broadcasting of coarse grained (i.e. “Low-Priority-Access” and “PLMN Type”) MTC access barring by RAN (GERAN, UTRAN and E-UTRAN) to stop or prevent signalling overload is to be included in normative specifications for Rel-10.”, 

it is important to clarify what inputs (relevant to RAN) are needed for ACB action triggers. 
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Figure 1 ACB may be triggered from overloading at eNB (e.g. PRACH) or MME
In [6], two approaches are discussed
1. Using indications in NAS signalling, MME monitors its load from different groups of MTC devices and when necessary informs eNB to take ACB action.
2. Using indications in AS signalling, eNB collects RAN access (e.g. PRACH) statistics and control ACB
NAS signalling carries important information (including subscription information relevant to MTC service group, PLMN type etc) to allow MME to make decision on whether all MTC or a particular subcategory of MTC UEs are to be barred [7], and subsequently to use “OVERLOAD START” signalling on S1 to inform eNB to take ACB action for mitigating MME overloading.
On the other hand, MME “OVERLOAD START” may not be the only cause to trigger eNB ACB action, particularly when ACB is trigger for purpose of handling PRACH overload at eNB itself. Information carried in NAS signalling may not accurately capture the realization of the traffic pattern on RAN, e.g. in particular the RACH traffic load, generated from corresponding MTC devices. Therefore, it is necessary to also allow using AS signalling to signal eNB about PRACH loading distributions among different access classes (e.g. MTC or non-MTC) and help eNB to make decisions on necessary barring actions, and this will complement with the ACB triggered by MME. 
Observation 1: MTC indication is needed in both AS and NAS signaling.
2.2 Use case 2: Reject RRC connection establishment
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Figure 2 Overloading at MME
In previous discussion on SA2 inputs [8], RRCCoonectionReject can be considered as an additional RAN procedure to help to mitigate overloading issue. Recently, SA2 agrees with additional CN triggered ACB behavior in [7], which makes RRC rejection a very necessary complementary method to ACB. 
“NOTE x: 
An eNodeB should only broadcast the MTC specific Access Class Barring when all the MMEs connected to the eNodeB request the same subcategory. Otherwise the eNodeB should reject connection requests for that specific MME.”

In addition, MME selection rule after RRCConnectionRequest may point to an already overloaded MME (for example one that is designated for MTC), in which case eNB should proactively reject this RRCCoonectionRequest if it is previously informed about this MME overloading. 

To facilitate rejection of RRC connection establishment request, AS signaling of MTC device identity is again needed and it seems to be reasonable to have it in RRCConnectionRequest with new EstablishmentCause fields. Note that another option is to use RRCConnectionComplete to carry indication and if needed eNB can subsequently tear down RRC connection with RRCConnectionRelease. The comparison is summarized below. We discuss some benefit of “MTC rejection cause” in [11], which seems to be not critical for Rel-10. On the other hand, we are a bit concerned with changing Rel-8/9 UE behaviour if we use RRCConnectionComplete/RRCConnectionRelease for MTC RRC connection rejection. Therefore, we prefer using RRCConnectionRequest to carry MTC indication and allow using RRCConnectionReject for subsequent rejection if needed.
Table 1. Comparison of different options of carrying MTC indication in RRC

	Insert MTC indication in:
	Pro
	con

	RRCConnectionRequest
	- Faster in rejection with less signaling

- no major change on current Rel-8/9 behavior
	- limited space for ASN.1 extension

- no rejection cause in RRCConnectionReject (minor for Rel-10?)

	RRCConnectionComplete
	- easier ASN.1 extension

-  release cause in RRCConnectionRelease (minor for Rel-10?)
	- slower rejection and two extra RRC messages at least

- somewhat larger change on Rel-8/9 behavior if using RRCConnectionRelease to emulate RRCConnectionReject behavior


There is a stage-3 details on limited available extensions in current EstablishmentCause (3 spares) so that if criticalExtension is not desirable for use, one needs to be cautions on new fields associated with MTC indication to be added in EstablishmentCause.
Observation 2: MTC indication should be provided in RRCConnectionRequest to facilitate rejection of RRC connection establishment if necessary.

2.3 Use case 3: MTC MME selection optimization
In addition to facilitating ACB and rejection of RRC connection establishment, additional MTC-specific parameters can also be provided for better MME selection. For example, some MTC services are known to generate significant high-volume (possibly very bursty) signalling load, for which it makes sense to separate their serving MME from the MMEs that serves H2H UEs. Our understanding is this is not in the scope of Rel-10 but still worth mentioning for future considerations.
3. Details on MTC indication
The MTC indication should carry sufficient information to satisfy the uses cases mentioned above, in particular the use cases 1 and 2 are critical for Rel-10. On the other hand, we mentioned one should be cautious with introducing too many new parameters for MTC indications. The following information listed in Table 2 is based on SA2 studies done in TR.23.888.
Table 2 MTC indications discussed in TR.23.888
	Parameters
	values
	Note

	MTC device 
	- Y

	Rel-10 does not consider MTC grouping concept, which is of finer granularity

	Access priority
	- low priority

	This is independent from “MTC device” indication above.

	PLMN type/Roaming indication
	- “low value” M2M devices that are not on their HPLMN or a PLMN in the (U)SIM’s preferred PLMNs list;

- “low value” M2M devices that are not on their HPLMN or an Equivalent HPLMN;

- “low value” M2M devices that are not on their HPLMN;
	It is not clear whether RAN needs full granularity of so many different roaming types


We believe the first 2 parameters are reasonable choices to be added in RRC EstablishmentCause. The PLMN type may need some further considerations. We hope to discuss and understand the need and granularity on the roaming type indication for RAN:

- is registered/selected PLMN information in RRCConnectionSetupComplete somewhat useful for this purpose already?

- does RAN need all three roaming types defined in MTC indication or they could be captured in a single merged “roaming indication”?

4. Conclusion
Based on the discussions above, we propose the following: 
Proposal 1: Introduce MTC indication in RRCConnectionRequest
Proposal 2: Based on SA2 inputs, RAN2 should discuss what parameters are necessary to be included in RRC MTC indication
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