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1. Introduction
In TR 37.868 [1] a number of alternatives have already been discussed to address RAN overload control due to MTC devices, and then to identify a possible solution for Rel-11. 
In addition, SA#51 has defined a prioritization for the SIMTC work item, organizing the activity for Rel-11 in a number of Building Blocks. In a LS on ‘MTC Planning and Prioritization’ [2], SA has also explicitly requested the relevant 3GPP TSGs/WGs (including TSG RAN) to analyze the impact of such Building Blocks on the corresponding specification, with the final goal to define future Work Items accordingly.
In this contribution, we analyze the status of the discussion on RAN overload control and the MTC requirements for Rel-11 prioritized by SA, trying to understand the overall implications and the possible impacts on RAN and we then suggests a way forward to address RAN enhancements for MTC in Rel-11.
2. Way forward for RAN overload control due to MTC devices
Regarding RAN overload control due to MTC devices, it seems commonly agreed that the main requirement is to protect the access network and then the access performance of legacy UE devices, also in case of almost simultaneous access attempts from a huge number of MTC (or better, ‘delay tolerant’) devices.

Furthermore, after the SA1 decision to specify a requirement for Extended Access Barring for UEs ‘more tolerant to access restrictions than other UEs’, it seems agreeable that the requirement to protect the access network from MTC devices can be fulfilled with the introduction of an Extended Access Barring (EAB) scheme, which would be applicable for UEs performing ‘delay tolerant’ access requests.
Due to the limitations in SIB change, the efficiency of an Access Barring based solution might depend on the speed of the access requests surge. Such solutions are certainly quite efficient in case of slowly changing load conditions (e.g. if the access surge is spread over minutes). But also in case of quickly changing load conditions (e.g. rapid changes over a few seconds) specific enhancements can be considered to solve the problem. For instance the following approaches can be considered:
· EAB information is broadcast by the RAN with a sufficiently high frequency, or
· UEs subject to EAB shall read SIB to acquire the updated EAB before performing a random access for a delay tolerant access request, or
· If a UE subject to EAB receives a notification of  EAB update, it shall delay any delay tolerant access request until the next modification period
The final decision on the details of the solution is currently still open. In any case it seems that the study phase on RAN overload control due to MTC devices could be considered as completed and the current Study Item on ‘RAN improvements for MTC', focusing only on RAN Overload Control (as also agreed at RAN#51), could be closed and a corresponding Work Item for ‘RAN Overload Control for MTC devices’ could be opened to introduce an Extended Access Barring solution for both UMTS and LTE networks.
Proposal 1: The current Study Item on ‘RAN improvements for MTC' could be closed and a corresponding Work Item for ‘RAN Overload Control for MTC devices’ could be opened to introduce an Extended Access Barring solution for both UMTs and LTE networks.

For information, some draft text for the ‘Justification’ and ‘Objective’ sections of a possible new Work Item on ‘Mechanisms to avoid RAN overload due to Machine-Type Communications' is also included in the Annex.

Note: This proposal also implies a decision on how to handle the current TR 37.868.
3. Analysis on Rel-11 MTC requirements prioritized by SA
In [2], SA requested RAN to analyze the potential impact of the following Building Blocks for the SIMTC Work Item on RAN specification.
	Building blocks 
	Feature

	Reachability aspects
	MTC Feature control

	
	Device Triggering

	
	Addressing

	
	Identifiers, especially removal of MSISDN dependencies in the architecture

	
	PS Only support

	Signalling optimisations
	Effectively maintain connectivity for a large number of MTC Devices

	
	Small Data Transmissions

	‘CN based and power considerations’
	Charging Requirements

	
	Lower Power Consumption

	
	MTC Monitoring


Table 1: Building blocks prioritized by SA for the SIMTC Work Item.
A number of  these features/requirements (e.g. ‘Addressing’, ‘Identifiers, especially removal of MSISDN dependencies in the architecture’, ‘PS Only support’, ‘Charging Requirements’) seem not to have an immediate impact on RAN (or at least the possible impact on RAN would depend on some architectural decisions to be taken in other groups). The rest of this section will focus on three high priority requirements identified by SA/SA1 that more likely will have an impact on RAN: ‘Device Triggering’, ‘Small Data Transmissions’ and ‘Effectively maintain connectivity for a large number of MTC Devices’.
· Device Triggering
In general, device triggering can be achieved via the by existing RRC signalling, when the Core Network is aware of the UEs’ location. So, for the ‘online MTC Devices’, this requirement seems not to have any impact on RAN.

However, in current SA1 specifications there is also a requirement for ‘Receiving trigger indication when the MTC Device is offline’, where the meaning of ‘offline UE’ seems to refer to a ‘detached UE’.

Methods to trigger a detached UE involve a few problems. The first one is: how can the network obtain the updated location information for detached UEs not performing LAU/RAU/TAU? For low mobility or fixed MTC devices, in principle the network may remember the last known location for a subsequent device triggering. But more in general, for moving MTC devices, if the requirement to trigger detached UEs will be reconfirmed, it seems that solutions based on paging/broadcasting in very wide areas would be required, and the potential impact on RAN specification should be investigated. 

· Small Data Transmissions
‘Small data transmission’ seems to have a significant impact on the radio access network.

First of all, when the application data is very small, the signaling overhead and UP protocol overhead will cause a degradation of the resource efficiency, and possibly a signaling congestion in both the RAN and the core network. Depending on the exact definition of “small data”, there could be different solutions to address the problem.

One possible solution is to simplify some signaling procedures for the transmission of small data. Transmitting small data via the control plane is another possible solution. Small data could be carried by RRC signaling or by NAS signaling.

On the other hand, for LTE, when transmitting small data via the user plane, current PRBs cannot be fully utilized if the data size is much smaller than the capacity of a PRB. So it can be evaluated whether it is possible to design a smaller PRB format in the physical layer, to match smaller data sizes. In addition, with the decrease of PRB size, corresponding PDCCH enhancements will have to be considered.

For frequent small data transmission, another option is to keep the UEs in RRC connected mode, to limit the signaling overhead caused by frequent RRC status switching.

Different solutions are suitable for different applications/traffic models and benefits and costs of each option need to be carefully evaluated.

· Efficiently maintain connectivity for a large number of MTC devices
The remaining high priority requirement ‘Efficiently maintain connectivity for a large number of MTC devices’ seems to be self-explicative. 

Related to this requirement, one key issue to evaluate RAN impact is whether there is a need to maintain a large number of MTC devices in RRC Connected mode (while keeping a small number of MTC devices in RRC Connected mode seems not to be a problem, at least for LTE). If MTC applications will have such requirement, it should be checked whether the recently established R11 WI “Enhancements for diverse data applications” could already cover this requirement (for LTE).
---
In conclusion, there seems to be a number of issues/requirements among those identified by SA/SA1 that require an immediate corresponding analysis by RAN groups. 
Proposal 2: A new Study Item on ‘Further RAN improvements for MTC' should be opened, to address the RAN impacts of the specific requirements identified by SA1 and the prioritization performed by SA for the SIMTC Work Item in Rel-11. 
A draft WID for a new Study Item on ‘Further RAN improvements for Machine-type Communication' is available in [3].
4. Conclusion 
This document analyses the MTC requirements for RAN overload control due to MTC devices and the possible RAN impact of some high priority MTC requirements prioritized by SA for the SIMTC Work Item. The paper then suggests a way forward to address RAN enhancements for MTC in Rel-11 based on the 2 proposals below:
Proposal 1: The current Study Item on ‘RAN improvements for MTC' could be closed and a corresponding Work Item for ‘RAN Overload Control for MTC devices’ could be opened to introduce an Extended Access Barring solution for both UMTs and LTE networks.
Proposal 2: A new Study Item on ‘Further RAN improvements for MTC' should be opened, to address the RAN impacts of the specific requirements identified by SA1 and the prioritization performed by SA for the SIMTC Work Item in Rel-11. 
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Annex - Draft text for a possible new WI on ‘Mechanisms to avoid RAN overload due to Machine-Type Communications'
Justification

Signalling congestion and overloading of RAN and CN nodes by MTC devices is expected to be a major issue for which network improvements are essential. Solutions to prevent CN overload have already been introduced by the Rel-10 Work Item on ‘RAN mechanisms to avoid CN overload due to Machine-Type Communications’. Additional mechanisms to avoid RAN overload need to be specified as well.

The scenarios that should be addressed are at least the following:
- 
Roaming scenario when many MTC devices are roamers and their serving network fails. In this case the roaming MTC devices can all almost simultaneously move onto the local competing network(s), potentially leading to RAN overload conditions in such network(s).
- 
Scenarios when, e.g. due to MTC server/application malfunctioning, some external event triggers massive numbers of MTC devices to try to access the network in an almost synchronised manner. 
Objective

The objective of this work item is to specify the solutions to protect the RAN from overload, avoiding impacts to legacy UE performance and trying to limit the access delay on MTC devices, in the following scenarios:

- 
Roaming scenario when many MTC devices are roamers and their serving network fails. In this case they can all almost simultaneously move onto the local competing network(s), potentially leading to RAN overload conditions in such network(s).
- 
Scenarios when, e.g. due to MTC server/application malfunctioning, some external event triggers massive numbers of MTC devices to try to access the network in an almost synchronised manner. 
The baseline solution should be based on the Extended Access Barring mechanism already defined in TS 22.011 and it should not require the introduction of any new Access Classes. 

A solution should be investigated to broadcast the Extended Access Barring parameters on the BCCH and to provide different information for different category of UEs (as defined in TS 22.011):

a) 
UEs that are configured for EAB;

b) 
UEs that are configured for EAB and are neither in their HPLMN nor in a PLMN that is equivalent to it; 

c)  
UEs that are configured for EAB and are neither in the PLMN listed as most preferred PLMN of the country where the UE is roaming in the operator-defined PLMN selector list on the SIM/USIM,  nor in their HPLMN nor in a PLMN that is equivalent to their HPLMN

The identified solution should ensure that UEs establishing a RRC connection for emergency call shall not apply EAB.

During the Work Item activity it should be clarified whether the EAB parameters shall be handled at the AS or at the NAS layer and their interaction with the existing ACB parameters. 
Finally, during the Work Item activity a solution should be defined to ensure that the access network can react fast enough to prevent RAN overload in the critical scenarios. At least the following options should be considered:
· EAB information is broadcast by the RAN with a sufficiently high frequency 
· UEs subject to EAB shall read SIB to acquire the updated EAB before performing a random access for a delay tolerant access request
· If a UE subject to EAB receives a notification of  EAB update, it shall delay any delay tolerant access request until the next modification period
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