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1 Introduction

In the previous SA1 meetings, the requirements for MTC were discussed and defined in [1]. In order to meet the requirements set forth for some use cases, some candidate technical enhancements should be considered in RAN2.
This document discusses two of those technical enhancements, i.e. paging and access control. 
2 Paging
As stated for Addressing from a centralized entity Use Case in [1],
Metering devices are typically monitored and controlled by a centralized entity outside or inside the network operator system. Due to the need for centralized control, the centralized entity will inform or poll the metering device when it needs measurement information rather than the metering device autonomously sending measurements. Depending on the nature of the metering application, low latency responses are sometimes required (metering for high pressure pipelines for example). To accomplish this, the centralized entity will need to inform the metering device when it needs a measurement. Typically due to the limitation of IPv4 address space, the metering terminal is behind a NAT (Network Address Translator) where it is not assigned a routable IPv4 address.

In addition, there are scenarios where an MTC server needs to initiate communications with MTC devices, such as device management, software upgrading, real-time data collection inquiries, etc. 

If a large number of MTC devices is deployed in future networks; there will be an increased paging load in some cells. This motivates the study of enhancements to mitigate and handle the increased load. 
In RRC_idle the paging area is defined as Registration Area/Location Area (RA/LA) in UTRAN and as Tracking Area (TA) in E-UTRAN. The location of the idle mobile is known at the level of paging area by the CN node. The paging messages will be transmitted in the PCCH channel of all the cells in the mobile’s RA/LA/TA. 

If the paging area is large, the paging load will be heavy not only on the radio interface but also on the Iub/Iu/S1 interfaces. When the RAN node, i.e. the RNC or the eNB, detects a heavy paging load, the RAN will reject the overload paging message, and the CN node repeats the paging to RAN several times. If the last repetition is also rejected, then paging loss occurs. 
On the other hand, if the paging area is small, the mobile UEs will frequently perform LAU/TAU, which increases their idle mode signalling and energy consumption compared to in a deployment not tailored for M2M.

For low mobility MTC application, e.g. metering, remote maintenance/control, the MTC devices do not move, move infrequently, or move only within a certain region, it could be possible for the CN node to page  in a reduced area (i.e. paging cell set), rather than in the whole RA/LA/TA. 
The core network could page in the last N cells. The reduced paging cell set may include the list of N cells where the UE last camped, it could be associated with the subscriber profile or reported by UE to the CN node, etc. This could be implemented by RAN or SA. The set could be stored in the CN node even after device goes back to idle. When UE needs to be paged, the paging cell set would be transmitted on the Iu/S1 paging message, in order to let the RAN node page only in this reduced area. If UE is not found in that paging cell set, then a second normal paging in its RA/LA/TA should be initiated. 
Proposal 1: Consider enhancements to page low mobility MTC devices in a reduced area, such as a list of cells, rather than in the whole RA/LA/TA. 
3 Access Control
As stated for Radio Network Congestion Use Case in [1],
Radio network congestion because of mass concurrent data transmission takes place in some MTC applications. One of the typical applications is the bridge monitoring with a mass of sensors. When a train passes through the bridge, all the sensors transmit the monitoring data almost simultaneously.  The same thing happens in hydrology monitoring during the time of heavy rain and in building monitoring when intruders break in. The network should be optimized to enable a mass of MTC Devices in a particular area to transmit data almost simultaneously.
We assume that Radio network congestion may happen when a large number of MTC devices is deployed in a particular area, especially when most MTC devices are required to access to the network simultaneously. For instance the Location Specific Trigger feature which is intended to trigger MTC Devices in a particular area (e.g. to wake up the MTC Device) [1] may require the MTC devices in a particular area to wake up and access the network simultaneously.
The access success rate of wireless side depends on both RRC connection establishment success rate and RAB (i.e. TRB) establishment success rate. Since the network capacity is limited, the access request beyond its capacity will be rejected. With the current RAN there is no separation of Human to Human (H2H) and MTC devices at the access level. The network will treat all UEs equally and the success rate of RRC connection.  Hence the access QoS of H2H devices could be degraded by a competing very large number of MTC devices accessing concurrently. However some MTC applications, which are not delay sensitive, such as gas or water metering, could have their access time delayed.
Therefore the access control mechanism needs to be further considered for MTC devices.
The RRC connection establishment success rate depends on the number of RRC connection request received and the number of RRC connection already accepted (by counting the number of RRC connection setup). When the Access Success rate of wireless is low, the RAN node will think the uplink load is high.

The Access Class concept has been introduced to prevent some UEs from making access attempts during congestion. Each UE belongs to one of ten randomly allocated mobile populations, defined as Access Classes 0 to 9.  In addition, mobiles may be members of one or more out of 5 special categories (Access Classes 11 to 15), also held in the SIM/USIM, which is used for PLMN staff, Emergency Services, etc. Such access categories all prioritize the access as compared to AC 0 to 9. The population index is stored in the SIM/USIM [2]. 
In UTRAN, if the UE is a member of at least one Access Class which corresponds to the permitted classes as broadcast (barred or not barred) over the air interface, access attempts are allowed. Otherwise access attempts are not allowed. The network operator can take the network load into account when allowing UEs access to the network by setting the Access Class status [2]. In E-UTRAN, the cell broadcasts a single barring factor (e.g. percentage value) that is commonly applied to Access Classes 0-9. During access, the UE shall firstly draw a random number  uniformly distributed in the range [0,1), and  if  the random number is lower than the value indicated by barring factor, UE consider access to the cell as not barred. For Access Classes 11-15, the same principle as in UTRAN is applied.

In UTRAN, if MTC devices are allocated to one of the access classes 0 to 9 and/or one of the classes 11 to 15, when the network load is heavy and the operator set one or some of access classes to be barred, the access attempts for H2H devices with the same population numbers will also not be allowed which is not expected. 

In E-UTRAN, similar problem also happens if MTC devices are allocated to one of the access classes 11 to 15. If MTC devices are allocated to one of the access classes 0 to 9 and use the use the same ac-BarringFactor with H2H devices, when the network load is heavy and the operator would adjust the ac-BarringFactor in SIB2 to allow less access attempt, thus some of H2H communication would also be prohibited which is not expected.
To alleviate this limitation, a new Access Class and/or special ac-BarringFactor for MTC devices could be defined in order to de-prioritize the access of the MTC devices from other (H2H) devices. 
These requirements have some commonality with those of SSAC [2]/DSAC. However SSAC/DSAC are only applicable to voice and video in IMS so may not fully address the requirements for M2M. We could discuss how the proposals below could be made part of the SSAC/DSAC framework, if applicable. 
Proposal 2: Consider the introduction of a de-prioritized Access Class. 
Proposal 3: Alternatively a special ac-BarringFactor could be defined. 
When the network load changes the Access Class status or ac-BarringFactor broadcast in system information may need to change as well. The BCCH modification is indicated with a paging message that wakes up users and notifies them to read the updated system information. In this case both MTC and H2H mobile are woken. Some method could be considered to minimize the impact on H2H users when only the ‘MTC’ access parameters are changed.
For example, when only access control parameter in system information for MTC devices is changed, SI modification in paging message could indicate this modification is only applied for MTC, so only MTC devices need to read the updated SI and H2H devices could ignore it. Further the updated access control parameters could be included in the paging message so that MTC devices could acquire the updated access control information directly without reading SI. 

Proposal 4: The updated access control information for MTC devices or an indication for this information update in SI could be included in paging message.
4 Conclusion
In this contribution, we discussed some RAN impact associated with MTC applications and shared our view on the possible enhancements for certain MTC applications. Some specific proposals:
Proposal 1: Consider enhancements to page low mobility MTC devices in a reduced area, such as a list of cells, rather than in the whole RA/LA/TA. 
Proposal 2: Consider the introduction of a de-prioritized Access Class. 
Proposal 3: Alternatively a special ac-BarringFactor could be defined. 
Proposal 4: The updated access control information for MTC devices or an indication for this information update in SI could be included in paging message.
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