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1 Introduction
In RAN#75 a new WI on “even further enhanced MTC for LTE” (efeMTC) [1] was approved. One of the objectives of the WI is to improve access/load control of idle mode UEs for Rel-15 MTC.
	Improved load control:

· Improved access/load control of idle mode UEs [RAN2 lead]
·  E.g. CE-level-based access class barring


In the last meeting, we discussed the issue of fairness with the introduction of a CE-level based access class barring mechanism [2].
In this paper we look at existing mechanisms for controlling access in the abnormal case (RAN or CN overload), for controlling network load, and for management of radio resources in the normal case.
2 Discussion
2.1 Existing mechanisms
The purpose of access barring is so that the network can reduce the overall number of new access attempts from UEs in some overload situations such as network congestion or emergency. All UEs have an access class in the range of 0-9, and UEs initiating emergency calls use access class 10. In addition, UEs may be a member of one of the special access classes in the range 11-15. In general each of the special access classes as well as emergency calls can be controlled independently of the normal access classes 0-9. In case of overload, the network may restrict access from the normal access classes, which are allocated randomly to UEs and are treated as equal priority. In case coverage enhancement is enabled in a network, in some abnormal cases such as multiple neighboring cells failing and multiple UEs attempting access in the coverage enhancement region of a cell, the network can enable access class barring such that a limited percentage of UEs are able to access. This access restriction applies regardless of coverage level, however it is sufficient to prevent access to coverage enhancement resources in the congestion case.
In addition, an “extended wait time” was introduced in order that delay tolerant devices may be prevented from access for a temporary but relatively long period of time. This was designed to be used in CN overload scenarios where the network wants to allow access from normal device types, while delay tolerant devices access is delayed until a quieter time. 

Further, extended access barring (EAB) was introduced to deal with the RAN overload case. This was designed such that EAB capable devices can be barred from accessing the radio network, while other device types can access (assuming regular ACB allows). Again, EAB does not distinguish between enhanced coverage levels, but the existing mechanism does allow to prevent UEs across the cell from accessing in the congestion scenario.
Observation 1: The abnormal case of network overload can be solved by the existing mechanisms

· ACB, EAB, etc. 

· Extended Wait time

It is also worth highlighting that the CN or RAN overload case is an abnormal case. Access class barring, EAB, and extended wait time were all introduced in order to cope with the abnormal cases of network congestion and were never intended to be used as general purpose resource management tools.
Observation 2: Access barring is designed for the abnormal case of network overload and is not suitable for general purpose radio resource management.

For general management of radio resources, there are also a number of tools available to the network. 
In cases of temporary RACH overload (e.g. a sudden unexpected surge in access attempts – for example as a train passes a station) the network can indicate the backoff indicator in RAR, such that the UE delays subsequent RACH attempts by a short period of time in order to allow the network to better manage the RACH resources.

In case the network experiences a relatively large number of access attempts from UEs in coverage enhancement (E.g. due the deployment position of devices relative to the base station) the network can configure (and reconfigure) preamble partition and resource split accordingly. 
Observation 3: The network already has several tools available for management of resources in normal and extended coverage to ensure resources are available where needed, e.g.

· Backoff indication in RAR 
· Configuration/reconfiguration of preamble and resource partitions.

In addition to the general resource management tools, the network can also control the load across different cells and frequencies. Since release 8 absolute priorities and cell specific offsets have been available in order to bias UEs towards particular cells and frequencies, according to the deployment and operator preference. In addition, Rel-13 introduces improved idle mode load control by introducing an intra and inter frequency redistribution function in idle mode. 

In case the enhanced coverage resources of a cell are overused, the network may choose to raise the suitability criteria for enhanced coverage, such that UEs in extreme coverage enhancement are more likely to select another cell, either temporarily or preferable longer term. This is mainly a deployment issue.

Observation 4: The network already has several tools available for load control in normal and extended coverage, e.g.

· Inter-frequency absolute priority cell reselection (offsets, threshold, priorities)

· Cell specific offset for reselection

· Intra/inter-frequency redistribution in idle mode (Rel-13 feature)

· Correct configuration of suitability criteria.
In summary, the network already has a wide range of functions designed to address the abnormal case of network congestion, for performing general resource management, and for controlling load across cells and carrier frequencies.

2.2 Improvements
Given the analysis in section 2.1, it is not very clear what enhancements need to be made, what scenarios we should be aiming to improve, or indeed why the existing mechanisms are insufficient in these cases. Therefore, we recommend that some further analysis and justification is provided in order that we may design suitable solutions, if any are needed. We have already addressed improvements to load control in Rel-13 by introduction of a redistribution function, therefore we assume the case is either resource management within a cell, or some improvement to the abnormal case of congestion. However, it should be clear what the problem is that we are trying to solve.
Proposal 1: Before any improvements to access/load control are introduced, the scenario(s) addressed and the improvement compared to existing schemes should be demonstrated.

If the scenario that needs to be improved is the abnormal case of network congestion, then we should consider the following aspects. 

In [2] we already raised the issue of fairness for the proposed solution of per-CE level access class barring. One issue is that there is already a population of legacy devices which can only use the legacy access barring schemes, therefore the network needs to anyway apply the legacy solution in case of overload to prevent legacy devices from accessing. 

In case the user upgrades their device to a Rel-15 model (either physical upgrade to a new device, or firmware update) then we should be careful that their perception of the device performance is not negatively impacted. In the abnormal case of overload, we should therefore ensure that the newer UE does not have a worse chance of access than a legacy device. Rather, the legacy barring mechanism should apply, then potentially the Rel-15 UE can have this barring lifted in order to provide a better change of access (e.g. by overriding legacy barring in SIB2 for Rel-15 UEs). This provides some motivation to the device vendor to implement such a solution, because the performance would be better than a legacy device and not worse. 

It should be noted that the content of SIB2 in normal and enhanced coverage could potentially be different. Therefore, it is already technically possible to apply different barring in normal and enhanced coverage - although we should expect the content of the SIB to be the same in normal and enhanced coverage, some specification changes may be needed to allow different contents. 
Additionally, any improvements to the handling of barring during the abnormal case of network congestion could potentially also be applicable to NB-IOT, and in fact we will start discussing that in future meetings. Solutions which can apply commonly for NB-IOT and eMTC should be considered and therefore since CE levels is not a concept used in NB-IOT we should look towards other solutions (if needed). 

Proposal 2: If needed, any solutions targeting the abnormal case (RAN overload) should be designed such that a Rel-15 UE does not have a lower probability of access than a legacy UE.

If the scenario to be addressed is the management of resources within a cell, for example allowing resources to be split such that UEs in normal coverage have a better chance of accessing the cell than UEs in enhanced coverage under normal network load, any such improvements should be independent from access class barring which is used for the abnormal case, and needs to be able to bar both legacy UEs and Rel-15 UEs. 
We could consider a scheme which is applied to all UEs (not barred using EAB/ACB) and can be configured even when there is no barring enabled. 

If linked to coverage then such a scheme should be based on RSRP rather than CE level, so that a common solution would work in both eMTC and NB-IOT.

One example is introduce a probability of access such that a UE with a higher RSRP has a higher probability of access than a UE at a lower RSRP (either scaled or simply above/below a threshold). Such a solution could be used in NB-IOT and eMTC, while in the eMTC case the thresholds can be set to correspond with CE levels. Other potential ways which are independent from ACB/EAB may also be possible, however it would be good to first understand the use-case in order that a good solution can be chosen.
Similar to the congestion case, solutions should take into account the behavior of legacy devices and preferably some performance improvement from a device point of view should be present compared to legacy.

Proposal 3: If needed, any solutions targeting the normal cases (Radio resource management and load control) should be independent from access class barring and be independent from CE level. The performance of a Rel-15 UE should preferably be better than that of a legacy UE. 
3 Conclusion and Proposals
In this paper, we have made the following observations regarding existing mechanisms. 
Observation 1: The abnormal case of network overload can be solved by the existing mechanisms

· ACB, EAB, etc. 

· Extended Wait time

Observation 2: Access barring is designed for the abnormal case of network overload and is not suitable for general purpose radio resource management.

Observation 3: The network already has several tools available for management of resources in normal and extended coverage to ensure resources are available where needed, e.g.

· Backoff indication in RAR 
· Configuration/reconfiguration of preamble and resource partitions.

Observation 4: The network already has several tools available for load control in normal and extended coverage, e.g.

· Inter-frequency absolute priority cell reselection (offsets, threshold, priorities)

· Cell specific offset for reselection

· Intra/inter-frequency redistribution in idle mode (Rel-13 feature)

· Correct configuration of suitability criteria.

Taking the above observations into consideration, we therefore make the following proposals on the work in Rel-15:

Proposal 1: Before any improvements to access/load control are introduced, the scenario(s) addressed and the improvement compared to existing schemes should be demonstrated.

Proposal 2: If needed, any solutions targeting the abnormal case (RAN overload) should be designed such that a Rel-15 UE does not have a lower probability of access than a legacy UE.

Proposal 3: If needed, any solutions targeting the normal cases (Radio resource management and load control) should be independent from access class barring and be independent from CE level. The performance of a Rel-15 UE should preferably be better than that of a legacy UE. 
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