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1 Introduction
At GERAN #62, a study item was agreed to study different access stratum solutions to meet the needs for Cellular Internet of Things (CIoT) [1]. Essential design aspects have been discussed for the radio access technology for CIoT [2]. For the simple and independent operation for each coverage class, it is introduced to utilize a separate control channel per coverage class for clean slate technologies including NB-M2M, NB-OFDMA, and NB-CIoT.
In this contribution, we discuss the potential issues of current coverage class based control channel management. 
2 Potential issues on coverage classification
In the clean slate design for GERAN CIoT system, simplified resource management based on the coverage class was agreed. According to the agreements, each MS is categorized into a coverage class based on the path-loss measured at the MS. The BS that is associated with the MS manages separate frequency resource per coverage class, for control information transmission. However, it is noted that the BS transmits downlink control information with different resource configurations, such as a different MCS index, different time duration and different repetition, which can incur load unbalance between coverage classes. 
Problem Statement
Typically 3 coverage classes have been considered in the case of NB-M2M design. Lower/higher coverage class supports shorter/longer coverage respectively. The control channel for higher coverage class is configured by eNB to use more repetitions, therefore lasting a longer time duration. So, the time required for transmitting on control channel increases according to the coverage class. We can refer to [3] for the ratio of resource burst length per control channel, as 30 ms: 120 ms: 480 ms = 1:4:16.
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On the other hand, the number of MSs in higher coverage class will be much higher than MSs in lower coverage class under the assumption of uniform MS distribution on the 2-dimensional area. Approximately, required resource amount for Coverage Class 3 is 4 to 16 times compared to other Coverage Classes. This will lead to high congestion at control channel for Coverage Class 3 and resource shortage or overflow for control channels if it is not properly managed. We are considering this issue on both DL and UL cases since both have the same problem.
Observation 1: It is identified that coverage classification may lead to performance degradation at the high coverage class due to traffic congestion and resource shortage, because high coverage class requires more resources and can include more number of MSs than other coverage classes. 
3 Candidate solutions for the issue
To avoid the identified problems in the clause 2 and keep nice balancing across control channels per Coverage Class, 3 solutions are proposed.
2.1 Access barring per coverage class
According to conventional access barring mechanism, there are two schemes including cell-specific barring and MS-specific RACH control. A BS can proactively indicate cell barring message to any candidate MS or the specific RACH group of MSs to try initial RACH procedure. Otherwise the BS reactively responds with Random Access Reject indicating for MS to wait certain time duration for next trial. The conventional mechanism does not consider coverage classification, therefore we think that CIoT BS can effectively relieve the overload concentrated on specific coverage class by employing the coverage class specific cell barring. Instead of accessing the congested coverage class, each MS can try to accessing another coverage class or another cell.
However, as you expected, it does not solve the congested situation completely. The way to access another coverage class or another cell cannot work anytime, because the selection criteria of cell or coverage class cannot be satisfied. Accordingly, another method to relieve the congested situation is needed.
2.2 Load balancing across control channels of each coverage class
As another method to solve the congested situation, load balancing scheme across control channels among the coverage classes can be adopted. The basic principle is to allow opportunities for MSs to utilize the control channel of non-congested coverage class, when they face congestion in the control channel for its coverage class. However, except for the frequency location of the channel, they maintain the resource configuration of their preferred coverage class, i.e. MCS index, taken time duration and etc, which can let the communication procedure be still reliable without significant specification change. 
2.3 Additional spectrum allocation
Aside from the above two solutions, we can simply extend the number of bandwidth resource, which can naturally relieve the congested situation. In addition, if CIoT BS secures more bandwidths, the control channels can be assigned flexibly to each coverage class according to its own congested situation, which can make the congestion situation be balanced. For example, 3 channels to coverage class 3 and 2 channels to coverage class 2 and 1 channel to coverage class 1.
However, as one may be able to expect, it would lead to multiplicative increase in costs to buy and maintain the bandwidth.
Proposal 1: In order to relieve the congestion situation originated from the coverage classification, three possible solutions can be considered: coverage class specific barring, load balancing across control channels of each coverage class, and additional spectrum allocation. In particular, first two schemes can solve the congested situation without additional cost and significant change in the specification.
3 Conclusions
In this contribution, we discussed the design aspects to support coverage classification in the clean slate CIoT system, and we have the following observations and proposal:
Observation 1: It is identified that coverage classification may lead to performance degradation at the high coverage class due to traffic congestion and resource shortage, because high coverage class requires more resources and can include more number of MSs than other coverage classes. 

Proposal 1: In order to relieve the congestion situation originated from the coverage classification, three possible solutions can be considered: coverage class specific barring, load balancing across control channels of each coverage class, and additional spectrum allocation. In particular, first two schemes can solve the congested situation without additional cost and significant change in the specification.
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