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Coverage Class Selection, Adaptation and Load Balancing
1 Introduction
At GERAN#67 a new work item called Extended Coverage GSM (i.e. EC-GSM) for support of Cellular Internet of Things was approved, see [1]. The feasibility of EC-GSM was investigated in the “CIoT” study item [2] and the results are captured in 3GPP TR 45.820 [3].
One of the objectives of the “CIoT” study item was to achieve an extended coverage of 20 dB compared to legacy GPRS. Support for extended coverage is realized by defining different “coverage classes” in EC-GSM, each corresponding to a specific number of repeated burst transmissions. However, the coverage class related procedures are not well described in [3].
This document proposes a number of coverage class related procedures for the normative work of EC-GSM. Some of the ideas are reused from the “NB M2M” concept which can also be found in [3].
2 Coverage class related procedures
2.1 Initial coverage class selection

It is proposed that the MS determines the uplink coverage class based on the decoding of EC-PDCCH blocks (see [4] for the proposed EC-PDCCH scheme). Figure 1 is an example of EC-PDCCH mapping which is taken from [4]. Different coverage classes share the same EC-PDCCH block but with different number of burst transmissions. A MS belonging to the lowest coverage class can decode the EC-PDCCH block assuming only a small number of repeated burst transmissions, whilst a MS belonging to the highest coverage class needs to combine all repeated burst transmissions (i.e. all the coloured bursts in Figure 1, as shown for CC6). The location of EC-PDCCH is part of the system information and can be broadcasted on the EC-BCCH channel.
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Figure 1: EC-PDCCH mapping onto 52-multiframes
The procedure for the initial coverage class selection is as follows,
	1> the MS chooses the lowest coverage class (i.e. coverage 1) as the candidate coverage class.

1> the MS attempts to decode EC-PDCCH according to the currently assumed candidate coverage class, e.g. only those bursts intended for CC1 are combined at the receiver to decode the EC-PDCCH block.
1> if the EC-PDCCH decoding is successful:

2> the MS selects the current candidate coverage class for subsequent communications and the coverage class procedure ends

2> else

3> if a certain failure criterion is met (e.g. the number of EC-PDCCH decoding failures reaches a threshold):

4> if the coverage class already corresponds to the highest index

5> the MS enters the cell (re)selection procedure and the coverage class procedure ends

4> the MS alters the candidate coverage class to a higher index and continues the EC-PDCCH decoding.


2.2 Coverage class adaptation
When the MS detects that its coverage class is improving or deteriorating the updated coverage class can be signalled to the base station. Frequent signalling of coverage class changes, which could happen in mobility situations, can cause additional MS power consumption and signalling load to the base station and core network. Therefore, the signalling of the coverage class change should be minimized.

When a MS is in idle mode it wakes periodically to receive paging. The MS can use this wake time to determine whether its coverage class has changed and signal changes to the network before its paging occasion. The MS does not need to wake between paging occasions only to check whether its coverage class has changed and signal any changes to the network. 

While in packet transfer mode a MS periodically decodes EC-PDCCH to determine if there is scheduling information addressed to it and can use the following method to determine whether there has been any change in coverage class:
	1> if the EC-PDCCH decoding is successful:

2> if the EC-PDCCH contains scheduling information for the MS:

3> start data transmission process.

2> else 

3> continue the EC-PDCCH decoding.

1> else 

2> if a certain failure criterion is met (e.g. the number of EC-PDCCH decoding failures reaches a threshold):

3> if the coverage class already corresponds to the highest index

4> the MS enters the cell (re)selection procedure

3> else
4> the MS adapts to a more suitable coverage class and proceeds with the EC-PDCCH decoding at the new coverage class

2> else

3> continue the EC-PDCCH decoding.


An illustration of the coverage class adaptation in packet transfer mode is shown in.
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Figure 2: Coverage class adaptation

2.3 Load balancing among coverage classes

Load balancing mechanisms among coverage classes should also be specified in order to optimize the overall resource utilization. For example, the network should be able to command the MS (e.g. in PDCCH messages) to change its coverage class to another, under-populated, coverage class. The new coverage class normally has a lower index than the old one.
3 Conclusions

In this document some proposals are provided on how a MS selects its coverage class in idle mode, adapts to a more suitable coverage class in packet transfer mode, and how the network performs load balancing for coverage classes. It is proposed to adopt these procedures in the normative work of EC-GSM.
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