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2.4.1.3
1. Introduction


A CIoT SI was agreed in GERAN #62. One of the performance objectives of a CIoT system is to provide improved coverage to a massive number of low-throughput devices [1]. To support this objective, multiple coverage classes are defined according to the level of path and penetration losses between a base station (BS) and a CIoT device. This contribution concerns the procedure used by a CIoT device for confirming a selected value of coverage class in the NB-M2M solution, with the possibility of adoption in other solutions too.
2. Discussion
2.1. Potential issues in coverage class confirmation procedure
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Figure 1. Procedure for initial coverage class selection [1].

Figure 1 depicts the steps taken by a CIoT device in idle mode, for selecting an appropriate coverage class. This procedure can be used, for example, when the device powers up or when the device wakes up to check for paging message.
The first three steps involve the device making measurements on downlink signal, and selecting a candidate coverage class based on the measurement. 

Figure 2 is a flow diagram representation of step 4, which this contribution is particularly concerned with. At this stage, the device tries to confirm the selected candidate class using the following decision process: 
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Figure 2. Coverage class confirmation procedure
Examples of the predefined decoding criterion in Figure 2 include: successive successful DCI decodes, or a predefined portion of successful DCI decodes. 
However, the procedure above does not specify how much time the device should spend on DCI decoding. This may lead to the scenario in which the device attempts DCI decoding over an unspecified, long period of time, until either of the decoding criterion is satisfied. 

Observation 1: It should be clarified in the TR that the amount of time the device spends on DCI decoding is limited.
In addition, there exists another scenario which the current procedure does not consider. As indicated in the traffic model [1], CIoT traffic is generated only very occasionally: the smallest inter-arrival time for CIoT traffic is 30 minutes – and even this traffic only occurs with a small number of instances (5%). In this case, there would be no devices transferring data in the downlink or uplink, meaning that no control information is sent from the base station. 

When a device wakes up for paging and tries to confirm its coverage class at this point of time, there would no means for the device to perform the confirmation procedure. Even if the device tries to use the decoding criterion above, the device will not pass the condition. Hence, the device adjusts the coverage class (or enters cell re-selection), despite having selected a correct value of coverage class in the first place. This in turn would lead to unnecessary signalling and power consumption at the device.
Observation 2: The current coverage confirmation procedure needs a solution for situations where there are no DCI bursts for the device to decode, on the control channel corresponding to the candidate class.
2.2 Possible solution
We suggest updating the current coverage confirmation procedure with the following:

First, the device attempts to confirm its coverage class over a pre-determined amount of time. If the decoding criterion is passed during this time, the selected coverage class can be used for data transmission. This ensures that the solution is compatible with the current confirmation procedure.

If the device cannot confirm its coverage class during the given time period, for example due to the absence of DCI bursts on the control channel, the base station sends one or more DCI bursts with pre-defined contents (e.g. null-DCI bursts). To realise this solution, the base station can keep track of the time since it last sent any DCI bursts and the paging occasion for the device. This stage ensures that the device has bursts to decode, results from which can be utilised for coverage class confirmation.
Proposal 1. 
Enhancement to the coverage class confirmation procedure is proposed: first, the CIoT device attempts to decode DCI bursts on the control channel of the candidate coverage class over a pre-determined period of time. If no DCI is present on the channel during this time, DCI bursts with pre-defined contents can be sent on the control channel, to enable the device to confirm the candidate coverage class.
3. Conclusion
Based on the discussions in this contribution, we recommend the above observation and proposal be captured into the TR:

Observation 1: It should be clarified in the TR that the amount of time the device spends on DCI decoding is limited.
Observation 2: The current coverage confirmation procedure needs a solution for situations where there are no DCI bursts for the device to decode.

Proposal 1. 

Enhancement to the coverage class confirmation procedure is proposed: first, the CIoT device attempts to decode DCI bursts on the control channel of the candidate coverage class over a pre-determined period of time. If no DCI is present on the channel during this time, DCI bursts with pre-defined contents can be sent on the control channel, to enable the device to confirm the candidate coverage class.
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