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1. Introduction


A CIoT SI was agreed in GERAN #62, which aims for supporting massive number of connections and improved power efficiency of CIoT devices with reduced complexity [1]. In the CIoT SI, mobility scenario was not discussed as one of the major performance objectives but TR mentioned that CIoT device would be supported up to speed of 30km/h. Accordingly, this contribution discusses the impact that the mobility scenario have on the CIoT devices.
2. Discussion
2.1 Potential issue from mobility scenarios
In contrast to conventional cellular systems, a CIoT system does not support handover between different cells. Instead, it provides for cell re-selection by CIoT devices in mobility situations between different cells. Before a cell is reselected, mobility in a cell leads a CIoT device to update its coverage class, due to the change of path loss between the device and the BS. In particular, as the CIoT device moves with higher speed, updates of the coverage class will become increasingly frequent, which can have a negative impact on the power consumptions of CIoT devices.
To show the impact on the power consumption in mobility situations, Figure 1 represents the number of coverage class updates or cell reselections and their power consumptions in idle state during an hour. In modelling a mobility situation, it is considered that a CIoT device goes in a horizontal direction from BS over hexagonal cell deployment with the speeds of 0 Km/h (stationary), 10 Km/h, 20 Km/h and 30 Km/h. In addition, the operation procedure in an idle state and their related power consumptions are presented in the Appendix.
As shown in Figure 1, as the CIoT device moves with higher speed, the related power consumption increases as well, due to the increased number of coverage class and/or cell changes. In particular, it is observed that the power consumption of devices moving at 30 Km/h is almost 4 times higher than the extreme coverage setup of stationary case.
From the results, we can deduce that the conventional procedure of updating coverage class can have a significant impact on the power consumption of CIoT devices in mobility situations.

Observation 1. In mobility situations, updating coverage class can be a significant burden to the power consumption of CIoT devices.
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Figure 1. The number of coverage class update or cell reselections and their power consumptions during an hour, when the speeds of CIoT devices are 10 Km/h, 20 Km/h and 30 Km/h
2.2 Recommendation
To solve the power consumption issue in high mobility situations we propose a “Mobility Class” concept, which involves fixing the coverage class to the safest value chosen among the previous coverage classes, without updating the coverage class in a mobility situation. Compared to frequent changing of the coverage class to an optimum value, (which we name “Optimum Class” in this contribution), Mobility Class can reduce the power consumption required for coverage class update, with the sacrifice of additional power consumption arising from selecting higher coverage class. In addition, Mobility Class can be adapted to various situations by changing the time duration to apply the coverage class and the criteria to check the mobility level. By controlling the parameters (time duration and criteria), it can be the Optimum Class mode or more delayed updating mode.
To verify the effect on power consumption reduction, we compare the power consumption levels of Optimum Class and Mobility Class in Figure 2: here, the performances are observed based on the same mobility set-up used in Figure 1.
From Figure 2, it can be observed that Mobility Class has lower power consumption than Optimum Class, which means that the amount of power saved from not changing the coverage class is much more than the amount of increase in power consumption from selecting maximum coverage class. In particular, the performance gap between Mobility Class and Optimum Class gets bigger in high mobility situation.
Proposal 1. For the issue of increased power consumption in mobility situation, it is recommended that the coverage class stay fixed to one corresponding to cell edges among base stations.
However, as shown in Fig. 1, fixing the coverage class to the Mobility Class in stationary situation is not recommended, because it performs transmit/receive operations with unnecessarily many repetitions. That means the Mobility Class should be applied to the mobility situation. Therefore, it is recommended to have some criteria to quantify the mobility situation. For example, the change of mobility class from the one used in the last connected state or cell reselection can be the candidates.
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 Figure 2. Performance comparison of Optimum Class and Mobility Class in terms of the number of class/cell changes and related power consumption
Proposal 2. For the issue of increased power consumption in mobility situation, it is helpful to have criteria to recognize the mobility situation.
In addition, just fixing the mobility class to a maximum value in mobility situation is also not recommended, because it can cause unnecessary repetitions that may be required only for the extreme SINR/SNR situation such as a basement. The appropriate value for the Mobility Class will be the class for typical cell edges among base stations.
3.  Conclusion
In this contribution, we point out following observation.

Observation 1. The conventional procedure of updating coverage class can be a burden to the power consumption of CIoT devices in a mobility situation. 

Therefore, to solve the power consumption issue in mobility situation, we recommend capturing the following proposals into the TR.
Proposal 1. For the issue of increased power consumption in mobility situation, it is recommended that the coverage class is just fixed to relatively high value among previous coverage class values during predefined time period.  

Proposal 2. For the issue of increased power consumption in mobility situation, it is helpful to have criteria to recognize the mobility situation.
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Appendix
The operation procedure in idle state is described in Figure 3.
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Figure 3. Operation procedure in idle state

	Operation
	Normal coverage
	Extended coverage
	Extreme coverage

	PBSCH decoding
	22.36 mJ
	35.84 mJ
	77.28 mJ

	Paging DCI decoding
	1.8 mJ
	7.2 mJ
	28.8 mJ

	Paging MSG decoding
	1.2 mJ
	4.8 mJ
	19.2 mJ

	Cell Reselection
	192 mJ
	230.4 mJ
	460.8 mJ

	UL Reporting
	36.6 mJ
	86.4 mJ
	585.6 mJ


Table 1. Power consumptions of operations represented in Figure 3

The values of Table 1 are computed based on the contribution [2]. In addition, we assume that Integrated PA is used.
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