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System Level Simulation for EC-GSM
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 sub-clause 6.2 of 3GPP TR 45.820 [3].
This document provides some preliminary system level simulation results for EC-GSM, with a focus on investigating the capacity variations due to the change of coverage class configurations.

2 Link-to-system mapping methodology
The link-to-system mapping methodology in [4] was reused. The link-to-system mapping tables were built taking the verification results in section 4 of [4] as reference (i.e. by adjusting the table such that the “L2S” performance in section 4 of [4] can always be met).
3 Traffic profile and traffic generation
See [5].
4 Simulation assumptions
The simulation assumptions described in [6] were largely reused. The main difference is listed in Table 1.
Table 1. Simulation assumptions different to [6]
	Parameter
	Value

	Number of simulated cells
	96

	MS output power
	33 dBm

	IP header compression
	Off

	BPL modelling
	Scenario 2, correlation 0.75

	CS services
	Not simulated. Instead a constant interference was assumed on any timeslot where a CS call was supposed to be active.

	Number of coverage classes and number of burst transmissions
	Case 1: [1, 1, 2, 4, 8, 16] (reference case)
Case 2: [1, 2, 4, 8, 16]

Case 3: [1, 2, 4, 16]

Case 4: [1, 4, 16]


5 Capacity results
The capacity results are shown in Figure 1. The capacity degradations comparing with the reference case (i.e. case 1) are shown in Figure 2
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Figure 1: Capacity results
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Figure 2: Capacity degradations comparing with reference case (i.e. case 1)
6 Discussions
As can be seen in Figure 2, 
· The finer granularity is defined for coverage classes, the better capacity performance is achieved. 

· The capacity for EC-GSM is rarely degraded when the number of coverage classes is decreased from 6 to 5, but was significantly degraded when the number of coverage classes is further decreased to 4 or 3 (up to 26%).
The main reason for capacity degradation is the over-pessimistic selection of coverage classes for a given MS due to the lack of a proper coverage class for which the number of burst transmissions just fits the link level performance of the MS. For example, the radio condition indicates 10 burst transmissions, but the MS is allocated the highest coverage class (i.e. 16 burst transmissions).

Note that the absolute capacity performance of EC-GSM was inherently worse than other narrow-band based solutions (see e.g. the performance shown in sub-clause 6.2.6.13 of the TR [3] for EC-GSM, sub-clause 7.1.7.2 for NB M2M or sub-clause 7.3.6.2 for NB-CIoT). Hence it is highly desirable to define the coverage classes in such a way that the capacity is maximized.
7 Conclusions
In this document, some preliminary system level simulation results are provided showing the capacity of EC-GSM and the capacity degradations when the number of coverage classes decreases. The following observations are made,

Observation 1: The finer granularity is defined for coverage classes, the better capacity performance is achieved. 

Observation 2: The capacity for EC-GSM is rarely degraded when the number of coverage classes is decreased from 6 to 5, but was significantly degraded when the number of coverage classes is further decreased to 4 or 3 (up to 26%).
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