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On the Collision Rate of EC-RACH
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]. EC-GSM supports coverage extension by introducing a number of “EC-channels” and the concept of “coverage class”.
Collision rate of EC-RACH was previously studied e.g. in sub-clause 6.2.4.6.8.2 of [3], but only the collision between MS’s belonging to the same coverage class was investigated. This document highlights a potential problem of the EC-RACH design in [3] due to high collision rates when the collision between MS’s belonging to different coverage classes are taken into account.
2 EC-RACH design in [3]
The EC-RACH is by default mapped onto TS1 of the BCCH carrier. The only difference to legacy EGPRS is that for a given coverage class, the first instance of the (repeated) EC-RACH burst transmission can only occur on a subset of slots within one or two 51-multiframes. For example, for coverage class 5, the EC-RACH transmission can only start from slot 0, or 16, or 32 within one 51-multiframe. This is illustrated in Figure 1 (reproduced from sub-clause Figure 6.2.4.2-5 of [3]).
[image: image1.png]—— Mapping option
—L_ First instance of block




Figure 1: EC-RACH mapping, reproduced from Figure 6.2.4.2-5 of [3]
One of the problems of the current EC-RACH design is that the resource allocation is unfair to high coverage classes. For example, CC6 needs 32 bursts for one EC-RACH transmission, during which there could be up to 32 chances that a CC1 EC-RACH transmission will collide with it, or much more chances that a greater number of CC1 EC-RACH transmission will collide with it, not to mention collisions with other coverage classes. No investigation has been shown on the EC-RACH receiver performance degradation for high coverage classes due to a mix of interference from other coverage classes.
3 Collision rate of EC-RACH captured in [3]
EC-RACH collision rate was briefly investigated in [3]. However, only one coverage class was assumed in each simulation, and the collision rate was defined as the probability of collision “per coverage class”, i.e. when at least two EC-RACH transmission completely overlapped. The results are shown in Figure 6.2.4.6-3 and reproduced as Figure 2 below.
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Figure 2: Collision of the same coverage class, reproduced from Figure 6.2.4.6-3 of [3]
It was found in sub-clause 6.2.4.6.8.2 of [3] that collision probability assuming 100% CC1 devices is ~0.05% and that assuming 100% CC6 devices is 27.5%. And it was estimated in the same sub-clause of [3] that fox a mix of coverage classes the collision rate (i.e. “two users of a given coverage class have picked the same set of EC-RACH slots”) was 2.1%.
It can be seen from the above summary that the collision rate was significantly underestimated because collision between different coverage classes was completely ignored.
4 Collision rate of EC-RACH considering collision between different coverage classes
4.1 Simulation assumptions
The simulation assumptions are summarized in Table 1.
Table 1. Simulation assumptions
	Parameter
	Value

	Penetration of coverage classes
	0.6, 0.2, 0.1, 0.05, 0.025, 0.025 for coverage class 1, 2, 3, 4, 5, 6, respectively

	Arrival rate
	6.81 per second

	Simulation time
	100 seconds

	EC-RACH transmission for each coverage class
	· Case 1: according to Figure 1.

· Case 2: CC1, CC2 and CC3 according to Figure 1. CC4 only on slot 16, CC5/CC6 only on slot 0.


4.2 Results
Simulation results are shown in Figure 3 for EC-RACH transmission case 1 and in Figure 4 for EC-RACH transmission case 2.
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Figure 3: Average collision rate, EC-RACH transmission case 1
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Figure 4: Average collision rate, EC-RACH transmission case 2
It can be seen that the EC-RACH collision rates are very high, especially for CC5 (~44%) and CC6 (~67%). And the collision rate cannot be improved by changing the resource allocation for each coverage class (case 2 shows the best simulation results among a large number of possible coverage class specific resource allocations. Other results are not shown in this document).
4.3 Discussions
A collision as defined in section 4, e.g. mutual interference between a CC1 burst and any one of the CC6 bursts, may either cause a failure in receiving the CC1 burst, or destroy the IQ accumulation for the whole CC6 transmission, or both (depending on the interference level and the receiver implementation). This was briefly mentioned in [5] as follows, but no link level performance was provided to quantify the loss,
“For devices in extended coverage, a weighted accumulation of IQ samples is done at the receiver, based on the inverse received signal strength, applied per burst. This approach is taken to limit the damage of a single (or a few) interfering burst(s) to the total accumulated signal.”
The sourcing companies’ view is that the high collision rate is a potential problem of the EC-RACH design, meaning one timeslot might not be sufficient to provide acceptable EC-RACH performance. Therefore, we encourage other companies to provide simulation results to justify the link level performance degradation due to the mutual interference between coverage classes. Further investigations may also be provided by the sourcing companies in future meetings.
5 Conclusions

In this document, simulation results are provided on collision rates of EC-RACH considering collisions not only between the same coverage class but also between different coverage classes. The high collision rates (especially for high coverage classes) indicate a potential problem of the current EC-RACH design. Further investigations are needed on the link level performance degradation of EC-RACH in different interference scenarios.
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