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Dependency on number of coverage classes for EC-EGPRS on system capacity
Introduction
[bookmark: _GoBack]At GERAN#67 a new Work Item called Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things was approved, see [1].
The work item is based on the outcome of the feasibility study [2] where some logical channels used three, five, or six different transmissions modes in the different evaluations[footnoteRef:1]. [1:  The different transmission modes basically corresponded to the same number of Coverage Classes, although in case of EC-PDTCH/EC-PACCH six coverage classes were defined but only five different transmission modes.] 

The intention of this contribution is to investigate the impact on the EC-EGPRS system by aligning all logical channels to use four different transmission modes/Coverage Classes.
The lower the number of coverage classes the smaller the impact on implementation and specifications. However, it should not come at a cost of significant impact to system performance.
[bookmark: _Ref431837142]Number of coverage classes and impact to system performance
Coverage classes are used to allow users to be reached in coverage exceeding normal GPRS/EGPRS coverage. The finer level of granularity in different coverage levels, the more optimized system design is possible, e.g. minimizing resource usage. Using fewer coverage classes would typically imply an increased usage of resources since more blind repetitions are used than necessary. An alternative design could be to have more aggressive selection of coverage classes (i.e., fewer repetitions are used for a given coupling loss), so that the number of blind repetitions is not significantly impacted, but then the opposite effect is seen, that for some users too few blind repetitions are used, and the resulting effect can be an increase in failed delivery of reports. This trade-off has for example been observed in [3].
Simulations
Simulation assumptions
Simulators that have been used and described in the study report [5] are re-used for this contribution with the change that a smaller number of coverage classes are used.
To focus the contribution on important aspects of the evaluation, previous details on simulator settings etc. are only referenced to.
Random access and access grant
For details on EC-CCCH specific settings, please refer to [3]. Simulation settings worth pointing out are:
· Interference from legacy CS users to EC-EGPRS users have been assumed 
· The most challenging BPL scenario has been simulated (scenario 2, inter-site correlation 0.75)
· Access burst access type.
In addition to this, different number of repetitions has been used to model four coverage classes, according to Table 1. The full set of six coverage classes with [1, 2, 4, 8, 16, 32] repetitions, respectively, has been simulated as reference.
[bookmark: _Ref431837163]Table 1. Repetitions for different coverage class settings
	Coverage Class 
[CC1, CC2, CC3, CC4]

	[1,2,4,32]

	[1,2,8,32]

	[1,4,8,32]


MAR periodic reporting
For details on EC-PDTCH/EC-PACCH specific settings, please refer to [4]. Simulation settings worth pointing out are:
· The most challenging BPL scenario has been simulated (scenario 2, inter-site correlation 0.75)
· No IP header compression is assumed
In addition to this, different number of repetitions has been used to model four coverage classes, according to Table 1. The full set of six coverage classes with [1, 2, 4, 8, 16] repetitions, respectively, has been simulated as reference.
Table 2. Repetitions for different coverage class settings
	Coverage Class 
[CC1, CC2, CC3, CC4]

	[1,2,4,16]

	[1,2,8,16]

	[1,4,8,16]



Simulation output
Of relevance for the investigation on number of coverage classes, is primarily the resource usage and failed reports, as mentioned in Section 2.
On the EC-CCCH a failed report implies that the maximum number of attempts (6) on the EC-RACH has been reached without a corresponding response on the EC-AGCH. The resource usage is presented as number of bursts/user. Ideally, this metric would be 1.0 if every attempt by each user is successful (and hence there will not be any re-attempts), and all users are in coverage class 1.
For the delivery of the MAR reports, a failed attempt/failed report is classified as a report not delivered within 40 seconds. The resource usage for the MAR periodic reports is presented as average number of TS required to support the targeted number of users (around 52000 per sector). 
Results
Random access and access grant
Table 3 summarizes the simulated scenarios and results.
[bookmark: _Ref431839314]Table 3. Simulated scenarios and results for random access and access grant
	CIoT device
output 
power
[dBm]
	# Coverage 
Classes
	Repetitions per coverage class
	Average
Resource
Usage
UL [bursts/user]
	Average
Resource
Usage
DL  [bursts/user]
	Failed access attempts
[%]

	33
	6
	[1,2,4,8,16,32] 
(reference case)
	1.8
	3.1
	0.22

	33
	4
	[1,2,4,32]
	2.3
	3.7
	0.22

	33
	4
	[1,2,8,32]
	2.1
	3.3
	0.21

	33
	4
	[1,4,8,32]
	2
	3.3
	0.21

	23
	6
	[1,2,4,8,16,32] 
(reference case)
	5.1
	2.7
	0.75

	23
	4
	[1,2,4,32]
	7.2
	3.2
	0.74

	23
	4
	[1,2,8,32]
	5.9
	2.9
	0.67

	23
	4
	[1,4,8,32]
	5.8
	2.9
	0.67



As can be seen, the resource usage is increased with a lower number of coverage classes. The most effective combination for the four coverage classes are [1, 4, 8, 32]. For this combination, the increase is for 33 dBm devices roughly 11 % on UL and 6 % on the DL. For 23 dBm devices the corresponding impact is 14 % on UL and 7 % on DL. Considering that 23 dBm devices uses significantly more resources than 33 dBm devices, the overall impact is still limited with a good choice of repetitions per coverage class. 
The failed access attempt rate is not impacted significantly by the reduction in number of coverage classes. 
MAR periodic reporting
FFS


Conclusions
The contribution has investigated the impact on resource usage and failed attempts/reports on EC-CCCH (EC-RACH and EC-AGCH) when going from six to four coverage classes for EC-EGPRS. It was seen that the resource usage is increased by roughly 10-15 % on UL and 6-7 % on DL with a reduced number of coverage classes. The results are only slightly dependent on device output power.
The failed access attempt rate is not impacted significantly by the reduction in number of coverage classes, but a slight reduction is visible.
The investigation on resource usage and report failure for EC-PDTCH/EC-PACCH is left FFS.
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