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Introduction
The EC-EGPRS feature is currently being specified in 3GPP Rel-13, see [1]. 
One of the main objectives of the work is to specify EGPRS operation in extended coverage, which includes the introduction of new logical channels.
The principle followed by EC-EGPRS is to divide some of the logical channels into coverage classes being defined as:
A coverage range interval supported in EC-EGPRS operation. [Four] Coverage Classes are defined where Coverage Class 1 (CC1) corresponds to the approximate coverage range interval of GPRS/EGPRS. To achieve the extended coverage range intervals associated with Coverage Class 2 (CC2), Coverage Class 3 (CC3) and Coverage Class 4 (CC4) a fixed predefined number of blind physical layer transmissions is applied per logical channel, see 3GPP TS 45.002 and 3GPP TS 45.003. This number of blind physical layer transmissions may differ between logical channels for the same coverage class.
The intention of this contribution is to investigate the impact on the EC-RACH channel by allowing the devices to change to a higher coverage class between access attempts if needed. It could be beneficial on the EC-CCCH channel since the initial estimated coverage class for a device is based on downlink measurements. These measurements might not be ideal, and consequently the initial coverage class on both the DL and UL (also based on the DL measurements) could be sub-optimum.
Initial coverage class assignment
In EC-EGPRS the device is estimating its initial UL and DL coverage class based on signal strength measurements and coverage class thresholds broadcasted from the network. The UL coverage class chosen is indicated to the network by the choice of training sequence on the EC-RACH, and the estimated DL coverage class indicated in the payload in the access request. 
The higher the signal strength is, the lower the number of repetitions. 
Simulations
Simulation assumptions
Simulation assumptions follow the ones in Annex D of [3]. To focus the contribution on important aspects of the evaluation, previous details on simulator settings etc. are only referenced to.
For details on simulator settings, please refer to [4]. 
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.
· Four coverage classes using [1, 4, 16, 48] UL repetitions respectively have been used.
· Initial cell selection and coverage class selection based on a normal distributed error with a standard deviation of 2 dB, see [5].
· 1 TS EC-RACH with up to 48 repetitions or 2 TS EC-RACH with up to 48 repetitions.
· The system simulator uses a network wide frame and timeslot alignment.

Coverage class adaption settings
A simple coverage class control procedure was taken in the simulations. In this paper the device changes coverage class after 2 failed access attempts, and it is allowed to change coverage class at most twice, i.e. an initially estimated CC1 on the UL will not be able to increase its coverage class beyond CC3.  Other settings have also been simulated with coverage class adaptation after 1, 2, or 3 failed attempts, and allowing 1, 2 or 3 coverage class adaptations, but this one was considered to give the best overall performance.
Coverage class distribution
The coverage class settings used in the simulations results in the initial distribution of the UL traffic between coverage classes as in Table 1. Included in the table is also how the distribution looks after the coverage class adaption functionality has been used. It can be noticed that devices which failed in CC1 has moved to higher CC. 
Table 1: Devices initial coverage class distribution
	CIoT device
output
power
[dBm]
	CC1
[%]
	CC2
[%]
	CC3
[%]
	CC4
[%]

	33
	98,2
	1,3
	0,3
	0,2

	23
	90,2
	6,0
	2,2
	1,6

	33, after CC adaption
	97,7
	1,6
	0,5
	0,2

	23, after CC adaption
	89,0
	6,4
	2,7
	1,9



The CC distribution in Table 1 is valid for the simulation results in Chapter 4.1 where the CC thresholds are fixed.

Results
Two types of comparisons are included in this paper to compare with and without coverage class adaption:
1. Coverage class thresholds are kept the same with and without the coverage class adaption. This is to compare the level of failed devices with and without the adaptation as well as understand the impact on resource usage, while keeping the rest the same.
2. The number of failed devices has been kept the same for the two cases with and without the coverage class adaptation. Instead the coverage class threshold has been adjusted with more users in CC1 when using coverage class adaption. In this case the purpose is to use fewer repetitions, and hence achieve a lower resource usage, in the system. 
This to demonstrate that the coverage class adaption mechanism can be used for several purposes together with the broadcasted coverage class thresholds. 
Fixed coverage class thresholds
This demonstrates the impact of the coverage class adaption mechanism when the rest of the system is fixed.
Resource usage
By applying coverage class adaption to the EC-RACH the hope is to improve the situation for users that have got a non-ideal initial coverage class, due to imperfect measurements.
The impact on resource usage is shown in Table 2 and Table 3.
[bookmark: _Ref432075814]Table 2: Resource usage, 1 TS EC-RACH
	CIoT device
output 
power
[dBm]
	CC assignement
	Average
Resource
Usage
UL [bursts/user]

	33
	Static CC
	1,3

	33
	Adaptive CC
	1,3

	23
	Static CC
	2,7

	23
	Adaptive CC
	2,9



[bookmark: _Ref441068272]Table 3: Resource usage, 2 TS EC-RACH
	CIoT device
output 
power
[dBm]
	CC assignement
	Average
Resource
Usage
UL [bursts/user]

	33
	Static CC
	1,3

	33
	Adaptive CC
	1,3

	23
	Static CC
	2,5

	23
	Adaptive CC
	2,7



As can be seen, the resource usage is somewhat increased when the devices are changing coverage classes to using more repetitions. 
Failed attempts
A failed attempt implies that the maximum number of attempts (6) on the EC-RACH has been reached without a corresponding response on the EC-AGCH. Here, the failed rate is presented per coverage class together with the overall failed rate in the system (in the legend). 
[image: ]
Figure 1: Failed attempts per coverage class, 23 dBm.
As can be seen, there is a clear reduction in failed attempts from 0.22 to 0.1 when using CC adaption. The reduction is in CC1-CC3. In CC4 failed is unchanged as those devices cannot change CC. There is also a further reduction in failed attempts using 2 TS compare to 1 TS, both on system level and especially for those devices in CC4. Using 2 TS reduces the 0.1 further down to 0.04 %.
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Figure 2: Failed attempts per coverage class, 33 dBm.
Also here for 33 dBm there is a clear reduction in failed attempts with CC adaption. The reduction in failed attempts for the 2 TS case can mainly be seen in CC4.
Delay
The impact on average system delay is shown in Table 4.
[bookmark: _Ref439966731]Table 4: Delay, 1 TS EC-RACH
	CIoT device
output 
power
[dBm]
	CC assignement
	Average
delay [s]

	33
	Static CC
	0,05

	33
	Adaptive CC
	0,06

	23
	Static CC
	0,08

	23
	Adaptive CC
	0,12



Table 5: Delay, 2 TS EC-RACH
	CIoT device
output 
power
[dBm]
	CC assignement
	Average
delay [s]

	33
	Static CC
	0,05

	33
	Adaptive CC
	0,05

	23
	Static CC
	0,09

	23
	Adaptive CC
	0,11



The overall system delay is slightly increased in the case of adaptive CC, in the same way as was seen for the resource usage. If considering separate coverage classes the general trend will be that users in CC1 will experience lower delays (since users failing with CC1 will move to higher CC), while CC2, CC3 and CC4 experience slightly longer delays.

Fixed number of failed devices
Resource usage
Instead of letting the failed number of devices decrease by applying coverage class adaption to the EC-RACH as in the previous case, the Failed can be kept fixed and the resource usage can be compared. In this case the Failed level is kept on 0,1% for the 23 dBm case, and 0,01% for the 33 dBm case with and without the coverage class adaption.
The impact on resource usage is shown in Table 6 and Table 7.
[bookmark: _Ref441068376]Table 6: Resource usage for fixed fail rate, 1 TS EC-RACH
	CIoT device
output 
power
[dBm]
	CC assignement
	Average
Resource
Usage
UL [bursts/user]

	33
	Static CC
	1,7

	33
	Adaptive CC
	1,3

	23
	Static CC
	4,7

	23
	Adaptive CC
	2,9



[bookmark: _Ref441068416]Table 7: Resource usage for fixed fail rate, 2 TS EC-RACH
	CIoT device
output 
power
[dBm]
	CC assignement
	Average
Resource
Usage
UL [bursts/user]

	33
	Static CC
	1,7

	33
	Adaptive CC
	1,3

	23
	Static CC
	4,5

	23
	Adaptive CC
	2,7



As can be seen the resource usage is significantly lower with coverage class adaption, while the number of failed devices are kept on the same level. 
Conclusions/discussions
The contribution has investigated adaptation of coverage class for different access attempts for EC-RACH.
It has been shown that coverage class adaption is a more efficient use of the EC-CCCH and has been shown to significantly reduce:
· The failed rates while only slightly increasing the resource usage, and,
· The resource usage while the failed rates are kept constant with and without CC adaptation.
Hence, it is proposed to apply coverage class adaption mechanism on EC-RACH and broadcast the number of failed attempts required before a CC adaptation is allowed, and possibly also the number of coverage class adaptations allowed.
In addition to the improved system performance from reduced failed rate and reduced resource usage a CC adaptation on EC-CCCH will ensure a more accurate CC estimation in DL and UL, for the dedicated resources (EC-PDTCH/EC-PACCH) of the TBF.
It is assumed here that the device don’t know if it is the UL EC-RACH or the DL EC-AGCH that is failing, so when it is changing coverage class it will change both UL and DL at the same time.
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