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Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
One objective of the study is to Scale to support a massive number of MTC Mobile Stations. This includes providing sufficient capacity not only on the traffic channels but also on the control channels. 
In this contribution the system capacity of EC-GSM is evaluated on system level for the EC-RACH channel.
EC-RACH
Resource
The EC-RACH is mapped onto TS1 of the BCCH carrier, see [3] and serves users both in normal and extended coverage. EC-GSM also provides the possibility to allocate users in CC1 to TS0 to alleviate the stress on TS1 when users are in extended coverage (receiving bursts with low signal level). This option is however not considered in these simulations.
The mapping of EC-RACH is done according to Figure 1, see [3].
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[bookmark: _Ref416787334]Figure 1. EC-RACH, mapping of logical channels onto physical channels.
There are in total six coverage classes defined. These are also used by the system level simulations. It has still not been investigated if a lower number of coverage classes would be suitable on the EC-RACH channel.
For simulation purposes, the EC-RACH CC6 mapping is done using 32 consecutive TDMA frames instead of mapped over 2 51 multiframes as shown in the figure. This will have a slight negative impact to the link level performance due to loss of time diversity. The transmission time is however also reduced from 67 TDMA frames to 32 TDMA frames. This is roughly 160 ms, which is almost 1/10th of the sleep time assumed. Neither of these aspects are considered to be of significance importance for the evaluation
Receiver
The receiver is assumed to perform IQ accumulation of the received RACH repetitions without any interference compensation. I.e. if one or more CC1 user causes high interference to one or more bursts that are repeated for higher coverage class users, it could effectively effect the whole repetition period to be lost. This can be alleviated in the receiver by controlling how the accumulation done. A simple approach of un-weighted accumulation has been assumed.
To model the link performance, the methodology described in [4] has been used.
Power control
No power control is applied on the EC-RACH channel. There is a simple power control used today on the RACH with a single threshold for power regulation, introduced in Rel-10. This approach, or a more sophisticated approach, could be taken, but is left out of this investigation.
Burst type
The burst type used in the simulations is the Access Burst and the 11-bit access format, which is proposed to be used for EC-GSM, see [5].
Training sequence codes
The use of different training sequence codes have not been modeled in the simulator, and when a user is acting as an interferer to another user, random bits are assumed in the interference, see [4].
Overlaid CDMA
No overlaid CDMA is assumed in the simulations.
Attempts
The number of attempts allowed on the RACH is assumed to be either 4 or 6. This value is assumed to be signaled in the System Information and applicable to all devices in the system. Hence, the use of 4 or 6 maximum attempts comes from two different system simulations. No variations are assumed for different coverage classes.
Sleep time
The sleep time between two attempts is assumed to be 1.5 seconds. It is defined as the silent period between the last burst of a prior attempt and the first burst of the next attempt. In addition to this delay, the user will have to wait until the start of a repetition period for the respective coverage class, see Figure 1. 
No variations are assumed for different coverage classes.
No additional randomization of sleep time has been assumed between successive attempts. This is part of the random access procedure today in GSM, and is also expected to be part of the procedure for EC-GSM, but has not been modeled. It is not expected that this has a large impact to the results, since only asynchronous access is investigated.
Simulations
Simulation assumptions
The system level simulation assumptions in [2] have been followed. Other specific assumptions are shown in Table 1.
[bookmark: _Ref416799473]Table 1. Simulation assumptions, in addition to [2]
	Parameter
	Value

	System size
	108 cells

	System access attempts simulated
	~ 1.6e6

	Frequency re-use on BCCH layer
	12

	Arrival rate
	6.8 users/sec1

	Max. access attempts
	4 or 6

	Sleep time between attempts
	1.5 sec

	Power control
	off

	Device output power
	23 dBm (100%), or,
33 dBm (100%)

	NOTE1: Derived from traffic model in [2]



Determination of coverage class
The determination of coverage class is only based on the received signal strength. Further, this is assumed to be known by the mobile. I.e. in sensitivity limited scenario the estimation of the coverage class (or in this case signal strength) would be ideal. How sensitive the results are to estimation errors in coverage class is not covered in these simulations.
Results presented
The results presented are:
· Delay CDF (this is part of the results all candidate techniques shall present, see [2])
· It should be noted that in [2] it is stated that “The random access delay is defined as the time from when the device application triggers a first access request until the contention has been resolved from the perspective of that device”. In these set of results, the access delay is defined from application trigger to reception at the BTS. The unsuccessful access attempts are not included in the CDF representation, according to the TR: “The percentage of random access attempts that fail in each scenario, not included in the CDF, shall be declared.”
· Resource utilization
· This represents the average resources required per user per initiated access, i.e. also including re-attempts, in the system.
· Failed attempts
· This represents the percentage of the initiated accesses that were not successful after reaching the maximum number of attempts on the EC-RACH channel.
Delay CDF
The delay CDFs for the 23 dBm and 33 dBm output power classes are shown in Figure 2 and Figure 3 respectively.
As can be seen, the vast majority of users will get system access in their first attempt. For users that need a second attempt, there is at least an additional waiting time of 1.5 seconds.
The number of users requiring a second attempt is increased with the 23 dBm class. This is can be explained by the fact that more users are in extended coverage. 
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[bookmark: _Ref416797636]Figure 2. EC-RACH, delay CDF, BPL scenario 1, inter-site corr = 0.5. 23 dBm.
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[bookmark: _Ref416797646]Figure 3. EC-RACH, delay CDF, BPL scenario 1, inter-site corr = 0.5. 33 dBm.
Resource utilization and failed attempts
The average resource utilization over the system on the EC-RACH is shown in Table 1.
[bookmark: _Ref416796967]Table 2. Average system resource / access
	Output power 
[dBm]
	N
	Resource utilization
[Av. # bursts]
	Failed attempts

	23
	4
	1.5
	0.03 %

	23
	6
	1.6
	0.01 %

	33
	4
	1.0
	0 %

	33
	6
	1.0
	0 %



[bookmark: _GoBack]As can be seen, the average resource utilization is impacted by using a lower output power class, increasing by a factor of 50-60 % due to increased number of devices in extended coverage. Still, the absolute level of the average utilization is low. I.e. with a 23 dBm output power class, a user on average will transmit 1.5-1.6 RACH bursts taking both blind transmissions and re-attempts into account. This is due to the fact that the vast majority of the users are in coverage class 1.
The failed attempts are not visible (in this case, a rate below 0.005 % would be rounded off to 0) for output power level 33 dBm. For 23 dBm the failed attempts are reduced from 0.03 % to 0.01 by allowing up to 6 attempts instead of 4.
Conclusions
The contribution has shown a first set of results for the capacity evaluation of the EC-RACH channel on system level. 
Both 23 dBm and 33 dBm in device output power has been investigated with most noticeable difference in the resources required for system access (50-60% increase with 23 dBm compared to 33 dBm). 
Regarding failed attempts, both power classes show excellent performance with only registered failed attempts in a fraction (0.01-0.03%) of the accesses for the 23 dBm class.
The 99th percentile for the system access delay both for 23 dBm and 33 dBm is seen to be at around 1.5 seconds, which is the sleep time assumed in the system (i.e. the vast majority of users get through after one attempt).
In summary, the results look very promising regarding the RACH capacity for EC-GSM.
Further aspects that could be evaluated for EC-RACH are:
· More aggressive building penetration loss model and inter-site correlation coefficient.
· An non-optimal coverage class estimation 
· Interference with TSC being present
· Overlaid CDMA
· A more realistic BTS receiver implementation (not only blind IQ accumulation)
· Distribution between TS0 and TS1 to offload CC1 users onto TS0.
· Randomization of sleep time
· Increase of coverage class after a fixed number of failed attempts. 
Some of these aspects are expected to be covered in future investigations.
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