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System impact from power control settings on EC-RACH
Introduction
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 intention of this contribution is to investigate the impact on the EC-RACH channel by allowing a simple open-loop power control. A power control procedure could be beneficial on the EC-RACH channel since different coverage classes are multiplexed on the same resources, where a high interfering burst from a user in better coverage could have negative impact to a repeated transmission for a user in a more challenging coverage situation.
Power control on random access channel
Traditionally GSM has not applied power control on the RACH channel, but devices have been transmitted with the highest allowed signaled power level on the UL CCCH channel.
In Rel-10 a power level reduction of 10 dB was introduced for the initial access burst in order to lower the received signal level at the BTS receiver and improve co-existence in the same frequency band.
With the introduction of EC-EGPRS[footnoteRef:1] the benefit of a power control procedure on the random access may be of higher importance. Traditional GSM RACH receivers process at most one access burst per TDMA frame and slot. I.e. in case of collision there will at most be one access attempt that will be received by the BTS. This behavior changes with the introduction of EC-EGPRS, where a single access attempts can be spread over multiple TDMA frames (when using blind repetitions). Hence, the BTS will attempt to decode a user in extended coverage that might be interfered by one or more users in better coverage, received with higher signal strength. [1:  The feature name when implementing the EC-GSM candidate solution in the 3GPP GERAN specifications is proposed to be EC-EGPRS considering the use of EGPRS as baseline, with one of the main additions to the specifications will be new logical channels supporting extended coverage (EC-channels).] 

To offload the EC-RACH from strong interfering bursts, EC-EGPRS devices in normal coverage can be allowed to access the system on TS0 instead, see [5], where legacy devices access without using blind repetitions.
However, if all EC-GSM devices access on TS1 (EC-RACH) the dynamic range of the signal strengths received by CC1 (Normal coverage) devices will be significantly higher than for other coverage classes (CC2-CC4). At the same time most users will be classified at CC1, and hence cause strong interference to users in extended coverage. This situation is illustrated in Figure 1 where the vertical arrows represent ranges of signal level, and the circles the relative number of devices in each coverage class.


[bookmark: _Ref431846450]Figure 1: Distribution of coverage classes on EC-RACH.
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 lower number of coverage classes, i.e. four, are used, based on investigation in [6].
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 [3]. 
Simulation settings worth pointing out are:
· Interference from legacy CS users to EC-EGPRS users have been assumed 
· [bookmark: _GoBack]The most challenging BPL scenario has been simulated (scenario 2, inter-site correlation 0.75)
· Access burst access type.
· Four coverage classes using [1,4,8,32] repetitions respectively have been used.
Power control settings
A simple open loop power control procedure was taken in the simulations where the MS applies a reduction in output power based on the estimated DL signal strength and the known output power of the device. The estimated DL signal strength includes an estimation error source for each base station taken from a normal distribution N(0,4), based on investigations in [5]. In the power control loop, a received signal level at the base station is targeted, while still complying with the lowest power level currently specified in the GERAN specifications for the MS, see [7], of 5 dBm. The target received signal strength investigated in the simulations are -100 dBm and -90 dBm. The actual parameter setting would be settable by SI. With the assumptions on noise figure for the BTS, using -100 dB would, in a sensitivity limited scenario, correspond to a SNR of 16.7 dB which could be seen as a substantial margin to a BLER performance of around 10-20%. 
Results
Resource usage
By applying a power control to the EC-RACH the hope is to improve the situation for users in bad coverage, by avoiding high interferer bursts, reducing the overall system interference, and, by that, minimizing resource usage.
The impact on resource usage is shown in Table 1.
[bookmark: _Ref432075814]Table 1: Resource usage
	CIoT device
output 
power
[dBm]
	Targeted signal level at BTS receiver [dBm]
	Average
Resource
Usage
UL [bursts/user]

	33
	No PC
	2.0

	33
	-90
	2.0

	33
	-100
	1.9

	23
	No PC
	5.8

	23
	-90
	5.7

	23
	-100
	5.5



As can be seen, the resource usage is decreased with power control turned on. 
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 attempt rate is presented per coverage class.
[image: ]
Figure 2: Failed attempts per coverage class.
As can be seen, there is a clear reduction in failed attempts, especially for the 33 dBm power class, i.e. when a higher power is allowed, the impact from power control is more evident.
C/I
With a power control applied to the EC-RACH, the expected C/I distribution becomes more compact, as expected. One can also see that very low C/I points are improved. It can be noted that the plot only presents C/I and does not factor in the thermal noise level in the receiver. The distribution is only shown for the C/I on the EC-RACH, and only for 33 dBm device output power. It can also be worth noticing that the legacy CS traffic interfering the EC-RACH does not change behavior due to the power control settings on the EC-RACH.
[image: ]
Figure 3. C/I distribution
Conclusions
The contribution has investigated extending the current open-loop power control mechanism on the RACH to the EC-RACH using a more aggressive signal level target at the BTS due to the operation of users in extended coverage.
It has been shown that both resource usage and failed attempts were lowered when applying an open-loop power control. 
Hence, it is proposed to apply an open-loop power control mechanism also on EC-RACH.
The adaptation of coverage class for different access attempts has not been modeled, but is expected to further improve the EC-RACH channel performance.
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