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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].
There have been extensive discussions on how to model the frequency offset in the study on cellular IoT. A model was agreed at GERAN#64, captured in [2], where both a candidate specific offset, and a common, time dependent, frequency drift is to be applied.
In [3] the candidate specific offset for the EC-GSM candidate was presented, which is the resulting offset after fine frequency synchronization of the EC-SCH.
Comments were received at the first Ad Hoc on FS_IoT_LC that the fine frequency synchronization presented was very accurate, and if the candidate is relying on such fine offset to work at extreme coverage scenarios, it might be sensitive to frequency offset deviations that might appear in real operation (not modeled by the above mentioned model).
This paper is investigating the sensitivity to frequency offset in EC-GSM.
Previous results
EC-GSM specific frequency offset
In [3] the resulting frequency offset distribution after fine frequency synchronization of the EC-SCH was shown. The performance was simulated at the maximum coupling loss of 164 dB (20 dB coverage extension compared to legacy GPRS), and are re-produced in Figure 1.
[image: ]
[bookmark: _Ref412017008]Figure 1. Frequency estimation error after reading EC-SCH at 164 dB MCL (20 dB coverage improvement).
As can be seen, the normal distribution fit (red curve) to the estimated offset (blue curve) is not perfect, but the model is at least not overestimating the performance seen from the simulations. The frequency estimator used in these simulations makes use of the known repetition of the EC-SCH channel allowing a simple correlator-based frequency offset estimator to be used. 
Coverage improvement target
In [4] the coverage improvement target for EC-GSM was evaluated and it was concluded that the 20 dB coverage improvement target of the study can be reached with the EC-GSM concept.
The simulations were using the candidate specific assumption on frequency offset as shown in Figure 1, the agreed drift model included in [2], applied to EC-GSM as described in [5].
The logical channels covered by these simulations were EC-BCCH, EC-CCCH/DL (EC-AGCH, EC-PCH), EC-CCCH/UL (EC-RACH). EC-PDTCH and EC-PACCH.
Sensitivity to frequency offset in EC-GSM
At the Ad Hoc meeting #1 on FS_IoT_LC it was commented that the candidate specific performance of the frequency offset estimator was seen to be extremely accurate, and that this type of accuracy might not always be achieved in the real products where other aspects could add to the accuracy achieved. Hence, it was asked to investigate the sensitivity of the EC-GSM proposal to frequency error.
In the simulations produced below the same simulation assumptions as used in [4] is used with the modification to the assumed candidate specific frequency offset.
[bookmark: _Ref412018125]Table 1. Simulation assumptions on candidate specific frequency offset.
	Parameter
	Value

	MCS
	EC-BCCH
EC-CCCH/DL (EC-AGCH, EC-PCH)
EC-PDTCH/UL and /DL
EC-PACCH/UL and /DL

	Candidate specific frequency offset1
	N(0,3)
N(0,10)
N(0,20)
N(0,30)
N(0,40)
N(8,45)

	NOTE1: The offsets applied follow a normal distribution with mean ‘m’ and standard deviation (‘std’) – N(m,std)



Also the EC-RACH (EC-CCCH/UL) is no longer included in the set of logical channels based on the agreement at GERAN Ad Hoc#1 that “The MCL methodology agreed in the TR in table 4.3-1 does not apply for logical channels relating to network synchronization and random access.”. Hence, the performance of the EC-RACH will be treated in other input to the GERAN discussions.
It could be noted that some of the different frequency offsets investigated, see Table 1 and Figure 2, should be seen rather pessimistic. 
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[bookmark: _Ref412018830]Figure 2. Different distributions of frequency offset simulated. Current max offset allowed in GSM in 900MHz, 90 Hz, shown with dashed black lines.
For example, for N(0,40) 2.4% of the realizations violate the current requirement on frequency offset accuracy of 0.1 ppm in the GSM specifications, see [6]. N(8,45) represents the frequency offset after coarse frequency synchronization, see [7], after FCCH reading but before EC-SCH reading, where the fine synchronization takes place.
The results are presented in a radar chart to make a more compact presentation of the performance. The MCL methodology in [2] has been followed, and is further elaborated in [4]. The results are presented in Figure 2 and are presented as the Maximum Coupling Loss (MCL) achieved for each logical channel. It can be noted that the highest MCL aimed at by the study is 164 dB.
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[bookmark: _Ref412018684]Figure 3. EC-GSM - sensitivity to frequency offset
As can be seen, EC-GSM is not sensitive to the offset assumed. The only visible degradation is seen for EC-PACCH/DL and EC-CCCH/DL in the case of N(0,40) and N(8,45), which is, as stated above, as seen as rather pessimistic assumptions. Furthermore, the degradation seen in these conditions is still smaller than 1 dB.
Conclusions
In this contribution the sensitivity of EC-GSM to the candidate specific frequency offset has been investigated. It is concluded that even with very pessimistic assumptions on offset (for example using the distribution after coarse frequency offset after FCCH), the degradation seen is limited to less than 1 dB. For more realistic distribution no degradation is visible.
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