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Coverage Performance of GSM/EDGE and Blind Repetition
1 Introduction
At GERAN#62 a new SI called Cellular IoT (FS_IoT_LC) [1] was approved. One of the main objectives of the study is to achieve an extended coverage of up to 20 dB compared with legacy GSM/EDGE. This paper presents the coverage performance (characterized by MCL, Maximum Coupling Loss) of legacy GSM/EDGE which is considered a realistic reference case for the study. Furthermore, some investigations have been carried out on how different levels of coverage extension can be achieved by blind repetition.
2 Coverage performance of legacy GSM/EDGE
The downlink performance is based on the reference sensitivity performance of TIGHTER (Rel-10). The uplink performance is based on the simulation results from the sourcing companies.
2.1 Simulation assumptions
Table 1 Simulation assumptions
	Parameter
	Assumption

	Link direction
	Uplink

	Frequency band
	900 MHz

	Interference profile
	Sensitivity

	Propagation
	TU 1Hz

	Frequency hopping
	UL MCS-1: iFH
RACH: noFH

	Antenna configuration
	1T2R

	Frequency error
	Randomly chosen from -90 Hz and 90 Hz (i.e. either -90 Hz or 90 Hz), generated per dB point


2.2 Calculation of MCL for GSM/EDGE
Table 2 MCL for GSM/EDGE
	　
	GSM/EGPRS

	Physical channel name
	DL MCS-1
	SCH
	BCCH
	UL MCS-1
	RACH

	Data rate(kbps)
	8.8[1]
	　
	　
	8.8[1]
	　

	Transmitter

	(1) Tx power  (dBm)
	43
	43
	43
	33
	33

	Receiver

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	9
	9
	9
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	180000
	180000
	180000
	180000

	(6) Effective noise power= (2) + (3) + (4) + 10 log((5))  (dBm)
	-112.4 
	-112.4 
	-112.4 
	-116.4 
	-116.4 

	(7) Required SINR (dB) 
	7.4
	11.4
	7.9
	6.6
	5.5

	(8) Receiver sensitivity= (6) + (7) (dBm)
	-105[2]
	-101[3]
	-104.5[4] 
	-109.8[5]
	-110.9[6]

	MCL=(1) – (8) (dB) 
	148
	144
	147.5 
	142.8
	143.9


Note 1: the data rate for one timeslot
Note 2：DL MCS-1 signal level for TIGHTER @ BLER=10%
Note 3：SCH signal level for TIGHTER @FER=5%
Note 4：BCCH signal level for TIGHTER @FER=5%

Note 5：UL MCS-1 signal level @ BLER =10%
Note 6：RACH signal level @FER=13%
It should be noted that the sensitivity performance for TIGHTER in channel propagation TU50noFH from 45.005 is used here. The performance of UL MCS-1 was evaluated assuming TU 1Hz with ideal frequency hopping. This is considered comparable with TU50nFH.
It can be seen from Table 2 that the limiting MCL for legacy GSM/EDGE is 142.8 dB.
3 Blind repetition gains
In [2], blind repetition for GSM/EDGE is proposed to provide a straightforward evolution of the GSM/EDGE coverage. Link level simulations have been performed to evaluate the blind repetition gains. Figure 1 shows the repetition gains versus the number of transmissions for UL MCS-1 with the assumption in Table 1, along with the theoretical results corresponding to ideal coherent gain for comparison. The theoretical results show the ideal coherent processing gain of 10*log10(#repetitions), which corresponds to a 3 dB gain for every doubling of the number of repetitions.
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Figure 1 Performance of UL MCS-1 repetitions
It is observed from Figure 1 that the gap between the achievable SNR gains and the theoretical values becomes larger as the number of repetitions increases. This is due to the decrease of channel estimation accuracy for each repetition, since the SNR for each repetition becomes very low. The results indicate that the achievable processing gain for each doubling of the number of repetitions reduces to about 1.5 dB for higher numbers of repetitions, compared with the ideal value of 3 dB.

This law of diminishing returns when using repetitions was also identified in the study item on provisioning of low cost MTC devices using LTE [3].
The number of repetitions at different gain level is tabulated in Table 3. 
Table 3 Repetition gain vs. #repetitions, UL MCS-1
	Repetition gain
(dB)
	Number of repetitions

	0
	1

	5
	4

	10
	20

	15
	152

	20
	>1024


From Table 3, it can be seen that with a transmit power of 33 dBm for UL MCS-1, 20 repetitions and more than 1024 repetitions would be required for 10 dB and 20 dB coverage extension, respectively. 
Furthermore, 33 dBm transmit power may not be practical for many IoT products due to the very high current draw that would be required from the battery during transmissions (over 1A from a 3.3V battery). It also imposes very stringent requirement on the heat dissipation because the form factor of the module is typically small. Therefore, the capability to achieve the required coverage enhancement with a lower UL transmit power may be important, but the number of repetitions would be even higher for lower UL transmission power, e.g. 23 dBm.
4 Conclusion
In this paper, the realistic coverage performance of legacy GSM/EDGE is provided based on simulations in uplink and TIGHTER performance in downlink. Blind repetition gains are also shown with simulation results and theoretical analysis. It can be seen that the repetition gains are highly limited by a law of diminishing returns, resulting in a very large number of repetitions being required to achieve the 20 dB coverage extension target. Furthermore, if some IoT products cannot support 33 dBm transmit power then the required number of repetitions increases in a disproportionate manner due to the diminishing returns.
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