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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 of the candidate proposals in the study is Extended Coverage GSM (EC-GSM).
In Annex A of the TR, see [2], deployment scenarios are listed. One scenario described is the mobility scenario.
This document evaluates the EC-GSM proposal with regards to the mobility scenario in the TR.
Mobility scenario
In the technical report, a number of deployment scenarios are listed based on input from operators. One of these deployment scenarios is the one on mobility where it is stated that the majority of devices are expected to be stationary, but still, there are some performance requirements for the non-stationary case, summarized in a table. The table is also shown in Table 2.
[bookmark: _Ref422846365]Table 1. Mobility scenario from [2].
	
	20 dB extra-coverage
	160 bps data rate
	10-year battery life
	system capacity evaluation

	Stationary CIoT devices
	Yes
	Yes
	Yes
	Yes

	Non-stationary (up to 30 km/h) CIoT devices)
	No1
	Yes2
	No3
	No

	Non-stationary (higher than 30 km/h) CIoT devices)
	No1
	No4
	No
	No

	NOTE 1: GPRS coverage requirements apply
NOTE 2: Performance evaluated with link level simulations
NOTE 3: Battery life analysis is required
NOTE 4: Link level simulations may be provided by proponents to indicate actual performance at high speeds.



As can be seen, the performance objective of the study is applicable to the stationary use case, while for the case of 30 km/h the throughput requirement is only applicable at normal coverage. For the case of higher than 30 km/h no requirements apply. 
Results
[bookmark: _Ref422852227]Simulation assumptions
Simulations are run for logical channels as per already provided results for EC-GSM, with the difference that the device speed is set to 30 km/h.
It can be noted that different logical channels are evaluated according to different approaches in the study as shown in Table 2.
The random access is evaluated through system level capacity simulations according to subclause 5.3.5 in [2]. However, from Table 1 no requirement applies for system capacity simulation in case of mobility of 30 km/h. Hence, in this paper the link level performance of the EC-RACH is presented.
[bookmark: _Ref422845785]Table 2. Evaluation of performance for different logical channels.
	Logical channel
	Evaluation
	Simulation settings

	EC-CCCH/DL 
(EC-PCH and EC-AGCH)
EC-BCCH 
EC-PACCH
	According to subclause 5.1 in [2].
	See [4]

	EC-PDTCH
	According to subclause 5.6 in [2]
	See [5]

	FCCH+EC-SCH
	According to subclause 5.3.4 in [2]
	See [6]


EC-CCCH/DL, EC-BCCH and EC-PACCH
The link budget as presented in [4] is here presented for the case of mobility in 30 km/h. The results are presented in Table 3.
[bookmark: _Ref422846510]Table 3. EC-GSM, coverage summary DL.
	Logical channel name
	EC-PACCH/D
	EC-CCCH/D
	EC-BCCH

	Data rate(kbps)
	-
	-
	-

	Transmitter
	
	
	

	(1) Tx power (dBm)
	43
	43
	43

	Receiver
	
	
	

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

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

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	271000
	271000
	271000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-114.7
	-114.7
	-114.7

	(7) Required SINR (dB)
	-9.0
	-8.9
	-7.5

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-123.7
	-123.6
	-122.2

	(9) Rx processing gain
	0
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	166.7
	166.6
	165.2



Table 4. EC-GSM, coverage summary UL
	Logical channel name
	EC-PACCH/U
	EC-PACCH/U

	Data rate(kbps)
	-
	-

	Transmitter
	
	

	(1) Tx power (dBm)
	33
	23

	Receiver
	
	

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

	(3) Receiver noise figure (dB)
	3
	3

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	271000
	271000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.7
	-116.7

	(7) Required SINR (dB)
	-14.3
	-14.3

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-131.0
	-131.0

	(9) Rx processing gain
	0
	0

	(10) MCL  = (1) (8) + (9) (dB)
	164,0
	154,0



As can be seen, the coverage is achieving an MCL of 164 dB for both UL (provided 33 dBm output power is used by the device) and DL.
For some logical channels there is a clear gain compared to the case of 1 Hz Doppler. This is due to the time diversity introduced by the faster moving mobile.
EC-PDTCH
The results presented in [5] are here presented for the case of mobility in 30 km/h. The results are presented in Table 5 showing the 90th percentile latency and throughput, which is the case where 160 bps is required at the coverage limit.
For all results, the SNR set in the simulation reflects a MCL of 164 dB for 33 dBm, and 154 dB for 23 dBm output power of the device.
[bookmark: _Ref422849372]Table 5. EC-GSM, exception report 90th percentile latency and throughput.
	Coverage
	Delay [s]
	Throughput [bps]

	
	90th 
	90th 

	GPRS+20 dB (33 dBm) – UL
	1.92 (1.2 km/h)
1.75 (30 km/h)
	354 (1.2 km/h)
389 (30 km/h)

	GPRS+10 dB (33 dBm) – UL
	0.36 (1.2 km/h)
0.32 (30 km/h)
	1889 (1.2 km/h)
2125 (30 km/h)

	GPRS+10 dB (23 dBm) – UL
	1.52 (1.2 km/h)
1.35 (30 km/h)
	447 (1.2 km/h)
508 (30 km/h)

	GPRS+ 0 dB (23 dBm) – UL
	0.36 (1.2 km/h)
0.32 (30 km/h)
	1889 (1.2 km/h)
2125 (30 km/h)



As can be seen, also in this case, the delay and throughput is positively impacted by the higher speed scenario, and the throughput is above the required 160 bps.
FCCH+EC-SCH
The network synchronization at 30 km/h compared to network synchronization at 1.2 km/h is evaluated in [7].
It is concluded that there is no large difference between 1.2 km/h and 30 km/h with the average synchronization time either improving or degrading, depending on which EC-SCH design assumed. In all cases the difference in synchronization time between 1.2 km/h and 30 km/h is not significant, and will not have impact on the delay budget for EC-GSM.
The average synchronization times are summarized in Table 6.
[bookmark: _Ref422852181]Table 6. Average synchronization times.
	Case
	Average synchronization time [ms]

	
	1.2 km/h
	30 km/h

	GPRS+10 dB (old)
	298
	336

	GPRS+10 dB (new)
	300
	333

	GPRS+20 dB (old)
	521
	570

	GPRS+20 dB (new)
	577
	559



EC-RACH
As mentioned in Section 3.1 the EC-RACH is not as straight forward to evaluate at 30 km/h since this is to be evaluated primarily by system level capacity simulations, which have been agreed not to be included in case of 30 km/h, since only normal coverage is required.
In this investigation the EC-RACH performance is shown by link level simulations comparing the case of 1.2 km/h and 30 km/h.
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Figure 1. EC-RACH performance at 30 km/h
As can be seen, the performance is negatively impacted by the higher speed in this case. Still, the random access channel can operate at higher block error rate levels with still efficient operation of the channel (see for example [8]). This is due to the fact that a number of attempts are allowed for each system access attempt. The GERAN specifications have for example a target BLER for RACH of around 10-20 %.
In these simulations the BLER at -14.3 dB (MCL of 164 dB) is around 35 %.
Conclusion
The performance of the different logical channels in EC-GSM has been simulated according to the agreed frameworks in the study. Although the study only requires “normal coverage” (i.e. fulfilling the GPRS baseline) in the case of mobility, it has been shown that also for the case of 30 km/h, all logical channels are expected to fulfil the 20 dB targeted extension. The conclusion is not as straight forward for the EC-RACH channel since system capacity simulations are not run, but even in a case of analyzing the link level performance, the performance is not negatively impacted by more than 1.5-2 dB.
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