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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].
According to the performance evaluation methodology in [2], the impact on system capacity when running software update/reconfiguration traffic should be evaluated. In this contribution system level simulations of software update/reconfiguration for EC-GSM are presented. The setup follows the agreed framework in subclause 5.2 and Annex E in [2].
EC-GSM basics
Coverage classes
There are in total six coverage classes defined. These are also used by the system level simulations. The determination of coverage class is based on the received signal strength. Estimation errors of the received signal strength are modeled, see further section 3.1.4.
Timeslot allocation
Allowed utilization of the downlink TS per coverage class are:
· Users that are in normal coverage will only be allocated one TS per TTI. 
· Users in extended coverage performing two blind repetitions will be allocated two TS per TTI. 
· Users in extended coverage performing four or more blind repetitions will be allocated four TS per TTI.
Simulations
Simulation assumptions
Traffic model
Traffic is generated according to the software update/reconfiguration traffic model in [2]. 
System parameters
The system level simulation assumptions are according to [2]. Specific assumptions are shown in Table 1.
[bookmark: _Ref416799473]Table 1: Simulation assumptions.
	Parameter
	Value

	General

	Simulation length 
	> 62000 finished software update/reconfigurations per scenario

	System size
	192 cells

	Direction
	UL and DL

	Frequency band
	900 MHz

	Layer
	BCCH

	Frequency re-use
	12

	Number of TRX per cell
	1 (BCCH)

	BTS antenna diversity
	MRC

	BTS output power
	43 dBm

	Signal level/CC estimation error
	N(0,4) (see section 3.1.4)

	CIoT parameters

	EC-PDTCH timeslots per cell
	4

	CIoT arrival rate per cell and second
	0.0034(note 1)

	Fixed UL allocation
	On

	MCSs
	MCS-4, MCS-1

	Chase combining
	On

	Incremental Redundancy
	Off

	Power control
	Off

	IP header compression
	Off/On

	Device output power
	23/33 dBm

	BPL model(note 2)
	100 % CIoT devices subject to BPL

	BPL scenario and inter-site correlation
	Scenario 1, correlation 0.50
Scenario 1, correlation 0.75
Scenario 2, correlation 0.50
Scenario 2, correlation 0.75

	Device timeout
	40 seconds

	NOTE 1: This corresponds to 52547 devices in each cell, accessing on average every 180 days. For simulation technical reasons, a 500 times higher arrival rate was actually simulated, and the resource utilization downscaled by the same factor in post-processing.
NOTE 2: According to model in [2].


Coverage classes
Table 2 gives the details of the coverage classes.
[bookmark: _Ref420282520]Table 2. MCS and number of blind transmissions per coverage class
	Coverage Class
	Number of blind transmissions for PDTCH and PACCH
	MCS for PDTCH

	CC1
	1
	MCS-4

	CC2
	1
	MCS-1

	CC3
	2
	MCS-1

	CC4
	4
	MCS-1

	CC5
	8
	MCS-1

	CC6
	16
	MCS-1


[bookmark: _Ref419747719]Cell selection and coverage class estimation
Based on the findings in [3] the error in the signal strength estimation can be modeled by a normal distribution with standard deviation of 4 dB. This is modeled by applying an independent estimation error, according to N(0,4 dB), to each base station. This implies that some users will not select the optimum serving cell, and also not the most appropriate coverage class (the one that minimizes resource utilization). That is, some cells will appear stronger or weaker than they actually are. The device always selects what is believed to be the strongest cell. Effectively this increases the interference levels[footnoteRef:1] in the network, as well as the resource utilization. [1:  This applies only to the UL since a BCCH carrier is modelled in these simulations.] 

Control signaling
Packet downlink ACK/NACK (PDAN) is sent on EC-PACCH/U to (negatively) acknowledge data sent in the DL. In the simulations its performance is pessimistically modeled with MCS-1[footnoteRef:2] using the same number of blind transmissions as EC-PDTCH/U (but without HARQ retransmissions). [2:  L2S for EC-PACCH has not been implemented.] 

[bookmark: _Ref420282396]Results
TS utilization represents the average amount of EC-PDTCH/EC-PACCH UL and DL resources (timeslots) required per cell in the system.
Failed attempts represent the percentage of the attempts that were not successful, i.e. did not manage to get the report through within 40 seconds. Considering the number of reports simulated (62000, see Table 1) a lowest representable percentage of failed attempts of 0.1% has been assumed (representing around 60 error events).
The results are summarized in Table 3 and Table 4 without and with IP header compression, respectively:
[bookmark: _Ref426406230]Table 3: TS utilization and failed attempts without IP header compression.
	CIoT MS
output
power
[dBm]
	BPL
Scenario
	BPL
inter-site
correlation
coefficient
	TS
utilization
UL
	TS
utilization
DL
	Failed attempts
[%]

	23
	1
	0.50
	0.0002
	[bookmark: _GoBack]0.0012
	≤ 0.1%

	23
	2
	0.50
	0.0003
	0.0013
	≤ 0.1%

	23
	1
	0.75
	0.0002
	0.0012
	≤ 0.1%

	23
	2
	0.75
	0.0003
	0.0013
	≤ 0.1%

	33
	1
	0.50
	0.0002
	0.0012
	≤ 0.1%

	33
	2
	0.50
	0.0002
	0.0013
	≤ 0.1%

	33
	1
	0.75
	0.0002
	0.0012
	≤ 0.1%

	33
	2
	0.75
	0.0003
	0.0013
	≤ 0.1%



[bookmark: _Ref426406232]Table 4: TS utilization and failed attempts with IP header compression.
	CIoT MS
output
power
[dBm]
	BPL
Scenario
	BPL
inter-site
correlation
coefficient
	TS
utilization
UL
	TS
utilization
DL
	Failed attempts
[%]

	23
	1
	0.50
	0.0002
	0.0012
	≤ 0.1%

	23
	2
	0.50
	0.0003
	0.0012
	≤ 0.1%

	23
	1
	0.75
	0.0002
	0.0011
	≤ 0.1%

	23
	2
	0.75
	0.0003
	0.0012
	≤ 0.1%

	33
	1
	0.50
	0.0002
	0.0012
	≤ 0.1%

	33
	2
	0.50
	0.0002
	0.0013
	≤ 0.1%

	33
	1
	0.75
	0.0002
	0.0011
	≤ 0.1%

	33
	2
	0.75
	0.0003
	0.0012
	≤ 0.1%


Conclusions
The impact on system capacity when running software upgrade/reconfiguration traffic has been evaluated following the agreed evaluation framework and traffic model. The resource utilization is found to be 0.0011-0.0013 downlink timeslots and 0.0002-0.0003 uplink timeslots. 
Expressed as a proportion of the total available resource per cell (i.e., four EC-PDTCH timeslots), this corresponds to approximately 0.03 % of the downlink resources and less than 0.01 % of the uplink resources.
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