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Simulation Assumptions for Cellular IoT
1 Introduction
At GERAN#62 a new SI on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) [2] was approved. This paper proposes some common assumptions for link level simulation, system level simulation and MCL evaluation.
2 Assumptions for link level simulation
Table 1 Assumptions for link level simulation
	No.
	Parameter
	Value
	Motivation

	1
	Frequency band
	900 MHz
	

	2
	Channel propagation
	TU
	It is proposed to reuse the channel propagation assumed for the GERANIMTC study (see [8]).

	3
	Doppler spread
	1 Hz
	It is expected that most MTC devices relevant to the Cellular IoT study will be stationary or have only limited mobility.
As analyzed in [10], “Although MTC devices in basements typically do not move, the Doppler spread caused by moving reflectors needs to be considered”. “In general, the Doppler frequency may be affected by foliage, wind speed, and proximity to traffic”. It is proposed to reuse the assumption proposed in [10] for the low cost MTC study (i.e. 1 Hz, derived in [1]).

	4
	Interference/noise
	Sensitivity 
	Sensitivity performance is essential to the evaluation of coverage enhancements. More realistic assumption that considers interference is needed as the study progresses.

	5
	Antenna configuration
	BS: 1T2R
MS: 1T1R
	One of the objectives in [2] is to “minimise impacts to the GPRS/EDGE base station hardware”. The antenna configuration for today’s GPRS/EDGE base stations is typically 1T2R, hence it is proposed to assume 1T2R also for a base station supporting Cellular IoT.
Further, it is expected that to achieve ultra low cost, MTC devices relevant to the Cellular IoT study will only be equipped with a single transmit antenna.

	6
	Frequency error
	Randomly chosen from -90 Hz and 90 Hz (i.e. either -90 Hz or 90 Hz), one value for each signal/interferer, generated per dB point.
	To achieve ultra low cost, MTC devices relevant to the Cellular IoT study are not expected to target a frequency error requirement more stringent than a GSM MS (i.e. 0.1 ppm, see [9]).


	7
	MS initial frequency error (for evaluation of synchronization performance)
	Randomly chosen from -20 ppm and 20 ppm (i.e. either -20 ppm or 20 ppm), generated per dB point.
	For a low cost MTC device, the clock resource is expected to be a low cost crystal oscillator. The accuracy of such a crystal oscillator is commonly assumed to be 20 ppm.


3 Assumptions for system level simulation
Table 2 Assumptions for system level simulation
	No
	Parameter
	Assumption
	Motivation

	1
	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site
	It is proposed to reuse the “Macro-cell system simulation baseline parameters” in Table A.2.1.1-3 in [3].

	2
	Frequency band
	900 MHz
	

	3
	Inter site distance 
	1732 m
	It is proposed to reuse the Urban case for London in the Low Cost MTC study (see [6] and also Annex A, [7]).

	4
	MS speed 
	0 km/h
	See assumption 3 in Table 1. 

	5
	User distribution
	Users dropped uniformly in entire cell
	See assumption 1.

	6
	Network synchronization
	unsynchronized
	This is a typical network deployment option for FDD systems. 

	7
	BS TX power per 200 KHz (at the antenna connector)
	43 dBm
	This is a typical assumption for a normal BTS.

	8
	MS Tx power (at the antenna connector)
	23 dBm
	It is believed that 23 dBm is a good tradeoff between link level performance and battery life. To achieve the low power consumption target it is proposed to align the MS transmit power in the simulation to be 23 dBm.

	9
	Propagation model
	L=I + 37.6log10(.R), R in kilometers
I=120.9 for the 900 MHz band
	 It is proposed to reuse the one assumed in the Low Cost MTC study (see Table 5.2.1.3 of [7]).

	10
	Shadowing standard deviation
	8 dB
	 See assumption 1.

	11
	Correlation distance of Shadowing
	50 m  
	 See assumption 1.

	12
	Shadowing correlation
	Between cell sites
	0.5
	 See assumption 1.

	
	
	Between sectors of the same site
	1.0
	 See assumption 1.

	13
	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns) 
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	 See assumption 1.


	14
	MS Antenna gain
	-4 dBi 
	This is believed to be representative for low cost MTC devices. 

	15
	BS antenna gain plus cable loss 
	14 dBi
	It is proposed to reuse the assumption for “UTRA Reference Node-B” and “EUTRA Reference Node-B” in [3].

	16
	Penetration Loss
	Basic PLoss: 20 dB (indoor penetration)
	It is proposed to reuse the worst case assumed for building penetration loss in Table 3 of [8].

	
	
	Additional PLoss: 20 dB
(for 100% MTC devices)
	This corresponds to the coverage enhancement compared to legacy GPRS suggested in [2].


4 Assumptions for MCL evaluation
Table 3 Assumptions for MCL evaluations
	No.
	Parameter
	Value
	Motivation

	1
	BS TX power per 200KHz (dBm)
	43
	See assumption 7 in Table 2.

	2
	MS Tx power (dBm)
	23
	See assumption 8 in Table 2.

	3
	Thermal noise density (dBm/Hz)
	-174
	It is proposed to reuse the assumption in the Low Cost MTC study (see [7]).

	4
	BS Receiver noise figure (dB)
	5
	See assumption 3.

	5
	MS Receiver noise figure (dB)
	9
	See assumption 3.

	6
	Interference margin (dB)
	0
	See assumption 3.


5 Conclusion
This paper discusses the common assumptions used for link level simulation, system level simulation and MCL evaluation. It is proposed to take the items from Table 1 to Table 3 as working assumptions for future Celluar IoT study.
6 References

[1] Steven Thoen, Liesbet Van der Perre & Marc Engels, “Modeling the Channel Time-Variance for Fixed Wireless Communications,” IEEE Communications Letters, vol. 6, no. 8, August 2002, pp. 331-333

[2] GP-140421, New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things, VODAFONE Group Plc. , GERAN#62.
[3] 3GPP TR 25.814 Physical layer aspects for evolved Universal Terrestrial Radio Access (UTRA) 
[4] 3GPP TR 36.814 Further advancements for E-UTRA physical layer aspects for Evolved Universal Terrestrial Radio Access (E-UTRA)

[5] 3GPP TR 25.942 V3.3.0 (2002-06), RF System Scenarios, June 2002

[6] http://www.ons.gov.uk/ons/rel/census/2011-census/population-and-household-estimates-for-england-and-wales/rft-h01.xls
[7] 3GPP TR 36.888 v12.0.0, Study on provision of low-cost Machine Type Communications (MTC) User Equipments (UEs) based on LTE.
[8] 3GPP TR 43.868 v12.1.0, GERAN improvements for Machine-Type Communications (MTC).

[9] 3GPP TS 45.010 v11.1.0, Radio subsystem synchronization.

[10] R1-130463, Analysis of the channel model for MTC, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, RAN1#72.
[11] GP-081178, Working Assumptions for MUROS, Nokia Siemens Networks, NOKIA Corporation, GERAN#39.



















































































































































4

_1468739774.unknown

_1468739209.unknown

