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1 Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Internet of Things (IoT) (see [1]). A narrow band OFDMA based solution is proposed in [2] and this document provides system level performance based on the currently agreed assumptions.
2 Link Budget
To study the maximal coupling loss that can be supported, only a single tone is used for both uplink and down link. Detailed modeling and assumptions are listed in Table 1.
Table 1 Model assumptions for link budget study.

	
	Downlink
	Uplink

	Number of occupied tones
	1
	1

	Antennas
	1T1R
	1T2R

	Bandwidth
	2.25 kHz
	2.25 kHz

	Sampling rate
	288 kHz
	288 kHz

	Symbol rate
	2114 sym/s
	2142 sym/s

	Modulation
	BPSK
	BPSK

	Coding
	Convolutional rate-1/3
	Turbo rate-1/4

	Repetition factor
	2x
	1x

	Pilot Over head
	2/14
	2/14

	Data Rate
	302 bps
	459 bps

	Packet Length
	100 bytes
	100 bytes

	Channel Model
	TU 1Hz

	Packet Error Rate
	10%

	Remarks
	No frequency hopping, no retransmission


The maximal coupling loss supported by the proposal in [2] is calculated in Table 2. For downlink, 33 dBm transmit power within a single tone is assumed. With this assumption, a base station with transmit power of 43 dBm will be able to support simultaneously 10 downlink channels with the calculated maximal coupling loss.
Table 2 Link budget calculation.

	
	Downlink
	Uplink

	(1) Tx Power in Occupied Bandwidth
	33 dBm
	23 dBm

	(2) Thermal Noise Density
	-174 dBm
	-174 dBm

	(3) Occupied Bandwidth
	2.25 kHz
	2.25 kHz

	(4) Receiver Noise Figure
	9 (5) dB
	5 (3) dB

	(5) Interference Margin
	0 dB
	0 dB

	(6) Effective Noise Power=(2)+10log10((3))+(4)+(5)
	-131.5 (-135.5) dBm
	-135.5 (-137.5) dBm

	(7) Required SINR
	2 dB
	-2.7 dB

	(8) Receiver Sensitivity

=(6)+(7)
	-129.5 (-133.5) dB
	-138.2 (-140.2) dB

	(9) Maximal Coupling Loss

=(1)-(8)
	162.5 (-166.5) dB
	161.2 (163.2) dB


3 Coverage Performance
The single-cell and multi-cell simulation configuration is provided in 3.
Table 3 Simulation configuration

	Parameter
	Value for multi-cell simulation
	Value for single-cell simulation

	Simulation area
	2-tier, 57-cell with wrap around
	1 cell

	Cell Radius
	0.5 to 3km
	-same-

	UE  distribution
	Uniform density
	-same-

	Propagation loss
	120.9 + 37.6log10(dKM)
	-same-

	Shadow Fading
	I.I.D Lognormal with σ = 8dB
	-same-

	Channel model
	TU 1Hz
	-same-

	Penetration loss
	0, 20, 30 or 40dB
	-same-

	Antenna configuration
	DL: 1x1 
UL: 1x2 
	-same-

	Antenna pattern
	Case 3-3D
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	Omni directional

	Antenna gains
	BS: 14dB; UE: -4dB
	-same-

	Cell association
	BS with strongest RSRP
	NA

	MCL for association
	160dB
	-same-

	Bandwidth
	180KHz
	-same-

	Tone
	2.25kHz
	-same-

	BS TX power
	43 dBm
	-same-

	UE Max. TX Power
	23 dBm
	-same-

	UL Power Control
	P0 = -130dBm per tone, α = 1
	-same-

	UE Noise Figure
	5dB
	-same-

	BS Noise Figure
	3dB
	-same-

	MCS
	Max: Rate 1/2 QPSK
	-same-

	Overheads
	2 reference symbols per 14 total symbols, for both DL & UL
	-same-


The coverage performance with a link budget of 160dB is shown in Figure 1. Ideally antenna tilt angle should reduce as cell radios increases bit it is kept constant in our simulation.
[image: image3.png]Frac. of UEs in coverage

0.88

085

05 1 15 2 25 3 35
Cell radius (km)




Figure 1 Coverage performance for multi-cell
Throughput for uplink and down link are shown in Figures 2 and 3. In both cases resource allocation is to provide equal grade of service (EGOS) to all devices, and base stations are assumed to be fully loaded. For the power control parameters listed in Table 1, uplink SNR of all UEs is in range 0.5dB to 7.5dB. Median instantaneous SINR and interference over thermal are 1dB and 6dB respectively. As can be seen from Figure 2 that throughput does not vary significantly with the cell radius. For 40dB penetration loss, the increase in throughput with cell sizes larger than 1.5km should be ignored: this happens due to reduction in ICI (inter-cell interference) as the cell radius becomes much larger than the coverage radius (see Figure 1).

For downlink case base station transmit at full power and no interference coordination or fractional frequency reuse (FFR) across base stations is assumed. Median downlink geometry (average SINR) is about 3dB.  As can be seen from Figure 3, throughput is nearly invariant to cell radius as the system is interference limited, not withstanding the 40dB penetration loss case with cells larger than 1.5km. In that case, ICI drops as cell radius becomes larger than the coverage radius, thus improving throughput. 
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Figure 2 Uplink cell throughput versus cell radius 
[image: image5.png]Cell Throughput (kbps)

UL Cell Throughput under max-min fair scheduling

100

80 s

60

40

20

15 2 25 3
Cell radius (km)

DL Cell Throughput under max-min fair scheduling

=— (0 dB
m—20dB |-
= 30 dB
=40 dB [

Cell Throughput (kbps)

05 1 15 2 25 3
Cell radius (km)




Figure 3: Downlink cell throughput versus cell radius

If fractional frequency reuse (FFR) is deployed then downlink cell throughput improves about 70% as shown in Figure 4. In the FFR simulation, the bandwidth is divided into 3 equal bands and the base station transmit power on the preferred sub-band (assigned in reuse-3 pattern to serve edge users) of each sector is 42.4 dBm and that on the remaining sub-bands is 30dBm each. 
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Figure 4 Downlink cell throughput with fractional frequency re-use
4 Summary

This document provides system level simulation results for narrow band OFDMA concept described in [2]. Simulation results show that it is possible to support well over 100k CIoT devices per cell, each device transmitting MAC layer PDU of 100 bytes every 1 hour.
5 References
[1] GP-140421, New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things, VODAFONE Group Plc. , GERAN#62
[2] GP-140839, Narrow Band OFDMA based proposal for GERAN Cellular IoT, Qualcomm Incorporated, GERAN #64, San Francisco, USA, November 2014.
Page 1 of 5

