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Å Introduction (Why will we require additional spectrum?)

Å IMT Vision ςFramework and overall objectives of the future 
development of IMT for 2020 and beyond (Scenarios and key 
capabilities)

ÅVarious approaches to estimate spectrum needs
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Introduction

Why will we require additional spectrum?
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Cisco’s Mobile Data Traffic Forecast

Cisco VNI Mobile, 20174



Ericsson’s Mobile Data Traffic Demand Forecast

Source: Ericsson Mobility Report June 20175



Why is 5G spectrum important 

5G America6



Applications Driving Spectrum 

Variety of spectrum is needed for different use cases 

High-level requirements identified and spectrum 

implications described 

ï5G applications have different spectrum requirements 

in terms of frequency range (low, high) and size (wide, 

ultra-wide) 
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Access to the Variety of Spectrum 

Lower Frequency Bands (< 6 GHz) 

Lower bands provide better 
coverage through and around 
obstacles and flexible transition 
from 4G to 5G. 

Continued growth of data and video 
demands more spectrum. 

Additional spectrum needed by 
2020, according to ITU-R 

Higher Frequency Bands (>6 GHz) 
New technologies enable use of 
higher bands 

Below 30 GHz important for 
propagation/RF and above 30 GHz 
easier access to wider channels 

Several hundred MHz per operator 
(multi-operator)

Having access to a variety of spectrum bands in support of all applications is key to 
success of 5G 8 5G America



IMT Vision for 2020

(5G)
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IMT-2020 (5G)

M.2083-02

Gigabytes in a second

Smart home/building

Voice

Smart city

3D video, UHD screens

Work and play in the cloud

Augmented reality

Industry automation

Mission critical application

Self driving car

Massive machine type

communications

Ultra-reliable and low latency

communications

Enhanced mobile broadband

Future IMT

Recommendation ITU-R M.2083, 

ñIMT Vision ïFramework and 

overall objectives of the future 

development of IMT for 2020 and 

beyond,òidentifies three main usage 

scenarios currently envisaged for 

IMT-2020, 
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IMT-2020 (5G): Scenarios and Key Capabilities 
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New spectrum: mmWave Bands under 

study for WRC-19
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Estimation of Spectrum Needs

For IMT-2020 (5G)
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Approaches to Estimate Spectrum Needs for IMT-2020

ÅTraffic forecast-based approach
This approach has been used previously in Report ITU-R M.2290, 

which utilized user demand forecasts to predict future usage of IMT. 
No estimate based on this approach has been provided for the 

studies on spectrum needs under Resolution 238 (WRC-15)

ÅApplication-Based Approach
This approach focuses on the advanced applications for IMT-2020 

using frequency range above 24.25 GHz, which are mainly expected 
to require higher data rate than IMT-Advanced. An example of this 

approach can be found in Recommendation ITU-R M.1651

ÅTechnical performance-based approach
Factors such as peak data rate to be supported by a radio system, 

spectral efficiency, user experienced data rate, expected device 
density, etc. all impact spectrum needs.
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Traffic Forecast-Based Approach

•Previously used in Report ITU-R M.2290, 

•No estimate based on this approach has been provided for the studies on 
spectrum needs under Resolution 238 (WRC-15)

Application-Based Approach

•This approach focuses on the advanced applications for IMT-2020 using frequency 
range above 24.25 GHz, which are mainly expected to require higher data rate 
than IMT-Advanced. 

Technical Performance-Based Approach

•Consider Factors such as peak data rate, spectral efficiency, user experienced data 
rate, expected device density, etc. to compute spectrum need

http://www.itu.int/pub/R-REP-M.2290


Traffic Forecast-Based Approach
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Traffic Forecast-Based Approach

ÅThe ITU-R Report M.2290 provides methodology for estimation of future spectrum 
requirements of terrestrial IMT

ÅThe spectrum requirements are calculated using the updated methodology in 
Recommendation ITU-R M.1768-1.  (for the calculator and user guide refer to the 
Report ITU-R M.2290)

Market data

Traffic 

calculation 

and 

distribution

Capacity 

requirement 

calculation

Spectrum 

requirement 

calculation

16

https://www.itu.int/oth/tiesonly/download.aspx?file=R0A060000580002XLSE.xls
https://www.itu.int/oth/tiesonly/download.aspx?file=R0A060000580001MSWE.docx


Traffic Off-loading Considerations
Two offloading approaches are taken into account in Recommendation ITU-R 
M.1768-1 

–From IMT networks to RLAN (Radio Local Area Network) 

–Within IMT networks from larger cells to smaller cells 

The methodology takes into account the global mobile telecommunications 
traffic carried by different mobile systems such as IMT and RLAN, nevertheless 
the spectrum requirements are calculated only for IMT 

Traffic offloading algorithm from IMT networks to RLAN is defined in Section 3.6 of Rec. M.1768-1 17



Classification of Input Parameters

Service category 
parameters

Radio-related parametersMarket-related parameters

User density

Session arrival 

rate per user

J-values for mapping of mobility 
classes from market study to 

methodology

Application 

data rate

Supported 

mobility 

classes

Guardband 

between 

operators

Minimum 

deployment 

per operator 

per radio 

environment

Number of 

overlapping 

network 

deployments

Area spectral 

efficiency

Support for 

multicast

Maximum 

allowable 

blocking 

probability

Mean IP 

packet size

Second 

moment of 

IP packet 

size

Maximum 

allowable 

mean IP 

packet delay

Other 
parameters

Cell size

Mean session 

duration

Mean service 

bit rate

Mobility ratio

Population 

coverage 

percentage

Traffic 

distribution ratio 

among available 

RATGs
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Steps of Calculation Algorithm

Step 1: Definition
Step2: Analyze 

Collected Market 
Data

Step 3: Calculate 
Traffic Demand

Step 4: Distribute 
Traffic

Step 5: 
Calculate 

System Capacity

Step 6: Calculate 
Unadjusted Spectrum 

Requirement

Step 7: Apply 
Adjustment

Step 8: Calculate 
Aggregate Spectrum 

Requirement

Step 9: Final 
Spectrum 

Requirement

RATGs, SEs, SCs, REs M.2072, M.2243

Area spectral efficiency

Market attribute setting
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Total Spectrum Requirements for RATG 1 and 

RATG 2 in the year 2020

Total 
spectrum 

requirements 
for RATG 1

Total 
spectrum 

requirements 
for RATG 2

Total 
spectrum 

requirements 
RATGs 1 and 2

Traffic growth 
ratio in 2020 
compared to 

2010

Lower user density 
settings 440 MHz 900 MHz 1 340 MHz 44-fold

Higher user density 
settings 540 MHz 1 420 MHz 1 960 MHz 80-fold

Appropriate for 
Advanced IMT 
(below 6 GHz)20



National spectrum requirements based on the input contributions
Doc. 5D/ 63 66 118 256 242 170 417

Source US Australia Russia China GSMA India UK

Estimation 
year

Until 2014 Until 2020 2020 2015, 2020 2020
2017, 
2020

2020

Spectrum 
requirements

Additional 
requirement 
of 275 MHz 
by 2014

Total 
requirement 
of 1 081 MHz

(Additional 
requirement 
of 300MHz 
by 2020)

Total 
requirement 
of 1 065 MHz

(Additional 
requirement 
of 385MHz 
by 2020)

Total 
requirement of 
570-690MHz 
(by 2015)

Total 
requirement of 
1 490-1 810 
MHz (by2020)

Total 
requirement of 
1 600-1 800 
MHz for some 
countries

Additional 
requirem
ent of 300 
MHz by 
2017

Additional 
requirem
ent of 
another 
200MHz 
by 2020

Total requirement 
of 
775-1 080 MHz for 
the low demand 
setting 

Total requirement 
of 2 230-2 770 
MHz for the high 
demand setting

Methodology
Using an 
original 
methodology

Using an 
original 
methodology

Using an 
original 
methodology

Using the 
methodology in 
Rec. ITU-R 
M.1768-1

Using a new 
methodology to 
complement 
the 
methodology in 
Rec. ITU-R 
M.1768-1

Using an 
original 
methodol
ogy

Using the 
methodology in 
Rec.ITU-R M.1768-
1

the national 

spectrum 

requirements 

vary due to 

differences in 

methodology 

used and 

assumptions 

made (e.g., 

reflecting 

different 

traffic/radio-

aspects related 

parameters).
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Application-based approach 
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Application-based approach 

An example of this approach can be found in Recommendation ITU-R M.1651

ñA method for assessing the required spectrum for broadband nomadic wireless 

access systems including radio local area networks using the 5 GHz bandò 

which provides the methodology for assessing spectrum requirements for 

RLANs. 

Recommendation ITU-R M.1651was developed and utilized in the WRC-03

study cycle, then again as part of RLAN spectrum requirements under WRC-15 

agenda item 1.1.
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http://www.itu.int/rec/R-REC-M.1651/en
http://www.itu.int/rec/R-REC-M.1651/en


Application-based approach 

ÅFocuses on the advanced applications for IMT-2020 using 
frequency range between 24.25 GHz and 86 GHz, 

Å The input parameters on the applications could reflect different 
situations for various countries with less complexity than the 
previous approach based on traffic forecasts.

ITU-R WP5D Working Doc. on Spectrum Needs Towards a Draft Liaison Statement to Task Croup 5/1 Spectrum 

needs for the terrestrial component of IMT in the freq. range (24.25-86 GHz )24



Application-based approach 

Input parameters to the assessment process can be grouped as: 

Market related: 

ïConnection density 

ïApplication data rate 

ïApplication usage pattern assumptions 

Radio related: 

ïCell area (Inter-Site Distance - ISD) 

ïSpectral efficiency 

25



Application-based approach : 3 Steps

Step 1: 
Service 

Categories

Step 2: 
Usage Pattern

Step 3: 
Deployment 

Consideration

26



Step 1: Service Categorization (SC) 

Teledensitydefinition:  Connection density 

Connection density = (Number of users or devices in a given 
area) × (Activity factor)

The number of users or devices in a given area can be 

defined differently by regions or countries, thereby 

reflecting different situations for user densities. 

Activity factor can reflect the proportion of users/devices 

that are simultaneously actively communicating 

Service type data rates:

Application data rates need to be assigned to each 

service type. 

User experienced data rates discussed in 

Recommendation ITU-R M.2083 suggests data 

rates that might range from 1 Gbit/s for the óSuper 

highô data rate application service type to 100 

Mbits/s for the óMediumô data rate application 

service type. 

27



Step 1: Service Categorization (SC) 

Application data rateService type

100 Mbits/s
Medium data rate application

500 Mbits/sHigh data rate application

1 Gbit/s
Super-high data rate application

Connection Density

Application Data Rate

Connection density Activity factor# of devices per areaTeledensity

225000 /km290%1 / 4m2Overcrowded area

35000 /km270%5 / 100m2Dense urban area

2 500 /km250%50 / 10000m2Urban area

45 000 /km2--Highly-crowded area

22 500 /km2--Crowded area

28



Step 2 :Usage Pattern 

ÅApplication usage pattern: Common user(s) behaviourdenoting the 

percentage of active user/device using a given service type in a given 

teledensity. 

ÅThe values for the input can be defined differently by regions or countries in 

percentage (%). 

ÅActivity factor and usage pattern could be influenced according to different 

frequency ranges to reflect the different operational environments anticipated. 

29



Step 3 : Deployment 

considerations 

ÅAssuming a regular cellular pattern, inter-site distances (ISD) and 

spectral efficiency figures can be derived or extrapolated from 

Recommendation ITU-R M.2083 and the relevant IMT-Advanced 

performance objectives 

Urban 
area

Dense urban 
area

Overcrowded area, 
Highly crowded area, 

Crowded area

500 m200 m100 mISD 

7.8 bits/s/Hz/cellSpectral efficiency 

30



Spectrum Calculation: 

Application-based approach  

C = Connection density (users/km2);

A = Application data rate (bits/s);

U = Usage patterns (%);

I = Number of cells/km2 based on the ISD (km);

S = Spectral efficiency (bits/s/Hz);

Rts = A set of spectrum needs in given teledensities

and service types (Hz);

Rt = A set of spectrum needs in given teledensities

(Hz).

Rts = (C × A × U) / I / S 

31



Spectrum needs-Application-based approach 

Example Teledensities 24.25-33.4 

GHz

37-52.6 

GHz
66-86 GHz Total

Example 1

Overcrowded, 

Dense urban and 

Urban areas
3.3 GHz 6.1 GHz 9.3 GHz 18.7 GHz

Dense urban and 

Urban areas 2.0 GHz 3.7 GHz 5.7 GHz 11.4 GHz

Example 2

Highly crowded 

area 666 MHz 1.2 GHz 1.9 GHz 3.7 GHz

Crowded area 333 MHz 608 MHz 933 MHz
1.8 GHz

32



Technical performance-based approach

33



Technical performance-based approach 

Type 1 

ÅThis methodology uses factors such as peak data rate, spectral efficiency, 
user experienced data rate, expected device density, expected coverage 
area, deployment environments and target applications

ÅUsing the technical performance-based approach, ITU has provided a 
spectrum needs estimate for frequency ranges below 6 GHz and above 24 
GHz. 

ÅB= (D × N)/S

D: Maximum data rate supported by a user/device 
N: Number of simultaneously served users/devices in a cell
S: Spectral efficiency (bits/s/Hz)

34



Type 1, Example 1 – Based on Cell-edge user throughput 

and spectral efficiency targets in M.2083 

Amount of spectrum required to support a user/device 
experienced data rate of 1 Gbit/s (indoor hotspot)

a) Consider a user experienced data rate of 1 Gbit/s and a 3× spectral 

efficiency increase over IMT-Advanced for cell-edge users/devices for 
the case of Indoor Hotspot (as per Recommendation ITU-R M.2083), 
i.e. spectral efficiency = 0.3 bits/s/Hz, 
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Type 1, Example 1 – Based on Cell-edge User Throughput 

and Spectral efficiency targets in M.2083

Amount of spectrum required to support a user/device experienced

data rate of 100 Mbits/s (Outdoor - urban) 

b)Considering a user experienced data rate of 100 
Mbits/s for the case of outdoor urban and spectral 
efficiency = 0.15 bits/s/Hz, 

36



Type 1, Example 2 – Impact of latency and Spectral Efficiency 

targets and a typical user throughput value on spectrum needs

Consider a single userin a ñtest environmentò consisting of an URLLC usage scenario in 

an Indoor Hotspot deployment: 

1)Assume the user is downloading high-quality photographs with overall size of 10 

Mbits. 

2)Assume a latency requirement of 10 ms, which corresponds to the instant speed of 10 

Mbits/10 msor 1 Gbit/s. 

3)Spectral efficiency Ą 3 × 0.1 = 0.3 bits/s/Hz. 

4) Spectrum needs = (1 Gbit/s) / (0.3 bits/s/Hz) = 3.33 GHz
37



Estimated spectrum needs based on the Type 1 

technical performance-based approach
Examples Spectrum needs

#1 – Based on cell-edge user 

throughput and spectral efficiency 

targets in Recommendation ITU-R 

M.2083 with N simultaneously served 

users/devices at the cell-edge

User experienced data rate of 1 Gbit/s: 

3.33 GHz (N=1), 6.67 GHz (N=2), 13.33 GHz (N=4), e.g., Indoor 

User experienced data rate of 100 Mbits/s: 

0.67 GHz (N=1), 1.32 GHz (N=2), 2.64 GHz (N=4), for wide area 

coverage

#2 – Impact of latency and spectral 

efficiency targets and a typical user 

throughput value on spectrum needs

With a file transfer of 10 Mbits by a single user at cell-edge in 1 msec: 

33.33 GHz (one direction)

With a file transfer of 1 Mbit by a single user at cell-edge in 1 msec:  

3.33 GHz (one direction)

With a file transfer of 0.1 Mbits by a single user at cell-edge in 1 msec: 

333 MHz (one direction)
38



Technical performance-based approachType 2

The scenarioscould be divided into indoor hotspot, micro & macro layers in dense 
urban and urban macro. 

Considering that the spectrum needs should satisfy all the key capabilities of the 
network, the maximum spectrum needs result obtained from different Technical 
Performance Requirements is regarded as the final spectrum needs of IMT-2020

The following assumptions are made:
The macro cellsin dense urban and urban scenarios for seamless wide-area 
coverage are provided below 6 GHz
The micro cells in dense urban and indoor hotspot scenarios to fulfil the 
requirement of extremely high transmission rate are provided between 
24.25-86GHz. Amongthem the frequencies of 24.25-43.5GHz are suitable for the 
micro scenariodue to better propagation characteristics.39



Type 2: Spectrum Needs Estimate 

Approach for eMBB
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Type 2: Key Capabilities of eMBB Scenario

and Calculation Methodology

41

K1: User experienced data rate 

Spectrum needs = User experienced data rate / 5th percentile user spectral efficiency 

K2: Area traffic capacity 
Spectrum needs = Area traffic capacity × Cell area / Average spectral efficiency  

K3: Peak data rate 
Spectrum needs = Peak data rate / Peak spectral efficiency 



Type 2: Spectrum Needs Estimate Steps 
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Step 1: Key capabilities and relative technical parameters
Confirm the target value of 3 key capabilities and relative technical parameters in different deployment 
scenarios.  

Step 2: Spectrum needs for deployment scenarios 
Calculate the spectrum needs for all the deployment scenarios based on 3 key capabilities according to 

the calculation methodology. The uplink spectrum needs and downlink spectrum needs could be 

calculated respectively and derived to the total spectrum needs for every deployment scenarios based on 
each key capability

Step 3: Spectrum needs for key capabilities 
The spectrum needs for each key capability which considers all deployment scenarios could be 

further derived according to the user distribution and spectrum strategy, which includes the lower 

frequency range (below 6 GHz) and higher frequency range (above 6 GHz) for eMBB of IMT-
2020. 

Step 4: Final spectrum needs 
The maximum one of spectrum needs obtained from different key capabilities should be regarded 

as the final spectrum needs which includes the lower frequency range (below 6 GHz) and higher 
frequency range (above 6 GHz) for eMBB of IMT-2020. 



Type2: Spectrum Needs Estimate Result 
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*Considering the coexistence between multiple network operators (e.g. the guard band(s) may be required 

in the case of multiple network operators scenarios), the total spectrum needs are expected to be increased. 

**The division in this table regarding frequency ranges and deployment scenarios is just an 

indicative example on how spectrum needs could be distributed for different spectrum sub-ranges 

within 24.25-86 GHz and different deployment scenarios. This table should not be understood nor 

used to exclude any possible IMT-2020 deployment options in the range 45.5-86 GHz.



Spectrum Needs 

for Frequency 

Ranges Between 

24.25 and 86 GHz
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Thanks for your attention 
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