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Outline

A Introduction (Why will we require additional spectrurp)

A IMT Vision¢ Framework and overall objectives of the future
development of IMT for2020and beyond (Scenarios and key
capabillities)

A Variousapproaches to estimate spectrum needs
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Introduction
Why will we require additional spectrum?




Cisco’s Mobile Data Traffic Rerecast=-: f
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47% CAGR 2016-2021

60

90

Exabytes 40
per Month 4,

20
10

2016 2017 2018 2019 2020 2021

, Cisco VNI Mobile, 2017
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Ericsson’s Mobile Data Traffic Demand Forecast

Mobile data traffic by application category per month (ExaBytes)

. Video @ software downlead
Audio @ Other

@ web browsing @ File sharing
® sccial networking I

8.8 ng;gytes — f:gZ:, In 2022, video will
. ‘ account for around
‘ 75% of mobile
data traffic

Source: Ericsson Mobility Report June 2017

2022
71 ExaBytes




Why is 5G spectrum important=—=== 17

Increasing mobile
broadband
demand

New

Technologies

Information Technology i
Smartphones Trlangle

Vertical Industries of

Needs
Use Spectrum
Spectrum Shortage Cases

’ 5G




Applications Driving Spectrum...— /7
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Usage

Scenarios
(Applications)

High Level Spectrum

Requirements Needs

High-level requirements identified and spectrum
Implications described

I 5G applications have different spectrum requirements
In terms of frequency range (low, high) and size (wide,
ultrawide)

Variety of spectrum is needed for different use cases

7 5G America



Lower Frequency Bands GcGHz)

Lower bands provide better
coverage through and around
obstacles and flexible transition
from 4G to5G.

Continued growth of data and video
demands more spectrum.

Additional spectrum needed by
2020, according to ITHR

Having access to a variety of spectrum bands in support of all applications is key to

gsuccess of 5G

Access to the Variety of Specteum...; (@

ITRC

Higher Frequency Bandsg@%Hz)
New technologies enable use of
higher bands

Below30 GHz important for
propagation/RF and abow&) GHz
easier access to wider channels

Several hundred MHz per operat
(multi-operator)

5G America



IMT Vision for 2020
(5G)
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IMT-2020 (5G)

Enhanced mobile broadband

RecommendatiohfU-R M.2083

Sabyesnasecon—] 1y Al MT ViFmmewark and
30 video, Ub screens overall objectives of the future
; workandpiayin e coud development of IMT fo020and
;: puamensarealy b e y o ideditjfied three main usag

Smart home/building

Industry automation . -
scenarios currently envisaged for

— Mission critical applicatior

\oice .
Smartcity — Self driving car IMT_ZOZQ
Future IMT ‘
Massive machine type Ultra-reliable and low latenc
communications communications

M.2083-02
10


http://www.itu.int/rec/R-REC-M.2083/en

i _ lT:Jﬂbla.:_ghb;-_:LbLﬂJloISm;u; ﬁ
- IMT-2020 (5G): Scenarios and Key Capabilities®

Experienced
Peak Data Rate ) 8
Data Rate Peak \,\\g\’\ mpOrtanCe Usen;) E::;r;::ced

e (Mbit/s) Enhanced Mobile Data Rate

Broadband
Area Traffic Spectrum
Capacity Efficiency
Network .
Energy Efficiency Mobility

Ultra-reliable
and low latency
communications

Massive machine
type communications

Connection Density Latency

Enhancement of key capabilities The importance of key capabilities in different usage scenarios
from IMT-Advanced to IMT-2020

11
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ew spectrum: mmWave Bands under A4

study for WRC-19
Existing mobile allocation No global mobile allocation
24.25 GHz - 27.5 GHz 31.8—-33.4 GHz
37 —-40.5 GHz 40.5-42.5 GHz

42.5-43.5GHz
45.5-47 GHz 47 —-47.2 GHz

47.2 —-50.2 GHz
50.4-52.6 GHz

66 — 76 GHz
81— 86 GHz

12

5G America



Estimation of Spectrum Needs
For IMT-2020 (5G)




pproaches tcestimate Spectrum Neegds f¢

Traffic ForecasBased Approach

e Previously used in RepditUR M2290,

* No estimate based on this approach has been provided for the studies on
spectrum needs under Resoluti@38 (WRC15)

R

Application-Based Approach

» This approach focuses on the advanced applications for202Dusing frequenc
range above4.25GHz, which are mainly expected to require highQ\r datar
than IMT-Advanced.

Technical Performanc8ased Approach

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


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

15
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Traffic Forecast-Based Approach

AThe ITLUR Report M2290provides methodology for estimation of future spectrum
requirements of terrestrial IMT

AThe spectrum requirements are calculated using the updated methodology in
Recommendation ITHBR M17681. (forthe calculatoranduser guiderefer to the
Report ITUR M2290

c aITchIf;iCon Capacity Spectrum

Market data —» . % reguirement 9 requirement
o calculation calculation
distribution

16


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

L5 otians f

Traffic Off-loading Considerati

wo offloading approaches are taken into account in RecommendatiorRITU
M.17681

—From IMT networks t&RLAN (Radio Local Area Network)
—Within IMT networks from larger cells to smaller cells

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

. Spectrum requirements
Traffic to IMT for IMT
Global mobile
traffic
Traffic to RLAN

L7 Traffic offloading algorithm from IMT networks to RLAN is defined in Sexéai Rec. ML7681




/7.

Classification of Input Parameters — — 1+=&

SIRIEEEIE 21 Radio-related parameters ens)

parameters parameters

Market-related parameters

Guardband
between
operators

Supported Traffic
mobility distribution ratio
classes among available

RATGs /

Jvalues for mapping of mobility M aximum
classes from market study to allowable
methodology blocking

probability

Maximum
alowable
mean | P
packet delay

_ Mean service / Minimum Application .
User density bit rate deployment data rate Pgo%gra:g%n

percentage

_ _ _ packet size moment o per radio Area spectral
Mean session | / Session arrival IP packet environment efficiency
duration rate per user gze \ /
Support for
Number of S
Mobility ratio overlapping
network

multicast

Cell size

deployments

18




19

\

Stepl: Definition .

Ste®: Analyze
Collected Market
Data

RATGS, SEs, SCs, REs

Step8: Calculate
Aggregate Spectrum ‘
Requirement

4

Step9: Final
Spectrum
Requirement

M.2072 M.2243

Step7: Apply
Adjustment

»

@

-

Steps of Calculation Algorithfi nd

Step3: Calculate
Traffic Demand

Market attribute setting

L

Step6: Calculate
Unadjusted Spectrum
Requirement

Area spectral efficiency

I\ngl:x.égc:lbLﬁJlolSd'mgj;a f

Step4: Distribute
Traffic

@

9

Steps:
Calculate
System Capacity

L
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otal Spectrum Requirements for RA

L/

RATG 2 In the year 2020

Total Total Total Traffic growth

spectrum spectrum spectrum ratio in 2020

requirements | requirements | requirements | compared to
for RATGL for RAT@ |RATG4 and?2 2010

Lower user densit
Settings 440 MHz 900 MHz 1 340MHz 44-fold

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




Australia Russia China GSMA

Source

Until 2014 Until 2020 2020 2015 2020 2020
Total
Total Total requirement of
dditional requirement  requirement 57/0690MHz  Totg)
Spectrum rAe quit:gr%aent of 1081MHz of 1065MHz (by2019 requirement of
by 2014 requirement requirement  Total MHz f(_Jr some
of 300MHz  of 385MHz requirement of ~ countries
by 2020 by 2020 1 4901 810
MHz (by2020)
Using a new
_ _ _ Using the methodology to
Using an Using an Using an . complement
- . - methodology in
\[Eligleleol(e]o)YA OFiginal original original the
Rec. ITER :
methodology methodology methodology methodology in
M.17681 Rec. ITLR

M.17681

India

2017,
2020

Additional
requirem
ent of 300
MHz by
2017

Additional
requirem
ent of
another
200MHz
by 2020

Using an
original
methodol
ogy

2020

Total requirement
of

7751 08B0MHZz for
the low demand
setting

Total requirement
of 22302 770
MHz for the high
demand setting

Using the
methodology in
ReclITUR M1768

nal spectrum requirements based on th&mui@ﬁmmlfc)ns
-“-__-_

ITRC

the national
spectrum
requirements
vary due to
differences in
methodology
used and
assumptiong
made (e.g
reflecti
differg




Application-based approach
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Application-based approach

An example of this approach can be found in Recommendatidrir M.1651
NA method for assessing the require
access systems including radio local area networks usigGHtd z b an d o
which provides the methodology for assessing spectrum requirements for
RLANS.

RecommendationflU-R M.1651was developed and utilized in the WRG
study cycle, then again as part of RLAN spectrum requirements underl\4
agenda iten..1

23


http://www.itu.int/rec/R-REC-M.1651/en
http://www.itu.int/rec/R-REC-M.1651/en
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Application-based approach

A Focuse®n the advanced applications for IN'D20using
frequency range betweeR4.25GHz and6 GHz,

A 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 TaskSZk &y
né&eds for the terrestrial component of IMT in the freq. raB4e2686 GHz )
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Application-based approach

Input parameters to the assessment process can be grouped as
Market related:

I Connection density

I Application data rate

I Application usage pattern assumptions
Radio related:

I Cell area (IntefSite Distance ISD)

| Spectral efficiency

25
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Applicationbased approach 3 Stepg======== /-

Stepl.
Service
Categories

Step3:
Deployment
Consideratiog

Step2:
Usage Pattern




Step 1: Service Categorization{SC)=- /7.

ITRC
Teledensity
Overcrowded area Dense urban area Urban area
Service type
Super-high data rate application SC1 SC4 SC7
High data rate application SC2 SC5 SC8
Medum data rate application SC3 SC6 SC9

Teledensitydefinition: Connection density Service type dateates:

Application data rates need to be assigned to each

Connection density = (Number of users or devices in a given :
service type.

area)x (Activity factor)

User experienced data rates discussed in

Recommendation ITU4R M.2083suggests data
rates that might range frofnGbit/ s f or t
hi ghd data rate alopl i
Mbitss s f or the &6Medi umb
service type.

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 aresimultaneously actively communicating

27



Step 1: Service Categorizatiom(SE)-= /7.
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Connection Density

Teledensity # of devices per arei Activity factor Connectiondensity
Overcrowded area 1/ 4m? 90% 225000/km?
Dense urban area 5/ 100m? 70% 35000/km?

Urban area 50/ 10000m? 50% 2 500/km?

Highly-crowded area - - 45 000/km?
Crowded area - - 22 500/km?

Application Data Rate

Service type Application data rate

Medium data rate application _
100Mbits/s

High data rate application 500Mbits/s

Superhigh data rate application
), Supermig ppiicat 1 Gbit's




Step 2 :Usage Pattern S (@

ITRC

A Applicationusagepattern: Commomser(s)ehaviourdenoting the
percentage of active user/device using a given service type in a given
teledensity

A Thevalues for the input can be defined differently by regions or countries in
percentage (%).

A Activity factor and usage pattern could be influenced according to different
frequency ranges to reflect the different operational environments anticipg

29



(Ellbl 5 glisgelbloioiiang 5 ﬁ

Step 3 : Deployment £44
considerations

A Assuminga regular cellular pattern, intsite distances (ISD) and
spectral efficiency figures can be derived or extrapolated from
Recommendation ITHR M.2083and the relevariMT-Advanced
performance objectives

Overcrowded area
Highlycrowded area
Crowdedarea

ISD 100m 200m 500m

Dense urban Urban
area area

Spectrakfficiency 7.8bits/s/Hz/cell

30




Spectrum Calculation: e Z:

Application-based approach

Rts = M (Connection density. Application data rate, Usage patteins)
! R (Cell area, Spectral efficiency)

Rt:ZRts

C = Connection density (users/kmz);

A = Application data rate (bits/s);

U = Usage patterns (%);

| = Number of cells/lkmzbased on the ISD (km);

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

Ris = A set of spectrum needs in given teledensities
and service types (Hz);

R:= A set of spectrum needs in given teledensities
(Hz).

31




pectrum needs-AppIication-bas@é%ﬁ#eaKz

Example | Teledensities | 24.25-33.4 | 37-52.6

Overcrowded,

Dense urbanan 33GHz 6.1GHz 9.3GHz 18.7GHz
Example 1 Urban areas

Dense urban an
Urban areas

Highly crowded
area

Crowded area 333MHz 608MHz 933MHz

20GHz 3.7GHz 5.7GHz 11.4GHz

666MHz 1.2GHz 1.9GHz 3.7GHz

Example 2

1.8GHz

32
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Technical performance-based approach

33



Technical performance-based approach. . /7
Type 1

ITRC

A Thismethodology uses factors such pesak data rate spectral efficiency
user experienced data rateexpecteddevicedensity, expected coverage
area, deployment environmentsandtarget applications

A Using the technical performandsased approach, ITU has provided a
spectrum needs estimate for frequency ranges beto@Hz and abova4
GHz.

A B= (Dx 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 usé’ﬁ%h%ﬂe@ﬁlﬂfﬁeﬂ@
and spectral efficiency targets in M.2083

a) Consider a user experienced data raté& Gbit's and a3« spectral

efficiency increase over IMAdvancedor celledgeusers/devices for

the case of Indoor Hotspoia$ per Recommendation [TRIM2083),
l.e. spectral efficiency 6.3 bits/s/Hz,

Amount of spectrum required to support a user/devi
experienced data rate ol Gbit/s (indoor hotspg

Number of 511111Illtanfe0usl3f served V=1 N=2 N=4
users/devices in a cell
Amount of spectrum required |
3.33 67 13.33
| B (GHz) 6 3.3




-4 "
-l 2
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'ype 1, Example 1 — Based on Cell-edge User Throughput
A and Spectral efficiency targets in M.2083

Amount of spectrum required to support a user/devicexperienced
datarate of 100 Mbits/s (Outdoor - urba

Number of mml_lltau_eously served V=1 =2 =4
users/devices 1n a cell
Amount of spectrum required _
B (GHz) 0.67 1.32 2.64

36
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ype 1, Example 2 — Impact of latency and Spectral Efficiencye
targets and a typical user throughput value on spectrum needs

Consider asingleuser n a At est envi r &WRUDE usdge scanarioin |
anindoor Hotspotdeployment:

1)Assumethe user is downloading higluality photographs witbverall size ofLO
Mbits.

2)Assumea latency requirement dfO ms, which corresponds to the instant speetl®f
Mbits/10 msor 1 Ghit/s.

3)SpectrakefficiencyA 3 x0.1=0.3bits/s/Hz.

4) Spectrummeeds =1 Gbhit/s) / 0.3 bits/s/Hz) =3.33GHz

37



stimated gectrum needsbased oﬁ%ﬁé—“ﬁ*ﬁﬁﬁ

technical performancebased approach
Spectrum needs

#1 — Based on cell-edge user User experienced data rateloGbit/s:
Lol DR M OO 3.33GHz (N=1), 6.67GHz (N=2), 13.33GHz (N=4), e.g., Indoor
CU S NI CYREUEIRN IS S | Jser experienced data ratel@foMbits/s:

ML RS ERERY () 67GHz (N=L), 1.32GHz (N=2), 2.64GHz (N=4), for wide area
users/devices at the cell-edge coverage

s I [er A BT WA oK o e d =L I \V/ith a file transfer ofLlO Mbits by a single user at cedidge inl1 msec
SRS lo ER Y o] [ | RVE-Ig 33.33GHz (one direction)
throughput value on spectrum needs

With a file transfer ofl Mbit by a single user at cefidge inl msec
3.33GHz (one direction)

With a file transfer oD.1 Mbits by a single user at cedidge inl msec
333MHz (one direction)




e 2 Technical performance-basee

Thescenarioscould be divided intandoor hotspot, micro & macro layers in dense
urban and urban macro

Considering that the spectrum needs should satisfy alkdyecapabilities of the
network, the maximum spectrum needs result obtained from different Technical
Performance Requirements is regarded as the final spectrum needs étQROT

The following assumptions are made:
Themacro cellan dense urban and urban scenarios for seamless-arde

coverage are providedelow 6 GHz
Themicro cellsin dense urban and indoor hotspot scenarios to fulfil the
requirement of extremely high transmission rate are provided between
24.2586 GHz. Amonthem the frequencies a24.2543.5GHz are suitable for the
*micro scenariacdue tobetter propagation characteristics




Type 2: Spectrum Needs Estimate.__—.. . f7—
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Approach for eMBB

5t percentile
user spectral
eﬂiciim:}'
Kl
Spectrum needs for
Urban Macro == ;420 Macro(S_Uma KI)
Spectrum needs WR
for above 6GHz - For C-19
. . —Max(S_KLS K2, Agendaltem
Indoor . ectrum needs for 7 Spectrum S_K3) above 6GHz 113

Average Botspol = 11 door hotspot(s_InH_K2) Spectraun _K3) above

spectral .. above 6GHz

efficiency Miero layer Spectrum needs for Micro based on K2

in Dense urban in Dense urban(S_Aicro K2)
Area traffic
capacity Macro layer Spectrum needs for Macro
J in Dense urban ~ in Dense urban(S_Dma_K2) SPH"E;
L C
k2 area - B ::::‘Gg; Spectrum needs
Urban Macro = uceds for on for below 6GH
an Macro Urban Macro(3 Uma K2) =";: 1{;”;‘{] s I:., mmmp For Reference
S_K3) below 6GHz
Peak
spectral
efficiency

__
K3

40




ype 2: Key Capabilities of eMBB_Scenario- /7
and Calculation Methodology R

K1: User experienced data rate
Spectrum needs = User experienced data Eitepercentile user spectral efficiency

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

K3: Peak data rate
Spectrummeeds = Peak data rate / Peak spectral efficiency

41
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Type 2: Spectrum Needs EstimateiStepsa-=: f

ITRC

Step 1: Key capabilities and relative technical parameters

Confirm the target value &fkey 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 ba3&dyocapabilities 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 (belo&GHz) and higher frequency range (abéveHz) foreMBB of IMT-
2020

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

as the final spectrum needs which includes the lower frequency range @@&ldw) and higr
frequency range (abowweGHz) foreMBB of IMT-202Q
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Type2: Spectrum Needs Estimate Result  '™"°
Deployment scenario Macro Micro Indoor hotspot
Total spectrum needs for below 6 GHz 808-1078 MHz" — —
Total spectrum needs for 24.25-86 GHz — 14.8-19.7 GHz"
Spectrum needs for 24.25-43.5 GHz™ - 5.8-7.7 GHz
9-12 GHz

Spectrum needs for 45.5-86 GHz™

*Consideringthe 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 increag

**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 spectrungeb

within 24.2586 GHz and different deployment scenarios. This table should not be understood ng

used to exclude any possible INN020deployment options in the randg6.586 GHz.

Y
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Associated conditions for

: . . , Spectrum
Examples different examples (For det_al]:s, needs in Spectrum needs (GHz)
please see the corresponding total (GHz) per range
sections in the Annex A)
] 3.3 (24.25-33 4 GHz range)
Overcrowded. Dense urban and 18.7 6.1 (37-52.6 GHz range)
Urban areas
. 9.3 (66-86 GHz range)
2.0 (24.25-33.4 GHz range)
Dense urban and Urban areas 11.4 3.7 (37-52.6 GHz range)
Application- 5.7 (66-86 GHz range)
based approach 0.67 (24.25-33 4 GHz range)
Highly crowded area 37 1.2 (37-52.6 GHz range)
5 1.9 {(66-86 GHz range)
- 0.33 (24 25-33 4 GHz range)
Crowded area 18 0.61 (37-52.6 GHz range)
0.93 (66-86 GHz range)
User _exper_lenored_ data rate of 333 (V=1),
1 Gbit's with NV simultaneously o .
: 6.67 (W=2). | Not available
served users/devices at the 13.33 (V=4)
cell-edge, e.g.. Indoor )
1 User experienced data rate of
100 Mbits/s with ¥ 0.67 (N=1),
simultaneously served 1.32 (N=2), | Not available
users/devices at the cell-edge. for 2.64 (N=4)
wide area coverage
Technical 5 eMBB Dense Urban 0.83-4.17 Not available
performance- eMBB Indoor Hotspot 3-15 Not available
based approach
(Type 1) With a file transfer of 10 Mbats by 3333 GH=
a single user at cell-edge 1n {one
1 msec direction)
. . 333 GH=z
s | Wi wmteror ity s | > ut™ | ot vt
£ ‘ g direction)
With a file transfer of 0.1 Mbits by | o0 Lz
a single user at cell-edge m 1 msec (one
direction)
. b : 5.8-7.7
Technical Dense urban micro (24.25-43.5 GHz range)
performance- i
based approach - 14.8-19.7 9-12
(Tvpe 2) Indoor hotspot (24.25-43 5GHz and
45 5-86 GHz range)
Information from
some countries -
based on their — — 7-16 2-6 (24.25-43.5 GHz range)

national
considerations

5-10 (43.5-86 GHz range)

(£l 5 9lisgelbloioiiang 5
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Spectrum Needs

for Frequency

Ranges Between

24.25 and 86 GHz
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Thanksfor your attention
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