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A broader range of applications

At the same time as ultra-broadband
continues to grow, the rise of M2M traffic
and number of subscribers causes diverging
requirements, both technical and

\

economical.
Start of mobile
broadband. Usage
Mobile voice, traffic per subscriber
scaling proportional  increasing. Mobile entertainment, total traffic
to number of subs. driven by average data usage instead

of by number of subscribers.

—

# of subscribers (= human or machine)

—

amount of traffic/sub/month
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How Many Networks?

Voice Small Devices Mission
critical
industry
Video sensors applications

Internet wearables

Converge: hardware platform Enablers: flexible air interface
sites and backhaul virtualization

access to spectrum
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Heterogeneous use cases -

diverse requirements .

: ex .
S, 100 Mbps

whenever needed

>10 Gbps

peak data rates
Extreme . 10 OOO.
Mobile x more traffic

) Broadband
10-100

X more devices
X & <1 ms

radio latency

M2M Massive Critical
ultra low cost machine machine
communication communication

10 years Ultra
on battery a reliability
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5G Services | Extremely diverse requirements

uL Efficient resource usage:
application . g g
dﬁfa e u i Use Service profiles to configure
the system End to End

DL
application

Battery

efficiency sensor Avoid design compromises

(10 yrs) O] e Service information depends on
industrial .
ode - device type and contract
P Sl . e
(1M/km?) /burst data

« context
= “aVvailability ’
(99.99%)

Requirements differ by service and scenario

(TmsE2E)

5G uses profiles to adapt
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Forward compatibility
Allow all 5G mobiles to operate in any future 5G network

Keep transmissions Control signals shall be user and
confined in time service specific with a minimum

and frequency common part

Confine pilot
signals to the Allow addition of

actual transmission , ,
-New device categories
' and services

scalable support

of MIMO antenna /’
configurations frequency -New features and optimizations

-New technologies
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Configurable Air Interface | The Tiling Concept

TTl(ms) Symbols Sub-
Different services combined on one carrier - per  carrier
» _ _ _ N TTI  spacing
Tiling: Flexible modular design of the radio ~[Broad- - y 15
frame Band ms kHz
Different optimized signal configurations, | | |
avoiding a “one-fits all“ solution 01 Ules 7 £
ey | | latency ms kHz
Scheduled- and random access § |
minimal amount of must-be present signals | | [-one 2ms / 575
« distance kHz

time Example parameter sets

A set of optimized configurations to push the service envelope

Arrangement of services side-by side on one carrier
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OFDM-family Waveform Candidate Technologies: UF-OFDM and CP-OFDM

0 One subband with 12 subcarriers
T T lY 1[']'.‘ T T

Spectral advantages of UF-OFDM

—— CP-OFDM
_ _ -10¢ ——Windowed CP-OFDM
* more robust against time-
o0 -20t -
frequency misalignments Several tens of dB
% 30} | improved out-of-
* better support of fragmented o subband radiation
spectrum -40r |
D . .50} _
* supports user-specific multi-
1 _ AAAAL Anhil 1 [ttt
carrier numerology e 320 340 360 380 400  Soft symbol
Frea Index transition

0.06 —

CP-OFDM UF-OFDM

0.06 5

1
0.04- | 0.04 i
i

i
0.02 0.02}}

Rex )
o

Il

1
1 L L
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time index m time index m

i
-0.02 ! -0.02

1
-0.04 -0.04L

UF-OFDM improved spectral localization opens up new flexibility
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5G Radio | Adding massive capacity

Array antennas x wide spectrum bands

99 GHz 99 GHz

o
I
A

communications \ s
&0 Giiz oxygen Waier vapor {ii,0)
absorption band absorption band

“Low band” (<6 GHz, in cellular bands)
Provides coverage, performance, long battery life

Consistency of service

Rate “High band” (20-60 GHz, “mm-wave” bands)
T e Provides massive capacity for users in dense urban
areas
Aggregated
"'Wavetime > “Low” and “high” band 5G work together
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Multiple active mm-wave base stations
How many nodes for outdoor coverage? -- Ray tracing analysis

3 active BS (1 serving, 2 interfering) @ 28 GHz
» coverage by multiple BS (1, 2 or 3 tx)

Ny Ny,
. . . L <
* high gain beamforming needed ,-',-'..".-:-!.-'.'."ii.'

to reduce interference

(1
[T 9T
L

Model of campus

Coverage with overlap:
Most of the outdoor area is covered

0 50 100 150 200 250 300 350
meters
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Slim Radio | Low cost & power for massive machine type communication
LTE-M for small, infrequent & low cost data transfer ®

Power saving O years

: . Battery life with two
Longer sleeping cycles ® - ; Y S

Less signaling for wakeup

Power Save Mode ()||8:|c())I

10000 . - Very low device

OlOOIQII i * ' cost
[e]][e]|[e]e)]

(e]|[e)[e][@]]]
Simplified modems '8'8188 4 x coverage Live trial with KT
lo][e]lle) compared to current LTE

Narrowband transmission lo]e) New coding MWC 2015

Reduced transmit power > Repetition and power First live demo

Limited downlink transmission modes spectral density boosts on commercial Nokia

: : FlexiZone and core
UE processing relaxations +15~20 dB coverage

o R B S R Driving for availability
‘A‘ u P Q @j = %\\\ $ ﬂ\\\ @\\ @ in 3GPP Rel.13, 2016
10,000 x >10 Gbps 100 Mbps 10-100 x ultra low 10 years
"I Extended Discontinuous Reception (DRX)
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Motivation for small packet access protocols in 5G

Mobile broadband
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!" pace services

require different

Mission critical MTC

Smart phone apps

Massive MTC

)

mmMWave control

Target: Efficient transmission for sporadic small
packet (~ 1000 bits) UL transmission

Use cases: MTC, certain smart phone apps,
control signaling, ...

UE

Physical Randem Access Fraamble

eNB MME SGW

Random Access Responsa

PHY/MAC Layer Signaling

RRC Cennection Req. (§)

Contention Resolution (7) +

Setup RRC Bearer for Signaling

RRC Cennection Setup (307

RRC Connection Setup Complate +

Send Service Req. to MME
NAS Service Req.

NAS Servize Pequest (20)

RRC Security Hode Cmd (11)

Inital Contest Setup Req. Send to eNB the UE & Bearer context (incl. K-aNB)

RR< Security Hode Complete (17)

RRC connection Reconfig. (45)

RRC Reconfig. Complete (19}

Setup Data Radio Bearers

Data

, Daa

~
r
Initial Context Setup Camplete
ST Modify Bearer Requect

Ui TLz) Modify Bearer Response

RRC Connection Release (10)

LTE: sending a small packet causes a signaling cascade

NOKIA



Small packet protocols: 1-stage vs. 2-stage

UE UE

Principles in [R1-162892]

/\Fixed Rx time: Better micro-sleep

Novel more efficient

preamble design

Preamble
Data

ACK
eNodeB

...............
Service

request Data

Info
regarding
resource

assignment ACK

i ) eNodeB

subframe index (exemplary)

i
Per-UE overhead - LTE 56 bit:

i+4 i+8 i+12

subframe index (exemplary)

5G: 1 bit possible

Faster than 2-stage if successful

~2x less DL feedback than 2-stage .
collision probability reduces throughput
Good for very small packets and low traffic load .

Some (small) DL feedback required

Reduced collision probability through
service request over-provisioning

Better for bigger packets and higher
traffic load

Protocol solutions lead to >15x DL signaling overhead reduction and >2x battery lifetime
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System simulation with perfect detection
One-stage vs. two-stage configurations

Cell throughput Avg. transmission delay of successful packets

10 2.00E-02

. remsmp=z2mm172% of maximal rate 180£.02 ~

. // Pl (theoretic absence of 1.60£.02 i
g ; resource requests, 1.40E-02 7
-3 .
z contention etc.) — 120602 // ]
E‘ 5 \ One-Stage E 1.00E-02 7 / [~ === (One-Stage

[
%D 4 \ ——Two-stage (tagged) 9 300603 //—_/ Two-stage (tagged)
E , / \ Two-stage (pooled, queue length 88) 6.00E.03 / R =—=Two-stage (pooled, queue length 88)
3 /
©, / \\ 4.00E-03
/ -~ /
1 2.00E-03 —
o 0.00E+00
o 02 04 06 08 1 12 0 02 04 06 08 1 12
New arrivals per SPB Load New arrivals per SPB
—_—

Two-stage protocol achieves higher throughput in spite of additional overhead due to over-provisioning

of service requests. One-stage protocol is much faster at low traffic load
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Tms Radio | Enabling a new generation of latency critical services
E2E latency aware scheduler ®

Latencg/ e Autonomous
optimize o
frame structure soms S
> production
Bl LTE-A  D2D (public safety) 42ms
o
: LTE-A D2D ~10ms
. Dynamlc - (Rel. 13 pot.) .
uplink-downlink . oo Tactile internet
~1ms i
H E2E latency Services
. . o=
Plpel!ne e 2 5G ~2.5ms I Sensor propagation delay
processing MW Scheduling / grant signaling delay
M Radio transmission
B Infrastructure delay
~ . . L mmWave demo
A v =h= S "0 & ¢ =3 0 8 $ I @ with NTT DoCoMo
» 10,000 x >10 Gbps 100 Mbps <1 ms 10-100 x ultra low 10 years

DMRS = Demodulation Reference Signal; GP = Guard Period
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Multi-Connectivity | Perception of infinite capacity
Multiple radio technologies collaborating as one system ®

Extreme mobility
robustness and

ultra reliability

A
5 O ® >100 Mbps
%3” : anywhere
o = :
< = o 3 XburSt
—> .
t 4G/5G real-time
radio resource
management
. o , . know how built
A v =i S T 9 =8 08 $ b W on demonstrator
AA  10000x >10Gbps 100 Mbps <1'ms ' 10-100 x utralow 10 years

*in example area, 50% load
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Multi-Connectivity | Perception of infinite capacity

In-band integration , carrier aggregation, multi-link integration

--RRC,
PDCP Header compression, ciphering
------ . - Diversity of radio path
egmentation i .
RLC concgtenation, RRC coiecggig?;n?nR/RC Adaptation
scheduling schedulin . . o
e VAC High service availability
MAC MUX UE MUX UE even when moving
HikQ

] ,
Seat
O]

LIL L] Aggregated user data rate

5G (<6GHz) 5G (>6GHz) LTE WiFi (peak and average)

Cross-carrier aggregation

Multi-RAT
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5G Control Channel

f.'
: t
LecallaicialLIR) Simple, stand-alone, hierarchical control channel,
common and standards L T
defining part maximizing forward compatibility
UE |
U?Cerspeciﬂc control Supports separation of control and data
information
Specialized format User specific- with minimum standard-defining
LE . . C
D L parts: User ID signal and initial access

-t Adapts to service, deployment and device

Exploits gains from link adaptation, beamforming

\,Giotdueagzed D Feasibility of basic design was shown by simulation

o Discussed in pre-standards fora

/ . .
Dynamic allocation
of links

Enables user-centric radio access and forward compatibility
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Network slicing | A way of sharing resources

Massive broadband

— (G ) — -
I: | _ : Machine type

|: . a || Ultra reliable
Resource allocation
Base stations Fixed network Routing for each category
Spectrum Antennas Fibres Core functions Dynamics is a

challenge!

Virtualization: 5G can host different end to end networks on one platform
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WHAT WILL 5G LOOK LIKE?
5G will use policy control to adapt the network to the user

Control Applications

. Network o
Charging Mobility Control & Optimization
Management o Functions
Monitoring
Apphcatlon AP|

Programmable Network Network Topology Mobilit

Wireless Network Configuration Polic and Resource ooility
Framework Management
Wireless Network " SDN Controller
WiFi site

User 1: Obtains
local service using
5G plus WLAN

User 2: Obtains
Internet service
using 5G only

Backhaul Network Core network
Internet service
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Transformation of the networks

2015| zozo| 2025
/\ Migration to 5G control
for efficiency gains
LTE: LTE evolution path: =
existing assets, EPDCCH, carrier aggregation,D2D, LTE-U, positioning, LTE-M,

Coverage, 5G carrier: multi-service capability-
Backwards Small packets, low latency, configuration to services 5G:
compatible Forward compatibility new services,
\QO'-U'G} Capacity
Adding capaaty‘locally Capacity carrier Corzorz\;vt?kr)(i::it
In small cell environment more spectrum, 5G Mm-wave access b Y

small cells, arrays

Network virtualization,
Slicing, in-network processing, multi-tenancy
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Transformation
of networks
is already
on-going




Key milestones on the road to 5G

» 3GPP 5G work in full
progress

» IMT2020 evaluation
process in ITU-R

» 5G PPP projects
started

» Positive outcome at
WRC2015

» 3GPP standardization
kicked off for 5G

Pre
standardized

2015

15t Brooklyn

5G Summit .
trials

Single RAN
5G System

2014 2016 2013

» First 56 MWC » 5G PPP projects in » 5G phase 1 specs
showcase full swing ready

» NTT DoCoMo » 5G standardization » WRC2019
cooperation on channel model, preparation

: requirements and underway

» MoU with :

CMCC/CMRI Eif:&?cl)%gyomlon » Technology trials
with key customers
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WRC19 outcome
clear with new bands
for IMT

5G phase 2 specs
ready

» ITU-R process
nearing completion

2019

Pre
commercial

trials

Commercial
network

opened
DOCOMO

2020

» Next phase of
research starts

Details

NOKIA



Take away

\ ¥

FANTASTIC =45
e @gg

NORMA

22 MM MAGIC

i

ETIS
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FlexsGware

= Beyond smartphone: Many new “devices” will be connected
cars, machines, healthcare, personal devices

=» Gb/s broadband: mm-wave links are seamlessly integrated
=» Open design:

New applications can be added over the next 15 years

= The entire system adapts to the service

=>» Nokia has the aspiration and capabilities to be
the leading vendor in 5G
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Active in shaping and aligning the global 5G end-to-end ecosystem

,,,,,, 7 RESEARCH

Technical
manager

POLICY

Aamn Requirem
g_---::-'::u"“ contributio
“related policies
REGULATOR

ALIGNMENT b
Bringing together industry, e Brooklyn

academia & regulators 5G Summits
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