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Mobilnat grunder

* Core, backbone, access, radio
* Frekvens — spektrum m
* Upplank och nedlink st o N
* Inomhus = dampning
* Antennhdjd = tackning

e Skog, berg, byggnader = reflekt|on diffraktion

e Avstand = tackning avtar med kvadraten pa avstandet
* Avstand = kvalitet, datahastighet

* Antal anvandare= datahastighet



Frekvensband for mobiltelefoni

Electromagnetic spectrum

e Lagband 700-900 MHz ﬂ ., ©
* Mellanband 1-6 GHz “;:;]i B 8 |I ‘ % ‘.

* Hogband/millimetervag

24-40 GHz
= ’ 3
A -
Rane i e < >
 Lag frekvens, lang rackvidd men inte sa mycket spektrum = tackning

* Hog frekvens, kort rackvidd och mer spektrum = kapacitet



1G: NMT

* Sverige NMT 450: 1981, NMT 900: 1987
« NMT450 till 2007 (Netl1), NMT 900 till 2000 (GSM)
* Frekvensband: 450 och 900 MHz NMT 450

453-457,5 463-467.5
1 ' ' [] l [] )

* FDMA, FDD, FM 450453 460463 470
Comvik 450

e Kanalbredd: 25kHz

* Krestkopplat — analogt

POWER

* Okrypterat
* Talsamtal, utomhus, yttre antenn

> MHz

890-915

NMT 900

935-960

T I T T T T
900




2G: GSM

* Sverige 1992

* Frekvensband 900 och 1800 MHz
* TDMA

e Kanalbredd 200 kHz, 8 tidluckor

* Kretskopplat — digitalt

* Krypterat

e Samtal, SMS, data

e SIM-kort introduceras

1700

POWER

GSM + NMT 900 i Sverige

890-915

1710-1785

900

935-960

950

MHz

DCS 1800 (GSM 1800)

1800

1805-1880

.....

= MHz



2G->2,5G: GPRS, EDGE

* GSM kretskopplad data fran 9,6 till 14,4 kbps

e 1999: HSCSD — flera tidluckor till exempel tre tidluckor
ger 28,8/43,2 kbps i DL (14,4 kbps i UL)

e 2001: GPRS — paketférmedlad data (TCP/IP), praktiskt
50 kbps/20 kbps

e 2005: EDGE — GMSK till 8PSK, praktiskt 200kbps/100
kbps Py

GSM/GPRS
t Q



System 2G -> 3G

i ,.-~CS Core - Voice

BSS son [t cosn | Infemet/
(Radio Access) Nefwork IP Networks
PS Core - Data 2’ 5
—Signaliing/Control Plane—
R Userplane - -------- NSS
; (Core Network)
! ) 1 : Internet/
L (Radio Access) ¥ Network ; IP Networks
i PS Core - Data E
—Signaling/Control Plane— | :
__________ Userplane--coees (Core Network) E



3G: UMTS =

spreadin .r_‘.
Spreading f f
— ) / Receiv ed Narrowband
o Sve rige 2003 vser 7 Wideband =Frequency Reuse Factor = 1

* Frekvensband 2100 MHz, 900 MHz Vool sprsdna Feeer VAR

Spreading : 256
—»

. WCDMA e
- Kanalbredd 5 MHz FDD W Q

= VSF Allows Bar d dll ' Demand. Low
Sp ad aﬁcto q qu! r SNR, causmg

* Kretskopplat och PaketformedIat —digitalt
e Samtal, videosamtal (64 kbps), SMS, data, streaming....

* Upp till 384 kbps i DL och 128 kbps i UL (R99) CDMA

POWER



3G -> 3,5G HSPA hogre hastighet, kortare svarstider

QPSK

QA e 16-QAM

* Sverige 2006 CER A
« HSDPA, 1,8 -> 14,4 Mbps (R5) o [ 0T e e

* Hogre ordings modulation QPSK->16QAM oo oo | or 1

e Kortare TTI 10 ms-2ms I

* Snabbare ACK av data, fast HARQ .

* En anvandare kan anvanda 15 koder <2
* HSUPA, 0,7->5,8 Mbps (R6) o A .

. AWAWANATAY A el Rl o

* Multipla koder SRR T

* Kortare TTI (eI s

- HARQ 8‘ "

A o o User#1 o User#2 mmUser#3 mm User#d



64-QAM Q A byb bsby byby
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3,5G -> 3,75G HSPA+
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* Sverige 2009 R
e HSDPA 21,6->42,2 Mbps (R7,R8) R

 Hogre ordnings modulation 64QAM

 MIMO (9) (@) J
e Dual Cell HSDPA [g [g

000011 001011 01101 o001 [11OON) 111 011 101 011 100011
- - . . i - - . -

5MHz . 2 S5MHz 4 4 10MHz
(0 ()
’ fy I \::-\ : f2 y fi s%‘fz
Y 9\ \g e | )
9 4 9 & Tele2 och Telia accelererar dvergadngen
- = UE:  UE; fran 3G till 4G

[ ] I d d I ( - ) Tele2 och Telia har kommit dverens om att paskynda dvergangen fran 3G till 4G
F I n n S Sta n a r I S e ra t R 1 2 > genom att successivt avveckla 3G-nétet i det gemensamt dgda foretaget
Svenska UMTS-nét AB, Sunab. Initiativet innebar betydande kostnads- och

* 336+ Mbps i nedlank och 69 Mbps i upplank energieffektiviseringar for Tele2.

- H H - - , \ for att bygga, 4ga och driva Tele2:s och Telias gemensamma
° 3 G _ S k mm d k | d Svenska UMTS-nét AB, Sunab, ansvarar
n a t I Ve r I ge O e r O C a tt a gga S n e 3G-né&t. Som en naturlig del av den framtida nétutvecklingen har de tvé féretagen kommit dverens om
att succesivt avveckla Sunab-nditet. Arbetet med en succesiv dverforflytt av trafik ber8knas inledas |
slutet av 2018 och vara helt genomférd vid siutet av 2025,
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Orthogonally spaced overlapping subcarriers

Subcarrier Peaks__ .

4G LTE

side lobes

Ao Ta

¢ Closely spaced subcarriers overlap

* Note that subcarrier nulls correspond
to peaks of adjacent subcarriers for
Zero Inter-Carrier-Interference

Frequency

* Sverige 2010 ™ wscahervote "

subcarrier Nulls

* Frekvensband 700, 800, 900, 1800, 2100, 2600 MHz
OFDMA == am
e Kanalbredd: 1.4, 3,5, 10 eller 20 MHz
 Datakommunikation — All IP

Mobilt bredband, streaming...., CS-fallback

Downlink Peak Downlink Peak Downlink Peak Uplink Peak
Mode/System Resource Block

- (Mbps) (Mbps) (Mbps) (Mbps)16 QAM (Mbps) 64 QAM
Bandwidth
1.4 MHz B 44 44 8.8 3 44
P 1 1 3 MHz 15 11.1 11.1 221 7.5 11.1
VO LT E ( I Sve rl ge 2 O 1 7) 5 MHz 25 18.3 18.3 36.7 126 18.3
10 MHz 50 36.7 36.7 75 25.5 36.7
15 MHz 75 55.1 55.1 110 37.9 55.1

20 MHz 100 75 75 150 51

Rl \w‘s.‘ml%-».m; L'IlH/V‘ e
7 5 - 1 5 O M b ps ( R8) R9 ) Transmission No of Useable 7o Transmit All Transmission Mode

Uplink Peak

75



4G LTE Advanced

Up to

-
(V) ?:t;bgi::bps) Fazs);er
* Sverige 2015-> Qualcomms Snapdragon™ 810
e Carrier aggregation, max 5x20 MHz ——
* MIMO 4x4, (max 8x8 i DL)
 FDD och TDD aggregerat 4 ) 4 A
« 256 QAM (8 bitar/symbol, R12) —0 ﬂ H ﬂ_‘.l(,) i
= |
N J N J

300-450 Mbps i nedlank och 50-100 i upplank
Teoretiskt >1 Gbps i nedlank och 500 Mbps upplank (R10-R12)



4G LTE Advanced PRO: 4,5G

* Sista teknikhoppet pa 4G innan 5G (R13,R14: 2016-2017)
e Upp till 32 kanaler aggregerade (>3 Gbps)
* Olicensierat spektrum (5 GHz-omradet)
e Utokad MIMO (8->64 antennportar) = massive MIMO
* Beamforming
LTE LTE-A LTE-A Pro 5G
* NB-loT, eMTC o aseatt v T OX st

Mb .
60PMbps g downlink speeds

A 3 x faster

uplink speeds

Rel 8-9 Rel 10-12 Rel 13-14° Rel 15+



loT

/

L0

NB-loT

\_

GSM

STAND ALONE

MMM AARRAARRAARRAARAM

LTE

200kHz

GUARD BAND
LTE

200kHz

200kHz

' INBAND

Device receives NB-1oT carrier (separate cell)
The capacity of NB-loT carrier is shared by all devices
Capacity is scalable by adding additional NB-loT carri

~

w/

L0

Cat-M1

1.4MHz 1.4MHz
C=—— (=
DEVICE 1 DEVICE 2

Device receives parts of LTE carrier
Devices multiplexed across LTE carrier
Leverage full capacity of wideband LTE Carrier

Performance

Short-range
wireless’

LTE Cat-1
and above

LTE Cat-M1
1.4 MHz
Up to 1 Mbps

LTE Cat-NB1
200 kHz

10s of kbps

olease 8

Category 4

150Mbps
50Mbps

2

Full duplex
1.08-18MHz
23dBm

Yes

100%

Category 1

10Mbps
5Mbps

2

Full duplex
1.08-18MHz
23dBm

Heease

Yes
80% /

Faster data rates

Fulkto-limited mobility
Voice/VoLTE support

Ultra low-cost

Ultra low

Delay-tolerant

Category M1 Category NB1
(eMTC) (NB-loT)
1Mbps 170kbps
1Mbps 250kbps

1 1

Full/Half duplex Half duplex
1.08MHz 180kHz
20/23dBm 20/23dBm
Yes Yes/No

20% 15%

AN v

Coverage

LTE Cat-M1 (eMTC)

Broadest range of loT capabilities
with support for advanced features,
e.g. voice support

Many loT devices can benefit from
- multi-mode operations to optimize
for different traffic profiles and RF
conditions

LTE Cat-NB1 (NB-loT)

Scalable to lowest cost/power for
delay-tolerant, low-throughput loT
use cases, e.g. remote sensors
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MGCF

System 4G -> 5G

E-UTRAN : : ‘
_.[Radio Access) PCRF  rene PGW K
—Signaiing /Contol Plone—
""""" P e EPC
(Core Network) P Sarv
8 i i IMS
—H | UPF ‘ i Data
T | | | Networks Infernet
\‘?i‘_\ " |
: i == : er == sac
i gNodeB gNodeB ' ! .
| 3 AMF ‘ l SMF ’ ‘ AUSF ’ : !
! H :
i P e A e I i () wre
i ¥ : : : : : : |
i i nar W e W are VW o ¥V L : Standalone LTE under EPC Standalone NR under SGC Standalone LTE under SGC (option
i NG-RAN/NR  §i  [NssF [ NEF J[ NRE ) PCF ]l uDM J[_AF | (option 1 (option 2, 5)
. (Radio Access) | i
________________________ | 5GCN E
| (Core Network) :

___________________________________________________________

Non-standalone LTE and NR Non-standalone NR and LTE Non-standalone LTE and NR under
---------- Userplane- e under EPC (option 3) under S5GC (option 4). SGC (option 7)



5@ |

OFDM J

e Sverige 2020 (R15) w.oFoM //
* Frekvensband F.OFDM J

* FR1 < 6GHz: LB och MB -

* FR2 24 - 52 GHz: HB (milimetervagor)
* Filtered OFDM |
* Massive MIMO, beamforming M V1 A
+ Kanalbredd ] ‘ HH HH |

* FR1 100 MHz
* FR2 400 MHz

 Specificerat for manga olika anvandingsomraden (eMBB, mMTC, URLLC)
* 4G och 5G tillsammans NSA, SA, DSS, EN-DC...

e Auktion for 2,3 och 3,5 GHz i November 2020



5G-anvandningsomraden

>10 Gbps Massive Broadband 100 Mbps
peak data rates whenever needed
3
10-100 > 5 10 000
' Capacity for x more traffic
x more devices R
3D video / , Ultra
4K screens Workiin
=F the cloud . op.
M2M Smart city ) reliability
cameras ,
ultra low cost VR gaming
Industry 4.0
10 years ¥ o <1 ms
@) — frobot 3 i
on battery ' ' . Miesio oitica orreno ) B | radio latency
Massive mach!ne Sensor NW broadcast Autonomous driving ' Critical machme _
type communication EEeylibISVila=I KSeIal N e\ type communication
(Low power) Wide area Crowd e Outdoor
A trillion of devices with different needs GB transferred in an instant Mission-critical wireless control and automation

Figure 1. 5G will enable very diverse use cases with extreme range of requirements



5G-anvandningsomraden

( Enhanced Mobile \

Broadband
(eMBB)

"Humans”

Internet access
Ultra-HD streaming
Virtual/augmented reality
Cloud computing
Ubiquitious connectivity

Uy

/ Ultra-reliable Low \

Latency Communication
(URLLC)

"Humans & Machines”

Autonomous driving
Aerial vehicles
Remote surgery
Factory automation
Mission critical services

Uy




Network slicing

* En skiva av ett natverk

* End to end for olika krav
* Garanterad datatakt
e Garanterad kapacitet
* Lag fordrojning
* Energieffektiviet
 Kombinationer

* Nya betalningsmodeller
* Tidsbegransad

5G networks need to serve customers with very different needs

= =, @) (@)

Manufacturing

\Ec

5G Network

Network Slicing

5G networks subdivided into virtual networks each optimised for one business case

Utilities

O

Automotive

Manufacturing

5G Network \ E

loT slice / Broadband slice / Low latency slice




Massive MIMO

e Krdver manga antennelement

hogre frekvenser (mindre antenner)

a

* Fungerar battre p

One subarray of dual-polarized antenna elements
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X1

One dual cross polarized antenna elements,

consisting of two antenna elements

* Beamforming specificerat i 5G fran borjan

O

XXXHXXXXK
MXXXXXXXX &
MOCKXXXXX §

"T"" o

e o e o
Coarse Elevation beam

-

XXXXXXXXm
XXAKXAKXXXX 4
XXX XXXXX
XXX XXX XX

XXXXXXXX %
XXXXXXXXa
XXXXXXXXu
DXXXXXXXX] &

) 0.9.9,.9.9,.9.9.9.9.
XXX XXX XXX

g
-

-

b3
o
-t
~
X
-
3
-
-t

bed
-t

XXX XXX K XK E

No Elevation Beam



. " Vertical

Beamforming

. Elevation (Vertical)
. Beamforming
\ \ -
p ‘
A. Beamforming B. Generalized beamforming
Azimuth (Horizontal)
Serve single users by directing the energy Serve single users by sending the same data stream Beamforming
toward the user. in different directions and possibly forming zero (nulls)

in the directions of other users.

(clfi”)

( I|I ’)/

C.SU-MIMO D. MU-MIMO

Increase data rates by transmitting several data At high load, serve more users simultaneously at high
streams to a user. load.

(¢ I|| 1)

( I‘I )




Pioneering new technologies to meet 5G NR requirements

Hyper dense
deployments Mobilizing mmWave Ultra-reliable
links
Beam /

Massive
MIMO

Advanced
channel coding.

Integrated access e.qg. LDPC

forming
and backhaul _
Multi-connectivity Redundant v Wide
links Dynamic, bandwidths
/ Narrowband |0w-|atency
_ Internet of Things TDD/FDD
Coordinated Multicast l °
spatial techniques [ V2N - _J
Multi-hop _ voo| [ \ .
ik Bl B = T
_ Device-centric
New shared spectrum Advanced Grant-free uplink S’ mobility
paradigms receivers transmissions, .
e.g. RSMA vav
New levels of capability and efficiency
10x 10x 10x 3X 100x 100x
experienced  decreaseinend-  connection spectrum traffic network
throughput to-end latency density efficiency capacity efficiency

Based on ITU vision for IMT-2020 compared to IMT-advanced



Distribuerat moln, egde computing

Centralt
Regionalt
Lokalt

Hyperlokalt

Data center

Cloud problems
* Data transmission cost too high

* Energy costs too high
* Latency too high

Adding edge computing
resources enable applications to
be partitioned to run at the
optimal network level

On-device problems

« Compute capabilities too low
* Memory capabilities too low
« Software costs too high

MEC
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