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User experienced data rate (Gbps) Connection density ( 10* /kmz)

21 & ) T oy R ¥ )
0.1 to 1 Gbps 1 million connections/km”

Traffic volume density (Tbps/km?®) End-to-end latency (ms)

Tens of Tbps/km” ms level

100 1
Peak data rate (Gbps) Mobility (km/h)
Tens of Gbps 500+ km/h

1000




:5G Roadmap

S law G slaal <A & oselall daall 2wl adiall a3l SREEC]
Releasel7 ) Ysms Releasel5

| I SR N I

Rel-15 NSANRel-15 NSA|Jf Rel-15 sA |l Rel-15 SA Rel-15late @, | ¢ late
LSRR (option-3) f (option-3) |{l (cption-2) [l (option-2) drop 1 b ASN.1
freeze ASN.1 freeze ASN.1 freeze i i

Early drop Main drop Late drop
Rel-16 Rel-16 Rel-16
Rel-16 co‘nt.e'nt Rel-16 specification development freee;ze ASN.1
definition freeze

Approval Rel-17 Rel-17
of Rel-17 Rel-17 specification work LRl ASN.1
Rel-17 content freeze

Designed by 3G4G, based on roadmap from 3GPP, July 2019
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:5G ‘._',A Ralall
:bands ajd

Sub-bGHz cmWave: 10-20 GHz mmWave: 30-90 GHz

Coverage

Mobility
Reliability

n x 20 MHz n x 100 MHz
e size TS sl

Sub 700MHz TD-LTE L-Band

1350-1400 MHz
1427-1517 MHz

2425t0 318to 370to 454t0  50.4to
-
sl 75 334 435 502 526

Bands < 6GHz
(Europe) 470-694 MHz 27-29GHz

High Capacity
Massive Throughput
Ulira-Dense Networks

1-2 GHz
Ultra-small

C-Band

3.4-3.8 GHz
3.8-42 GHz

6bto 76 81to86
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Different spectrum to fulfil different deployment needs

Sub 1GHz Above 6GHz

Capacity Cowerage Capacity Coverage Capacity Coverage

Urb
g Rural ﬁ Urban @ m:u::bn
CAPACITY COVERAGE

More bandwidth allows for more information More favorable propagation of radio signals allows
to be sent by the system for larger cells
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Small subcarrier spacing = Large symbol time

= Allows large cyclic prefix

— Allows larger multipath delays :|‘ (required at lower frequencies)

-
e

Larger frequencies = Shorter ranges
= Shorter Cyclic Prefix OK = Shorter symbols

— Larger subcarrier spacing ok

-
e

Increased phase noise at higher frequencies

— Larger subcarrier spacing required

Scalable OFDM: Subcarrier spacing increases with the carrier frequency
» 15 kHz or 22x15kHz = 15, 30, 60, 120 kHz

-
e




:Scalable OFDM dagal) saalaiall duaa il Jalgal) 40385

15 kHz Spacing
< 3GHz,

Macro cells mm
30 kHz Spacing
A VT
60 kHz Spacing
s o valc. Toor (R R G T (T

Small cells
120 kHz Spacing

Sl oo D D
Small Cells+Backhaul
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Supplementary
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» 10 ms J
— 1ms —-r
Subframe 0 | | Subframe 1 Subframe 9
Slot | [Slot Slot
10 S
\‘_SYII]]JD ymbol 1 |,
'
Mim-Slot
Suhcafrier Slm.:
= 10 subframes/frame Sp::zng Dur:_:m"
» Slots/subframe depends on subcarrier spacing.
» symbols/slot depends on cyclic prefix: 12 or 14 z ;gg i
» A mini-slot consists of 2, 3 or 7 symbols 120 125 8
= 2, 4, or 7 symbols/mini-slot 240 62.5 18
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—Scalable subcarrier spacing
Af =2#-15 kHz

—Parameters defining a numerology:

« Subcarrier spacing (i.e. p parameter)
« Cyclic prefix (i.e. Normal/Extended)

0 19 kHz MNormal

1 30 kHz Mormal Data = 6 GHz

2 60 kKHZ Normal, Extended

3 120 kHz Normal }Dﬁmhﬁem

4 240 kHz MNormal Specified but
5 480 kHz Normal n:}tsupp{}r{ed in

Rel 15
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— Waveform (for eMBB/URLLC and < 52.6 GHz)
* DL Waveform: CP-OFDM
» UL Waveform: CP-OFDM + DFT-s-OFDM (Dc-FDMA)
- CP-OFDM targeted at high throughput scenarios

- DFT-s-OFDM targeted at power limited scenarios
— Multiple Access
+ OFDMA
+ SCMA: Sparse Code Multiple Access
* PDMA: Polar Division Multiple Access
* Non-Orthogonal Multiple Access (NOMA) not supported in Rel-15
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Jsell ildy 8 ddgasa ccOde division multiple access scheme el aaiiy daxia i alaaeS SCMA liel (Sa;
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.4ibiie codebooks laa alaasul resource blocks 3)lsdl Gile sana (s (Ao peadiveal) (o maall Juoy
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UE1 UE2 UE3 UE4 UES UE6 Al jlgs Aen Al < 14:5 sl A —

Lot St R

(L.1) (1.0) (0.1 (0.0)
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Subcarrier # of OFDM # of Slots per # of Slots per | # of Symbols
Spacing (u) | Symbols per Slot Subframe Frame per Frame
b 1 10 140

15 kHr Tms fslof x T ms=1ms 10 ms
1 14 2 20
30 kHx 500 s 2 slols x 500 s = 1 ms 10 ms 280
2 14 4 40
S0 kMHz  [normal 4 slols x 250 s = 1 ms 10 ms 560
cP) 250 s
2 12 4 40
B0 kHE 260 us 4 slots x 250 s = 1 ms 10 ms 480
(extanded CP) e
3 14 8 a0
120 kHz 125 us B slote x 125 us = 1 ms 10 ms 1120
4 14 16 160
240 kHz 625 s 16 slofs x 625 ys = T ms 10 ms 2240
5 14 32 320 .

480 kHz F1.25 ys 32 slole x 3125 ys = T ms 10 ms
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:Slot Structure Aajl) sl daiy

— A slot can be:
« All downlink UL only

« All uplink
_ P . | DL . )
* Mixed downlink and uplink
DL Control 1‘ Mixed

- Static, semi-static or UL Cantral UL-DL
dynamic

i

—Slot aggregation is supported

« Data transmission can be scheduled
to span one or multiple slots
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:Resources Blocks 4;|gall &ile gaaa

%+ InLTE: Physical Resource 1
Block = 12 subcarners x 6 or 7 symbols
+ In5SGNR:

» Resource Element

= 1 subcarrier = 1 symb
» PRB =12 subcarners *x 1 slot

Assuming 15 kHz Subcarriers:

» Time slot: 1 ms =14
OFDM symbols

» Physical Resource Block: 12
subcarners (180 kHz) over 1 slot

Subcarriers

Time




Non-Standalone vs. Standalone aicall Jolda J8icall o8 ASLEY i
:Deployments

ol Cpe g 50l ASA) Chaag jladll 138 8 bl dad) ey
SO acdl) aasiiin Al a2 Gealall Jiall 3<0 Lg\ :Non-Standalone (NSA) SGNR =

Mobility Jal) 5l Akl Gail dawlal 58K LTE aUx e Core (Xl ~udlly Radio
Ble pacath GealAl) Jaall dald 4035 colgid aladiuly Baaal) culudll asy ddlia) 2 Management
calaUay
eJ;_wmﬂ ?SAJ‘ Ls"ﬁ"“"“ J.w.u ?—“ a_u; AN | M\ sz :Standalone (SA) 5G NRm»
Al LS AL e lalaic) user planes

Control and

e ¢ \u ¢ = control plane
$§ u \q é\ é $ u = user plane
c ,’
=t v/ g =

C‘\ /
'3 3
Non-Standalone Standalone
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NR V2X

Vehicle Platooning:

> Dynamically form platoon travelling together.

> All vehicles get information from the leading vehicle.

< Extended Sensors:

> Sharing data/video from sensors with other vehicles, road-side units,
pedestrians, and application servers.

> Allows vehicles to get a more global view of the environment and
Intention sharing.

> Evolve for autonomous driving.

> Need high data rate.

% Remote Driving:

> Driving in dangerous areas or driving for those unable to drive.
> Public transports train/metro driving.

> Need high reliability and low latency.

> High-throughput sensor sharing.
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Above 52.6 GHz

** R15 designed to use up to 52.6 GHz
*» Higher Frequencies:
> Higher phase noise

> Extreme propagation loss

> Lower power amplifier efficiency

> Good for V2X, IAB, and non-terrestrial operation
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Lectures for 5th year,CEE, Cellular 2, Dr.Yamen Issa.
https://www.3gpp.org

https://www.hindawi.com
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