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Outline lnatel

* Brief History

* 5G Scenarios

* What is missing for a universal Internet access?

* 5G-RANGE: Enabler technologies for remote area operation

 5G and satellite networks



Brief History Inatel

= 1G - Freedom to call someone, and not somewhere!

= 2G - More users, lower prices and SMS.

= 3G - Multimedia and Internet access.
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= 4G - High data rates, music and video streaming, social media.




Brief History
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GSM GPRS EDGE
AMPS 200kHz 200kHz 200kHz
FOMA GIMSK GMSK GMSK/8PSK
FK 9,6 kbps 160 kbps (8TS) | 473 kbps (8TS)
\ 4
UMTS HSDPA HSUPA HSPA+
TACS 1S-136 5MHz 5MHz 5MHz 5 MHz
25 kHz 30kHz WCDMA WCDMA WCDMA WCDMA
FDMA TDMA QPSK QPSK/16-QAM QPSK/16QAM 16QAM/64QAM
FSK DQPSK 384 kbps outdoor DL: 14,4 Mbps DL: 14,4 Mbps DL: 42 Mbps
2000 kbps indoor UL: 384 kbps UL:5,72 Mbps UL: 11 Mbps
NMT PDC LTE ’ LTE-Advanced LTE-Advanced Pro
26 kHz 25 kHz 20 MHz (max.) 5% 20 MHz (max.) 32 x20 MHz (640 MHz max.)
FOMA ToMA OFDMA/SC-FDMA  |-»  OFDMA/SC-FDMA [~ OFDMA/SC-FDMA
FroK DOPSK QPSK/16QAM/64QAM | [ QPSK/16QAM/64QAM | | QPSK/16QAM/64QAM/256QAM
DL: 100 Mbps DL: 1Ghps DL: 3 Ghps
cdmaOne cdmaOne : ﬁﬂ"‘l‘g"z%%o (DMA2000 | CDMA2000 1xEV-DV
(1S-95A) (1S-95B) X 1 zg M-Hz ) 1xEV-DO (15-856) | (1S-2000 Rel C, D)
1,25 MHz 1,25 MHz " 1,25 MHz 1,25 MHz L
ava [ coma ’ %'?,’;“lﬁ COMA COMA i
QPSK/0QPSK DQPSK 153 kbos outdooy | CPOK/BPSK/16QAM. | QPSK/BPSK/16QAM
14,4Kbps 115 kbps 2000 k‘;)s oo 24 Mbps 3.1 Mbps
TD-SCDMA
1,6 MHz
(DMA
QPSK/8PSK/16QAM

2 Mbps

I IMT-2020

| Massive MIMO

|  mm Wave
> Small cells

20 Gbps

|

| 1ms

) much more!

|
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5G Scenarios Inatel

Main requirements

Scenario | _Remuirement | Volue

UL:10 Gbps
eMBB Peak data rate DL: 20 Gbps
URLLC  User plane latency 1ms
mMTC # of connections  10°devices/km?2
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5G Scenarios Inatel

Technologies for 5G PHY

A A * Massive MIMO

e Millimeter wave

‘é\ e Small Cells

* CoMP

e Channel Codes

Ié\ * NOMA






Motivations for a remote area network Inatel

mmvitygapin rural areas e S '

tl

- Road coverage

- Disaster/environment alarms
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- Last frontier for universal access. i
- Education.

- Entertainment.

L% - Communication. *f‘*if
- Digitalintegration. Pl

- Entertainment - Specialized treatment

- - V2X connectivity
q
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- Monitoring on-the-go

-

- Safety - Home consults



Motivations for a remote area network Inatel

- Smart farms: innovation in agrobusiness

- New market for operators.

- Several new services:
Field automation
Machinery platooning
Cattle monitoring

Drones for images and fertilization




Network slicing Inatel

Seamless integration with other 5G scenarios.
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RANZE

http://5g-range.eu/
5G-RANGE: Remote Area Access Network for the 5th Generation
Enabler Technologies for Remote Areas Networks
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5G-RANGE Goals o . f Inatel

Provide mobile broadband in remote areas.

Overcome the current range limitations in 4G and 5G standards.
Reduce the operational cost by.exploiting TVWS in remote areas.
Increase the:data rate at the cell edge.

Bring 5G services to rural and remote areas.



5G-RANGE Structure Inatel
Cell radius: 50 km

. RRCLayer APl RRCLayer API RRC Layer API Geolocation
D a ta ra te o 1 O 0 M b p S PHY Control MAC Control RLC Control Database
RRC Layer/4 4 4
H H Network Layer
[ ]
Mobility: 120 km/h e
° . RLC Layer API
5G services: MBB & loT ol Cmes
_________________ e e
Cognitive
MACLayer
MAC layer API -
Number of subcarrier  MAC layer AP MAC layer AP! 5G SCHED T
MAC layer API and subsymbols, Frame size, pilots Diversity gain
Codeword length modulation assignment, and Spectral Channel MULTIPLEXING/
and Code rate order, filter specs.  resource allocation efficiency Feebdack A DEMULTIPLEXING
i t i ¢ control/ i COSORA
Manager
HARQ HARQ
User PHY MCS/Code
interface Framer end p MAC
SINR Report Control PDUs/Coding
____________________________________________________ SN I B
v
PHY Layer v v
PHY Layer APIs Control PHY Layer API Physical PHY Layer API
Channels/FAP messages Channels Transport Blocks Resource
. HE Assignment
Flexible PHY Cognitive MAC g




5G PHY Layer for Remote Area Inatel

0.
: 107 |
ACRA: channel coding i
Channel 5G-RANGE NLOS 1
10 E
Modulation GFDM + 64QAM
Number of blocks 100,000 v
W 2L
Block size B (Polar/LDPC) 1024 / 1056 =1 407 Fl=e=roer=a
 |-©-LDPC-5/6
SCL list size / MSA number of iterations 8/20 - |—*—Polar - 3/4
 |=© ~LDPC - 3/4
_________________________________________ 1072 f |~ Polar - 2/3
: Transmitter : | =i - LDPC- 2!3
! : 5G-AGRA 5G-FlexNOW ! Channel —_— i
: ; -©-LDPC- 1/3 .
107 ' ‘ ' o 3
Saleivntoosfolinteli il 10 15 20 25 30 35 40

1 1
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1 evaluator (Decoding) (Demodulator) 1 (Channel est.) .

; - Polar code performs quite well!



5G PHY Layer for Remote Area
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Energy and spectrum efficiency

CP wastes energy and throughput!

OFDNV CP CP OFDM CP OFDM

WA

—h

protects tif\fHRAt If we can have a modulation scheme that needs

rom the channel

only one CP for several subsymbols?

Subsymbol Subsymbol :m

Resource saved by

efficient use of the CP

CP waste of energy and bandwidth
can be significantly reduced.




5G PHY Layer for Remote Area Inatel

High energy leakage (Cognitive Radio)
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The ability to control the pulse-shape allows
the co-existence with other technologies.




5G PHY Layer for Remote Area Inatel

Flex-NOW: Waveform for remote areas of

Key aspects: OOB emissions and spectral efficiency.

* Candidates: OFDM, GFDM, B-OFDM and F-OFDM
* Out-of-band emissions *
* F-OFDM and GFDM have the best OOBE =1 Y b
= Windowing improves OOBE G ™ W ® o W
= B-OFDM is not able to fulfil OOBE requirements - —
* Spectral efficiency

= GFDM and B-OFDM have higher efficiency due
better usage of the cyclic extensions (92.75%) b

- ® =GFDM (LOS)
~ € = OFDM (LOS)
B-OFDM (LOS)

* SER in AWGN and 5G-RANGE channel model B i Sl \\‘\%é

B-OFDM (NLOS)
~—— OFDM (NLOS)

= GFDM presents best performance e T

= OFDM and F-OFDM performance is very similar "o ® @ _= = = ®

Es/NO [dB]



5G PHY Layer for Remote Area Inatel

Frequency

Flex-NOW: frame design "

Different numerology addresses 5G-RANGE || TV Station || 5G o€
o . RANGE! ||[RANGE
conflicting requirements.

Synchonization

: IAREARERARERREN I sl "
Incumbent protection based on blank signals
. Resources
resources on the grid. w blocks not
g scheduled to
Silence period for in-band spectrum transmission
sensing. - sensing period
i scheduled
Resource grid allows multiple .
subcarriers
numerologies. ) %
, . S Resource =
Dynamic selection of the numerology, £ Block =
. 7 3 Not allocated
on a subframe basis. - & Allocated

Resource
180 kHz Element

!



5G PHY Layer for Remote Area Inatel

Flex-NOW: frame design

* Trade-off: Doppler vs delay spread:

e Multipath—> long symbols.

sz |
* High mobility = short symbols. ‘
7.5 kHz _
. Symbol duration scaled according subcarrier spacing
e Scalable numerology: long range with low e [
mobility and high mobility at short distances. iz [l
* High-speed and High mobility can be handled, opirame durstion
but in a not bandwidth efficient way. sk [ N N N

L]

Back-off symbol



5G PHY Layer for Remote Area Inatel

Flex-NOW: specifications

* Waveforms: GFDM and OFDM Num.  SCS Symbol _ lareet Target
D (kHz] CP [ps] (uts] Range (*) Speed
* Scalable numerology [km] [km/h]
= Number of numerologies: 6 0 1.875 141.7 2133.3 236,11 7
= 1.875 to 30 kHz subcarrier spacing 1 3.75 70.8 1066.7 118,06 15
= CP duration from 4.4 to 141.7 us ) 75 354 5333 59,03 30
= Mobile speed up to 240 km/h - 15 177 2667 29,51 60
* Modulation: QPSK to 256 QAM 4 30 89 1337 14.76 120
* Bandwidth: Up to 23.76 MHz c 30 44 667 738 240

(132 RB'’s)



5G PHY Layer for Remote Area Inatel

* MIMORA: MIMO for Remote Areas * Space time coding (STC)
e 2 Transmitter antennas - Alamouti scheme
Antennal Time 1 Time 2 * Increases robustness over fading channels
<({ ))) ( . iy  Users distant from the BS
é L FyX; FyXit
— 4 e Spatial multiplexing
P . * Multiple data streams between BS and UE

fj) . e U lose to the BS
(?é) _FI{I{XHl L FI'EX:E J sers Close 1o e

* Dual polarization

* Necessary because of channel correlation
in UHF/VHF bands (large wavelength)




Cognitive MAC Layer Inatel

* Add the cognitive cycle for TVWS exploitation.
 Combine spectrum sensing with geolocation database
* Protection of the incumbent

* Detection of unauthorized transmission (pirate TV studies)



Cognitive MAC Layer Inatel

Registered TV and PMSE systems Geolocation Database and Spectrum
Regulatory information Sensing must work together
Accepted UE devices

Other databases updades

!

i Pirate TV signals
DATABASE

Information about R .
registered TV Sensing
signals and PMSEs G
N,  —— 4

I Sensor nodes, unregistered PMSEs,
| other (narrowband) signals

5G-RANGE

Public access
Searching public
information

Unlicensed use of TVWS



Cognitive MAC Layer Inatel

D D Individual reports

Data fusion

Fusion

Cooperative

center decision

Final decision

S 0
O

[1] J. Vartiainen, H. Karvonen, M. Matinmikko-Blue, L. Mendes, “Performance Evaluation of Windowing Based Energy Detector in Multipath and Multi-Signal
Scenarios,” 14th EAI International Conference on Cognitive Radio Oriented Wireless Networks (CROWNCOM), June 2019.



Cognitive MAC Layer
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* Performance of Spectrum Sensing depends on algorithms.

e Can it be vendor-defined or should it be standardized?

* Fusion will improve the overall performance.

——— spectrum sensing channel

— — » common control channel

A Su,
PU-| 21 N N

Detection probability
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Proof-of-Concept
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Field Tests
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Estimated Data

“Clearance at 0.13km
Urban=0,0 dB
Rx level=-78,1dBm

Azimuth=168,05°
Free Space=123.8 dB
PathLoss=131,9dB

Elev. angle=-0,118°
Obstruction=06 dB TR
E field=43,9dB Y /m

System parameters:
* MIMO: 2+2
e TX1 power (EIRP): 50,5 dBm
* TX2 power (EIRP): 48,5 dBm
* Transmit antenna gain: 9 dBi
e Receive antenna gain: 9 dBi
e BW:6 MHz or 12 MHz
* Frequency: 700 MHz band

22°38'29,2"S 045°38'23 5"w

----------
----------------
-----------------------------
--------
---------------------
------------

Worst Fresnel=2 5F1 Distance=50,60km Measured Data
Forest=1,0 dB Stistiese=i-d-df
Rt level=27.81 R Relative=1,3dB S Ant1 Ant 2
i -69.87 dBm| -64.9 dBm
ERate 22 Mbps
iBW 6 MHz
Modulation 64 QAM
Code rate 3/4
MER 23.29 dB
BER =0
Distance 50.60 km
BW Modulation Code | Bit Rate BER SNR
(MHz) u rate (Mbps) | <1076 | (dB)
6 64-QAM 3/4 22 yes 28.51
6 64-QAM 5/6 24 yes 29.98
6 256-QAM 5/6 32 yes 26.31
6 256-QAM 3/4 29 yes 29.18
12 64-QAM 5/6 48 yes 29.35
B | 256-QAM | 5/6 o no 29.15
(12) | 256QAM | 3/ (57) yes 2733
N N




5G and satellite networks integration Inatel

- Solution for backhaulin'remote area

i
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- Capacity in bottleneck:situation
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- Seamlessiintegration with terrestrial netwo?m




5G and satellite networks integration Inatel

- Easy integration — legacy satellites

HTS
AN
- High capacity already available I S
- Latency can be anissue " ‘-1 :1_| ’
I:- Gateway
Q’ : ’ Teleporto
= T
“\A Ac 2 A -
gNB gNB gNB R



5G-Satellite Integration Inatel

Satellites as gNB for the final users

(9 Gateway
p—

Gateway
Teleporto

ad Teleporto

—
i

W
R
o gNB
A

5 5GCore




5G-Satellite Integration Inatel

Satellites as gNB for the final users

Gateway
Teleporto

Gateway
Teleporto




5G-Satellite Integration Inatel

24
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Can we have low latenc remote areas using satellites?



5G-Satellite Integration Inatel

UDP TCP
Connection Throughput Throughput
RGNS 90/34 Mbps 88/30 Mbps 0.260ms
accelerator
B-C no WEB accelerator  90/34 Mbps 4.15/3.9 Mbps 0.260ms
C-D 30/30 Mbps 30/30 Mbps 0.465ms
B-D 30/28 Mbps 29/29 Mbps 0.451ms

Internet Gateway VSAT 5G BS UE
A B C D

WEB accelerator is mandatory for a good user experience.




5G-Satellite Integration Inatel

Backhaul 68.15 505.525 7.07866 580.72

Terrestrial A-C C-D Total
Backhaul 66.13 7.07866 73.184

Internet Gateway
A

Latency is a key issue for 5G services when satellite backhaul is used



5G-Satellite Integration Inatel

HTS‘

MEC/CDN
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Conclusions Inatel

* 5G networks has the potential to close the connectivity gap.

* Technologies develop for 5G can i tailored for remote areas.

Inate

* Network CAPEX can bg-.. WS exploitation and large cells.
LAEEEe

IiIIIIIP'C
* Small ISP can be the bridgelifia ="usmess model.
"

L
dlllll
e Satellite and 5G mtegl%..neflt the remote area scenario.
. o
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Thank you!
http://5g-range.eu/

Luciano Leonel Mendes
luciano@inatel.br




