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I Sobre o Inatel I

Instituto de Ensino e
Pesquisa focado em
Engenharia.

58 anos de historia e
tradicao na formacao de
recursos humanos e
transferéncia tecnologica
para o Mercado.



Pionerismo em 5G e 6G
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Inatel é selecionado para se tornar
Centro de Tecnologia e

Infraestrutura de Conectividade 5G
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. — e 6G
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ot enrique o ) - 2 N : _ techtudo ‘ 5G

0 0o
Internet 6G chega em 2030 e sera
- 100 vezes mais rapida que o 5G

Diversos paises desenvolvem a préxima geracao da internet mével. Maior operadora de telefonia
do planeta propds arquitetura que podera ser usada pela industria.

EWINE GRAND CHALLENGE ] Férum >  TudoAndroids  TudoWindows »

The winners were announced!

E do Brasil! Inatel apresenta transmissor e
receptor 5G capaz de cobrir dreas 10 vezes

+ First prize: 4000 €

ntos de R$ 60 milhdes, que vao ser

hcOes para pesquisa.

Para ministro, tecnologia 5G
notavel avanco do Brasil em

Gilberto Kassab participou da primeira transmissdo de tecnologia

deve chegar ao mercado em 2022. "€ um ato emblemético, e temo:
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Editorias v
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- Inatel fecha parceria com Trivale Tecnologia e transfere

solucao 5G para o mercado de redes privativas
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Inatel - Brasil Radiocomunicacoes

Atividades principais

Atividade 1 - Desenvolvimento e otimizacdes de funcionalidades essenciais dos prototipos do transceptor e da rede de
acesso.

Atividade 2 - Estudo de frequéncias e definicao de requisitos para a instalacao do transceptor protoétipo.

Atividade 3 - Especificacao técnica e aquisicao de equipamentos e modulos de hardware comerciais para a construcao dos
transceptores e da rede protadtipo.

Atividade 4 - Montagem e testes laboratoriais iniciais dos transceptores e da rede prototipo.

Atividade 5 — Concepcao do protocolo de comunicacao entre ERB e banco de dados para acesso as informacdes para alocacao
de canal.

Atividade 6 — Concepcao do protocolo de alerta e atualizacdao do banco de dados com base nos resultados do sensoriamento
espectral realizado pela ERB.

Atividade 7 — Integracao do sistema de sensoriamento espectral com a base de dados georreferenciada.
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Centro de
Referéncia em
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Atividade 1 — Desenvolvimento e otimizacdes de funcionalidades
essenciais dos prototipos do transceptor e da rede de acesso.

Inatel - Brasil

[qua jul 3 16:19:47 2024) CPU6: Package temperature above

T e L e oo o s e e threshold, cpu clock throttled (total events = 473)
SEPTACKS 163P TRCTRYEN0nS 9% A [qua jul 3 16:19:47 2024) CPU28: Package temperature above

Eile threshold, cpu clock throttled (total events = 473)
Summary | Bottom-Up | Caller/Callee = Top-Down = Flame Graph = Consumed = Allocations = Temporary Allocations = Allocated = Sizes [qua jul 3 16:19:47 2024) CPUl4: Package temperature above
threshold, cpu clock throttled (total events = 473)
debuggee: calls to allocation functions: peak heap memory consumption: [qua jul 3 16:19:47 2024) CPU29: Package temperature above
python2 loopback_phy.py 466592 (295/s) 53,0 MB after 3.982s threshold, cpu clock throttled (total events = 473)
total runtime: temporary allocations: peak RsS (including heaptrack overhead): [qua jul 3 16:19:47 2024) CPU10: Package temperature above
1579.3s 44604 (9.56%, 28/s) . 1,5GB threshold, cpu clock throttled (total events = 473) ‘
total system memory: byte;sélzcaat;c: I;;otal(lgnonng deallocations): tota;sm:r:dosryleaked: [qua jul 3 16:19:47 2024) CPU30: Package temperature above
67,1.GB ! G /5) 4 threshold, cpu clock throttled (total events = 473)
- threshold, cpu clock throttled (total events = 473)
EeakiContributions Largest Memory Leaks Most MemoliELE . [qua jul 3 16:19:47 2024) CPUl18: Package temperature above
Peak Location Leaked Location Allocations | Summary = Bottom-Up = Caller/Callee = Top-Down = Flame Graph = Consumed | Allocatiol threshold, cpu clock throttled (total events = 473)
;53'4,‘:33 <u?resgﬁvedfunc_tcilo_n>rin??(gy6t2... g'gmg <u?resg||=ved func_t(ijqn;in??... ;83?;‘8 [qua jul 3 16:19:47 2024) CPUlé: Package temperature above
i et_subframe_grid in frame.h:65... ¥ et_subframe_grid in fram... e P o
5,3 MB gun-resolvedfﬁgctiom in 22 (libn... 2,8 MB gyT}pe_GeneﬁgAllocin??(... 46436 threshold, cpn: clock throttded (total events =:473)
2,9MB PyString_FromsStringAndSize in 2... 2,3MB gfdm_init_config in gfdmli... 44688 (qua jul 3 16:19:47 2024) CPU15: Package temperature above
2,8 MB PyType_GenericAlloc in 22 (pytho... 2,2MB gr:inatel5g::gfdm_wavefor... | 42550 H I I threshold, cpu clock throttled (total events = 473)
2,3MB gfdm_init_config in gfdmlib.c:37 ... 2,1MB gfdm_init_config in gfdmli... 20228 [qua jul 3 16:19:47 2024) CPU31: Package temperature above
2,2MB gr:inatel5g::gfdm_waveform_i 2,1 MB gfdm_init_config in gfdmli... 14098 threshold, cpu clock throttled (total events = 473)
2,1 MB gfdm_fn!t_config !ngfdml!b.c 1,9 MB QlImageData::create(QSize ... 12157 [qua jul 3 16:19:47 2024) CPU2: Package temperature above
2,1MB gfdm_init_config in gfdmlib.c:34 ... 1,9 MB __gnu_cxx:new_allocatorx... 6449 threshold, cpu clock throttled (total events = 473)
1,9 MB __gnu_cxx:new_allocator<unsig... 1,3MB PyString_FromsStringAndSi... 6260 % : o s by
1,4 MB aff3ct:tools::Binary_tree<aff3ct:... 1,2 MB __gnu_cxx:new_allocators... 6211 (qua jul 3 16:19:47 2024) CPU3: Package temperature above
1,2 MB <unresolved function> in ?? () 578,6 kB boost::alignment::aligned_... 5327 threshold, cpu clock throttled (total events = 473)
1,2 MB __gnu_cxx:new_allocator<std:c... 409,6 kB __gnu_cxx:new_allocators... 4915 | ! i [qua jul 3 16:19:47 2024) CPUll: Package temperature above
578,6 kB boost::alignment::aligned_alloc(... 401,4kB void std:vector<aff3ct:too... 4801 | : . s i T £ ; i threshold, cpu clock throttled (total events = 473)
o [qua jul 3 16:19:47 2024) CPU7: Package temperature above
I|||||||||||||||||||||||||||||||||l||l||||||||||||||||||||||||||||||||||||||||I||\I|I|||||||||||I|||l|||||l||||\|||||||||II|I|||||||||||||||||||||||||||||||||l||||||l|||||||||||||||||||||||||||||||||||l|||||I||||||||||||||||||I||||||| threshold, cpu clock throttled (total events = 473)
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orientada por ferramentas de
depuracao, analise de alocacao de memoria,
temperatura e recursos computacionais.




Atividade 2 - Estudo de frequéncias e definicao de requisitos m Centro de
. ~ . . Referéncia em
para a instalagao do transceptor prototipo. Radiocomunicages

Inatel - Brasil
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Atividade 2 - Estudo de frequéncias e definicao de requisitos m Centro de
Referéncia em
para a instalagéo do tra nsceptor prOtétipO. Inatel - Brasil | Fadiocomunicagoes
* Locais mais promissores para testes de campo em * Locais candidatos a instalacao da UE:
Quixada/CE: - Eco-Pousada
- Riacho verde
ERB a ser instalada no campus da UFC - Aziz O. Baquit

Posicao sugerida
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a »
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Atividade 3 - Especificacao técnica e aquisicao de equipamentos Contro de
e modulos de hardware comerciais para a construcao dos m Referénciaem

. Inatel - Brasil Radiocomunicacoes
transceptores e da rede prototipo.

* Montagem de protoétipos do transceptores
* Especificacao dos dispositivos de hardware do transceptor

* Aquisicao dos dispositivos de hardware 7
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Atividade 4 - Montagem e testes laboratoriais iniciais m Centro de
o Referéncia em
dos transceptores e da rede prototipo Radiocomunicagées

Inatel - Brasil

* Realizacao de testes da rede protétipo em ambiente laboratorial

\




Atividade 4 - Montagem e testes laboratoriais iniciais
dos transceptores e da rede prototipo

Centro de
Referéncia em
Radiocomunicacébes

Inatel - Brasil

File Edit View Search Terminal Help
[UE - User Equipment] [ 1 ]
: 0
: DIVERSITY

[L1L2Interfe

[LiL2Interfd

1 0,225446 (0,225446)
RX Data Througput (Mbps): ~0.271501 @ speedtest by Ookla- T
RX SNR : 33.0511 [dB] (NMSE) (Based on Pilots = 36.210 RIDatal0
RX Channel Condition Number: 50 [dB] O 8 =0 speedtest.net
SSM Downlink=[15][1111]

(V) SPEEDTEST
[6G TVWS Transceptor]=
[UE - User Equipment] [ 1 ] . .
Numerology @ © Stay connected while traveling
g S LA e with a free Speedtest Travel 5G eSIM
Code rate : 0,491071 (0,491071)
RX Data Througput (Mbps): ~89.3004 N o R
RX SNR : 32.1052 [dB] (NMSE) (Based on Pilots = 36.737¢ i - -
RX Channel Condition Number: 49 [dB]
SSM Downlink=[15][1111] © DOWNLOAD M

17185
[6G TVWS Transceptor]=

[UE - User Equipment] [ 1 ] Ping ®
Numerology : ©

MIMO : DIVERSITY Connections HOW LIKELY IS IT THAT YOU WOULD RECOMMEND
Mod : 8

FUNDAGCAO INSTITUTO NACIONAL DE TELECOMUNICACOES
Code rate : 0,610491 (0,610491) SULNET PROVEDOR TO A FRIEND OR COLLEAGUE?
RX Data Througput (Mbps): ~0.277096 ‘ L e
RX SNR : 30.9917 [dB] (NMSE) (Based on Pilots = 36.03
RX Channel Condition Number: 50 [dB]
SSM Downlink=[15][1111]

Tofadvvobven g
paVtcatesederite
Q.leoociﬂitil@‘t\

wgesteonndontiobs
Y L LI LI,

AgLacasscrerpoed
NTIYYYTY LEL AL s

q
L

FundaGAo Instituto Nacional

De TelecomunicaGOes
125.00-126.00 .5 MBytes 122 Mbits/sec

126.00-127.00 .5 MBytes 122 Mbits/sec
127.00-128.00 .6 MBytes 122 Mbits/sec
128.00-129.00 .6 MBytes 122 Mbits/sec H
129.00-130.00 .5 MBytes 122 Mbits/sec Speedtest
130.00-131.00 .5 MBytes 122 Mbits/sec H
131.00-132.00 .5 MBytes 122 Mbits/sec MObIIe Apps
132.00-133.00 sec .6 MBytes 122 Mbits/sec

5] 133.00-133.73 sec .6 MBytes 122 Mbits/sec

[ ID] Interval Transfer Bandwidth ‘ ‘

[ 5] 0.00-133.73 sec 0.00 Bytes 0.00 bits/sec sender

L =1 0.00-133.73 sec 1.81 GBytes 116 Mbits/sec receiver
iperf3: interrupt - the server has terminated
root@inatelcrr-049540:~/src/gr-inatel5g_range# D

Having Internet Problems?

Realizacao de testes de laboratoriais ajustes e otimizagcdes considerando boas condi¢cdes de recepcao.
SNR de 31 dB e taxa util 120 Mbps.



Atividade 4 - Montagem e testes laboratoriais iniciais
dos transceptores e da rede prototipo

Centro de
Referéncia em
Radiocomunicacébes

Inatel - Brasil

Activities & ue_phy.py ter 17:22 | /INritsU 11/13/2024 11:56:39 am Save
inatel-crr@inatelcrr-049540: ~/src/gr-inatel5g_range
" abc
File Edit View Search Terminal Help
-ff 50 ./coreL2.0 tun® Ref Lvl . o P— S——
-60.0 dBm u.U abir def
[ Inatel J[ xG TVWS Transceptor ] [User Equipment] [ID= 1]
RX Data Total Througput (Mbps): ~6.56 [MacController] System entering STANDBY mode. n
SSM Downlink=[15][1111] Press + for MacStart, / for MacStop and * for MacConfigRequest #Input Atten ghi
[ RX Status PDU Type=0 ( ©=User Data / 8=BER PDU ) 0.0dB
Numerology [¢] | MIM DIVERSITY Press + for MacStart, / for MacStop and * for MacConfigRequest - T t T T j Kl
Mod : 2 | Code rate : 0,321429)
SNR RX : 10,968132 [dB] (MSE) | Ch. Cond. Number : 10 [dB] Detection
BER Downlink: 0.000e+060 last 10 s, 67.738 Mb x 8467200 Bytes [MacController] System entering CONFIG mode. RMS, 00 | T mno
BER - Downlink (confident) : 0.000e+00, previous 0.000e+00 Ue Phy
#RBW . | | |
. 10 kHz AU
[ Inatel J[ xG TVWS Transceptor ] [User Equipment] [I 1]
RX Data Total Througput (Mbps): ~6.96 Xgain T #VBW stu
SSM Downlink=[15][1111] 300 Hz
[ RX Status PDU Type=8 ( ©=User Data / 8=BER PDU ) - ® Ay r v g Y %
Numerology : © | MIMO : DIVERSITY ® Data 0 Sweep Time | VWX
Mod : 2 | Code rate : 0,375000) f c | |
SNR RX : 9,627668 [dB] (MSE) | Ch. Cond. Number : 10 [dB]
BER Downlink: 0.000e+00 last 20 s, 142.184 Mb x 17773056 Bytes
BER - Downlink (confident) : 0.000e+00, previous 0.000e+00 yz-_+
[ Inatel ][ xG TVWS Transceptor ] [User Equipment] [ID= 1] g
RX Data Total Througput (Mbps): ~6.56 ;
SSM Downlink=[15][1111] =
[ RX Status PDU Type=8 ( ©=User Data / 8=BER PDU ) 3 Back Space
| Numerology [¢] | MIMO DIVERSITY g, -0,
| Mod : 2 | Code rate : 0,375000) > Sweep
| SNR RX : 8,586975 [dB] (MSE) | Ch. Cond. Number : 10 [dB] ;
| BER Downlink: 0.000e+00 last 30 s, 209.922 Mb x 26240256 Bytes Continuous Change
| BER - Downlink (confident) : 0.000e+60, previous 0.000e+00 Save
Channel Power :
N —— Location
20.00-21.00 827 KBytes 6.77 Mbits/sec 3 ( el P g
21.00-22.00 1.63 MBytes 13.7 Mbits/sec Freq Ref % S5 . ch T
22.00-23.00 1.93 MBytes 16.2 Mbits/sec Int Std Accy 3.000 v =153 / ange Type
.00-24.00 1.45 MBytes 12.2 Mbits/sec
MBytes 12.2 Mbits/sec Setup/JPEG/...
Interval Transfer Bandwidth
0.00-24. sec 0.00 Bytes 0.00 bits/sec sender Amplitude Marker

0.00-24.00 sec 34.8 MBytes 12.2 Mbits/sec receiver
has terminated

: PWR Density:

: interrupt - the server has terminated
root@inatelcrr-049540:~/src/gr-inatel5g_range#

e &

* Realizacao de testes de laboratoriais ajustes e otimizacdes considerando condicdes ruins de recepcao.
SNR de 8 dB e taxa util 12 Mbps.



Atividade 4 - Montagem e testes laboratoriais iniciais
dos transceptores e da rede prototipo

Activities [ Terminal ~ qua 11:46e

Incident at:

File Edit View Search Terminal Help

Mod : 6 | Code rate : 0,887791)

SNR RX 28,867331 [dB] (MSE) Ch. Cond. Number 10 [dB] [ProtocolControl]
# 27/11 11:086:31

Centro de
Referéncia em

Inatel - Brasil Radiocomunicacoes

inatel-crr@inatelcrr: ~/srcfgr-inatelSg_range

Systen entering RECONFIG mode by MACC SDU received by UE.

inatel-crr@inatelcrr: ~

2t
“" File Edit View Search Terminal Help

[ Inatel ][ xG TVWS Transceptor ] [User Equipment] [ID= 1 top - 11:46:45 up 4 days, 18:00, 5 users, }oed average: 7,15, 7,59, 7,40
. ~ RX Data Total Througput (Mbps): -95.83 File Edit View Search Terminal Help Threads: 1539 total, 18 running, 1359 sleeping, © stopped, 0 zombie
Rea“za ao de tes eS de SSM Downlink=[15][1111] Lnatel-crr@tnatelerr:~$ sensors *Cpu(s): 16,0 us, 7,6 sy, ©,6 ni, 76,4 id, ©,0 wa, 6,0 hi, 0,0 si, ©,0 st
[ RX Status ]== 2sUs-15a-0000 KiB Mem : 32671144 total, 23720440 free, 3747048 used, 5203656 buff/cache
. . Numerology : @ | MIMO : DIVERSITY Adapter: ISA adapter KiB Swap: 2097148 total, 2097148 free, 0 used. 28237744 avail Mem
| b t d I Mod : 6 | Code rate 8,908879) cpu_fan: © RPM - - | S
aboratoriais € Onga SNR RX : 28,388025 [dB] (MSE) | Ch. Cond. Number : 10 I 3 MEN INE+
- . acpitz-virtual-0 -3¢ 0 95,9559 454052 262292 R 1,4 6447:46 gr uhd usrps
dura a0 para anallse # 27/11 11:11:24 Adapter: Virtual device 30 0 9,955g 454052 262292 S 3 1,4 2743:30 fft_filter_+
temp1: +27.8°C (crit = +185.8°C) -38 @ 9,955g 454852 262292 R 1,4 2620:50 fft_filter_+
-30 6 19,9559 454852 262292 S 1,4 2398:10@ skiphead26
d t b.I'd d d [ Inatel ][ xG TVWS Transceptor ] [User Equipment] [ID= 1coretemp-isa-0000 -30 0 19,9559 454052 262292 R 33,2 1,4 2253:19 python2
e eS a I I a e e RX Data Total Througput (Mbps): -98.69 Adapter: 1SA adapter -30 0 19,9559 454052 262292 R 32,9 1,4 2251:27 python2
SSM Downlink=[15][1111] Package id @: +78.8°C (high = +88.8°C, crit = +180.08°C) -36 0 19,9559 454052 262292 R 32,6 1,4 2203:08 phy_tx11
~ [ RX Status ]== Core ©: +65.8°C (high = +86.8°C, crit = +100.6°C) 14287 root -30 8 9,955g 454852 262292 S 27,6 1,4 1878:30 gr uhd usrp+
operagao. Numerology : 6 | MIMO : DIVERSITY Core 4: +70.0°C (high = +80.0°C, crit = +100.0°C) 14278 root -30 0 9,9559 454052 262292 5 27,3 1,4 1854:26 add_cc44
Mod : 6 | Code rate : ©,907091) Core 8: +67.0°C (high = +80.8°C, crit = +100.0°c) 14279 root =30 0 95,9559 454052 262292 R 23,0 1,4 1607:42 keep_n_in_n+
SNR RX : 28,863178 [dB] (MSE) | ch. Cond. Number : 18 Core 12: +63.0°C (high = +88.8°C, crit = +100.0°c) 14297 root -30 @ 9,955g 454852 262292 5 21,4 1,4 1492:10 cfo_rotator+
Core 18+ +65.0°C (high = +86.8°C, crit = +168.0°C) 14296 root -3@ 8 9,9559 454852 262292 S5 19,7 1,4 1335:10 Spectrum Se+
# 27/11 11:20:18 Core 20: +64.0°C (high = +80.0°C, crit = +100.0°C) 14298 root -30 0 9,9559 454052 262292 5 17,8 1,4 1229:07 frame_syncid
7 e Core 24: +63.8°C (high = +88.8°C, crit = +100.8°C) 14318 root 30 0 9,955g 454052 262292 S 17,8 1,4 1200:57 preambl0
o Ana“se de teperatu ra Coraioa: +65.8°C (high = +80.8°C. crit = +168.8°c) 14286 root -3 8 09,9559 454852 262292 5 15,5 1,4 1849:51 Credit gen2s
Core 32: +65.8°C (high = +86.8°C, crit = +188.6°C) 14292 root -30 B 9,9559 454852 262292 S 14,8 1,4 10822:25 add_ffa43
= : o Core 33: +65.0°C (high = +80.8°C. crit = +100.0°C) 14293 root -3¢0 0 9,955g 454052 262292 R 14,8 1,4 1015:41 peak_detect+
consumo de recursos Q.= Edit: View Search: Jerminal Heip Core 34: +65.0°C (high = +80.8°C, crit = +166.6°c) 14317 root 30 0 9,955g 454052 262292 S 14,1 1,4 942:57.98 phySgrange_+
2B852.08-2853.00 sec 11.3 MBytes 94.9 Mbits/sec . +6 s (hi = ° e e 14313 root -30 0 19,9559 454052 262292 R 13,5 1,4 .11 m_wavefo+
o"] y bits/ Core 35: 65.0°C (high = +88.8°C, crit = +100.8°C) 9 gfdm_wavef
53.08-2854.00 sec 11.4 MBytes 95.3 Mbits/sec 5 +59.8° - +80.8° ~ . 14315 root - ,9559 454852 262292 S 13,5 1,4 .32 phySgrange_+
. . | 2853.08-2854.08 11.4 MB 95.3 Mbi Core 36: 59.8°C  (high = +86.8°C, crit = +188.@°C) 14315 38 08 09,9559 454852 262292 5 13,5 a 32 phySgrang
ComputaCIOnaIS ao | 2854.00-2855.00 sec 11.4 MBytes 95.3 Mblts/sec Core 37 +59.0°C (high = +80.8°C. crit = +108.0°C) 14284 root -30 0 09,9559 454052 262292 5 12,8 1,4 .06 gfdm_wavefo+
| 2855.00-2856.00 sec 11.3 MBytes 94.9 Mbits/sec Core 38: +59.8°C (high = +80.6°C, crit = +108.8°c) 14283 root 30 0 9,955g 454052 262292 5 12,2 1,4 .95 gfdm_wavefo+
2856.08-2857.00 sec 11.4 MBytes 95.3 Mbits/sec 3 % . P s Ve . 14312 root -30 0 9,955g9 4540852 262 R 11,8 1,4 2 gfdm_wavefo+
. bits/ Core 39: 59.8°C (high = +88.8°C, crit = +188.0°c) 14 9 2 262292 8 02 gfd f
|On (o) de dlas | 2857.08-2858.08 sec 11.3 MBytes 94.9 Mbits/sec Cora A6 +58.0°C (high = +86.8°C, crit = +180.8°C) 14266 root -3@ B8 9,9559 454852 262292 S 18,9 1,4 .76 pdecoder_2
58.00-2859.00 sec .4 MBytes ¥ ts/sec . 41: 3 - Chi - B it = . roo r » A corel2.0
g | 2858.00-2859.00 11.4 MB 95.3 Mbits/ Core 41: 58.0°C (high = +80.0°C, crit = +100.0°C) 14246 root t O 256032 6780 3464 R 10,9 0,0 59 L2
. 60. sec .4 ytes .3 Mbits/sec 2: s . i = +80.8° it = +100.0° r reot ,955g 262292 S .5 » .40 pdecoder_
~ ] 2859.00-2860.00 11.4 MB 95.3 Mbits/ Coce A5% 58.8°C (high 80.8°C. crit 100.8°C) 14265 30 0 9,9559 454052 262292 S 10 1,4 0 pdecoder_1
de O era ao | 2860.00-2861.88 sec 11.3 MBytes 94.9 Mbits/sec Core 43: +58.8°C (high = +86.8°C, crit = +108.8°c) 14274 root -30 8 9,955g 454852 262292 5 18,5 1,4 .34 pdecoder_2
p g . | 2861.00-2862.88 sec 11.4 MBytes 95.3 Mblts/sec Core 44" +58.8°C (high = +86.8°C, crit = +180.6°C) 14264 root -3@ 6 9,9559 454852 262292 S 18,2 1,4 .97 pdecoder_6
| 2862.00-2863.00 sec 11.3 MBytes 94.9 Mbits/sec Core 45: +58.8°C (high = +80.8°C, crit = +106.0°C) 14272 root -30 0 9,9559 454052 262292 S 10,2 1,4 .72 pdecoder @
| 2863.00-2864.00 sec 11.4 MBytes 95.6 Mbits/sec Core 46: +58.0°C (high = +80.8°C, crit = +1080.6°C) 14273 root 30 0 9,955g 454052 262292 S 10,2 1.4 .34 pdecoder_1
] 2864.00-2865.00 sec 11.3 MBytes 95.0 Mbits/sec Core 47: +58.8°C (high = +80.8°C, crit = +18@.0°c) 14295 root -30 8 9,955g 454852 262292 5 18,2 1,4 .66 triggered_b+
| 2865.08-2866.08 sec 11.3 MBytes 94.9 Mbits/sec 2 14289 root -38 © 9,955 454852 262292 R 9,5 1,4 97 complex_to_+
| 2866.00-2867.00 sec 11.4 MBytes 5.3 Mbits/sec tas L ai (- 14291 root -30 0 9,9559 454052 262292 S 9,5 1,4 .03 complex to +
inatel-crr@inatelcrr:~§
| 2867.00-2868.00 sec 11.3 MBytes 94.9 Mbits/sec " 14269 root -30 0 9,955g 454052 262292 R 5,9 1,4 56 1lr_thrdo
] 2868.00-2869.00 sec 11.4 MBytes 95.3 Mbits/sec 142706 root -30 0 19,9559 454052 262292 R 5,9 1,4 B7 1lr_thrd1
| 2869.68-2870.08 sec 11.4 MBytes 95.3 Mbits/sec /net.ipva.ip forward=1/g' Jetc/sysctl.c(14262 root -3@ B8 9,9559 454852 262292 S 5,6 1,4 .96 11lr_thrd1
| 2876.00-2871.68 sec 11.3 MBytes 94.8 Mbits/sec £ 14263 root -3@ 0 9,955Q 454852 262292 5 5,6 1,4 .50 Llr_thrd2
] 2671.00-2872.00 sec 11.4 MBytes 95.3 Mbits/sec 14271 root -30 0 9,955g 454052 262292 R 5,6 1,4 357:09.42 llr_thrd2
] 2872.06-2873.08 sec 11.3 MBytes 94.8 Mbits/sec r.service 14285 root -306 0 19,9559 454052 262292 R 5,6 1,4 369:39.71 cfo_rotator+
| 2873.08-2874.08 sec 11.4 MBytes 95.3 Mbits/sec 14286 root -30 0 9,955g 454052 262292 R 5,6 1,4 377:27.20 frame_multi+
e&e | 2874.00-2875.00 sec 11.4 MBytes 5.3 Mbits/sec




Atividades 5,6 e 7 — Integracao da rede de acesso com base de

Centro de

dados de TVWS e mecanismos de identificacao de uso indevido do m Referéncia em

espectro

Objetivos gerais (atividades 5,6 e 7):

/ - Integracao da BS com a base de dados para obtengﬁh
de informagoes de alocagao de canal

- Concepg¢ao de mecanismos e protocolo envio de
informacgdes do Sensoriamento para base de dados

- Concepg¢ao de mecanismos e protocolo envio
de alerta para Anatel em caso de uso indevido do

Inatel - Brasil Radiocomunicacoes

Informacgoes do

/ Sensoriamento Espectral

K espectro

Base de dados de
TVWS

Spectrum
Sensing

)

Er/\
v
Spectrum
Sensing

Spectrum
Sensing

Protocol to Access White-Space (PAWS)



Integracao da rede com base de dados de TVWS

Centro de
Referéncia em
Radiocomunicacébes

Radio Interfacs

Initial Settings | UE 1 Settings | Network | Tests | Identification Database]Actions

Inatel - Brasil

~AUTO MODE: Frequency Parameters (Primary Option)

Low Frequency (LF) Band Selection

High Frequency (HF) Band Selection

LF Channel: HF Channel:

LF Initial Frequency (Hz): HF Initial Frequency (Hz):
LF Final Frequency (Hz): HF Final Frequency (Hz):
LF Bandwidth (Hz): HF Bandwidth (Hz):

LF Power (dBm): HF Power (dBm):

~AUTO MODE: Frequency Parameters (Information of Secondary Option)

~Low Frequency (LF) Band Selection

- ~High Frequency (HF) Band Selection

~MANUAL MODE: Frequency Parameters

~Low Frequency (LF) Band Selection

- ~High Frequency (HF) Band Selection

LF Channel: HF Channel:

LF Initial Frequency (Hz): HF Initial Frequency (Hz):
LF Final Frequency (Hz): HF Final Frequency (Hz):
LF Bandwidth (Hz): HF Bandwidth (Hz):

LF Power (dBm): HF Power (dBm): 38 ]

LF Channel: HF Channel:
LF Initial Frequency (Hz): HF Initial Frequency (Hz):
LF Final Frequency (Hz): HF Final Frequency (Hz):
LF Bandwidth (Hz): HF Bandwidth (Hz):

LF Power (dBm): HF Power (dBm): Etapas de

processamento
do radio/transceptor

Arquivos de
configuracdes e
scripts

__Etapas de integracao
com a base de dados

Software
Radio Interface

Banco de dados
de TVWS

MAC :
(enlace) !
|

BS da rede de acesso

Mensagem via
Protocolo PAWS



Atividades 5,6 e 7 Centro de
. sy Refe_réncia em
Integracao pratica da rede de acesso com base de dados de TVWS inatel - Brasi] | Radiocomunicacdes

Activities [ Tk ~

*) File Edit View Search Terminal Help

Numerology : ©

MIMO : DIVERSITY

Mod : 6

Code rate : 0,647619 (0,647619)

qua 19:41e
Terminal
Radio Interface (YooY ~)

o N " T - , 0ld MCS=23 averageMCS_u8=2
Initial Settings | UE 1 Settings | Network | Tests | Identification | Database | Actions |

~AUTO MODE: Frequency Parameters (Primary Option) Spectrum Sensing M

RX Data Througput (Mbps): ~0.14353

Interface

de comunicacao
com base de dados
integrada
a BS

Sensoriamento
espectral da
UE e BS

RX SNR : 30.8193 [dB] (NMSE)
RX Channel Condition Number: 42 [dB]
SSM  Uplink=[15] [1111]
SSM Downlink=[15] [1111]

[6G TVWS Transceptor]=
[Base Station]
rol 5 G

RX Channel Condition Number: 42 [dB]
SSM  Uplink=[15] [1111]
SSM Downlink=[15] [1111]

[6G TVWS Transceptor]=
[Base Station]

ogy : 0

DIVERSITY

H )

Code rate : 0,647619 (0,647619)
RX Data Througput (Mbps): ~0.136947
RX SNR : 30.7743 [dB] (NMSE)
RX Channel Condition Number: 42 [dB]
SSM  Uplink=[15] [1111]
SSM Downlink=[15] [1111]

.00-124.
.00-125.
.00-126.
.00-127.
.00-128.
.00-129.
.00-130.
.00-131.
.00-132.
.00-133.
.00-133.

MBytes 120 Mbits/sec
MBytes 122 Mbits/sec
MBytes 122 Mbits/sec
MBytes 122 Mbits/sec
MBytes 123 Mbits/sec
MBytes 122 Mbits/sec
MBytes 122 Mbits/sec
MBytes 121 Mbits/sec
MBytes 122 Mbits/sec
MBytes 123 Mbits/sec
MBytes 123 Mbits/sec

ro oAU UBUNNN

Bandwidth
117 Mbits/sec
0.00 bits/sec
iperf3: error - the server has terminated
root@inatelcrr-49540:~/src/radio_interface# D

Transfer
1.81 GBytes
0.00 Bytes

Interval
0.00-133.00
0.00-133.00 sec

[N -NoNoNoNoNoNoNoNoNo)

(Based on Pilots = 31.1546 [dB])

(Based on Pilots = 31.7279 [dB])

WWwWwwwwwwwww

MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes
MBytes

sender
receiver

Low Frequency (LF) Band Selection

LF Channel: [27-30
LF Initial Frequency (Hz): |548000000
LF Final Frequency (Hz): |572000000
LF Bandwidth (Hz): |24000000

LF Power (dBm):

N ] [O] @] N
~

AUTO MODE: Frequency Parameters (Information of Secondary Option)

rLow Frequency (LF) Band Selection
LF Channel: |21-21

LF Initial Frequency (Hz): [512000000

LF Final Frequency (Hz): (518000000
LF Bandwidth (Hz): |6000000

LF Power (dBm):

N~ [@] [ @] [~
=

High Frequency (HF) Band Selection

HF Channel: [46-49
HF Initial Frequency (Hz): |662000000
HF Final Frequency (Hz): |686000000
HF Bandwidth (Hz): 24000000

HF Power (dBm):

N ] [@] [@] [
~

High Frequency (HF) Band Selection

HF Channel: [40-41
HF Initial Frequency (Hz): [626000000
HF Final Frequency (Hz): |638000000
HF Bandwidth (Hz): 2000000

HF Power (dBm):

N~ =] [@] @] &
<

ANUAL MODE: Frequency Parameters
rLow Frequency (LF) Band Selection

LF Channel:

LF Initial Frequency (Hz): |542000000

LF Final Frequency (Hz): (566000000

LF Bandwidth (Hz): (24000000

w N w w N
© @
N
o

LF Power (dBm):

High Frequency (HF) Band Selection
HF Channel:

HF Initial Frequency (Hz): |656000000
HF Final Frequency (Hz): |680000000

HF Bandwidth (Hz): 24000000

[ N = [=]) )
® @
S
©

HF Power (dBm):

< AY

Tx Link Filtering—| ey S N NPV IN T} S 4

From:

Up to:

B, Old MCS=22 averageMCS_u8=2

= 15 x New FLUT= 15




Atividades 5,6 e 7

Estudo e aprimoramento de técnicas de sensoriamento espectral

Inatel - Brasil

Sensoriamento Espectral - Ferramenta para teste e avaliacao de técnica de sensoriamento Espectral

Options
1D: top_block
Generate Options: QT GUI

Variable
1D: samp_rate
Value: 38.4M

Adjust the signal brandwitdh
Possible combinations for

1) 38.4e6%(1.0/2) -
2) 38.4e6%(1.0/3) -
3) 38.4e6%(1.0/4) -
4) 38.4e6*(1.0/5) -
5) 38.4e6%(1.0/6) -

P,

Variable

ID: bw
Value: 18M

Adjust the signal brandwitdh

samp_rate

Function Probe
1D: function_probe

Block ID: probe_signal
Function Name: level
Poll Rate (Hz): 1

Python Mod

Frequency Sweeper

Positive Detections: 0
Negative Detections: 45

Centro de
Referéncia em
Radiocomunicacébes

Variable
1D: frequ
Value: 54M

Variable
1D: freq_change freq

QT GUI Range
1D: threshold
Label: Threshold

QT GUI Rang
1D: frequency sli
Label: UHF Chan

p_rate*(1.0/4) (19.2/4.8)M
p_rate*(1.0/2.5) (12.8/5.12)M
rate*

p_rate
mp_rate*(1.0/1.25) (6.4/5.12)M

Status: 1 (1 =Free, 0= Occupied)

rate and bw.

Default Value: 5 Default Value: |
start: 0 Start: 5aM
Stop: 10 Stop: 890M
Step: 1 Step: 6M

Probe Signal

QT GUI Label

1D: fi
—— Ity
Sample Rate (sps): 38.4M e ,;,,M

Cho: Frequency (Hz): 54M [LooTAaT

ChO: Freq. Corr. (ppm): 0
ChO: DC Offset Mode: Off
ChO: 1Q Balance Mode: Off
ChO: Gain Mode: Manual
ChO: RF Gain (dB): 0

ChO: IF Gain (dB): 0

ChO: BB Gain (dB): 5

ChO: Bandwidth (Hz): 18M

QT GUI Frequency Sink
FFT Size: 2.048k

Center Frequency (Hz): 54M
Bandwidth (Hz): 18M

Downconverter to fool the blf
the central frequency

Spectrum Sensing
Threshold: 5
Debug: 0

Ignore Samples: 5k
Frequency: 54M

B4

Good threshold: 5

Channel Number: 51

Positive Detections: 24
Negative Detections: 23

Status: 0 (1 =Free, 0 = Occupied)

Final Decision for Channel 51

QCoreApplication::sendPostedEvents: Cannot send posted events for objects in another thread

Frequency: 698.0M

Threshold

RF GAIN -

BB Gain -

Relative Gain (dB)

UHF Channel

5.0

RX [dB]

RX [dB]

W Data 0

| MWWWWWWM%WWWWWWWM

T T
690.000 695.000

T
700.000
Frequency (MHz)

T
705.000

bbgain_rx <Open Properties>
bw 18e6

freq_chang 1
frequ

frequency <Open Properties>
frequency_ <Open Properties>
function_p <Open Properties>

rfgain_rx

<amn rate 3R 4eh

freq_sweeper.sweeper(function_probe)

<Open Properties>

740000000 |5

I EEEEEEREES



Obrigado!

http://www.inatel.br
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