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Scenario 2: Bluetooth Mesh Flooding

Relay node

End node

Failed node

Source - Destination pair (1, 7}
Source - Destination pair (13, 29}

Path from Source to Destination (13, 29): 13, 30, 45, 34, 28, 36, 44, 29
Path from Source to Destination (1, 7): 1, 46, 19, 4, 8, 20, 37,45, 34,23, 7
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X-position (meters)
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Bluetooth Mesh Stack over Advertising Bearer

| | Bluetooth Mesh stack

Application (App)
Model layer
Generic ;
Generic Access Profile  Affribute Profile Foundation model layer
(GAP) (GATT) . —

Upper transport layer

Lower transport layer

Eealt=cl

= = = = Host Controller Interface (HCl) = = = =

Network layer

Advertising bearer (Bearer layer)

m




4\ MathWorks

5G LU LTE

36.XXX _LTE-M
_NB-loT

@qumm _Public safety
Ite

_Spectrum sharing

38.xxx _eMBB
W — _URLCC

_NR C-V2X

MATLABH7R— k 3GPP Rel. 15, December 2019




Chatlenrges-
56 Toolbox

4\ MathWorks

E

X + 7+

Ttz FA CE®R T R b B & OIREE
% YRAR

5G Toolbox TEBEB®DIBYI|ZT7 4+ —H X7\



G DWW T

5G New Radio (NR) ORI DS

DWW TSHB A EE

mETH

4\ MathWorks

About the Series
The video outlines the main goals of the
introduces the basic configuration of 5G

Introduction to 5G NR PHY

Learn about use cases, requirements, s|
between 5G New Radio (NR) and LTE,
for 5G NR. You'll also learn about frequg
and FR2.

5G Waveforms, Frame Structure, and N
Explore the basics behind 5G NR wavef]
numerology. This video also explains hol
help reduce power consumption.

Downlink Data in 5G NR

Learn about downlink data transmission
downlink shared channel chain, which i
mapping, resource element allocation fd
PDSCH mapping, and precoding.

https://jp.mathworks.com/videos/series/5g-explained.html
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Uplink Data in 5G NR
Learn about uplink data transmissior|
includes elements already found in t
chain including LDPC coding, modul
the two types of PUSCH mapping, a

Downlink Control Information in 5G N
Learn about downlink control infarmg
including its content, enceding, mody
New Radio slot via the PDCCH or ph
channel.

CORESET and PDCCH in 5G NR

Learn about CORESETs, to which th
channel (FDCCH) gets mapped. Theg
and PDCCH using an interactive exd
spaces simplify confrol information d

Uplink Contral Information in 5G NR.
Learn about uplink contral informatig)
including its content, encoding, mody
New Radio slot via the PUCCH or ph

(= 15:59

* =

Demodulation Reference Signals in 5G NR

Learn about demodulation reference signals (DMRS) in 5G New
Radio, including their use in channel estimation and the different
configurations for signal and multi-user MIMO.

Synchronization Signal Blocks in 5G NR

Learn about the synchronization signal block (55B) in 5G New
Radio (NR), which is comprised of the primary and secondary
synchronization signals and the broadcast channel. You'll also learn
about its role in synchronization.

Initial Acquisition Procedures in 5G NR

Learn about initial acquisition procedures, including cell search
based on the synchronization signal block (S5B), extraction of the
master information block (MIB), and the random access procedure.

Signals for Channel Sounding in 5G NR

Learn about the signals in 5G New Radio (NR) that enable channel
sounding. Those signals include the channel state information
reference signals (CSI-R5) on the downlink and sounding reference
signals (SRES) on the uplink.
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NewRadioPDSCHThroughputExample.m
391 — end
392

393 M mod 1 i

394 = txWaveform = hOFDMModulate (gnb, pdschGrid);

395

396 id t ippropriat t Y f SS burst wa f
397 1 w

398 — Nt = size(txWaveform,1);

399 — txWaveform = txWaveform + ssbWaveform(ssbSampleIndex + (0:Nt-1),:);
400 — ssbSampleIndex = mod(ssbSampleIndex + Nt,size (ssbWaveform,1)):

401

402

403

404

405 f 1 i i and  ix 1

406 ing lepe ng t samg ] rate,

407 f

408 — txWaveform = [txWaveform; zeros (maxChDelay, size (txWaveform,2))];
409 — [rxWaveform, pathGains, sampleTimes] = channel (txWaveform) ;

410

411 i AWGN h i i i wavef

412 € £ iccount f 1M} ng rate,

413 1 n f 1 F1 i 1 M i 1 1. g

414 § iv ant 1 ) -4) .

415 — SNR = 107 (SNRAB/20) ; ; 1t i ja

416 — NO = 1/ (sqrt(2.0*nRxAnts*double (waveformInfo.Nfft)) *SNR) ;

417 - noise
418 rxWaveform = rxWaveform + noise;
419

420

421

= NO*complex (randn (size (rxWaveform)), randn(size (rxWaveform)));
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decoding

Channel
estimation

(8x2) / NDLRB=51/ SCS=30kHz

CP-OFDM

demod

Throughput (%)

SNR (dB)

Channel model:
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Communications Toolbox
-7 —=ZR—ErDIE R Design and simulate the physical layer of communications
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CP-OFDM /{ NRB=52 | SCS=15kHz /| QPSK 193/1024 [ 1x2 B .
100 : . : o0 O—KFIXEdita[gE
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P
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¥ % Practical channel estimation bfgtween the received grid and
70T F 7 £ sach transmission layer, usi e PUSCH DM-RS for esach layer
= FB [~,dmrsLayerIndices, dmrsLaysers 1s] = hPUSCHResources (us, setfield (pusch, '
%’ 60 - ;"‘ i [estChannelGrid, noiseEst] = mrashCis=als = asliEiesl (rxGrid, dmrsLlayerIndices, dmrsl
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Impl.-specific
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Channel model: CP-OFDM Channel PUSCH UL-SCH
CDL or TDL demod estimation decoding decoding
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— ] File Edit View Insert Tools Desktop Window Hel
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Power levels have been modified to improve visualization
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¥ Test Model (NR-TM)

Subcarrier spacing (kHz):
Duplex mode:

¥ Filtering Configuration

Frequency range: FR1(450 MHz - .

Testmodel: NR-FR1-TM1.1 . v
NR-FR1-TM1.1 (Full band, uniform QPSK)

Channel bandwidth (MH2): [NR-FR1-TM12 (Fullband, boosted QPSK & deboosted QPSK)
NR-FR1-TM2  (Single PRB, 64QAM)
NR-FR1-TM2a (Single PRB, 256QAM)
NR-FR1-TM3.1 (Full band, uniform 64QAM)
NR-FR1-TM3.1a (Full band, uniform 256QAM)
NR-FR1-TM3.2 (Full band, deboosted 16QAM & boosted QPSK)
NR-FR1-TM3.3 (Full band, deboosted QPSK & boosted 16QAM)

‘w |I" qu '.

Filtering: ‘Custom

Oversampling factor:

Filter numerator: [-0.0026 0.0036 -0.00€

Stopped

Resource Grid
BWP 1 in Carrier (SCS=15kHz). PDSCH, PDCCH and CORESET locati

200
180

I sS Burst
160
140
120

100

Carrier RB

80
60
40
20

. s
50 100 150 200 250
Symbols

Completed generation of Test Models (NR-TM) waveform.

Wﬂn\w'ﬂ ,\’ﬂmll"v'ﬂ"\'"’w I‘ s {M%, .',” H 'y{[u“'

4\ Wireless Waveform Generator - Waveform - O X
GENERATOR TRANSMITTER a4 et ®@®e
Il r . - Impairments o
= ,J | H 56 56 56 P V A 4
Visualize ¥
New Open Save Downlink  Uplink FRC  |Test Models (| Generate  Export
Session Session ¥ Session ¥ FRC NR-TM) Default Layout -
FILE WAVEFORM TYPE GENERATION EXPORT
| Waveform | Spectrum Analyzer

( J,' mm
i

RBW=60 kHz \Sample rate=61.44 MHz T=0.014743

Channel View

40MHz channel,

NRB=216, SCS=15kHz

— ——— Channel edges
Guardband edges
== === Point A

K

fo

-20 -15 10 -5

0 5 10 15 20

Frequency (MHz)
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Instrument Control Toolbox : RFE5HREE=H HEFSH T

rf = rfsiggen();

- YiR—bFSNTWBRFE

GUIELD bR Z ICESERD

SHRE R

4\ Wireless Waveform Generator - Transmitter - O X
TRANSMITTER T

Find Transmit
Instrument
INSTRUMENT

B4 BE9eE®e

_[ Transmitter l

| Spectrum Analyzer |

¥ Instrument

Tnterface: TGP/IP

¥ Signal Conditioning & Transmission

Center frequency (GHz): (2412
Qutput power (dBm}: |0

Bageband zample rate 122880000
Thterpolation factor: |1

Qutput sample rate (Hz}: 122880000

[ Tukey windowing

Fik

| Resource Grid |

[T
PDCCH
PDSCH

Carrier RB

100 200 300 400 500

Me instruments found

Symbols

REW=120 kHz | H23L L—F=12288 MHz | T=00093

| Channel View |
in Carrier (SCS=60kHz). PDSCH, PDCGH and CORESE

100MHz channel, NRB=135, SCS=60kHz

| — — — Channel edges

I e Guardband edges

(N R Point A
e

| o

T it fu

1 : |

I |

I |

I |

I : I

U : I

| ; [

| |

| H I

50 i 50

Frequency (MHz)

rf.drivers

g =
‘Driver: AgRfSigGen SCPI
Supported Models:
E4428C, E4438C
Driver: RsRfSigGen SCPI
Supported Models:
SMW2eas, SMBV1esA, sSMU2084, SMI1@es, AMUZERA, SMATEZOQA
Driver: AgRfSigGen
Supported Models:
E4428C, E4438C,N51814,N5182A,M5185A,N51716,N51816,N51726
N51828,N51738,N51836,E52414 ,E8244A , EB251A,E8254A,EB247C
RF Signal Generation RF Signal Capture
Instruments Instruments
= 1) ¢ =
i "ﬁm__?ij |/ e | llllri]

Generation /

3 \h d Waveform Analysis
& MATLAB
\1\
Supported SDR
commumcahons Transmitters

Supported SDR Communications
Systemn Toolbox™
System Toolbox™ \, (i Receivers
) s 1
S NS
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5G NR-TM and FRC Waveform Generation Pt

This example shows how to generate standard-compliant 3G MR test models {Nﬁ—TMs} and
downlink fixed reference channels (FRCs) for frequency range 1 (FR']}a’ﬁ& FR2. For the NR-TIM and
FRC waveform generation, you can specify the NR-TM or FRC,name the channel bandwidth, the
subcarrier spacing, and the duplexing mode.

% Select the NR-TM or FRC waveﬁaﬁﬁ'parameters

nrref = [NRJ?%FTMEE (.. v]; % Model name and properties

b = [10MHz (FR1) ~ ] %.channel bandwidth

5CS = [15kH2{FR1} ~|; % SdEEEﬂEi?P spacing

dm = |FDD ~|; % Duplexing\ﬁﬁde\\

ncellid = (1 ~); % NcellID

S = [V152ﬂ v]; % TS 38.141-x version {NR:}H\enlx}

% Run this entire section to generate the required waveform B

Generate

% Create generator object for the above reference model
refuwavegen = hNRReferencelaveformGenerator({nrref,bw,scs,dm,ncellid,sv)

#% Generate waveform
[refwaveform, refwaveinfo] = generatellaveform{refwavegen);

MR-FR1-TM3.2 (.. v;; % Model name and propert:

NR-FR1-TM1.1  (Full balﬂ%,uniform QPSK)

NR-FR1-TM1.2 (Full band,boosted QPSK & deboosted QPSK)
NR-FR1-TM2 (Single PRB, 64QAM)

NR-FR1-TM2a (Single PRE 2560AM)

NR-FR1-TM3.1  (Full band,uniform 64CAM)

NR-FR1-TM3.1a (Full band,uniform 2560QAM)

NR-FR1-TM3.2 (Full band,deboosted 160AM & boosted QPSK)
NR-FR1-TM3.3 (Full band,deboosted QPSK & boosted 16CAM)
NR-FR2-TM1.1  (Full band,uniform QPSK,PT-RS)

NR-FR2-TM2 (Single PRE, 640AM PT-RS)

NR-FR2-TM3.1  (Full band,uniform 640AM, PT-RS)
DL-FRC-FR1-QPSK  (Full band, coded QPSK)
DL-FRC-FR1-64AM (Full band, coded 16QAM)
DL-FRC-FR1-2560QAM (Full band, coded 256C:AM)
DL-FRC-FR2-QPSK  (Full band, coded QPSK)
DL-FRC-FR2-162AM (Full band, coded 16QAM)
DL-FRC-FR2-642AM (Full band,coded 640AM PT-RS)

Carrier RB

I PoSCH
[ CORESET
BN S Burst

‘ MathWorks:

>CH and CORESET location

PDCCH

120 140



5G NR X7 >V > ACLR f##f

% Select the NR-TM waveform parameters

nrtm = [NR-FR1-TM1.1 (.. =+ |; & NR-TM name and properties
bw = | 20MHz (FR1) * |; % Channel bandwidth

scs = |15kHz (FR1) ~|; % Subcarrier spacing

dm = |FDD * |; % Duplexing mode

% Create generator object for the above NR-TM
tmwavegen = hNRReferenceWaveformGenerator{nrtm,bw,scs,dm);

# Generate waveform
[tmwaveform,tmwaveinfo] = generateWaveform{tmwavegen);
samplingrate = tmwaveinfo.Info.SamplingRate; & Waveform sampling rate (Hz)

#% Visualize the associated PRB and subcarrier resource grids
displayResourceGrid(tmwavegen);

% Apply required oversampling
resampled = resample(filtWaveform,aclr.OSR,1);

% Calculate NR ACLR
aclr = hACLRMeasurementNR (aclr,resampled);

Normalized Power (dB)

90

80

7o

G0

50

40

Adjacent Channel Leakage Ratio (dB)

NR Spectrum (not Filtered)

2 -1

e

[ Iadjacent channels

-40 -20 o 20 40 60
Frequency (MHz)

NR Adjacent Channel Leakage Ratio (not Filtered)

Minimum required ACLR|

78.1dB 79.6 dB

41.7 dB 40.0 dB

-2 -1 0 1 2
Adjacent Channel Offset

without filter

E

MNormalized Power (dB)

-1

dB)
z

Adjacent Channel Leakage Ratio (

50T

00

50 b

4\ MathWorks

NR Spectrum (Filtered)

2 -1

Wit

[ ladjacent channels

-60

=]
=]

-
=
T

[=2]
=1

wn
=]
T

-40 -20 o 20 40 60
Frequency (MHz)

NR Adjacent Channel Leakage Ratio (Filtered)

Minimum reqguired ACLR |

782 dB 79.6 dB

71.7dB 71.7dB

.
=

[
=]
T

[a&
=

-
=
T

=]

2 -1 0 1 2
Adjacent Channel Offset

with filter
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EVM vs OFDM symbol

— ] rms EVM
X ~ peak EVM
impairments S 10p5N ]
w hw.&wuuuuwuhdwwuuu,‘ﬂu
NR-TM Phase Non- . . OFDM Channel . 0
. . ; : Synchronization : - Equalization g3V 0 50 100 150 200 250 300
generation noise linearity demodulation estimation Symbol number
EVM vs slot
20F : : : - .
- Equalized symbols . : (g RN SR e B s = - L :)rz:kEI;/\’;AM
08 ’# ” * ‘ S 10+ Tt -
S
04 Lu |
. Phase nuise model ‘ o ‘ i nDnIinelarity impf;irment ‘ . o ' ‘ ‘ & 0 | | .
Linear characieristic H , 0 5 10 15 20
o0} Sl Rapp nonlinearity z N Slot number
sy N - » w EVM vs subcarrier
S0 g—w 04 _ 20F T . T K T . T T ] ms EVM
15+ - 06 : S : . . : . H . e
e 115 Toast * ‘ .* * > el -.. o e Lo s, : max EVM
E -120 1 §_ ° ‘?cs 06 04 02 0 02 04 06 08 = 101 R "P’”“’- iRy ~0‘;::~: ' l'"-\’p'. . (4
- > b A . &8 _Jd',‘
A5 E‘! -20 In-Phase w ! . f
ol 3 N 0 . . . . .
h 0 50 100 150 200 250 300
-135 .
0l Subcarrier number
140 [
-145 L L L L L L
10° 10t 10° 106 10’ s -30 25 20 15 10 5 0

Frequency offset (Hz) Input power (dBW)
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%% Create generator object for NR-TM/PDSCH FRC reference model
wavegen = hNRReferenceWaveformGenerator (dlnrref,bw, scs,dm,ncellid, sv);
%% Generate Waveform
[

dlrefwaveform, ~,~] = generateWaveform(wavegen) ;
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$% Configure and connect to the signal generator

rf = rfsiggen;

rf.Resource = "TCPIP0::172.28.21.217::inst0::INSTR"';
rf.Driver = 'AgRfSigGen';

connect (rf);

reset (rf);

%% Download the waveform and loop

download (rf, transpose (txWaveform) , sampleRate) ;

centerFrequency = 5.26e9;

outputPower = 0;

loopCount = Inf;

start (rf, centerFrequency, outputPower, loopCount) ;
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Modeling and Testing an NR RF Transmitter
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RF Data Converter (mask) (link)

Provide RF data path interfaces to hardware logic.

The block accepts 16-bit samples packed into 16, 32, 64, or 128 bits
through dacxData ports and outputs a vector of N samples through
dacx ports. The block accepts a vector of N samples through adcx ports
and outputs 16-bit samples packed into 16, 32, 64, or 128 bits through
adcxData ports based on the N value. N indicates the number of
samples per clock cycle and the possible values of x range from 1 to 8.
The block supports a maximum of eight ADC and eight DAC data paths
connecting to the hardware logic.

Set the RF interface parameter to select the required number of DACs
and ADCs. In the DAC tab, set DAC parameters and in the ADC tab, set
ADC parameters.
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Video and Webinar Series Search Vide

5G TOOIbOX %E-n/\o—:/\\ Videos Home = Search
5G Explained

The video series explains key concepts behind the 5G New Radio (NR) physical layer
standard. You will learn about the requirements and use cases of 5G and the resulting

& — HE differences between the 5G and LTE standards. Each video offers a deep dive into the
5G TOOI box t ] 7' % éé.&"“ technologies and concepts behind 5G NR, including 5G waveforms, frame structure and
numerology, downlink and uplink data, Control Resource Sets (CORESETs), demodulation

reference symbols (DMRS), synchronization signal blocks (SSB), Cell Search and RACH
procedures, and channel estimation.

5G Explained” > V) — X% &85

Introduction to 5G NR PHY
E Learn about use cases, requirements, some of the main differences
=" between 5G New Radio (NR) and LTE, and deployment scenarios

o o > S N e e for 5G NR. You'll also learn about frequency ranges for 5G NR, FR1
'j‘l7’f I\’\ /N "a':ﬂ'7/|:| I\ and FR2.

5G Waveforms, Frame Structure, and Numerology
o | Explore the basics behind 5G NR waveforms, frame structure, and
numerology. This video also explains how adaptive bandwidth parts
help reduce power consumption.

https://ip.mathworks.com/videos/series/5g-explained.html
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