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1. V:-D=p,
2. V:-B=0
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4. VxH E +J A mathematical theory of communication
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1G

1981

AMPS

*Analog
*2.4kbps
*Voice only
*Cells

HUAWEI TECHNOLOGIES Co., Ltd.

2G

1992

GSM

*Digital Standard
*9.6kbps~384kbps
*Design for Voice
*Basic data service

M1GEI5G

3G 4G

2001 2007

WCDMA LTE
*14.4Mbps~100Mbps+ *150Mbps~1Gbps

*Design for Voice with *Design for data
data service *MBB
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5G

Usage scenarios of IMT for 2020 and beyond
Enhanced mobile broadband

Gigabytes ina second 1.

3D video, UHD screens
; Work and play in the cloud
; Augmented reality
; |' Industry automation

Smart home/building

Muission critical application

I Self driving car

Ultra-reliable and low latency
communications

Smart city

Massive machine type
communications

User experienced
Peak data rate data rate

(Gbit/s) (Mbit/s)

Area traffic
capacity
(Mbit/s/mi ) g

Spectrum
efficiency

Network
energy efficiency

Mobility
(km/h)

Connection density Latency
(devices/km ) (ms)

Source: ITU-RM.2083-0
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1. V-D=p, Transceiver/Power Amplifier/Antenna
2. V-B=0
3. VxE——E;—B S
a])t R P A T T > il
4. VxH=-—+] Power/Noise/Linearity ...
C ~ B ® n ® |Og 2(1+ N) S ] MRS le—| TASHISE |e— LNA < Giisti]
BE BB SR Lt Bandwidth
Integration/Cost/Green
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w Demodulatdr Ii _I_% Antenna
’ '?RFLO' ﬂ ?": . Q _\ Q |DDC |::| FIR |:: \i/ ~ A . _—
n _.?» I\ R » ?_; i< L == o A Cona

Q Q Filter Converter, 'PeEsSOF

RFLO IFLO
Ideal SDR

Software Radio: Moore laws vs Non-Moore laws:
*Perfect |
*Programmable — ("“)“"
*Cost and area reduction i .
*Use techniques which analog can't do | -y
*Multi-mode, Multi-standard, Multi-carrier |

gous to Moore’s law.

1.1kg —=> 0.1kg
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MRS AT GSM CDMAUMTS LTE...
Array
LW A > zEES
Wideband PA/LNA > I
USRI IE 3 bS53
Wideband RF Conversion B, ZoER. STl Tt RiEE
Widebant‘j' A/D & D/A
ConvIersion ) > EEE&H
SR{HHIE T 2KFANEHSE
HFESHEEX
> DFE Algorithm
High performance
DSP/FPGA/ASIC
J
TXI RX
Costam >
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»| DIGITAL
PREDISTORTER

» ADAPTATION
Digital Domain I Analog Domain
Pout Pout Pout
Pin Pin Pin
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Pin (W)

Pout (W)
Tk Power Gain (dB)
NE : Voltage Gam_
double (c) double {c) double (c) Pawer Meas Max EIbE‘-(PA In}

Cut1 I 0.4 I P In PA Cut
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— FA Drive Level Measurements
land Limited Source Bef PA Out
i S
B In Freqf—® Reference PAModel
F5 Probe Sample Rata in MHz L

@I daouble () [1:2] — |_

g double (c)

Spactrum
> u ‘ '5."} Analyzer
for 2
MATLAE Function
PA Model
g 22n Emor Mean Ermor
double
ERRCOR
25 DPD Coefficients
dpd coef - DPD Coaf
pd_ double (c) (25)
To Workspace
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filter implementation. You can specify filter coefficients using either tunable mask
dialog parameters or separate input ports, which are useful for time-varying
coefficients.

Coefficient source

@ Dialog parameters

O Input port(s)

O Discrete-time filter object (DFILT)

Main  Data Types

Parameters

Transfer function type: |IIR (poles & zeros) -
Filter structure: | Direct form II transposed -

Numerator coefficients: |[0 filter_num] 9% additional unit delay | B

Denominator coefficients: |ﬁ|ter_den | g

Tnruit nrncaccina: | Caliimne ac rW\ -

PAIn

A Out

PA+DPD PA+D)

@Idwtﬂe {c) [12]

[1x2]

Spectrum
Analyzer

_
PA Model
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Baseband Waveform RF Signal Generation
Generation

‘\.\l\ll \B

&
LTE System Toolbox™

SDR platform
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Theory
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MATLAB code (.m) Simulink Model
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DUT (Device Under Test) Signal Analyzer
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filWizard
(HDL Verifier),

HDL Workflow Advisor
(HDL Coder)

HDL Verifier
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