ni.com/rf

LTE/LTE-Advanced

W-CDMA/HSPA/HSPA+ TD-SCDMA / TD-HSPA / TD-HSPA+

GSM/GPRS/EDGE/EDGE Evolution/VAMOS

CDMA2000 EV-DO

CDMA2000 1xRTT

QPSK, 16QAM, 64QAM

OFDMA (DL); localized
SC-FDMA (UL, LTE Rel-8);
Clustered SC-FDMA

FDD, TDD

1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, and 20 MHz
LTE-Advanced:

up to 100 MHz with carrier aggregation

(max. 5 carrier x 20 MHz)

LTE Rel-8:
300 Mbit/s (DL, 20 MHz, 64 QAM, 4x4 MIMO)

75 Mbit/s (UL, 20 MHz, 64QAM)

LTE-Advanced:
DL: 1 Gbit/s
UL: 500 Mbit/s

3gpp.org
globalcertificationforum.org

ptcrb.com

(E-)UTRA

FDD Bands (in MHz)
UL: 1920 to 1980 DL: 2110 to 2170
UL: 1850 to 1910 DL: 1930 to 1990
UL: 1710 to 1785 DL: 1805 to 1880
UL: 1710 to 1755 DL: 2110 to 2155
UL: 824 to 849 DL: 869 to 894

QPSK (DL)

16QAM (DL, HSDPA)
64QAM (DL, HSPA+)
Dual BPSK (UL)
16QAM (UL, HSPA+)

QPSK, 8PSK
16QAM (HSPA)
64QAM (HSPA+)

TD-SCDMA, FDMA, TD-HSDPA

FDD

5 MHz (W-CDMA/HSPA)
10 MHz (HSPA+ (DC-HSDPA, DC-HSUPA))
20 MHz (HSPA+ (four carrier HSDPA))

384 kbit/s (DL, UL)

14.4 Mbit/s (DL, HSDPA)

5.76 Mbit/s (UL, HSUPA)

28 Mbit/s (DL, HSPA+, 16QAM, MIMO)

42.2 Mbit/s (DL, HSPA+, 64QAM, MIMO)
42.2 Mbit/s (DL, HSPA+, 64QAM, DC)

84.4 Mbit/s (DL, HSPA+, 64QAM, MIMO, DC)
168 Mbit/s (DL, HSPA+, 64QAM, MIMO, 4C)
11.5 Mbit/s (UL, HSPA+, 16QAM)

23 Mbit/s (UL, HSPA+, 16QAM, DC)

2.8 Mbit/s (DL, HSDPA)
2.2 Mbit/s (UL, HSUPA)
8.4 Mbit/s (DL, HSPA+)
2.2 Mbit/s (UL, HSPA+)

TDD Bands (in MHz)
1900 to 1920
2010 to 2025
1850 to 1910
1930 to 1990
1910 to 1930
2570 to 2620

GMSK
8PSK (EDGE)

QPSK, 16QAM, 32QAM (EDGE Evo)
AQPSK (VAMOS)

TDMA, FDMA

FDD

200 kHz (GSM/EDGE)
400 kHz (EDGE Evo)

14.4 kbit/s (GSM)

171.2 kbit/s (DL, 8 slots, GPRS)
128.4 kbit/s (UL, 6 slots, GPRS)
473.6 kbit/s (DL, 8 slots, EDGE)
355.2 kbit/s (UL, 6 slots, EDGE)
1.89 Mbit/s (DL, 8 slots, EGPRS2-B, DL DC)
710 kbit/s (UL, 6 slots, EGPRS2-B)

3gpp.org

globalcertificationforum.org

ptcrb.com

FDD Bands
T-GSM 380
TGSM 410
GSM 450
GSM 480
GSM 710
GSM 750

(in MHz)
UL: 380.2 to 389.8
UL:410.2t0 419.8
UL: 450.4 to 4576
UL: 478.8 to 486
UL: 698 to 716
UL: 777 to 793

DL:390.2 t0 399.8
DL: 420.2 t0 429.8
DL: 460.4 to 467.6
DL: 488.8 to 496
DL: 728 to 746
DL: 747 to 763

QPSK, 8PSK, 16QAM (DL, Rel. 0/Rev. A)
BPSK, QPSK, 8PSK (UL, Rel. 0/Rev. A)
QPSK, 8PSK, 16QAM (DL, Rev. B)

BPSK, QPSK, 8PSK (UL, Rev. B)

TDMA (DL)
CDMA (UL)

FDD

1.25MHz x N
(N = number of channels, max. 15)

2.4 Mbit/s (DL, Rel. 0)

153 kbit/s (UL, Rel. 0)

3.1 Mbit/s (DL, Rev. A)

1.8 Mbit/s (UL, Rev. A)

4.9 Mbit/s x N (UL, 64QAM, Rev. B)
1.8 Mbit/s x N (UL, Rev. B)

(N = number of channels, max. 15)

3gpp2.org
globalccforg

BC or Band Classes
800 MHz Band
1900 MHz Band
TACS Band

JTACS Band
Korean PCS Band
450 MHz Band

RL: 815 to 849
RL: 1850 to 1910
RL: 872 to 915
RL: 887 to 925
RL:1750 to 1780
RL: 410 to 483

QPSK (FL)
HPSK, OQPSK (RL)

FDD

1.25 MHz

153.6 kbit/s (Rel. 0)
307.7 kbit/s (Rev. E)

(UL/RL): Uplink/Reverse Link
(DL/FL): Downlink/Forward Link
(BS): Base Station

(MS): Mobile Station

FL: 860 to 894
FL: 1930 to 1990
FL: 917 to 960
FL:832to 870
FL: 1840 to 1870
FL: 420 to 493

WiMAX/ WiMAX Advanced

IEEE 802.16-2009 / 802.11m /

BPSK, QPSK,
16QAM, 64QAM

SOFDMA (128, 256, 512, 1024, 2048)
OFDM (256)

TDD, FDD/HFDD

5 MHz, 7 MHz, 8.75 MHz,10 MHz

WiMAX Advanced
5 MHz to 20 MHz, optionally 40 MHz

128 Mbit/s

(DL, 20 MHz, 2x2 MIMO)
56 Mbit/s

(UL, 20 MHz, 2x2 MIMO)

WiMAX Advanced
300 Mbit/s (DL, 20 MHz, 4x4 MIMO)
135 Mbit/s (UL, 20 MHz, 2x4 MIMO)

ieee802.0rg/16
wimaxforum.org

Profiles for WiMAX (in MHz)
M2300T-01/02: 2300 to 2400
M2500T-01: 2496 to 2690
M3500T-02/03/05: 3400 to 3600

Targeted for WiMAX Advanced:
UTRA/TDD Bands

Wireless Gigabit

IEEE 802.11ad

y

WLAN/WiFi

IEEE 802.11ac

WLAN/WiFi

Bluetooth

IEEE 802.15.1

Wireless Standards

Communication and Connectivity

IEEE 802.15.4

1SO/IEC 18000

¢ NATIONAL
INSTRUMENTS

SQPSK, QPSK, 16QAM,

64QAM (OFDM)
n/2-BPSK, 1/2-QPSK,
m/2-16QAM (SC)

TDD

2.16 GHz

6.757 Gbit/s (OFDM)
4.62 Gbit/s (SC)

ieee802.0rg/11

Band (in GHz)
56.16 to 64.80

BPSK, QPSK,
16QAM, 64QAM,
256QAM

TDD

20 MHz, 40 MHz,
80 MHz, 160 MHz

6933.3 Mbit/s (8 spatial
streams, 160 MHz or
80+80 MHz, short guard
interval, 256AM5/6

ieee802.0rg/11

Bands (in MHz)
5170 to 5330
5490 to 5710
5735 to 5835

BPSK, DQPSK, QPSK,

16QAM, 64QAM (3, g, af)

CCK, PBCC (b)
BPSK, QPSK, 16QAM,
64QAM (n)

OFDM, CSMA/CA

TDD

20 MHz (a, b, 9)
20 MHz, 40 MHz (n)

54 Mbit/s (a, b, )
<600 Mbit/s (n)

ieee802.0rg/11

Bands (in MHz)

156 to 166 (af)

450 to 490 (af)

650 to 690 (af)

2400 to 2497 (b, g, n)
5150 to 5350 (a, n)
5725t0 5825 (a, n)

GFSK (Basic rate, LE)
m/4-DQPSK, 8DPSK
(EDR)

FHSS, FDMA, TDMA
(53]

TDD

Channel spacing:
1 MHz (basic rate,
EDR)

2 MHz (LE)

1 Mbit/s (Basic rate, LE)

3 Mbit/s (EDR)

bluetooth.org

Band (in MHz)
2400 to 2483.5

BPSK (868/915 MHz)
OQPSK (2.4 GHz)

DSSS, CSMA/CA

20 kbit/s (868 MHz)
40 kbit/s (915 MHz)
250 kbit/s (2.4 GHz)

ieee802.0rg/15
zigbee.org

Bands (in MHz)
Worldwide:
2400 to 2483.5
North America:
902 to 928
Europe:

868.3

FSK, ASK, PSK,
PJM, BPSK

TDMA, FDMA

TDD

typ. 200 kHz/500 kHz

106 kbit/s
212 kbit/s
424 kbit/s
848 kbit/s

iso.org

125 kHz to 134 kHz
6.7 MHz

7.4 MHz to 8.8 MHz
27 MHz

433 MHz

865 MHz to 868 MHz
902 MHz to 928 MHz

NFC

NFC Analog
Specification

ASK, BPSK

TDMA, FDMA

TDD

typ. 200 kHz/500 kHz

106 kbit/s
212 kbit/s
424 kbit/s

iso.org
nfc-forum.org

13.56 MHz

20.46 MHz
(P-Code)

2.046 MHz
(C/A Code)

50 bit/s

gps.gov

L1:
1575.42 MHz
L2:
1227.60 MHz
L5:
1176.45 MHz

FDD-CDMA

562.5 kHz (L1)
473.5 kHz (L2)
per satellite

50 bit/s

glonass-ianc.rsa.ru

L1:
1602 MHz
L2:
1246 MHz

CBOC (6,1)
N (=]

24 MHz (E5a)
24 MHz (E5b)
40 MHz (E6)
32.736 MHz (E1)

50 sps (E5a)
250 sps (E5b)
1000 sps (E6)
250 sps (E1)

gsa.europa.eu

E5a:

1176.45 MHz
E5b:

1207.14 MHz
E6:

1278.75 MHz
E1:

BPSK, QPSK

16 MHz (E2)

50 bit/s (E2)

beidou.gov.cn

El:

1589.74 MHz
E2:

1561.10 MHz
(=H

1268.52 MHz
E5b:

FL: 2110 to 2170 2.45 GHz 1575.42 MHz 1207.14 MHz
FL: 746 to 758 5.8 GHz

FL: 1805 to 1880 24,125 GHz
FL: 925 to 960

FL: 851 to 940

FL: 420 to 493

FL: 915 to 921

FL: 2620 to 2690
FL: 1930 to 1995
FL:2110 to 2155
FL: 2624 to 2690
FL: 2624 to 2690*
FL:757 to 769
FL:728 to 746

FL: 1525 to 1559
FL: 2180 to 2200

1880 to 1920 TGSM 810  UL:806 to 821
2300 to 2400 GSM 850  UL: 824 to 849
2496 to 2690 (LTE only) P-GSM 900  UL:890to 915
3400 to 3600 (LTE only) E-GSM900  UL:880t0 915
3600 to 3800 (LTE only) R-GSM 900  UL:876 to 915
DCS 1800 UL:1710 to 1785
PCS1900  UL:1850 to 1910

DL: 851 to 866
DL: 869 to 894
DL: 935 to 960
DL: 925 to 960
DL: 921 to 960
DL: 1805 to 1880
DL: 1930 to 1990

2 GHz Band

700 MHz Band

1800 MHz Band

900 MHz Band

Secondary 800 MHz Band

400 MHz European PAMR Band
800 MHz PAMR Band

2.5 GHz IMT-2000 Extension Band
US PCS 1.9 GHz Band

AWS Band

US 2.5 GHz Band

US 2.5 GHz Forward Link Only Band

RL: 1920 to 1980
RL: 776 to 788
RL: 1710 to 1785
RL: 880 to 915
RL: 806 to 901
RL: 410 to 483
RL: 870 to 876
RL: 2500 to 2570
RL: 1850 to 1915
RL: 1710 to 1755
RL: 2502 to 2568

UL: 830 to 840 DL: 875 to 885

UL: 2500 to 2570 DL: 2620 to 2690

UL: 880 to 915 DL: 925 to 960

UL: 1749.9 to 1784.9 DL: 1844.9 to 1879.9

UL: 1710 to 1770 DL:2110to 2170

UL: 14279 to 14479 DL: 1475.9 to 1495.9

UL: 699 to 716 DL: 729 to 746

UL: 777 to 787 DL: 746 to 756

UL: 788 to 798 DL: 758 to 768

UL: 1900 to 1920 DL: 2600 to 2620 (Europe only)
UL: 2010 to 2025 DL: 2585 to 2600 (Europe only)
UL: 704 to 716 DL: 734 to 746 (LTE only)

UL: 815 to 830 DL: 860 to 875 (LTE only) 700 MHz Public Safety Band
UL: 830 to 845 DL: 875 to 890 Lower 700 MHz Band

UL: 832 to 862 DL: 791 to 821 L-Band

UL: 14479 to 1462.9 DL: 1495.9 to 1510.9 S-Band

UL: 3410 to 3490 DL: 3510 to 3590

UL: 2000 to 2020 DL: 2180 to 2200 (LTE only)
UL: 1626.5 to 1660.5 DL: 1525 to 1559 (LTE only)
UL: 1850 to 1915 DL: 1930 to 1995

RL: 787 to 799
RL: 698 to 716
RL: 1626 to 1660
RL: 2000 to 2020

*not specified for 1xXRTT

ISM Band 2.4 GHz ISM Band 5 GHz ISM Band 5 GHz
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Band Allocation

Reverse Link Forward Link
or Uplink or Downlink

104 10° 10° 107 10® 10° 10 10" 102 10
(MH2)

Power Ratio

Formulas Acronyms

Common Industry Terms

Redefining RF and Microwave Test

Constants and Term Definition With a complete automated test platform for RF and microwave test, National Instruments offers unrivaled measurement

c=SpeedofLight=299,792,458 m/s
f=Frequency
k=Boltzmann's Constant=1.38*10%J/K

Frequency and Wavelength

A= /gch

Where K is the dielectric constant
of the transmission medium 0
A=cf *  T=Absolute Temperature,

K(0°C=273.15K)
B=3 dBBandwidth,Hz
SNRorS/N =Signal to Noise Ratio
NF=Noise Figure indB

speed and flexibility, reduced cost, and increased performance.
Smith Chart

Characteristic

Impedance Purely Reactive
(in free space or vacuum) Constant Inductive
Resistance Circle

Capacitive
Constant
Reactance Circle

Free Space Path Loss
FSPL [dB] = 20log,, (" —

(where d = distance from the transmitter in meters)

Open Circuit

Purely Resistive * Short Circuit

Z=Impedance Geostationary Orbital

Period

Z,=Characteristiclmpedance,
Typically50Q

I'=Reflection Coefficient

VSWR =Voltage Standing Wave Ratio

Power Conversion

Power [W] = 10((Power [dBm]-30)/10)
Power [dBm] = 10log(Power [W]+30)

Ideal
Symbol

013095 92U34343Y SUONEDIUNWIWOY) SSI|DIIN

Orbital
Height

GLONASS Ideal
Vector

Power [W] = 10(Power [dBW]/10)
Power [dBW] = 10log(Power [W])

Measured

Power [dBm] = Power [dBW]+30
Symbol

Power [dBW] = Power [dBm]-30

B
Power Ratio [dB] = 10log,, * — Measured
: s Vector
(where P, is the measured power and P, is the reference power)
Magnitude
Error

Noise

Phase
Error

[W]=kTB

$10]d UOI1e||21SU0D) pue uonenpoly [eubiq

SNR
NF [dB] = 10log,,  ceo—

output

background noise

Noise Floor [dBm] = -174 dBm/Hz+NF+10log,  $+Gain [dB]
Error

Vector

Crest Factor

Crest Factor [dB] = 10log, (pw m%)ﬂﬂmgdBmJ—PWW[dBm] Confidence and Trust

With a proven history of more than 25

Reduced Cost and Time

NI hardware and software platforms

A Complete Offering

The combination of productive software,

Unrivaled Flexibility
With the modular, software-defined
configuration of NI PXI and LabVIEW, you

can create customized testing solutions

Reflection Coefficient, Impedance, VSWR,
Return and Mismatch Loss Error

Z-Z T+ 1
r=== z=7,"— p=[l] VSWR=—- Vector
° Magnitude

accelerate productivity and reduce time industry-leading instrumentation, and years of technology innovation, NI offers

throughout the development, deployment, global services addresses virtually all of the stability and cutting-edge capabilities

z+Z, 0 1T

\\\\\\‘ 01179 9DUS4349Y SUOIIRIIUNWIWIOY) SSI[IIM

Return Loss [dB]=-20log, p
Mismatch Loss [dB] =-10log, (1-p?)

and maintenance of your test system. your needs from design to manufacturing. for evolving system requirements. you need in a strategic partner.
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