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IEEE802.15.4g MR-FSK PHY Measurements

MS2830A
Signal Analyzer

These materials explain the PHY layer measurements

supported by IEEE802.15.4g MR-FSK.

Sub-clauses in IEEE 802.15.4g | MS2830A | MG3740A
18.1 MR-FSK PHY specification
18.1.2.3 Modulation Quality \
18.1.2.3.1 Frequency Deviation Tolerance <
18.1.2.3.2 Zero crossing tolerance \
18.1.5.3 Radio frequency tolerance \
18.1.5.4 Channel Switch Time N.A.
18.1.5.5 Transmitter symbol rate \
18.1.5.6 Transmit spectral mask \
18.1.5.9/8.2.1 Tx-to-RX turnaround time N.A.
18.1.5.10/8.2.2  |Rx-to-Tx turnaround time \
18.1.5.11 Transmit Power \
18.1.5.7 Receiver sensitivity \
18.1.5.8 Receiver interference rejection \ V
Receiver maximum Input Level of
18.1.5.12 Desired Signal v
or
Sub-clauses in IEEE 802.15.4g MG3710A
18.1.5.7 Receiver sensitivity \
18.1.5.8 Receiver interference rejection \ \
18.15.12 Recglver maximum Input Level of
Desired Signal

*1
*1
*1
*1

*1

*2

*2
*2,*3

*2

*4
*4

*4

*4 Baseband Addition Function:
The MG3710A can add two different signals and output them from the RFx1 port.
The frequency (recommended range: 60 MHz) and level (CN: £80 dB) can also be set at the screen.

*1: MX269017A
Vector Modulation Analysis
Software

+

*2: MS2830A-020/021
Vector Signal Generator
Option
MX269902A
TDMA 1Qproducer

+

*3: MG3740A
Analog Signal Generator

MG3710A
Vector Signal Generator

MX370102A
TDMA IQproducer

Discover What's Possible™
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[Anritsu] IEEE802.15.4g PHY Measurement Solution

Tx Evaluation

MS2830A MX269017A
Unit, Module * Signal Analyzer Vector Modulation Analysis Software
§— —.
G e
- e © €

» : - Rk
* Qutput on Test Mode
¢ Data Whitening = Enable or Disable MS2830A
* PHR/PSDU = Uncoded Signal Analyzer

* Mode switch = Disable

co @ 00 000

[Reference Signal:
Opt-020/021
Vector Signal Generator
Option
+
MX269902A
\TDMA IQproducer

Modulation Methods
- 2FSK, 4FSK, O-QPSK, etc.

Measurements

- Frequency Deviation Error (RMS)
- Zero Crossing Offset

- Frequency Error, etc.
DUT quenty

Discover What's Possible™
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[Anritsu] IEEE802.15.4g PHY Measurement Solution

Modulated Signal Output for Rx:
Opt-020/021 Vector Signal Generator

Rx Evaluation

+

MG3740A MS2830A MX269902A TDMA IQproducer

Analog Signal Generator Signal Analyzer

‘
|

MX269902A/MX370102A
TDMA 1Qproducer

- _ A Unit, Module =* [F==c I
Interference Signal Wanted Signal lalfoole 17 7 71 A
(CW) (Modulated P
Signal) - e
L 4 Symbol Rate - 50000sps
’ e ——
i ;27:!::;70‘5“0&5‘0! 2115
+ MX370102A * Output on Test Mode A i
TDMA IQproducer * Data Whitening = Disable e e
* PHR/PSDU = Uncoded B N
\/ * Mode switch = Disable o |
MG3710A . .
Vector Signal Generator Desired signal
& Unit, Module *

Modulation Methods
- 2FSK, 4FSK, O-QPSK, etc.
¢ Data Whitening = Not supported

* PHR/PSDU Coding = Not supported
* Mode switch = Not supported

Interfere signal

4 Baseband Addition Function:
The MG3710A can add two different signals and output them from the RFx1 port.
The frequency (recommended range: +60 MHz) and level (CN: +£80 dB) can also be set at the screen.
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[IEEE802.15.4g] MR-FSK PHY Specification 1/6

» Modulation

Refer to IEEE802.15.4g MR-FSK for these materials.

ZigBee and IEEE802.15.4 Modulation
App”cation Layer Deve|opment IEEE802154 IEEE802154g
(APL) by User O-QPSK MR-O-QPSK
Application Support Sub A GFSK MR-FSK
Layer (APS) ZigBee spec. BPSK MR-OFDM

Network Layer (ZigBee Alliance) ASK

(NWK) — CSS
Media Access Control A IEEE UwB 0-QPSK (Offset quadrature phase-shift keying)

Layer IEEE 802.15.4e ASK. (Amphde shitkeyingy

Physical Layer 802.15.4 A \eee Owe  (Otvadevand
(PHY) v 802.15.4g MR (Molt-Rate ot MutRegional

(Note)

FSK (Frequency shift keying)
OFDM  (Orthogonal frequency division multiplexing)

ZigBee uses the IEEE802.15.4 regulation for PHY/MAC. The ZigBee Alliance has established specifications for layers higher than the
Network layer. Usually, the layers are collectively called ZigBee. However, IEEE802.15.4 describes many modulation methods for the
PHY layer for the PHY/MAC standards. On the other hand IEEEB02.15.4g specifies three modulation methods. IEEE802.15.4g is a
standard provided mainly for SUN (Smart metering Utility Network) applications.

Discover What's Possible™
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[IEEE802.15.4g] MR-FSK PHY Specification 2/6

P Frequency Range, Bit Rate

The following table lists the frequency bands and bit rates for each
modulation method. MR-FSK has two standards: Filtered 2FSK and Filtered
4FSK. However, smart-meter, etc., tend to use the internationally agreed

920-MHz band.

Frequency Band Bit rate [kbps] @ Modulation
[MHZz] Filtered 2FSK |Filtered 4FSK| O-QPSK | OFDM
169.400 - 169.475 | 2.4/4.8 9.6
450 - 470 48 9.6
470 - 510 50/ 100 200 6.25-50 | *1
779 - 787 50 / 100 200 31.25-500| *1
863 - 870 50/ 100 200 *1
868 - 870 6.25 - 50
896 - 901 10 /20 /40 -
901 - 902 10 /20 /40
920-MHz { 902 - 928 50/ 150 / 200 31.25-500| *1
Band 917.0-9235 |50/ 150/ 200 31.25-500| *1
an 920 - 928 50/ 100 / 200 400 6.25-50 | *1
928 - 960 10 /20 /40
950 - 958 50/ 100/ 200 400 6.25-50 | *1
1427 - 1518 10 /20 /40
2400.0 - 2483.5 | 50/ 150/ 200 31.25-500| *1

*1: As difined in

(Europe)

(US FCC Part 22/90)
(China)

(China)

(Europe)

(Europe)

(US FCC Part 90)
(US FCC Part 24)
(US)

(Korea)

(Japan)

(US, non-contiguous)
(Japan)

(US and Canada, non-contiguous)

18.3 (IEEE802.15.4g)

Discover What's Possible™
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[IEEES02.15.4g] MR-FSK PHY Specification 3/6

» Modulation Index, Channel Spacing

The following table lists the modulation method, index, and channel
spacing for each bit rate.

Bit rate Symbol Rate Modulation Mod. Index Channel spacing
2.4 kbps 2.4 kbps 2.0
4.8 kbps 4.8 kbps 0.5
1.0 12.5 kHz
10 kbps 10 kbps 0.5 '
20 kbps 20 kbps 0.5
40 kbps 40 kbps Filtered 2FSK 0.5
50 kbps 50 kbps 1.0 200 kHz
100 kbps 100 kbps 1.0
150 kbps 150 kbps 0.5 400 kHz
0.5
200 kbps 200 kbps 10 600 kHz
9.6 kbps 4.8 kbps 0.33 12.5 kHz
200 kbps 100 kbps Filtered 4FSK 0.3 400 kHz
400 kbps 200 kbps 0.3 600 kHz
Discover What's Possible™ . =
Slide 7
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[IEEE802.15.4g] MR-FSK PHY Specification 4/6

» Packet Format 1/3

PPDU Format for MR-FSK (without mode switch)

SHR PHR PHY Payload
Preamble| SFD *1 PSDU
*1: Mode Switch, FCS Type, Data Whitening, Frame Length
Preamble
Modulation Bit String Repetition No. [Octets]
2FSK 0101 0101(bin)/55(hex) 4 to 1000
4FSK 0111 0111 0111 0111(bin)/7777(hex) 4 to 1000

SFD (Start-of-frame delimiter)

2FSK

SFD Value for Coded
(PHR + PSDU)
(b0—b15)

SFD Value for Uncoded
(PHR + PSDU)
(b0—-b15)

phyMRFSKSFD = 0

0110 1111 0100 1110(bin)/6F4E(hex)

1001 0000 0100 1110(bin)/904E(hex)

phyMRFSKSFD = 1

0110 0011 0010 1101(bin)/632D(hex)

0111 1010 0000 1110(bin)/7A0E(hex)

SFD Value for Coded SFD Value for Uncoded
4FSK (PHR + PSDU) (PHR + PSDU)
(b0—b15) (b0-b15)
_ 01111101 1111 1111 0111 0101 1111 1101(bin) | 1101 0111 0101 0101 0111 0101 1111 1101(bin)
phyMRFSKSFD =0 7DFF75FD(hex) D75575FD(hex)
_ 01111101 0101 1111 0101 1101 1111 0111(bin) | 0111 1111 1101 1101 0101 0101 1111 1101(bin)
phyMRFSKSFD =1 7D5F5DF7(hex) 7FDD55FD(hex)

Discover What's Possible™
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[IEEES02.15.4g] MR-FSK PHY Specification 5/6
» Packet Format 2/3

PPDU Format for MR-FSK (without mode switch)

SHR PHR PHY Payload
Preamble| SFD *1 PSDU

*1: Mode Switch, FCS Type, Data Whitening, Frame Length

PHR (PHY Header)

Bit String Index 0 1-2 3 4 5-15
Bit mapping MS R1-RO FCS DW L10-LO
Field Name Mode Switch Reserved FCS Type Data Whitening Frame Length
MS, DW Frame Length
0 Disable e.g.
1 Enable 7octets 000 0000 0111

£CS 256 octets 001 0000 0000
512 octets 010 0000 0000

Value Transmitted FCS Length

0 4 octets
1 2 octets

Discover What's Possible™ Slide 9 /I n ri tsu
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[IEEE802.15.4g] MR-FSK PHY Specification 6/6
P Packet Format 3/3

PPDU Format for MR-FSK (without mode switch)

Example
Modulation: Filtered 2FSK, DW = Disable, FEC = Disable, Interleaving = Disable
Frame Length = 7 octets, Payload = all 1

SHR PHR PHY Payload
Preamble SFD PSDU

5555555590 4E 00 07 FF FF FF FF FF FF FF (hex)

Preamble: 2FSK, 4 octets
0101 0101 0101 0101 0101 0101 0101 0101(bin) / 55 55 55 55(hex)

SFD: phyMRFSKSFD = 0, SFD value for uncoded
1001 0000 0100 1110(bin) / 90 4E(hex)

* PHR: MS = Disable, FCS = 4 octets, DW = Disable, Frame Length = 7 octets
0000 0000 0000 0111(bin) / 00 07(hex)

PSDU:
1111 1111 12171 12122122 17121 1121 12171 1212 1272 2122 1121 1211 1212(bin) / FF FF FF FF FF FF FF(hex)

Discover What's Possible™ Slide 10 /l n ri tsu
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IEEE802.15.49 MR-FSK PHY Tx Evaluation Contents 1/10

Tx Evaluation

18.1.2.3 Modulation Quality 1/2
18.1.2.3.1 Frequency Deviation Tolerance
18.1.2.3.2 Zero Crossing Tolerance

----- T ——T—= 130%

I I I I I I I I
-1 0.8 -06 -04 02 0 0.2 0.4 06 08 1

Time (T5)
2FSK Expected Values: 4FSK Expected Values:
Deviation: 70% < f < 130% Deviation: 75% < f < 125%
Zero Crossing Offset: < +12.5% Zero Crossing Offset: < +30%
Discover What's Possible™ Slide 11 /||'| I'i t S|_|
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IEEE802.15.4g MR-FSK PHY Tx Evaluation Contents 2/10

Rx Evaluation MS2830A

18.1.2.3 Modulation Quality 2/2 __Stgnal Analyzer

18.1.2.3.1 Frequency Deviation Tolerance
18.1.2.3.2 Zero Crossing Tolerance

VARSI Vector Modulation Analysis I8 [u]

Carrier Freq. 922 000 000 Hz Input Level -10.00 dBm
ATT 4 dB

Constellation
Measuring

Numeric

Tx Power -10.34 dBm Mod.Fidelity(rms) 0.89 % EVM vs Symbol
92.48 uw Mod.Fidelitv(peak) 4.05 A] at symbol 2112

Filtered Power -10.34 dBm Symbo| Rate Error
92.52 uw Jitter P-P Min

Freauencv Error 0.04 Hz Jitter P-P Max .75 9 Magnitude Error

0.000038 npm Deviation
Mag. Error(rms) 0.10 % Average 25.03 kHz v Svmbol
Maa. Error(peak) 277 %  atsymbol1 +Peak 25.74 kHz —

FSK Errar(ms) 104 % Peak . Phase Error ve Zero Crossing Offset: < +12.5%

ESEP;Error(Deak) 339 %  atsymbol2112 (Peak-Peak)i2
o
Jitter P-P Min 0.90 %
Jitter P-P Max 0.75 %

Unit, Module

rms. ; Symbol
Specific Word(Hex) (55) £
Deviation at Tsi2

+1 Average 23.25 kHz -1 Average -23.24 kHz Frequency vs
+1 +Max Peak 2547 kHz -1 +Max Peak -25.85 kHz

+1 +Min Peak 23.25 kHz -1 +Min Peak -23.25 kHz Symbol

+1 —Max Peak 23.24 kHz -1 —Max Peak -23.24 kHz
+1 —Min Peak 21.00 kHz -1 —Min Peak -20.97 kHz
+1 (Peak-Peak)/2 23.24 kH -1 (Peak-Peak)/2 -23.41 kH
+1 +Max Peak% 101.89 % -1 +Max Peak%  -103.39 %

S MinPeakth B0 A —MinPesk% 5398 % Deviation: 70% < f < 130%
+1 +Max Peak% 101.89 %

Eye Diagram

+1 —Min Peak% 84.00 %

Numeric

-1 +Max Peak% -103.39 %
Reflnt Pre-Amp Off o -1 —Min Peak% 83.88 %

2FSK Measurement Example: MS2830A + MX269017A

Discover What's Possible™ Slide 12 A n ri tsu
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IEEE802.15.49 MR-FSK PHY Tx Evaluation Contents 3/10

Tx Evaluation

18.1.5.3 Radio Frequency Tolerance 1/2

Expected Value: T < 111111(

1

Ty XRXhXF,
RyXhyXF ~

50 ppm\]

[Note] IEEE802.15.4g: T Equation

——————————————————————————————————————————————————————————————————————————————————

R: symbol rate [ksps] eR'g') 50 ksps
h: modulation index h o 1
F: carrier frequency [MHZz] F 922 MHz
RO: 50 [ksps] :
. ho: 1 T< _30xBGkx%x915 |
| FO: 915 [MHZz] - 5ok x 4 x 922 |
l\\ TO: 30 ppm/40ppm (2.4-GHz band) T< 29.77 ppm i
Discover What's Possible™ Slide 13 /||'| ritsu
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IEEE802.15.4g MR-FSK PHY Tx Evaluation Contents 4/10

Tx Evaluation MS2830A

18.1.5.3 Radio Frequency Tolerance 2/2 __Slgnal Analyzer

R

{3 Vector Modulation A
Trace 1 Mode

VARSI Vector Modulation Analysis

Carrier Freq. 922 000 000 Hz Input Level -10.00 dBm
ATT 4 dB

Constellation

Measuring

Numeric
Tx Power -10.34 dBm Mod.Fidelity(rms) 0.89 % EVM vs Symbol
92.48 uw Mod.Fidelitv(peak) 4.05 % at symbol 2112
Filtered Power 10 34 dBm Symbol Rate Error 0.00 ppm
Jitter P-P Min i
I Freauencv Error 0.04 Hz Jltter P P Max X Magnitude Error U n It M O d U | e
0.000038 ppm =
Mag. Error(rms) 0.10 % Average vs Symbol
Mag. Error(peak) 277 %  atsymbol1 +Peak A .
L -
FSK Error(rms) 104 % Peak -28. 44 kHz e — Radlo Frequency Tolerance

FSK Error(peak) 339 % at symbol 2112 (Peak-Peak)i2 27.10 kHz
BER % 541 %

Specific Word(Hex)  (55) Saphol eg) T<29.77 ppm
Deviation at Tsi2
+1 Average 23.25 kHz -1 Average 23.24 kHz Frequency vs Frequencv Errcr nnd HZ

+1 iMax Peak 2547 kHz - iMax Peak -25.85 kHz Svmbol
+1 +Min Peak 23.25 kHz A1 +Min Peak 2325 kHz ymbo

+1 —Max Peak 23.24 kHz -1 —Max Peak -23.24 kHz G'GGGGSE pRm
+1 —Min Peak 21.00 kHz A1 —Min Peak 2097 kHz

+1 (Peak-Peak)l2 2324 kHz A (Peak-Peakliz  -23.41 kHz i
+1 +Max Peak%  101.89 % 4 +Max Peak%  -103.39 % el
+1 —MinPeak%  84.00 % 4 —MinPeak% 8388 %

Eye Diagram

Numeric

Ref.Int Pre-Amp Off

B39

2FSK Measurement Example: MS2830A + MX269017A

Discover What's Possible™ Slide 14 A n ri tsu
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IEEE802.15.4g MR-FSK PHY Tx Evaluation Contents 5/10

Tx Evaluation MS2830A

18.1.5.5 Transmitter Symbol Rate _Signal Analyzer
Expected Value:

Transmitter Symbol Rate Tolerance < +300 ppm r}E
Peak Transmitter Symbol Rate Jitter < +40 ppm & =

VIRIRESN Vector Modulation Analysis / 39

—
Carrier Freq. 922000000 Hz  Input Level -10.00 dBm 153 Vactor Modulation A
Trace 1 Mode
ATT 4 dB

Constellation

Result Measuring

Numeric
Tx Power -10.34 dBm Mod.Fidelity(rms) 0.89 % EVM vs Symbol
92.48 uW Mod.Fidelity(peak) 4.05 % at symbol 2112
Filtered Power -10.34 dBm Symbol Rate Error 0. 00 ppm U n It M 0 d U | e
92.52 uW tter P-P Min
Freauencv Error 0.04 Hz Jitter P-P Max 0. 75 % Magnitude Error
0.000038 npm Deviation
Magq. Error(rms) 0.10 % Average 25.03 kHz «= Symbol
Maa. Error(peak) 277 %  atsymbol1 +Peak 25.74 kHz p—
FSK Error(rms) 1.04 % -Peak -28.44 kHz 1
FSK Error(peak) 339% atsymbol2112  (Peak-Peak)i2 27.10 kHz haselbrogs Transmitter Sym bol Rate Tolerance
BER % rms 541 %
Specific Word(Hex) (55) Sambol <4300 ppm
Deviation at Tsi2
+1 Average 23.25 kHz -1 Average -23.24 kHz Frequency vs
+1 +Max Peak 2547 kHz -1 +Max Peak -25.85 kHz
+1 +Min Peak 23.25 kHz -1 +Min Peak 2325 kHz Symbol Symbol Rate Error 0.00 ppm
+1 —Max Peak 23.24 kHz -1 —Max Peak -23.24 kHz
+1 —Min Peak 21.00 kHz -1 —Min Peak -20.97 kHz
+1 (Peak-Peak)i2 23.24 kHz 1 (Peak-Peak)i2 23.41 kHz

+1 +Max Peak%  101.89 % -1 +Max Peak%  -103.39 % Trellis
+1 —Min Peak% 84.00 % -1 —Min Peak% 8388 %

Eye Diagram

Numeric

Ref.Int Pre-Amp Off

2FSK Measurement Example: MS2830A + MX269017A

B39

Discover What's Possible™
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IEEE802.15.4g MR-FSK PHY Tx Evaluation Contents 6/10

Tx Evaluation
18.1.5.6 Transmit Spectral Mask

Expected Values: (Adjacent Channel Leakage Power Ratio)
Channel Width: 1.5 x R, at Offset Frequency M,, M,,
M,;: <-25dBc, M, <-35dBc

Reference Level  0.00dBm LowPhioise RMS 1001 points RN e

o A
0.0

-10.0
Trace Type

-ino Write

0.0 ’| |"| o
Il Storage Mode
400 Ml i §
I o
0.0 L

700 )L\'rl L‘.I~

. I
Y oot
200 il \,INI,..J‘x.th.ftﬂ\i +wmLM"’"“F'Lr‘ﬂh"‘\.d,v-‘lh

Storage Count

10

r"""J‘I- "
e 4 L TLIT O
30.0 - il lf\‘ i r*W g F.\.w.‘,l,h Mll'”".,‘w p
-100.0 Mf' L1 u2 i L"‘.m
Center 920.000MHz Span 1.000 000MHz
Adjacent Channel Power ( Carrier-1 ) - Offset Ch Power
Carrier-1 -1369 dBm/75.00kHz

Offset Freq (MHz) BW (MHz) dBc | dBm dBc | dBm
0.150 000 0.075 000 45.08 ( £877) WM 4435 ( £8.04 )

0.300 000 0.075 000 56.58 ( 7027 ) U2 56.16 ( £9.85) [
Detection
RMS
LR-WPANs(802.15.4) G

2FSK Measurement Example: MS2830A

Signal Analyzer

MS2830A

D

I("I"ﬂ‘
)

nan

Unit, Module

* Refer to items 18.1.5.6
of IEEE802.15.4qg for the
M; and M, calculation
method (next page).

M,: < —25 dBc
M,: < —35 dBc

dBc |/

4508 (
5658 |

dBm

5877 )
7027 )

dBc | dBm
u1 4435 ( 5804 )
u2 56.16 ( £985 )

Discover What's Possible Slide 16

MS2830A-E-L-9

/nritsu



IEEE802.15.49 MR-FSK PHY Tx Evaluation Contents 7/10

Tx Evaluation

18.1.5.6 Transmit Spectral Mask
[Note] IEEE802.15.49: M; M, Calculation Method

18.1.5.6 Transmit spectral mask

The transmit spectral content is the ratio of the total transmitted out-of-channel power to the total transmitted

in-channel power in a given integration bandwidth.

The integration bandwidth shall be equal to 1.5 X R . where R is the symbol rate. expressed in units of hertz.

Integration bandwidth of 1.5 times symbol rate

Out-of-channel power shall be measured at two offset frequencies relative to the carrier frequency. The

offset frequencies M and M, are defined as follows:

M; = 15xXRx(1+h)

M, =3xRx(1+h)

where /1 1s the modulation index for 2-level modulation and three times the modulation index for 4-level

modulation. For 2FSK, h = modulation index. For 4FSK, h = modulation index x 3

The transmit spectral content at My and M, shall be less than —25 dB and —35 dB. respectively.

Same as expected value of previous page
The modulated signal shall use a PN data pattern of 511 bits or longer.

Modulation signal must use PN data pattern of 2511 bits

The spectrum analyzer settings for this measurement shall be as follows: the resolution bandwidth is 1 kHz.

| the video bandwidth is 1 kHz or greater. and the detector is RMS.

VBW 2 1 kHz

RMS detector

RBW =1 kHz

e.g.)

R 50 ksps

h 1

M; =1.5x50kx (1+1)
= 150 kHz

M, =3x50kx (1+1)
= 300 kHz

* VBW cannot be set for
RMS detector with
MS2830A, but since

VBW = OFF = «©
the conditions on the left
(=21 kHz) are met.

Discover What's Possible™
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IEEE802.15.4g MR-FSK PHY Tx Evaluation Contents 8/10

Tx Evaluation MS2830A

18.1.5.11 Transmitter Power Signal Analyzer

Expected Value:
-3 dBm < power < (National Standard)

—

ARSI Signal Analyzer M=l 2/

Spectrum

@ Analysis Start Time Os

M Analysis Time Length 84592 0 ms Channel Power

mRBW 1kHz = e
Det. : Average Trace Point: 4097 —

100 Channel Center

0.0 922 000 000MH=z

Unit, odule

» , \ Channel Width

300 ‘ Y 500.0kHz

400

500 Filter Type

S
£60.0 / Root Nyquist
i

Absolute Power 47.02 dBm /[ Hz
9.97 dBm /500.0 kHz

J0.0
80.0 . " ) o - Roll-off Fazior

Start 921.500 000 00 MHz 0.22
Channel Power i

Channel Center 922.000 000 MHz Absolute Power 47.02 dBm [ Hz
Channel Width 500.000 kHz 9.97 dBm /500.0 kHz

Absolute Power 19.865 nW/IHz

9.9320 mW /Hz /500.0 kHz

LowPhNoise

1 1

Frequency and Time [ | P —————— B ———————— 1 1 1 1
Center Freq. 922.000 000 MHz|| Ref. Level 20.00 dBm i SWItChed DIS play U n ItS :
Freq. Span 1 MHz|| Ref. Level Ofs. 25.00 dB : :
CaptureLength 845920 ms|| Attenuator 10 dB . : dBm , dB uv, dB mV, !

! |

1 1

W, dBuV(emf), dBuV/m

____________________________________

Ref.Int Pre-Amp Off

2FSK Measurement Example: MS2830A

e i /inritsu

MS2830A-E-L-9
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IEEE802.15.49 MR-FSK PHY Tx Evaluation Contents 9/10

Tx Evaluation
18.1.5.10 Rx-to-Tx Turnaround Time

Expected Value:
< 12 symbols

1 (Example of Procedure)

1 1. SG sends packets to DUT and outputs trigger

for SPA at trailing edge of Tx packet.
'2. DUT starts sending packets (Tx) after

3. SPA confirms Power vs Time from SG trigger

from Rx packet trailing edge until Tx packet

|
I
|
|
|
completing receiving (Rx) of packets from SG. I
|
|
|
I

|
|
I until DUT sending (Tx) and measures time
|
|

rising edge.

MS2830A
Signal Analyzer

TX packet Rx packet
Trlgger -

Unit, Module

Discover What's Possible™
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IEEE802.15.4g MR-FSK PHY Tx Evaluation Contents 10/10

Tx Evaluation
Measurement Example using

18.1.5.10 Rx-to-Tx Turnaround Time MS2830A
7 Method using Marker List Function
1209000ps  0.04as | oy s : 1. Press [Peak Search] at Markerl to
Reference Level  0.00d3m | Lonminoss Pos&Neg 10001 points move to peak point on screen.

2. Press [Relative to 1] at Marker2 and
move the marker manually to the
position 6 dB below Markerl
corresponding to the trailing edge of
the Rx packet.

3. Press [Relative to 2] at Marker3 and
- , move the marker manually to the
| position with the same level as

Delay -100.00us Time Span 500us Freq. 922.000 000MHz

Marker List Marker2 corresponding to the Tx

5.050 [1] _LWEI -9.64 dBm| e paC ket rIS I n g e d g e '

e
16.750 0 ps 6.00 dB P
120,900 0 ps 0.04 dB
I A

4. [3 delta 2] here is the measurement
time.

r
Expected value: | e.g.) 50 ksps:

1h T’i[l 0 ps -h 00 dR

153821 1200000 = <12 symbols | 12 symbols = 240 us
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IEEE802.15.49 MR-FSK PHY Rx Evaluation Contents 1/3

Rx Evaluation MS2830A

Signal Analyzer

18.1.5.7 Receiver Sensitivity

Expected Value: <S

S = (SO + IOIOg[ED dBm
RO
- PSDU Length = 20 octets
- PER 1%
- Power measured at antenna terminals
- No interference

Unit, Module
,’/ [Note] IEEE802.15.4g: S Equation \‘:
i ] . e.g.) i
| SO: — 91 (without FEC) R 50 kbps :
~ RO: 50 [kbps] |
R: bit rate [kbps] S= —91 + 10 log 88
| 9 |
: = -91+0 !
= 01
Discover What's Possible™ Slide 21 /Inritsu
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IEEE802.15.49 MR-FSK PHY Rx Evaluation Contents 2/3

Rx Evaluation MG3710A Desired signal

Vector Signal Generator &

— - Interfere signal

18.1.5.8 Receiver Interference Rejection —
Expected Value: B =[CEels -
= 2y

Adjacent Channel Rejection: 20 dB

Alternate Channel Rejection: 230 dB Unit, Module
- PSDU Length = 20 octets Baseband Addition Function:
- PER 1% _ The MG3710A can add two different signals and
- Power measured at antenna terminals output them from the RFx1 port.

The frequency (recommended range: + 60 MHz) and
level (CN: +80 dB) can also be set at the screen.

Interference signal " Note: '

i The interference wave must be at least 1 carrier from the i

' wanted wave. For example, the 915-MHz band has a 26- |

. . MHz band) but two signals can be output from one RF port |

Wanted S'Qnal i using the MG3710A baseband addition function (60 MHz). !
' Although the baseband addition function can be added to i

the MG3740A, since the frequency offset range is +8 MHz, |

it must be used within this range.

________________________________________________________

* Wanted signal level = “Receiver sensitivity level” + 3 dB
* Interference signal: Unmodulated carrier

More than one removed from wanted signal carrier
* Only one interfering signal at one time

Discover What's Possible™ Slide 22 /I n ri tsu
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IEEE802.15.4g MR-FSK PHY Rx Evaluation Contents 3/3

Rx Evaluation

18.1.5.12 Receiver maximum input level of desired signal

Expected Value: = - 20 dBm

- PSDU Length = 20 octets

- PER 1%

- Power measured at antenna terminals
- No interference

MS2830A
Signal Analyzer

L)
Bl W e & &
)

ER &
|G- 0 0 04 1
; :
| |
|

p—

Unit, Module
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Appendix

Method for Generating
Waveform Patterns using
TDMA IQproducer

Discover What's Possible™
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Using TDMA IQproducer to Generate Waveform Pattern 1/7

Sample Pattern Conditions

e.g.)

Modulation Method
Modulation Index

. Filtered 2FSK

1

Filter : Gaussian (BT = 0.5)
Data Rate : 50 kbps (= 50 ksps)
Payload : PN9
Preamble Length . 4 octets 55 55 55 55 (hex)
SFD : phyMRFSKSFD = 0, Uncoded 904E (hex)
Mode Switch : Disable
FCS Type . 4 octets
Data Whitening : Disable
Frame Length : 20 octets
Bit string index 0 1-2 3 4 5-15
Bit mapping MS R1-RO FCS DW L10-LO
Field name Mode Switch Reserved FCS Type Data Whitening Frame Length
0 00 0 0 000 0001 0100}
|
00 14 (hex)

Discover What's Possible™
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Using TDMA IQproducer to Generate Waveform Pattern 2/7

O Start TDMA IQproducer.
O Select [Burst] to generate burst signals.

O Set the parameters in the following sequence.
[Modulation] > [Frame] > [Slot] > [Field] > [Filter]

O First, click [Modulation] and then proceed to the next page.

B TDMA 1Qproducer for MS2830 o =
File Edit Iransfer & Setting Simulation

( i (DR 11 Tgg | Ci
oy | B |l ‘ ‘\..' A | ol d@ﬁ“ﬂ‘
— = ]
Burst Continuous T No Format Parameter File
PSDU_PN9_20oct_G2-B.prm
‘ Modulation |
; i Waveform Information
1st Modulation Type : 2FSK
Frame
2nd Modulation Type - -
‘ Symbol Rate : 50000sps
Slot ‘
" The Number of Frames : 511
The Number of Slots per Frame : 2
Field
The Number of Bits per Slot . 227
" Data : PN9
Filter
-_ Filter Type : Gaussian2
b
Roll Off/BT: 0.5
Pattern Name
RMS : 1157
Calculation
Default (Burst)

Discover What's Possible™
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Using TDMA IQproducer to Generate Waveform Pattern 3/7

O Set the following at the [Modulation] tab.
[Modulation Type], [Modulation Index], [Symbol Rate]

O Select anything for Over Sampling (recommended value: 4)

B modulation = : ———————————————————————————————————————————————————————————— :
Modulation Type i e . g .)
Miomm_exh 2 ' Modulation Method : Filtered 2FSK
' Modulation Index  : 1 |
' Data Rate : 50 kbps (= 50 ksps)
O O

Symbol Rate: ISD |ksp5 j
Over Sampling |4 - 0K c |
Sampling Rate |2(m IkHz

Discover What's Possible™
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Using TDMA IQproducer to Generate Waveform Pattern 4/7

O Set the following at the [Frame] tab.
Total number of frames: (The Number of Frames)
Slot number in 1 frame and On/Off. (The Number of Slots per Frame)

O The Number of Frames:
At [Auto], the number of frame is calculated automatically. In this case, when using PN9 data, [511] is
set automatically for repeating PN9 = 511 bit (required for BER test).
Since PN9 repeating is not required for PER evaluation, uncheck [Auto] and set The Number of
Frames to [1] to minimize the file size.

O The Number of Slots per Frame:
The following diagram shows an example when the slots in the frame are set to 1st Slot=0n, 2nd
Slot=0ff, producing a signal with an On/Off ratio of 50%. Up to 20 slots can be set in one frame.

P Frame = At BER Measurement

The Mumber of Frames

The Number of Frames | & ‘Ao
The Number of Slots per Frame m E—— i

Frame Format

1st

i e At PER Measurement

On Off | Off ] Off | Off | Off | Off | Off | Off | Off | Off | Off | Off | Off | Off | Off | Off | Off | Off | Off ThE Number GfFramES r AUTCI 1

OK Cancel |

Discover What's Possible™
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Using TDMA IQproducer to Generate Waveform Pattern 5/7

O Set the number of bits allocated within a slot at the [Slot] tab.

SHR PHR PHY payload
Preamble SFD PSDU
B Slot
lot Format
eg) ;
gy [ ? b i R N . Attach 1 bit before and after Ramp and 1 bit
2nd Field | Ramp bit 14th Field |Fixed > bit i |
3rd Field |Fixed ~| (32 bit 15th Field |Fixed x| |0 bit | at the end of Guard. i
mrio| [Foed I [0 b | sonren Foedlf o ' PSDU 20 octets (160 bits) is divided into
i [Frea=l[16 oi | azmea Fred 0o ' Data (128 bits) and CRC (32 bits). :
6th Field  |Data -] {128 pj 18th Field |Fixed =] |0 bit E ) |
TthField  |Data -| [0 bit 19th Field |Fixed ~| |0 bit ! Preamble and SFD are both Fixed. i
8th Field ’rc;‘ ’32— bit 20th Field ’m ’O— bit TS ooooooooooooooooooooooooooooooos I
oth Field |Fixed »| |0 bit 21st Field |Fixed | |0 bit
10th Field |Fixed - [0 bit 22nd Field |Fixed ~| |0 bit
11th Field |Fixed =} {0 bit 23rd Fiele |Ramp |1 bit
12th Field |Fixed =} {0 bit 24th Fiele | Guard |1 bit
Apply ‘ OK | Cancel
Discover What's Possible Slide 29

/nritsu

MS2830A-E-L-9



Using TDMA IQproducer to Generate Waveform Pattern 6/7

O Set each of the parameters allocated at the [Slot] tab using the [Field] tab.

SHR PHR PHY payload
Preamble SFD PSDU
B Field (3] T T T TS TSI T T T T m e :
SloiFormat ’ﬁ i eg) |
lj 3 [ o ‘ A . Select [PN9] at the Data Field (PSDU).
D::gri8|d - ‘fo‘ Data Field has a continuity between the fields in the adjacent slots. | i PUt a- CheCkmark fOr CRC a.S Shown |n
‘f‘ Data Field has a continuity between the fields in the same number slots. ‘ E the flgure
CRCFed ey e
Initial Content of the Register
| ¥ Ones Complement | | = ALL1 | |f°‘ ALLO |
1stField Ramp 1bit T e e e mmmm e m e
2nd Field Fixed 32 bit |55555555 (Hex) ! eg)
3rd Field Fixed 16bit | [904E (Hex) i
4thField Fxed 16bic | [o0te (Hex) ' Preamble Length : 55 55 55 55 (hex)
SthField Data 128 bit |
6thField CRC 32bit | [128 Computing Range  (Bit) | SFD  904E (hex)
7th Field Ramp 1 bit i
8th Field Guard 1 bit ! PHR : 0014 (heX)
. CRC sets the target Data bit count.
' (e.g. 128 bits).
0K Cancel EEE ettt

Discover What's Possible™
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Using TDMA IQproducer to Generate Waveform Pattern 7/7

O Set the filter at the [Filter] tab.
O Basically, set the RMS default.

B Filter =

e.g.
Filter Gaussian2 i &9
BT ID.5 _________________________________________________
_t2 ™y
oof 7

_ r
ht)= J@m) .87

G = In(2W2nBT T : Inverse-of Symbol-Rate

RMS IHE?

Ok Cancel

Discover What's Possible™
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Ordering Information

Model Name Note
MS2830A Signal Analyzer Required
MS2830A-040 3.6 GHz Signal Analyzer
............................................................................................................................................................................................ Select any

MS2830A-041

6 GHz Signal Analyzer

MS2830A-006

Analysis Bandwidth 10 MHz

Required by MX269017A

MX269017A

Vector Modulation Analysis Software

For modulation analysis

For modulation signal output

MS2830A-020 3.6 GHz Vector Signal Generator : . a b
(for desired signal)

MS2830A-022 Low Power Extension for Vector Signal Generator Required by sensitivity test a b

MS2830A-027 ARB Memory Upgrade 256 MSa for Vector Signal GeneratorRecommended when using a lot of patterns a b

MX269902A TDMA Igproducer Required for modulation signal generation a b
Model Name Note

MG3740A Analog Signal Generator Required b ¢

MG3740A-032 1stRF 100 kHz to 2.7 GHz CW output (for interfere signal) b c

.. . For modulation signal output

MG3740A-020 Digital Modulation (for desired signal) c

MG3740A-048 Combination of Baseband Signal for 1stRF Outout two signals by one-RFport c

MX370102A TDMA Igproducer Required for modulation signal generation c
Model Name Note

MG3710A Vecror Signal Generarot Required

MG3740A-032

1stRF 100 kHz to 2.7 GHz

For modulation signal output
(for desired signal)

MG3740A-048

Combination of Baseband Signal for 1stRF

Outout two signals by one-RFport

MX370102A

TDMA IQproducer

Required for modulation signal generation

Note: The above table lists the minimum configuration. Select the reference oscillator and power extensions as necessary.

Rx Test Configuration Example a to d
a: Wanted waveform (MS2830A-020) only

[Recommended]

b: Wanted waveform (MS2830A-020) + interference waveform (MG3740A) ... Requires external coupler
c: Wanted waveform + interference waveform (MG3740A + Baseband Addition) ... Frequency Offset +8 MHz
d: Wanted waveform + interference waveform (MG3710A + Baseband Addition) ... Frequency Offset +60 MHz [Recommended]

Discover What's Possible™
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Specifications are subject to change without notice.

® United States

Anritsu Company

1155 East Collins Blvd., Suite 100, Richardson,
TX 75081, U.S.A.

Toll Free: 1-800-267-4878

Phone: +1-972-644-1777

Fax: +1-972-671-1877

® Canada

Anritsu Electronics Ltd.

700 Silver Seven Road, Suite 120, Kanata,
Ontario K2V 1C3, Canada

Phone: +1-613-591-2003

Fax: +1-613-591-1006

® Brazil

Anritsu Eletronica Ltda.

Praca Amadeu Amaral, 27 - 1 Andar

01327-010 - Bela Vista - Sao Paulo - SP - Brazil
Phone: +55-11-3283-2511

Fax: +55-11-3288-6940

® Mexico

Anritsu Company, S.A. de C.V.

Av. Ejército Nacional No. 579 Piso 9, Col. Granada
11520 México, D.F., México

Phone: +52-55-1101-2370

Fax: +52-55-5254-3147

® United Kingdom
Anritsu EMEA Ltd.

200 Capability Green, Luton, Bedfordshire, LU1 3LU, U.K.

Phone: +44-1582-433200
Fax: +44-1582-731303

® France

Anritsu S.A.

12 avenue du Québec, Batiment Iris 1- Silic 612,
91140 VILLEBON SUR YVETTE, France
Phone: +33-1-60-92-15-50

Fax: +33-1-64-46-10-65

® Germany

Anritsu GmbH

Nemetschek Haus, Konrad-Zuse-Platz 1
81829 Miinchen, Germany

Phone: +49-89-442308-0

Fax: +49-89-442308-55

°® |taly

Anritsu S.r.l.

Via Elio Vittorini 129, 00144 Roma, ltaly
Phone: +39-6-509-9711

Fax: +39-6-502-2425

® Sweden

Anritsu AB

Borgarfjordsgatan 13A, 164 40 KISTA, Sweden
Phone: +46-8-534-707-00

Fax: +46-8-534-707-30

® Finland

Anritsu AB

Teknobulevardi 3-5, FI-01530 VANTAA, Finland
Phone: +358-20-741-8100

Fax: +358-20-741-8111

® Denmark

Anritsu A/S (Service Assurance)
Anritsu AB (Test & Measurement)
Kay Fiskers Plads 9, 2300 Copenhagen S, Denmark
Phone: +45-7211-2200

Fax: +45-7211-2210

® Russia

Anritsu EMEA Ltd.
Representation Office in Russia
Tverskaya str. 16/2, bld. 1, 7th floor.

Russia, 125009, Moscow

Phone: +7-495-363-1694

Fax: +7-495-935-8962

® United Arab Emirates
Anritsu EMEA Ltd.

Dubai Liaison Office

P O Box 500413 - Dubai Internet City

Al Thuraya Building, Tower 1, Suit 701, 7th Floor
Dubai, United Arab Emirates

Phone: +971-4-3670352

Fax: +971-4-3688460

® |ndia

Anritsu India Private Limited

2nd & 3rd Floor, #837/1, Binnamangla 1st Stage,
Indiranagar, 100ft Road, Bangalore - 560038, India
Phone: +91-80-4058-1300

Fax: +91-80-4058-1301

® Singapore

Anritsu Pte. Ltd.

60 Alexandra Terrace, #02-08, The Comtech (Lobby A)
Singapore 118502

Phone: +65-6282-2400

Fax: +65-6282-2533

® P.R. China (Shanghai)

Anritsu (China) Co., Ltd.

Room 1715, Tower A CITY CENTER of Shanghai,
No.100 Zunyi Road, Chang Ning District,
Shanghai 200051, P.R. China

Phone: +86-21-6237-0898

Fax: +86-21-6237-0899

® P.R. China (Hong Kong)

Anritsu Company Ltd.

Unit 1006-7, 10/F., Greenfield Tower, Concordia Plaza,
No. 1 Science Museum Road, Tsim Sha Tsui East,
Kowloon, Hong Kong, P.R. China

Phone: +852-2301-4980

Fax: +852-2301-3545

® Japan

Anritsu Corporation

8-5, Tamura-cho, Atsugi-shi, Kanagawa, 243-0016 Japan
Phone: +81-46-296-1221

Fax: +81-46-296-1238

® Korea

Anritsu Corporation, Ltd.

502, 5FL H-Square N B/D, 681
Sampyeong-dong, Bundang-gu, Seongnam-si,
Gyeonggi-do, 463-400 Korea

Phone: +82-31-696-7750

Fax: +82-31-696-7751

® Australia

Anritsu Pty. Ltd.

Unit 21/270 Ferntree Gully Road, Notting Hill,
Victoria 3168, Australia

Phone: +61-3-9558-8177

Fax: +61-3-9558-8255

® Taiwan

Anritsu Company Inc.

7F, No. 316, Sec. 1, NeiHu Rd., Taipei 114, Taiwan
Phone: +886-2-8751-1816

Fax: +886-2-8751-1817
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