Shenzhen HUAK Testing Technology Co., Ltd.

RF Test Data for Lora-FHSS(902-928MHz Hopping Mode)

FCC ID:2AF6B-RAK4260H

Appendix A

(Conducted Measurement)

Product Name: LoRa module
Trade Mark: RAK
Test Model: RAK4260(H)
FCC ID: 2AF6B-RAK4260H

Environmental Conditions

Report No.: HK1911122859-E

Temperature: 22.3C
Relative Humidity: 48%
ATM Pressure: 100.0 kPa
Test Engineer: Gary Qian
Supervised by: Eden Hu
A.1 20 dB Bandwidth and 99% Occupied Bandwidth
20dB
Mode Channel. Bandwidth Limit(MHz) Verdict
[MHZ]
LoRa-FHSS LCH 0.140 Not Specified PASS
LoRa-FHSS MCH 0.134 Not Specified PASS
LoRa-FHSS HCH 0.141 Not Specified PASS
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Shenzhen HUAK Testing Technology Co., Ltd. FCC ID:2AF6B-RAK4260H

Test Graph

Report No.: HK1911122859-E

Graphs

Agilent Spectrum Analyzer - Occupied BW

RL RF S0&  AC CORREC SEMSE:PLILSE ALIGNALTD 09:24:57 &M Dec 26, 2019
[Center Freq 902.300000 MHz Center Freq: 902.300000 MHz Radio Std: None Frequency
—»~ Trig:FreeRun Avg|Hold: 100/100
| #IFGain:Low #Atten: 30 dB Radio Device: BTS
10 dBidiv Ref 20.00 dBm
Log |
oo I Center Freq(|
000 902.300000 MHz
-10.0
-20.0
-30.0
-40.0
-50.0
LoRa-FHSS/LCH 500
-70.0
Center 902.3 MHz Span 250 kHz CF st
Res BW 2.4 kHz #VBW 7.5 kHz Sweep 41.4ms 25000 K
Auto Man
Occupied Bandwidth Total Power 19.2 dBm
124.06 kHz FreqOfeet
Transmit Freq Error 2.002 kHz OBW Power 99.00 % OHz
x dB Bandwidth 139.8 kHz x dB -20.00 dB
MSCG %STATUS
RL RF So&  AC CORREC SEMSE:PLILSE ALIGNALTD 09:29:11 AM Dec 26, 2019
[Center Freq 908.700000 MHz Center Freq: 908.700000 MHz Radio Std: None Frequency
—»— Trig:Free Run Avg|Hold: 100/100
| #IFGain:Low #Atten: 30 dB Radio Device: BTS
10 dBidiv Ref 20.00 dBm
Log
oo Center Freq(|
000 908.700000 MHz
-10.0
-20.0
-30.0
-40.0
-50.0 e
LoRa-FHSS/MCH 500
-70.0
Center 908.7 MHz Span 250 kHz CF st
Res BW 2.4 kHz #VBW 7.5 kHz Sweep 41.4ms 5000 K
Auto Man
Occupied Bandwidth Total Power 19.6 dBm
125.64 kHz Freqofteet
Transmit Freq Error 1.234 kHz OBW Power 99.00 % OHz
x dB Bandwidth 134.3 kHz x dB -20.00 dB
MSG [%STATUS
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Shenzhen HUAK Testing Technology Co., Ltd.

FCC ID:2AF6B-RAK4260H

Report No.: HK1911122859-E

LoRa-FHSS/HCH

Agilent Spectrum Analyzer - Occupied BW

RL RF SO@ AT

CORREC

SEMSE:PULSE

ALIGNAUTO 09:30:42 AM Dec 26, 2019

[Center Freq 914.900000 MHz

Center Freq: 914.900000 MHz

#IFGain:Low

Radio Std: Nene

—— Trtig:Free Run Avg|Hold: 100/100

#Atten: 30 dB

Radio Device: BTS

10 dBidiv Ref 20.00 dBm

Log
10.0

Frequency

0.0o

Center Freq(
914.900000 MHz

-10.0
-20.0

-30.0
-40.0

-50.0 pr—"—

-60.0

-70.0

Center 914.9 MHz
Res BW 2.4 kHz

#VBW 7.5 kHz

Span 250 kHz

Sweep 41.4 ms

Transmit Freq Error
x dB Bandwidth

Occupied Bandwidth

125.65

Total Power

kHz

1.544 kHz OBW Power

140.

7 kHz x dB

19.5 dBm

99.00 %
-20.00 dB

% STATUS

CF Step
26.000 kHz
Auto Man

Freq Offset|
0Hz
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Shenzhen HUAK Testing Technology Co., Ltd.

A.2 Dwell Time

FCC ID:2AF6B-RAK4260H

Report No.: HK1911122859-E

Cha : : Dwell _ Verdic
Mode TXon PoOiNts Total Points . Limit [s]
nnel Time[s] t
LoRa-FHSS MCH 102 8001 0.326 0.4 PASS
Test Graph
Graphs
w Unit: dBm Accumulated Dwell time
18 [Total ppints of TX: 1DEQTolﬂI points{ 8001 ADT: .326 §
ittt s o it fns SR I S AR S R -
6
-6
-18 !
LoRa-FHSS/MCH 0
42
- Ll 7
. H """ i ] { B O A -
et L e e neerbeme d L T LT o L J L L L
-78
PN S N S N A N A S B Unit: 8
0 2.56 512 7.68 10.24 12.8 15.36 17.92 20,48 23.04 256
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Shenzhen HUAK Testing Technology Co., Ltd. FCC ID:2AF6B-RAK4260H Report No.: HK1911122859-E

A.3 Carrier Frequency Separation
Carrier Frequency Separation Limit .

Verdict

[KHZ] [KHZ]

LoRa-FHSS MCH 497 64.55

Mode Channel.

PASS

Test Graph

Graphs

Unit: dBm Channel Separation o0A ONMHz 17 5264Rm.

908 701MHz 12 527dAm

10 Channe] Separdtion: 0.200MHz \ /

LoRa-FHSS/MCH VU A \J\

-40 v W
50
-60
-Ta
------ Unit: MHz
908.5 908.56 908.62 908.68 908.74 908.8 908.86 908.92 908.98 909.04 909.1

Note: this test under absence of modulation condition.
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Shenzhen HUAK Testing Technology Co., Ltd.

A.4 Hopping Channel Number

FCC ID:2AF6B-RAK4260H

Report No.: HK1911122859-E

Mode Channel. Number of Hopping Channel[N] Limit[N] Verdict
FHSS Hop 64 >=15 PASS
Test Graph

RL RF S0 5 AC CORREC SEMSE:PULEE ALIGNAUTD 09:35:25 4M Dec 26, 2019 F
[Center Freq 915.000000 MHz #Avg Type: RMS TRACE[]2345 6 requency
PNO: Fast 0 1'g:FreeRun Avg|Hold:>10i10 TYPE M bttt
IFGain:Low HAtten: 30 dB DET|P MR R
MKkr2 2.480 000 GHZ Auto Tune
10 dBidiv  Ref 20.00 dBm —dBm
JLog
‘ ‘ ‘ ‘ ‘ _ CenterFreq
oo 915.000000 MHz
0.0o
StartFreq
100 902.000000 MHz|
o StopF
LoRa-FHSS/Hop op Freq
928.000000 MHz|
-300
_
400 CF Step
2.600000 MHz
Auto Man
-50.0
0.0 Baa | TS P R Freq Offset
0 Hz
=700
Start 902.00 MHz Stop 928.00 MHz
Res BW 100 kHz #VBW 300 kHz Sweep 2.533 ms (2001 pts)
IMSG %STATUS
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Shenzhen HUAK Testing Technology Co., Ltd.

A.5 Conducted Peak Output Power

FCC ID:2AF6B-RAK4260H

Report No.: HK1911122859-E

Reading Value Limit .
Mode Channel. Verdict
[dBm] [dBm]
LoRa-FH
LCH 12.601 30 PASS
SS
LoRa-FH
MCH 12.550 30 PASS
SS
LoRa-FH
HCH 12.509 30 PASS
SS
Test Graph
Graphs

Agilent Spectrum Analyzer - Swept SA

RL RF S0 AC

CORREC SEMSE:PULSE

ALIGN AUTO 09:24,20 &M Dec 26, 2019

10 dBidiv
Log

0.0

0.00

-100

-200

LoRa-FHSS/LCH

-300

-40.0

-50.0

-60.0

=700

MSG

% STATUS

[Center Freq 902.300000 MHz #Avg Type: Log-Pwr TACE[C 3158 Frequency
PNO: Wide ~—»— Trig:Free Run Avg|Hold: 1001100 TYPE| M ot
IFGain:Low #Atten: 30 dB DET|F MMM E
Mkr1 902.321 250 MHz Auto Tune
Ref 20.00 dBm 12.601 dBm
’ Center Freq|]
902.300000 MHz
StartFreq||
901.675000 MHz
Stop Freq||
902.925000 MHz
CF Step
125.000 kHz
[Auto Man
Freq Offset
0Hz
Center 902.3000 MHz Span 1.250 MHz
#Res BW 240 kHz #VBW 750 kHz Sweep 1.067 ms (2001 pts)
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Shenzhen HUAK Testing Technology Co., Ltd.

FCC ID:2AF6B-RAK4260H

Report No.: HK1911122859-E

Agilent Spectrum Analyzer - Swept SA

RL RF S0 Q AC CORREC SEMSE:PULSE ALIGH AUTO 09:28:33 &AM Dec 26, 2019
[Center Freq 908.700000 MHz #Avyg Type: Log-Pwr TRACE[T=3 45 6 Frequency
PNO: Wide —»— 1Hg: Free Run Avg|Hoeld: 100/100 TYPE|M ity
IFGain:Low #Atten: 30 dB DET|P MM NE M
Mkr1 908.739 375 MHz Auto Tune
10 dBidiv  Ref 20.00 dBm 12.550 dBm
JLog
. CenterFreq||
oo 908.700000 MHz
0.0o
StartFreq||
100 908.075000 MHz
=200
LoRa-FHSS/MCH Stop Freq||
909.325000 MHz
-30.0
400 ] CF Step
125.000 kHz
[Auto Man
-50.0
00 Freq Offset
0 Hz
700
Center 908.7000 MHz Span 1.250 MHz
Res BW 240 kHz #VBW 750 kHz Sweep 1.067 ms (2001 pts)
IMSG [[bSTATUS

Agilent Spectrum Analyzer - Swept SA

RL RF S0 & AC CORREC SEMSE:PULSE ALIGH 8UTO 09:30:11 &AM Dec 26, 2019
[Center Freq 914.900000 MHz #Avy Type: Log-Pwr TRACE2 345 6 Frequency
PNO: Wide —»— Ttig:Free Run Avg|Hold: 100100 TYPE | I itk
IFGain:Low #Atten: 30 dB DET|P MM NE M
Mkr1 914.862 500 MHz Auto Tune
10 dBidiv.  Ref 20.00 dBm 12.509 dBm
JLog
. Center Freq||
1.0 914.900000 MHz
0.0o
StartFreq||
00 914.275000 MHz
o StopF
LoRa-FHSS/HCH op Freq||
915.525000 MHz
-300
400 CF Step
125.000 kHz
[Auto Man
-50.0
0.0 Freq Offset
0 Hz
=700
Center 914.9000 MHz Span 1.250 MHz
Res BW 240 kHz #VBW 750 kHz Sweep 1.067 ms (2001 pts)

IMSG

[& STATUS

Page 8 of 14




Shenzhen HUAK Testing Technology Co., Ltd. FCC ID:2AF6B-RAK4260H Report No.: HK1911122859-E

A.6 Band-edge for RF Conducted Emissions

Carrier

Carrier Frequency Bandedge Upper :
Type Frequency(MHz) . Conclusion
Frequency(MHz) Power Peak(dBm) | limit(dBm)

[dBm]
LoRa-FHSS LCH 902 12.616 -43.05 -7.384 Pass
LoRa-FHSS LCH 800 12.522 -63.66 -7.478 Pass
LoRa-FHSS HCH 902 18.237 -32.54 -1.763 Pass
LoRa-FHSS LCH 902 18.233 -40.65 -1.767 Pass
LoRa-FHSS Hopping 902 12.692 -34.33 -7.308 Pass
LoRa-FHSS Hopping 902 12.601 -33.47 -7.399 Pass
LoRa-FHSS Hopping 902 12.568 -55.48 -7.432 Pass
LoRa-FHSS Hopping 928 12.593 -60.50 -7.407 Pass
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Shenzhen HUAK Testing Technology Co., Ltd.

FCC ID:2AF6B-RAK4260H

Test Graph

Report No.: HK1911122859-E

Graphs

RL RF 50 &

Agilent Spectrum Analyzer - Swept SA

AC

CORREC

ALIGN AUTD

03:25:17 AM Dec 26, 2019

[Center Freq 851.243750 MHz #Avg Type: RMS mac[ 5 5p | Frequency
PNO: Fast —»— T1rig:FreeRun Avg|Hold: 100/100 THPE I it
I IFGain:Low #Atten: 30 dB per|P MM
MKr3 901,05 MHZ Auto Tune
10 didiv__Ref 20.00 dBm -43.774 dBm
100 Center Freq|
0.00 851.243750 MHz
-7.38 dbmy
100
0 StartFreq||
=00 800.000000 MHz
-40.0 ‘
LoRa-FHSS/LCH/No 00
o0 Stop Freq||
Hop o o ‘ | ! | 902.487500 MHz
Start 800.00 MHz Stop 902.49 MHz CF Step
Res BW 100 kHz #VBW 300 kHz Sweep 9.867 ms (2001 pts) 10.248750 MHz,
MKR] MOD [ % [ v [ FUNCTION FUNCTION WIDTH FUNCTION YALLIE Auto Man
1 N f 800.00 MHz £3.085 diBm
2 N f ©02.00 MHz -43.052 dBm
N f ©01.056 MHz -43.774 dBm Freq Offset
4 N f 902.28 MHz 12616 dBm 0 Hz
5
]
7
8
9
10 1
1 v

Hb STATUS

RL RF S0¢  AC CORREC SEMNSE:PULSE| ALIGNAUTO 09:51:02 AM Dec 26, 2019
[Center Freq 937.356250 MHz #Avg Type: RMS mact[ o oo5g |  Frequency
PNO: Fast —»— 1tig:FreeRun Avg|Hold: 100/100 THPE It
I IFGain:Low #Atten: 30 dB DET|P NI
Auto Tune
| 10 dBidiv  Ref 20,00 dBm
Log
100 Center Freq||
000 937.356250 MHz|
-7.49 dBmy
-10.0
-20.0
StartFreq||
—no 914.712500 MHz
-40.0
LoRa-FHSS/HCH/No 5001
0 Stop Freq(]
: e
Hop o | i ‘ i 960.000000 MHz|
Start 914.71 MHz Stop 960.00 MHz CF Step
Res BW 100 kHz #VBW 300 kHz Sweep 4.400 ms (2001 pts) 4528750 MHz
FUNCTION WD FUNCTION VALUE Auto Man
1 N f 928.000 MHz 63.467 dBm
2 N f 960.000 MHz £2.618 dBm
Freq Offset
4 N f 914.871 MHz 12511 dBm
5 0 Hz|
]
7
8
9
10 3
1 v

Hb STATUS

Page 10 of 14



Shenzhen HUAK Testing Technology Co., Ltd.

FCC ID:2AF6B-RAK4260H

Report No.: HK1911122859-E

Agilent Spectrum Analyzer - Swept SA

RL RF SO0 AC CORREC SEMNSE:PULSE] ALIGNAUTD 09:36:51 AM Dec 26, 2019 F
[Center Freq 860.000000 MHz ] #Avg Type: RMS WG [T05 75 6 requency
PNO: Fast 0 Trig: Free Run Avg|Hold:>100/100 TYPE|M
I IFGain:Low #Atten: 30 dB DET|F MR
Auto Tune
| 10 dBidiv. Ref 20.00 dBm
Log
100 Center Freq||
0.00 860.000000 MHz
-7.31 dBmy
-10.0
< StartFreq||
=no 800.000000 MHz
-40.0
-50.0
LoRa-FHSS/LCH/Hop 00 ~ stop Freq|
920.000000 MHz
-70.0
Start 800.00 MHz Stop 920.00 MHz CF Step
Res BW 100 kHz #VBW 300 kHz Sweep 11.60 ms (2001 pts) 12.000000 MHz
e % | v | Antov | Anconwen Auto Man
f £00.00 MHz 61.384 dBm
f 902.00 MHz 34.332 dBm
Freq Offset
f 91010 MHz 12.692 dBm 0 Hz

% STATUS

RL RF SO0 AC CORREC SEMNSE:PULSE] ALIGNAUTD 09:49:22 AM Dec 26, 2019 Frequenc
[Center Freq 935.000000 MHz ] #Avg Type: RMS WeCE[T55 756 quency
PNO: Fast 5 Trig: Free Run Avg|Hold:>100/100 THPE| M it
I IFGain:Low #Atten: 30 dB DET|F MR
Auto Tune
| 10 dBidiv. Ref 20.00 dBm
Log |
100 Center Freq|
0. 935.000000 MHz
741 cBnfl
-10.0
200
StartFreq||
0o 910.000000 MHz
-40.0
-50.0
LoRa-FHSS/HCH/Hop | s b Stop Freq||
960.000000 MHz
-70.0
Start 910.00 MHz Stop 960.00 MHz CF Step
Res BW 100 kHz #VBW 300 kHz Sweep 4.800 ms (2001 pts) 5000000 MHz
10 FUNCTION WIDTH Auto Man
1 N f 923.000 MHz 50.505 dBm
2 N f 960.000 MHz 52129 dBm
Freq Offset
4 N f 910.476 MHz 12593 dBm 0 Hz
5
8
7
8
9
° B
1 >
| =

% STATUS
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Shenzhen HUAK Testing Technology Co., Ltd. FCC ID:2AF6B-RAK4260H Report No.: HK1911122859-E

A.7 RF Conducted Spurious Emissions

Test Graph
LoRa-FHSS LCH_Graphs
Agilent Spectrum Analyzer - Swept SA
RL RF S0%  AC CORREC SEMSEPULSE ALIGH ALTO 09:25:00 AM Dec28, 2019
Center Freq 902.300000 MHz #Avg Type: RMS TecE[ 55| Frequency
PNO: Wide —»— 1rig: Free Run Avg|Hold: 100/100 THPE| W] ittt
IFGain:Low #Atten: 30 dB DET|F MM TN F
Mkr1 902.309 06 MHz Auto Tune
10 gBiciv__Ref 20.00 dBm 12.599 dBm
. Center Freq
100 902.300000 MHz
000
StartFreq
-7.40 cBir
00 902.175000 MHz
Pref <00 Stop Freq
902.425000 MHz
-30.0
400 CF Step
25.000 kHz
[Auto Man
500
o Freq Offset
0 Hz
-70.0
Center 902.3000 MHz Span 250.0 kHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.067 ms (8001 pts)
MSG %STATUS
RL RF 50 5 A DC CORREC SEMSE:PULSE ALIGN AT 09:29:13 AM Dec 28, 2019
[Center Freq 5.000004500 GHz #Avg Type: Log-Pur wace[o5 o5 | Frequency
PNO: Fast —»— 1rig: Free Run Avg|Hold: 100/100 THPE| W] ittt
IFGain:Low #Atten: 30 dB DET|F MM TN F
Mkr1 1.805 0 GHzZ Auto Tune
10 gBidiv__Ref 20.00 dBm ~40.683 dBm
.0 Center Freq
0o 5.000004500 GHz
-7.40 ciBrry
-100
- StartFreq
oo Y 9,000 kHz
-40.0 i I
Eaali] WITERmemE T BT E T T . [ L T
Puw . Stop Freq
10.000000000 GHz
-70.0
Stop 10.000 GHz CF Step
#/BW 3.0 MHz Sweep 17.33 ms (20001 pts 999.999100 MHz
] o [ runcionen futo Man
1.805 0 GHz 40,683 dBm
2
3 Freq Offset|
‘5‘ 0Hz
6
7
8
9
10
1 v
< | &
MEG ﬂbSTATUS 1.DC Coupled
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Shenzhen HUAK Testing Technology Co., Ltd. FCC ID:2AF6B-RAK4260H Report No.: HK1911122859-E

LoRa-FHSS MCH_Graphs

Agilent Spectrum Analyzer - Swept SA

RL RF S0 5 AC CORREC SEMSEPULSE ALIGM AUTO 09:29:13 AM Dec 26, 2019
Center Freq 908.700000 MHz #Avg Type: RMS TRACE[([2 345 6 Frequency
PHO: Wide —— Ttig:Free Run Avg|Hold: 1001100 TVPE| W] Wikttt
IFGain:Low #Atten: 30 dB DET|P BT
Mkr1 908.697 16 MHz Auto Tune
10 dBidiv  Ref 20.00 dBm 12.554 dBm
ILog
’ Center Freq
o 908.700000 MHz
0.0o
StartFreq
-7.45 dbin
00 908.575000 MHz,
Pref o Stop Freq
908.825000 MHz,
-30.0
400 CF Step
) 25.000 kHz|
Auto Man
-50.0
E00 Freq Offset|
' 0 Hz
-70.0
Center 908.7000 MHz Span 250.0 kHz
Res BW 100 kHz #VBW 300 kHz Sweep 1.067 ms (8001 pts)
IMSG %STATUS

Agilent Spectrum Analyzer - Swept SA
RL RF 50 52 A DC CORREC SEMSEPULSE ALIGM ALUTO 09:29:26 AM Dec 26, 2019

[Center Freq 5.000004500 GHz #Avg Type: Log-Pwr TRACE[([2 345 6 Frequency
PNO: Fast -+~ Ttig:Free Run Avg|Hold: 100/100 TVPRE | i
IFGain:Low HAtten: 30 dB DET|P W E T
Mkr1 1.818 0 GHZ Auto Tune
1L%;|deiv Ref 20.00 dBm -41.535 dBm
1o Center Freq
0o 5.000004500 GHz
-7.45 dBm|
-10.0
o StartFreq
-300
9.000 kHz
400 ¢ i
500 M -
Puw 500 Stop Freq
on 10.000000000 GHz
Stop 10.000 GHz CF Step
#VBW 3.0 MHz Sweep 17.33 ms (20001 pts 999.999100 MHz|

FUNCTION Auto Man

18180 GHz 41636 dBm

Freq Offset|
0 Hz

=000 -ONLWN

-

v

< | =
[y status| 1. DC Coupled

=
o
[n]
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Shenzhen HUAK Testing Technology Co., Ltd.

FCC ID:2AF6B-RAK4260H

Report No

1 HK1911122859-E

LoRa-FHSS HCH_Graphs

Agilent Spectrum Analyzer - Swept SA
RL RF SO AC

CORREC SEMSEPULSE

ALIGN AUTO

09:30:50 &M Dec 26, 2019

Center Freq 914.900000 MHz #Avg Type: RMS WAcE[o5osp | Freduency
PHO: Wide —— Ttig:Free Run Avg|Hold: 100/100 TYPE| W] kst
IFGain:Low #Atten: 30 dB DET|P BT
Mkr1 914.955 47 MHz Auto Tune
10 dBidiv  Ref 20.00 dBm 12.511 dBm
ILog
. Center Freq
10.0 914.900000 MHz
0.0o
StartFreq
-7 49 B
0o 914.775000 MHz
Pref =0 Stop Freq
915.025000 MHz
-30.0
400 CF Step
} 25,000 kHz
Auto Man
-50.0
o Freq Offset
) 0Hz
-70.0
Center 914.9000 MHz Span 250.0 kHz
Res BW 100 kHz #VBW 300 kHz Sweep 1.067 ms (8001 pts)
IMSG %STATUS
Agilent Spectrum Analyzer - Swept SA
RL RF 50 ¢ MDC CORREC SEMSEPULSE ALIGM AUTO 09:31:03 AM Dec 26, 2019 F
[Center Freq 5.000004500 GHz #Avg Type: Log-Pwr AREERET requency
PNO: Fast -+~ Ttig:Free Run Avg|Hold: 100/100 TYPE| M kst
IFGain:Low HAtten: 30 dB DET|P W E T
Mkr1 1.830 5 GHzZ Auto Tune
10dBidiv__Ref 20.00 dBm -40.938 dBm
og
1.0 Center Freq
0o 5.000004500 GHz
-7.43 ciBm|
-10.0
< StartFreq
-300
9.000 kHz|
400 ¢
500 | (BT SR s
Puw o Stop Freq
10.000000000 GHz
-70.0
Stop 10.000 GHz CF Step
#VBW 3.0 MHz Sweep 17.33 ms (20001 pts 999.999100 MHz|
FUNCTION Auto Man
18305 GHz 40938 dBm
2
3 Freq Offset|
g 0 Hz
6
7
8
9
10
11 v
< | >
MsG [y status| 1. DC Coupled
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