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Basic model_99 % Bandwidth
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Operating Mode: m/4DQPSK
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Operating Mode: 8DPSK
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Variant model_20 dB Bandwidth

Operating Mode: GFSK
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Operating Mode: m/4DQPSK
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Operating Mode: 8DPSK
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Variant model 99 % Bandwidth
Operating Mode: GFSK
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Operating Mode: m/4DQPSK
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Operating Mode: 8DPSK
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4. Maximum Peak Conducted Output Power

4.1. Test Setup

Directional Bluetooth
EUT Coupler Tester
Power Sensor Test Note PC

4.2. Limit

42.1. FCC

1. 815.247(a)(1), Frequency hopping systems shall have hopping channel carrier frequencies separated by a
minimum of 25 kiz or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively,

frequency hopping systems operating in the 2 400-2 483.5 Mz band may have hopping channel carrier
frequencies that are separated by 25 kiz or two-thirds of the 20 dB bandwidth of the hopping channel,
whichever is greater, provided the systems operate with an output power no greater than 125 .

2. 815.247(b)(1), For frequency hopping systems operating in the 2 400-2 483.5 Mz band employing at least
75 non-overlapping hopping channels, and all frequency hopping systems in the 5 725-5 850 Mz band: 1 watt.
For all other frequency hopping systems in the 2 400-2 483.5 Mz band: 0.125 watts.

4.2.2.1C

1. According to RSS-247 Issue 2, 5.1(b), FHSs shall have hopping channel carrier frequencies separated by
a minimum of 25 kiz or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively,
FHSs operating in the band 2 400-2 483.5 Ml may have hopping channel carrier frequencies that are
separated by 25 kiiz or two thirds of the 20 dB bandwidth of the hopping channel, whichever is greater,
provided that the systems operate with an output power no greater than 0.125 W.

2. According to RSS-247 Issue 2, 5.4(b), for FHSs operating in the band 2 400-2 483.5 Mz, the maximum
peak conducted output power shall not exceed 1.0 W if the hopset uses 75 or more hopping channels; the
maximum peak conducted output power shall not exceed 0.125 W if the hopset uses less than 75 hopping
channels. The e.i.r.p. shall not exceed 4 W, except as provided in section 5.4(e).

4.3. Test Procedure

The test follows ANSI C63.10-2013. Using the power sensor instead of a spectrum analyzer.

1. Place the EUT on the table and set it in the transmitting mode.

2. Remove the antenna from the EUT and then connect a low loss RF cable from the antenna port to the
Power sensor.

3. Test program: (S/W name: R&S Power Viewer, Version: 3.2.0)

4. Measure each channel.
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4.4. Test Results
Ambient temperature (23+1) C
Relative humidity 47 % R.H.
- Basic model
Operation Data Rate Frequency AUDTELE e Limit
Mode (Mbps) Channel (M) Power Result Power Result (dB m)
(dB m) (dB m)
Low 2 402 -0.52 0.20
GFSK 1 Middle 2441 -2.82 -1.80
High 2480 -2.75 -1.69
Low 2 402 -0.73 1.92
m/4DQPSK 2 Middle 2441 -2.62 0.21 20.97
High 2480 -1.84 0.84
Low 2402 -0.76 1.96
8DPSK 3 Middle 2441 -2.58 0.26
High 2480 -1.84 0.83
- Variant model
Op,\i (r)?jt(ieo n D?I\t/l% [F;:‘)t € Channel Fretle;;n cy Poév\é?rsgg ult Pow:;a l'IJ?Iles ult (I(_i:errilt)
(dB m) (dB m)
Low 2402 -2.84 -1.40
GFSK 1 Middle 2 441 -1.82 -0.65
High 2480 -2.51 -1.39
Low 2402 -2.58 0.57
m/4DQPSK 2 Middle 2441 -1.58 1.45 20.97
High 2480 -2.72 0.39
Low 2402 -2.64 0.73
8DPSK 3 Middle 2441 -1.67 1.62
High 2480 -2.72 0.98
Remark;

In the case of AFH, the limit for peak power is 0.125 W.
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5. Carrier Frequency Separation

5.1. Test Setup

Directional Bluetooth
EUT Coupler Tester
Spectrum
Analyzer

5.2. Limit

5.2.1. FCC

815.247(a)(1), Frequency hopping systems shall have hopping channel carrier frequencies separated by a
minimum of 25 kiz or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively,
frequency hopping systems operating in the 2 400-2 483.5 Mz band may have hopping channel carrier
frequencies that are separated by 25 liz or two-thirds of the 20 dB bandwidth of the hopping channel,
whichever is greater, provided the systems operate with an output power no greater than 125 V.

5.2.2.1C

According to RSS-247 Issue 2, 5.1(b), FHSs shall have hopping channel carrier frequencies separated by a
minimum of 25 kiz or the 20 dB bandwidth of the hopping channel, whichever is greater. Alternatively, FHSs
operating in the band 2 400-2 483.5 M may have hopping channel carrier frequencies that are separated by
25 kiz or two thirds of the 20 dB bandwidth of the hopping channel, whichever is greater, provided that the
systems operate with an output power no greater than 0.125 W.

5.3. Test Procedure

The test follows ANSI C63.10-2013.

The device is operating in hopping mode between 79 channels and also supporting Adaptive Frequency
Hopping with hopping between 20 channels. As compared with each operating mode, 79 channels are
chosen as a representative for test.

Use the following spectrum analyzer settings:

. Span: Wide enough to capture the peaks of two adjacent channels

. RBW: Start with the RBW set to approximately 30 % of the channel spacing; adjust as necessary to best
identify the center of each individual channel.

. VBW =2 RBW

. Sweep: Auto

. Detector: Peak

. Trace: Max hold

. Allow the trace to stabilize.

N

~No o hWw

Use the marker-delta function to determine the between the peaks of the adjacent channels.
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5.4. Test Results
Ambient temperature (23+1) C
Relative humidity 47 % R.H.
- Basic model
Adjacent Hopping Two-third of 20 dB
Operation Mode Fre%e)ncy Channel Separation Bandwidth
(tz) (kitz)
GFSK 2441 1 000 699
8DPSK 2441 1000 899
Remark;
Measurement is made with EUT operating in hopping mode between 79 channels providing a worst case
scenario as compared to AFH mode hopping between 20 channels.
- Test plots
Operation Mode: GFSK Operation Mode: 8DPSK
i’:fellj:::l“m 00 dBm @ RBW 300 kHz [gl izleli;:ru:rll‘IQ 00 dBm @ RBW 200 kHz [§]
Att 30dB  SWT 1ms @ VBW 300 kHz Mode Sweep Att 30dE SWT 1ms & YBW 300 kHz  Mode Sweep
0 ady D2[1] -0.01 dB| o D2[1] 0.29 dB)|
SET T /"L'\\ /f“'f”f‘\ ,x’m\:”z B R B e e S ] Lt
j{duu S \/ Ny % -10 deém
CF 2.441 GHz 1001 pl‘s‘ l.“ Span 5.0 MHz CF 2.441 GHz 1001 pts' .'_ Span 5.0 MHz
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- Variant model

Frequenc Adjacent Hopping Two-third of 20 dB
Operation Mode ?MHZ) y Channel Separation Serah e
L) (k)
GFSK 2 441 1000 201
8DPSK 2 441 1 000 897

Remark;

Measurement is made with EUT operating in hopping mode between 79 channels providing a worst case
scenario as compared to AFH mode hopping between 20 channels.

- Test plots
Operation Mode: GFSK Operation Mode: 8DPSK
Spectrum s Spectrum " =
Ref Leval 14,00 d2m & RBW 200 kHz Ref Level 14.00 d2m & RBW 3200 kHz
Att 3008 SWT 1ms @ ¥BW 300 kHz Mode Sweep Att 30d8  SWT 1ms @ VBW 300 kHz Mode Sweep
TDF TDF
® 1Pk View ® 1Pk View
-1.64 dBmn| mM1[1] -1.26 dBm|
o 2.44100000 GHz| 0 2.44100000 GHz|
0.03 dB| D2[1] -0.51 dB|
o d D2 1.00000 MHz| o d o) 1.00000 MHzZ|
/_..,__\\ //m—r\\ P e B I [JUEPwrece Sv N P ] T | [T ar
!U/ | i N N [t ko
N ¥ i
20 dl 20 dl
-30 -30 deém
-40 -0
S0 Sode
60 df 50 dl
<70 dBm -70 dBm
-80d S0
CF 2.441 GHz SEdn 5.0 MHz CF 2.441 GHz 1001 pts ﬂdn 5.0 MHz
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6. Number of Hopping Frequencies

6.1. Test Setup

Directional Bluetooth
EUT Coupler Tester
Spectrum
Analyzer

6.2. Limit

6.2.1. FCC

815.247(a)(1)(iii), Frequency hopping systems in the 2 400-2 483.5 Mz band shall use at least 15 channels.
The average time of occupancy on any channel shall not be greater than 0.4 seconds within a period of 0.4
seconds multiplied by the number of hopping channels employed. Frequency hopping systems may avoid or
suppress transmissions on a particular hopping frequency provided that a minimum of 15 channels are used.

6.2.2.1C

According to RSS-247 Issue 2, 5.1(d), FHSs operating in the band 2 400-2 483.5 iz shall use at least 15
hopping channels. The average time of occupancy on any channel shall not be greater than 0.4 seconds within
a period of 0.4 seconds, multiplied by the number of hopping channels employed. Transmissions on particular
hopping frequencies may be avoided or suppressed provided that at least 15 hopping channels are used.

6.3. Test Procedure
The test follows ANSI C63.10-2013.

The device supports Adaptive Frequency Hopping and will use a minimum of 20 channels of the 79 available
channels.

The EUT shall have its hopping function enabled. Use the following spectrum analyzer settings:

1. Span: The frequency band of operation. Depending on the number of channels the device supports, it
may be necessary to divide the frequency range of operation across multiple spans, to allow the individual
channels to be clearly seen.

2. RBW: To identify clearly the individual channels, set the RBW to less than 30 % of the channel spacing or
the 20 dB bandwidth, whichever is smaller.

3. VBW = RBW

4. Sweep: Auto

5. Detector function: Peak

6. Trace: Max hold

7. Allow the trace to stabilize.
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6.4. Test Results

Ambient temperature (23+1) C
Relative humidity 47 % R.H.
- Basic model
Operation Mode Number of Hopping Frequency Limit
GFSK 79 > 15
8DPSK 79 > 15

Remark;

Measurement is made with EUT operating in hopping mode between 79 channels providing a worst case
scenario as compared to AFH mode hopping between 20 channels.

- Test plots
Operation Mode: GFSK
Spectrum ] [@J Spectrum ] [@]
e bt " i oWt imc o VAW 0k mode Swese et UZBEh wWrlnc @ VAW ZMBS Minde Sveip
SnnaAArANIAAAAARARAAR AN ARAAR A AN ,MmW\ﬂwwmw A ARARARARARARAAALR
YT TTR TV vy vy v o T v rvvvvopyy iy LA A
-3 -30 \
-40 \\
i Ly s
Start 2 4(H]i‘ 1001 pts‘ - ‘Stup 2.4415 GHz Start 2,4415;)—!2 1001 pis' l' -Stup 2.4835 GHz
Operation Mode: 8DPSK
Spectrum (=] | (spectrum (=)
Ref Level 14.00 dBm @ RBW 200 kHz Ref Lavel 14,00 dBm @ RBW 200 kHz
o At 25dB  SWT 1ms @ VBW 200 kHz  Mode Sweep o Att 25d8  SWT 1ms & ¥YBW 200 kHz Mode Swesp
MYV A I Ay AR AARAN VYA IRAN A ey
|
20de ‘l
-0 lNLW
Start 2.4 CH;[ 1001 pt;J '.'Ill.n ‘Siup 2.4415 CHz Start 2,4415:{:H1 1001 ptsJ '.'Ilml ‘Stup 2.4835 GHz
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- Variant model
Operation Mode Number of Hopping Frequency Limit
GFSK 79 =15
8DPSK 79 > 15
Remark;
Measurement is made with EUT operating in hopping mode between 79 channels providing a worst case
scenario as compared to AFH mode hopping between 20 channels.
- Test plots
Operation Mode: GFSK
Spectrum [@ Spectrum [@
AU AAnnaanananhanAAMAAAAR AL A{Wﬂﬂﬂﬂ‘ AnatanataananacanaacaAnARALALN
U A A B AL e e O
b ”
3 30 !\
- L"W\l
Start 2.4 GHz 1001 pts Slﬂp 2.4415 GHz Start 2.4415 GHz 1001 pts S(D_E 2.4835 GHz
Operation Mode: 8DPSK
Spectrum [@ Spectrum [@
o dt T e swr 1ms @ VOW 200K made Swess L d T T o 1mc o VEW 200k voda swesp
uAr‘h AR I s s YT Y AR A A AR AR A AN Y
10/d -10d t
|
Start 2.4 GHz 1001 pts Slﬂp 2.4415 GHz Start 2.4415 GHz 1001 pts S[EI_E 2.4835 GHz
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7. Time of Occupancy (Dwell Time)

7.1. Test Set up

Directional Bluetooth
EUT Coupler Tester
Spectrum
Analyzer

7.2. Limit

7.2.1. FCC
815.247(a)(1)(iii), Frequency hopping systems in the 2 400-2 483.5 M band, the average time of occupancy
on any frequency shall not be greater than 0.4 second within a 31.6 second period.

7.2.2.1C

According to RSS-247 Issue 2, 5.1(d), FHSs operating in the band 2 400-2 483.5 )i shall use at least 15
hopping channels. The average time of occupancy on any channel shall not be greater than 0.4 seconds within
a period of 0.4 seconds, multiplied by the number of hopping channels employed. Transmissions on particular
hopping frequencies may be avoided or suppressed provided that at least 15 hopping channels are used.

A period time = 0.4 (s) * 79 = 31.6 (s)
*Adaptive Frequency Hopping

A period time = 0.4 (s) * 20 = 8 (s)
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7.3. Test Procedure
The test follows ANSI C63.10-2013.

1. Check the calibration of the measuring instrument using either an internal calibrator or a known signal
from an external generator.

2. Position the EUT as shown in test setup without connection to measurement instrument. Turn on the EUT
and connect its antenna terminal to measurement instrument via a low loss cable.

3. Measure the time duration of one transmission on the measured frequency. And then plot the result with
time difference of this time duration.

4. The Bluetooth has 3 type of payload, DH1, DH3, DH5 and 3DH1, 3DH3, 3DH5.The hopping rate is
insisted of 1 600 per second.

The EUT must have its hopping function enabled. Use the following spectrum analyzer setting:

1. Span = Zero span, centered on a hopping channel.

2. RBW =1 M.

3. VBW = RBW.

4. Sweep = As necessary to capture the entire dwell time per hopping channel.
5. Detector = Peak.

6. Trace = Max hold.

Use the marker-delta function to determine the dwell time. If this value varies with different modes of
operation, then repeat this test for each variation.
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7.4. Test Results
Ambient temperature (23+1) C
Relative humidity 47 % R.H.
7.4.1. Packet Type: DH1, 3DH1
- Basic model
Time of occupancy on Lm;:;c;‘gr:nrrée el
Operation Frequency Dwell Time the Tx Channel in h b h Y I
Mode (M) s 31.6 sec on the Tx Channel in
'( ) 31.6 sec
mSs (I[lS)
GFSK 2441 0.38 121.60 400
8DPSK 2441 0.39 124.80 400
Remark;
Time of occupancy on the TX channel in 31.6 sec
In case of GFSK: 0.38 x {(1 600 + 2)/ 79} x 31.6 = 121.60 ms
In case of 8DPSK: 0.39 x {(1 600 + 2) / 79} x 31.6 = 124.80 ms
- Test plots
Operation Mode: GFSK Operation Mode: 8DPSK
E::lell::\;:r\”lz EIEI]dBm @ RBW 1 MHz [E] i:j::::ll ‘14 EIEI]dBm @ RBW 1 MHz [ﬁ
e mM1[1] 13$€|§Bm ::F:D:W mM1[1] -3.46 dBm)|
a D2[1]) [] |4TI‘; D2[1] 23?,32::;
:v,[_; i I [ e |_W ____380.00 s % o e A jﬂ?"”‘—' ps|
i) J H
4DL4MIM wfw q.ﬁJ AP ki *“.MWMJ uﬂm.q,r b “ju"rﬂ"}.mﬁll ! MWU%“.AC .Jﬂlw."»‘ﬂ‘] i"f“f h\r.w ) L{‘ "'w]u“ ull wﬁ“‘ﬂ.wj W‘“AT"M"M ml }J"WLM% JUW
CF 2.441 GHz 1001 pts 1.0ms/ CF 2.441 GHz 1001 pts 1.0ms/
)i ) WRRRRRRRD W J1 ] WARARAD W
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- Variant model
Time of occupancy on Llnc:gglc:r:nn;e o
Operation Frequency Dwell Time the Tx Channel in pancy -
on the Tx Channel in

Mode (MEz) (ms) 31.6 sec 31.6 sec

(ms) (ms)
GFSK 2441 0.38 121.60 400
8DPSK 2441 0.39 124.80 400

Remark;

Time of occupancy on the TX channel in 31.6 sec
In case of GFSK: 0.38 x {(1 600 +2)/ 79} x 31.6 = 121.60 ms
In case of 8DPSK: 0.39 x {(1 600 + 2) / 79} x 31.6 = 124.80 ms

Operation Mode: GFSK Operation Mode: 8DPSK
S (=] | [specnm | oemme—c (®]
Ref Lavel 10.00 dBm & RBW 1 MHz Ref Lavel 10.00 dBm @ RBW 1 MHz
| Att 20 dB @ SWT 15 ms @ VBW 1 MHz & Att 20 dB & SWT 15 ms @ VAW 1 MHz
S6L TDF SGL TDF
® 1Pk Max ® 1Pk Max
mi[1] -1.23 dBm)| D3[1] -0.12 db)
HZ’.: D3 5.4000 ms M1ip2 a ) 1.2450 ms|
g = = — e D2t 7 I T d 0.8 3 B T rMar” r il t1.16 ¢é7
37p.0 ps| L.9350 ms|
1 -10
20 dém -20 der
-3 l -30 dBm
I " " , + ) . g » " \ " . \ " " ,
Wl | Wl Wind Wl Tl W[ G TS T T | WG U T Rl L 1Tl Wd Wkl 1% Sl W) T
A I Y i i I | bl ‘ : el Y it W] ol bl i) bl i I | ! [y
-50 dem -60 dem
s0de s0de
— —
CF 2.441 GHz 1001 pts 1.9 ms/ CF 2.441 GHz 1001 pts 1.5ms/
arker Marker
Type | Ref | Trc| X-value | Y-value | Function Function Result | Type | Ref | Tre | X-value | Y-value Function Function Result |
M1 1 5.4 ms -1.23 dBm M1 1 1.935 ms -1.16 dBm
D2 M1 1 375.0 ps -0.02 dB b2 M1 1 390.0 ps 1.69 dB
D3 M1 1 1.245 ms -0.03 dB D3 M1 1 1.245 ms -0.12 d8
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