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1.1

1.2

Report Summary

Report Modification Record

Alterations and additions to this report will be issued to the holders of each copy in the form of a
complete document.

Issue

Description of Change

Date of Issue

1

First Issue

29-November-2024

Introduction

Applicant

Manufacturer

EUT/Sample Identification

Test Specification/Issue/Date

Start of Test
Finish of Test

Name of Engineer(s)

Related Document(s)

COMMERCIAL-IN-CONFIDENCE

Table 1

Apple Inc
Apple Inc
Refer to section 1.6

FCC 47 CFR Part 15C: 2023

ISED RSS-247: Issue 3 (2023-08)

ISED RSS-GEN: Issue 5 (2018-04) + A2 (2021-02)
29-April-2024

07-November-2024

Akhil Rajendran Bhaskaran Nair, Manohar Thota,
Mustafa Murad, Thomas Biddlecombe, Colin Brain and
Vineeth Nagaraj, Elliot Callender, lan Hart and
loan-Alexandru Bogatu

ANSI C63.4 (2014)

ANSI C63.10 (2020)

KDB 662911 D01 v02r01
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1.3 Brief Summary of Results

A brief summary of the tests carried out in accordance with FCC 47 CFR Part 15C, ISED RSS-247 and ISED RSS-GEN is shown below.

Specification Clause
Section Test Description Result | Comments/Base Standard
Part 15C RSS-247 RSS-GEN

Configuration and Mode: 2.4 GHz Bluetooth LE/HDR/HDR

The device complies with the provisions of
- 15.203 - - Antenna Requirement N/T this section, as it uses permanently
attached integral antennas.

2.1 15.205 3.3 8.10 Restricted Band Edges Pass ANSI C63.10 (2020)

2.2 15.247 (a)(2) 5.2 6.7 Emission Bandwidth Pass ANSI C63.10 (2020)

ANSI C63.10 (2020)

2.3 15.247 (b) 5.4 6.12 Maximum Conducted Output Power Pass
KDB 662911 D01 v02r01
2.4 15.247 (d) 5.5 - Authorised Band Edges Pass ANSI C63.10 (2020)
! . . ANSI C63.4 (2014)
25 15.209 and 15.247 (d) 3.3and 5.5 6.13 and 8.9 Spurious Radiated Emissions Pass
ANSI C63.10 (2020)
. ANSI C63.10 (2020)
2.6 15.247 (e) 5.2 6.12 Power Spectral Density Pass
KDB 662911 D01 v02r01
Table 2
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1.4

1.4.1

14.2

143

Product Information

Technical Description

The equipment under test (EUT) was a portable laptop computer.

Test Modes

The EUT’s 2.4 GHz Bluetooth radio supports SISO (Single Input/Single Output) and MIMO
(Multiple Input/Multiple Output) operation on two different cores (Core 0 and Core 1). The EUT
supports HDR4 (4-DH5), HDR8 (8-DH5), LE1M and LE2M. It also operates at two power settings:
low power “iPA” and high power “ePA”. The EUT uses different output powers per core dependent
on how many cores are used.

After preliminary investigations, conducted tests on the EUT were performed in the following
modes:

SISO modes:

e HDR4-iPA-Core0
HDRS8 - iPA - Core 0
LE1IM - iPA - Core 1
LE2M - iPA - Core 1
HDR4 - ePA - Core O
HDRS8 - ePA - Core O
LEIM - ePA - Core O
LE2M - ePA - Core O

MIMO modes:

HDR4 - iPA - Core 0 + Core 1
HDRS8 - iPA - Core 0 + Corel
LEIM - iPA - Core O + Core 1
LE2M - iPA - Core 0 + Core 1
HDR4 - ePA - Core 0 + Core 1
HDRS8 - ePA - Core 0 + Core 1
LEIM - ePA-Core 0 + Core 1
LE2M - ePA - Core 0 + Core 1

With Spurious Radiated Emissions tests limited to the modes shown below, with the device
configured to operate at maximum output power. As this was deemed to be worst case.

MIMO modes:
e LEIM-iPA-Core0+ Corel
e HDR4-ePA-Core0+Corel

Test Setup

For conducted tests the EUT antennas were disconnected and replaced with U.FL to SMA test
cables to enable conducted testing on each core. The loss of these test cables were known and
compensated for in any conducted measurements.

For all tests the EUT was put into a continuous transmit/receive test mode with the chipset
manufacturer’s test commands to ensure the measured signals were representative.

All testing was performed with the EUT powered via a 120 V AC, 60 Hz source.
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14.4

15

1.6

Antenna Gain Table

Antenna Port

Frequency Range (MHz)

Peak Gain (dBi)

Conducted Cable Loss (dB)

Core 0

2400 to 2480

5.4

0.71

Core 1

2400 to 2480

5.1

0.71

Table 3

Deviations from the Standard

No deviations from the applicable test standard were made during testing.

Identification of the EUT

The table below details identification of the EUT(s) that have been used to carry out the testing

within this report.

Model: A3241

Serial Number Hardware Version Software Version
GO0Q65Y9HP6 REV1.0 24A12461c
FWKQMY7GHY REV1.0 24A12461c
HIJKCRQM3K9 REV1.0 24A12461c
K2K9N270NG REV1.0 24A12461c
DT7LYX5QXT REV1.0 24A12461c
GNF9559TWD REV1.0 24A12461c

COMMERCIAL-IN-CONFIDENCE

Table 4
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1.7

1.8

EUT Modification Record

The table below details modifications made to the EUT during the test programme.

The modifications incorporated during each test are recorded on the appropriate test pages.

Modification State

Description of Modification still fitted to EUT

Modification Fitted By

Date Modification
Fitted

Model: A3241, Serial Number: K2KON270NG

0 | As supplied by the customer

Not Applicable

Not Applicable

Model: A3241, Serial Number: HIKCRQM3K9

0 | As supplied by the customer

Not Applicable

Not Applicable

Model: A3241, Serial Number: DT7LYX5QXT

0 | As supplied by the customer

Not Applicable

Not Applicable

Model: A3241, Serial Number: GOQ65Y9HP6

0 | As supplied by the customer

Not Applicable

Not Applicable

Model: A3241, Serial Number: FWKQMY7GHY

0 | As supplied by the customer

Not Applicable

Not Applicable

Model: A3241, Serial Number: GNF9559TWD

0 | As supplied by the customer

Not Applicable

Not Applicable

Test Location

Table 5

TUV SUD conducted the following tests at our Octagon House Test Laboratory.

Test Name

Name of Engineer(s)

Accreditation

Configuration and Mode: 2.4 GHz Bluetooth LE/HDR/HDR

Emission Bandwidth Thomas Biddlecombe UKAS
Maximum Conducted Output Power Thomas Biddlecombe UKAS
Power Spectral Density Thomas Biddlecombe UKAS

Office Address:

TOV SUD
Octagon House
Concorde Way
Fareham
Hampshire
PO15 5RL
United Kingdom

COMMERCIAL-IN-CONFIDENCE
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TUV SUD conducted the following tests at our Concorde Park Test Laboratory.

Test Name

Name of Engineer(s)

Accreditation

Configuration and Mode: 2.4 GHz Bluetooth LE/HDR/HDR

Akhil Rajendran Bhaskaran Nair,
Elliot Callender, lan Hart, loan-

Restricted Band Edges Alexandru Bogatu and Manohar UKAS
Thota

Emission Bandwidth Mustafa Murad UKAS

Maximum Conducted Output Power Mustafa Murad UKAS

. Akhil Rajendran Bhaskaran Nair

Authorised Band Edges and Manohar Thota UKAS
Akhil Rajendran Bhaskaran Nair,

Spurious Radiated Emissions Colin Brain, Manohar Thota and UKAS
Vineeth Nagaraj

Power Spectral Density Mustafa Murad UKAS

Office Address:

TUV SUD
Concorde Park
Concorde Way
Fareham
Hampshire
PO15 5FG
United Kingdom

COMMERCIAL-IN-CONFIDENCE
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2 Test Details

2.1 Restricted Band Edges
211 Specification Reference

FCC 47 CFR Part 15C, Clause 15.205
ISED RSS-247, Clause 3.3
ISED RSS-GEN, Clause 8.10

21.2 Equipment Under Test and Modification State

A3241, S/N: HIKCRQMB3KS9 - Modification State O
A3241, S/N: GNF9559TWD - Modification State 0

213 Date of Test
29-April-2024 to 30-September-2024
21.4 Test Method
This test was performed in accordance with ANSI C63.10, clause 6.10.5 and 11.12.1.
Plots for average measurements were taken in accordance with ANSI C63.10, clause 11.12.2.5.2.

The following conversion can be applied to convert from dBuV/m to uv/m:
10 (Field Strength in dBuV/m/20).

21.5 Environmental Conditions

Ambient Temperature  20.4 - 23.2 °C
Relative Humidity 41.5-46.7 %

COMMERCIAL-IN-CONFIDENCE Page 8 of 199
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2.1.6 Test Results

2.4 GHz Bluetooth LE/HDR/HDR

iPA - Core 0 (SISO)

ackerType | pXFeweney[Bandedge | Peskiowel A Lol
Static HDR4 2404 2390 53.61 4175
Static HDRS 2404 2390 54.06 42.34
Static LEIM 2402 2390 53.42 41.67
Static LE2M 2402 2390 53.68 41.76
Static HDR4 2476 2483.5 53.94 41.02
Static HDRS 2476 2483.5 54.71 43.12
Static LEIM 2478 2483.5 52.30 40.89
Static LE2M 2478 2483.5 52.59 41.18
Static LEIM 2480 2483.5 54.18 42.35
Static LE2M 2480 2483.5 57.81 48.25
Table 8 - SISO Restricted Band Edge Results
o 1250 i o s 1958
Marker 1 2390.000 MHz 53.34 dBuV/m —— Peak Trace
130— Marker 2 2386.640 MHz 53.61 dBuV/m - :;am:_:'“
Marker 3 2390.000 MHz 41.75 dBuV/m —— Average Limit
]
ol
o]
]
w
o]
o] , \
s J ST STy e Ty (T ww-u;dww»ww-‘m-'l bttt ‘ | e
cemzmowe R

Figure 1 - Bluetooth HDR4, SISO, Core 0 - 2404 MHz
Band Edge Frequency 2390 MHz

COMMERCIAL-IN-CONFIDENCE
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140 — Ref 124.0 dBuV/m Aftenuation 10 dB
Filter B\ -3 4B Sweep Count 5000 (pk) / 5000 {rms)
Marker 1 2390.000 MHz 52.67 dBuV/m Peak Trace

130— Marker 2 2379.640 MHz 54.06 dBuV/m Aversge (RMS)

Peal Limit
Marker 3 2390.000 MHz 42.23 dBuV/m S

120— Marker 4 2389.800 MHz 42.34 dBuV/m

110

100—

30—

80—

70—

60—

2 1 ‘M.,u‘"
e | [SPTRESTITS VN RRSSATIY SYPN PR W R e e W -
I R o -~
40 3
30 T T T T T T T
Start 2370.0 MHz Center 2390.0 MHz Stop 24100 MHz
RBW 1 MHz VEV Sweep 1.010 ms (1001 pts)
Figure 2 - Bluetooth HDR8, SISO, Core 0 - 2404 MHz
Band Edge Frequency 2390 MHz
140 — Ref 131.0 dBuV/m Aftenuation 10 dB
Filter B\ -3 4B Sweep Count 5000 (pk) / 5000 {rms)
Marker 1 2390.000 MHz 5137 dBuV/m Peak Trace
130— Marker 2 2381.270 MHz 53.42 dBuV/m Aversge (RMS)
Peal Limit
Marker 3 2390.000 MHz 41.59 dBuV/m S
120— Marker 4 2389.430 MHz 41.67 dBuV/m
110
100—

90—

80—

70—

60—

R S e NOTTPY T R TETI TSw r WAr YRR S PRTIE TN WU NPTt e

1
4 3
% I S — R P — - e
El T T T T T T T
Start 2375.0 MHz Center 2390.0 MHz Stop 2405.0 MHz
REW 1 MHz /BW 3 MHz Sweep 1.010 ms (1001 pts)
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Figure 3 - Bluetooth LE1M, SISO, Core 0 - 2402 MHz
Band Edge Frequency 2390 MHz
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140 — Ref 131.0 dBuV,/m Attenuation 10 dB
Filter B -3 d Sweep Count 5000 (pK) / 5000 {rms)
Marker 1 2390.000 MHz 52.13 dBuV/m Peak Trace

130— Marker 2 2378.270 MHz 53.68 dBuV/m Aversge (RMS)

Peak Limit
Marker 3 2390.000 MHz 41.70 dBuV/m S

120— Marker 4 2388.410 MHz 41.76 dBuV/m

110— =

100—

90—

80—

70—

60—

3 }
m_»Nﬂr.w.»_w!,x.\w,a‘&w_,.M,.wwwmm Aot b p s g At I o N A
4
40 p— e —T
30 T T T T T T
Stant 2375.0 MHz Center 23900 Mz Stop 2405.0 MHz
RBW 1 MHz VEV Sweep 1.010 ms (1001 pts)
Figure 4 - Bluetooth LE2M, SISO, Core 0 - 2402 MHz
Band Edge Frequency 2390 MHz
140 Ref 1250 dBuv/m Attenuation 10 d8
Filte BW -6 0B Sweep Count 5000 (pk) / 5000 (rms)
Marker 1 2483.500 MHz 50.75 dBuV/m —— Peak Trace
130—{ Marker 2 2484.280 MHz 53.94 dBuV/m Averpge (RM3|
Peak Limit
Marker 3 2483.500 MHz 40.91 dBuV/m —— Average Limit
120~ Marker 4 2483.560 MHz 41.02 dBuV/m
10—
100— [
/
90— \"‘ ‘\
} \
\
80— ff i\
[ \
Il \
70— /] i\
/| I\
/ i\
60— [ 1 '\
| M
- I $45 B
50 _Hanrtepnsa! / i PNt g0 L-'~~— AN vt g S s Parcd s Ao sttt A n i Vs,
1
0 V e 4‘7”7 777777 S e
30 T T T T T T T 1
Start 24685 MHz Center 2483.5 MHz Stop 2498.5 MHz
RBW 1 MHz VBW 3 MHz Sweep 1.010 ms (1001 pts

Figure 5 - Bluetooth HDR4, SISO, Core 0 - 2476 MHz
Band Edge Frequency 2483.5 MHz
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Ref 125.0 dBuV/m

140—, Attenuation 10 d8
Filter BW -6 0B Sweep Count 5000 (pk) / 5000 (rms)
Marker 1 2483.500 MHz 53.27 dBuV/m —— Peak Trace

130— Marker 2 2483.650 MHz 54.71 dBuV/m i""‘""lf RMS)
eak Limit
Marker 3 2483.500 MHz 43.10 dBuV/m —— Average Limit
120— Marker 4 2483.590 MHz 43.12 dBuV/m
10—
100— re
90—
80— “‘ ““,
/ \\
70— ff H\
\ %.‘u,vd‘.‘k e
\ A WA, M A A
soz] 1 N R At A T YT P PN U WO W R STYT) VI W D)
5 A S |
a0 4 = —_— o
30 T T T T T
Start 2468.5 MHz Center 2483.5 MHz Stop 2498.5 MHz
RBW 1 MHz VBW 3 MHz Sweep 1.010 ms (1001 pts)
Figure 6 - Bluetooth HDR8, SISO, Core 0 - 2476 MHz
Band Edge Frequency 2483.5 MHz
140, Ref 133.0 dBuv/m Attenuation 10 48
Filter BW -6 d8 Sweep Count 5000 (pk) / 5000 (rms)
Marker 1 2483.500 MHz 50.95 dBuV/m — Peak Trace
130— Marker 2 2494.780 MHz 52.30 dBuV/m ;"‘W‘ RMS)
eak Limit
Marker 3 2483.500 MHz 40.89 dBuV/m —— Average Limit
120—
10— /) =
100 f
[ \
90 f
Il \!
-l i \
70— ff W
1\
“] /| \
[/ \ \
»JU"“ [ \ % —
50—t bern it Wt/ [ Mo o ALYt s At ettt oo b P It srty ol
gl B — e — SRR ErSSSt S -
30 T T T T T 1
Start 24685 MHz Center 2483.5 MHz Stop 2498.5 MHz
RBW 1 MHz VBW 3 MHz Sweep 1.010 ms (1001 pts)
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Figure 7 - Bluetooth LE1M, SISO, Core 0 - 2478 MHz
Band Edge Frequency 2483.5 MHz
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__ Ref 133.0 dBuV/m
Filter BW -6 0B

Marker 1 2483.500 MHz 50.39 dBuV/m
130— Marker 2 2484.130 MHz 52.59 dBuV/m
Marker 3 2483.500 MHz 41.12 dBuV/m s
120— Marker 4 2483.530 MHz 41.18 dBuV/m

Attenuation 10 dB

Sweep Count 5000 (pk) / 5000 (rms)
—— Peak Trace

Average (RMS)

10—

100—] / \

60— 1 RN
N

" -
««,-_WQM.LA A A A W g A e A A MR W
1

40 = — e —————————
30 T T T T T
Start 2468.5 MHz Center 2483.5 MHz Stop 2498.5 MHz
REW 1 MHz VBW 3 MHz Sweep 1.010 ms (1001 pts

Figure 8 - Bluetooth LE2M, SISO, Core 0 - 2478 MHz
Band Edge Frequency 2483.5 MHz

140 Ref 132.0 dBuV/m Attenuation 10 d8
Filte BW -6 0B Sweep Count 5000 (pk) / 5000 (rms)
Marker 1 2483.500 MHz 52.37 dBuV/m —— Peak Trace

130—{ Marker 2 2483.530 MHz 54.18 dBuV/m Averpge (RM3|
Peak Limit
Marker 3 2483.500 MHz 42.35 dBuV/m —— Average Limit
120—
10—
100—] / \
90— / \
f \
80— i |
[l \
70| l i
[ 1\
(f |\
/| |\
60— 1 \
/ | A
L i | g
s0 ST B BT e L5 vy e s eI Ao A A e I e
- 1
I — —" —— =5 A B N—
40
30 T T T T T T T 1
Start 24685 MHz Center 2483.5 MHz Stop 2498.5 MHz
REW 1 MHz VBW 3 MHz Sweep 1.010 ms (1001 pts

Figure 9 - Bluetooth LE1M, SISO, Core 0 - 2480 MHz
Band Edge Frequency 2483.5 MHz
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140 Ref 132.0 dBuV/m Attenuation 10 d8
Filter BW -6 d8 Sweep Count 5000 (pk) / 5000 (rms)
Marker 1 2483.500 MHz 57.81 dBuV/m etk Tracn

130— Marker 2 2483.500 MHz 48.25 dBuV/m = Avepge (RMS
Peak Limit
—— Average Limit
120+
110+
100—
90—
80—
70— \
\\
60— o
\ M g .
5o M WMottt AN AN SN Nt sl AP AN A s AU A AR Ay
-
40 = ———— £ . k2
30 - i T T T T T 1
Start 2468.5 MHz Center 2483.5 MHz Stop 2498.5 MHz
REW 1 MHz VBW 3 MHz Sweep 1.010 ms (1001 pts

Figure 10 - Bluetooth LE2M, SISO, Core 0 - 2480 MHz
Band Edge Frequency 2483.5 MHz
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iPA - Core 1 (SISO)

Mode PacketType | Wb | Proquency MHz) |@euviny | @siim)
Static HDR4 2404 2390 53.76 41.77
Static HDR8 2404 2390 53.80 42.12
Static LEIM 2402 2390 53.72 41.70
Static LE2M 2402 2390 53.40 41.68
Static HDR4 2476 2483.5 52.84 40.57
Static HDRS8 2476 2483.5 52.81 41.50
Static LEIM 2478 2483.5 52.66 40.49
Static LE2M 2478 2483.5 52.37 40.79
Static LEIM 2480 2483.5 53.77 42.35
Static LE2M 2480 2483.5 58.67 49.26

COMMERCIAL-IN-CONFIDENCE

Table 9 - SISO Restricted Band Edge Results

140— Ref 125

130— Marker 2 2388.440 MHz 53.76 dBuV/m
Marker 3 2390.000 MHz 41.69 dBuV/m
120~ Marker 4 2389.040 MHz 41.77 dBuV/m

Attenuation 10 dB
Sweep Count 5000 (pk) / 5000 {rms)

—— Peak Trace
—— Average (RMS)

/

Start 2370.0 MHz
MHz

REW 1

b e Mmoot
YW TP PR RRE TR T I WA WP W RUTYTR, ATV WY TP WY PRI L g L gl Vel

I — ——

1
Stop 2410.0 MHz
Sweep 1.010 ms (1001 pts

Figure 11 - Bluetooth HDR4, SISO, Core 1 - 2404 MHz
Band Edge Frequency 2390 MHz
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40—

120~

110~

100—

30

Start 2370.0 MHz
REW 1 MHz

Ref 124.0 dBuV/m
Filter BV -3 dB

Marker 1 2390.000 MHz 52.30 dBuV/m
130— Marker 2 2383.560 MHz 53.80 dBuV/m

Peal Limit
Marker 3 2390.000 MHz 42.12 dBuV/m -

Do
_ penetlyebelhoyn, e A TP T g o 1t ) o

Attenuation 10 dB
Sweep Count 5000 (pk) / 5000 (rms)

Peak Trace
Average (RMS)

—— Average Limit

2 . ety

T T T T T T T
Center 2390.0 MHz Stop 2410.0 MHz
B\ Sweep 1.010 ms (1001 pts)

Figure 12 - Bluetooth HDR8, SISO, Core 1 - 2404 MHz
Band Edge Frequency 2390 MHz

10 e B0

110~

100—

30

Start 2375.0 MHz
REW 1 MHz

Ref 132.0 dBuV/m

Marker 1 2390.000 MHz 52.40 dBuV/m
130— Marker 2 2385.770 MHz 53.72 dBuV/m
Marker 3 2390.000 MHz 41.64 dBuV/m P by
120~ Marker 4 2389.850 MHz 41.70 dBuV/m

Attenuation 10 dB

-3d8 Sweep Count 5000 (pk) / 5000 (rms)

Peak Trace
Average (RMS)

—— Average Limit

——— I

T T T T T
Center 2390.0 MHz Stop 2405.0 MHz
/B 3 MHz Sweep 1.010 ms (1001 pts)
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Figure 13 - Bluetooth LE1M, SISO, Core 1 - 2402 MHz
Band Edge Frequency 2390 MHz
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Ref 132.0 dBuV/m
Filter B\ -3 B

Marker 1 2390.000 MHz 51.69 dBuV/m
130— Marker 2 2377.310 MHz 53.40 dBuV/m
Marker 3 2390.000 MHz 41.63 dBuV/m
120 Marker 4 2388.380 MHz 41.68 dBuV/m
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Figure 14 - Bluetooth LE2M, SISO, Core 1 - 2402 MHz
Band Edge Frequency 2390 MHz
140 Ref 126,0 dBuV/m Attenuation 10 d8
Filter BW -6 dB Sweep Count 5000 (pk) / 5000 (rms)
Marker 1 2483.500 MHz 50.33 dBuV/m —— Peak Trace
130— Marker 2 2489.710 MHz 52.84 dBuV/m Averpge (RM3|
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Marker 3 2483.500 MHz 40.53 dBuV/m —— Average Limit
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Figure 15 - Bluetooth HDR4, SISO, Core 1 - 2476 MHz
Band Edge Frequency 2483.5 MHz
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140 Ref 125.0 dBuV/m Attencation 10 d8
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Figure 16 - Bluetooth HDR8, SISO, Core 1 - 2476 MHz
Band Edge Frequency 2483.5 MHz
140 Ref 132.0 dBuV/m Attenuation 10 d8
Filter BW -6 dB Sweep Count 5000 (pk) / 5000 (rms)
Marker 1 2483.500 MHz 50.32 dBuV/m —— Peak Trace
130 Marker 2 2486.980 MHz 52.66 dBuV/m ;"‘W‘ RMS)
eak Limit
Marker 3 2483.500 MHz 40.42 dBuV/m —— Average Limit
120— Marker 4 2483.560 MHz 40.49 dBuV/m
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Figure 17 - Bluetooth LE1M, SISO, Core 1 - 2478 MHz
Band Edge Frequency 2483.5 MHz

COMMERCIAL-IN-CONFIDENCE Page 18 of 199



Document 75962766-38 Issue 01
COMMERCIAL-IN-CONFIDENCE

Ref 132.0 dBuV/m
Filter BW -6 dB

Marker 1 2483.500 MHz 50.71 dBuV/m
130~ Marker 2 2484.310 MHz 52.37 dBuV/m
Marker 3 2483.500 MHz 40.69 dBuV/m
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Sweep 1.010 ms (1001 pts

Figure 18 - Bluetooth LE2M, SISO, Core 1 - 2478 MHz
Band Edge Frequency 2483.5 MHz
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Filter BW -6 dB

Marker 1 2483.500 MHz 52.67 dBuV/m
130 Marker 2 2483.650 MHz 53.77 dBuV/m
Marker 3 2483.500 MHz 42.30 dBuV/m
120— Marker 4 2483.710 MHz 42.35 dBuV/m
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Figure 19 - Bluetooth LE1M, SISO, Core 1 - 2480 MHz
Band Edge Frequency 2483.5 MHz
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140 Ref 132.0 dBuV/m Attenuation 10 d8
Filter BW -6 dB Sweep Count 5000 (pk) / 5000 (rms)
Marker 1 2483.500 MHz 58.29 dBuV/m — Pesl{Trace

130— Marker 2 2483.560 MHz 58.67 dBuV/m = Avepge (RMS
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120+

110+ o

100—

90—

\\
80— /
[/

70— 1

60 / \ ‘.\V

G / .

P Fod . T - -
o PN PN P B P Y e AP oA At T AP AN i, A et
7 *

40—{" = o R Ao — —— S

30 T T T T T T T
Start 2468.5 MHz Center 2483.5 MHz Stop 2498.5 MHz
RBW 1 MHz VBW 3 MHz Sweep 1.010 ms (1001 pts)

Figure 20 - Bluetooth LE2M, SISO, Core 1 - 2480 MHz
Band Edge Frequency 2483.5 MHz
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iPA - Core 0 - Core 1 (MIMO)

COMMERCIAL-IN-CONFIDENCE

TX Frequency Band Edge Peak Level Average Level
Mode Packet Type (MHz) Frequency (MHz) | (dBpV/m) (dBpv/m)
Static HDR4 2404 2390 54.42 42.07
Static HDRS8 2404 2390 54.45 42.89
Static LEIM 2402 2390 54.95 42.62
Static LE2M 2402 2390 53.78 42.08
Static HDR4 2476 2483.5 52.69 41.23
Static HDRS8 2476 2483.5 54.79 43.59
Static LEIM 2478 2483.5 54.08 42.33
Static LE2M 2478 2483.5 54.25 42.64
Static LEIM 2480 2483.5 53.23 41.37
Static LE2M 2480 2483.5 53.27 41.60
Table 10 - MIMO Restricted Band Edge Results
Mo N s Swasp Count 000 (pk s
Marker 1 2390.000 MHz 51.76 dBuV/m —— Peak Trace
130 Marker 2 2373.760 MHz 54.42 dBuV/m — f-'éwég# RMS
Marker 3 2390.000 MHz 41.96 dBuV/m poan iy

120~ Marker 4 2389.960 MHz 42.07 dBuV/m
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Figure 21 - Bluetooth HDR4, MIMO, Core 0 - Core 1 - 2404 MHz
Band Edge Frequency 2390 MHz
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140—, Ret 130.0 dBuv/m Attenuation 10 dB
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Figure 22 - Bluetooth HDR8, MIMO, Core 0 - Core 1 - 2404 MHz
Band Edge Frequency 2390 MHz
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Marker 1 2390.000 MHz 52.80 dBuV/m Peak Trace

130— Marker 2 2380.730 MHz 54.95 dBuV/m Aversge (RMS)
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Marker 3 2390.000 MHz 42.55 dBuV/m —— Aorerpga Limit
120— Marker 4 2389.700 MHz 42,62 dBuV/m
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Figure 23 - Bluetooth LE1M, MIMO, Core 0 - Core 1 - 2402 MHz
Band Edge Frequency 2390 MHz
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Figure 24 - Bluetooth LE2M, MIMO, Core 0 - Core 1 - 2402 MHz
Band Edge Frequency 2390 MHz
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Figure 25 - Bluetooth HDR4, MIMO, Core 0 - Core 1 - 2476 MHz
Band Edge Frequency 2483.5 MHz
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Ref 130.0 dBuV/m
Filter BW -6 dB

Marker 1 2483.500 MHz 53.50 dBuV/m
130~ Marker 2 2483.650 MHz 54.79 dBuV/m
Marker 3 2483.500 MHz 43.57 dBuV/m
120— Marker 4 2483.530 MHz 43.59 dBuV/m
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Figure 26 - Bluetooth HDR8, MIMO, Core 0 - Core 1 - 2476 MHz
Band Edge Frequency 2483.5 MHz
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Figure 27 - Bluetooth LE1M, MIMO, Core 0 - Core 1 - 2478 MHz
Band Edge Frequency 2483.5 MHz
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Filter BW -6 d8
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Figure 28 - Bluetooth LE2M, MIMO, Core 0 - Core 1 - 2478 MHz
Band Edge Frequency 2483.5 MHz
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Figure 29 - Bluetooth LE1M, MIMO, Core 0 - Core 1 - 2480 MHz
Band Edge Frequency 2483.5 MHz
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Figure 30 - Bluetooth LE2M, MIMO, Core 0 - Core 1 - 2480 MHz
Band Edge Frequency 2483.5 MHz
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ePA - Core 0 (SISQO)

Mode PacketType | Wb | Proquency MHz) |@euviny | @siim)
Static HDR4 2404 2390 55.04 43.34
Static HDRS8 2404 2390 57.38 45.99
Static LEIM 2402 2390 56.80 45.27
Static LE2M 2402 2390 57.07 45.56
Static HDR4 2476 2483.5 55.52 44.71
Static HDRS8 2476 2483.5 61.95 50.58
Static LEIM 2478 2483.5 57.09 46.15
Static LE2M 2478 2483.5 57.92 46.95
Static LEIM 2480 2483.5 58.65 47.04
Static LE2M 2480 2483.5 60.05 50.31

Table 11 - SISO Restricted Band Edge Results

Ref 134.0 dBul/m
Filter BW -3 dB

Marker 1 2390.000 MHz 53.14 dBuV/m
130— Marker 2 2389.840 MHz 55.04 dBuV/m

Marker 3 2390.000 MHz 43.34 dBuV/m
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Figure 31 - Bluetooth HDR4, SISO, Core 0 - 2404 MHz
Band Edge Frequency 2390 MHz
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Figure 32 - Bluetooth HDR8, SISO, Core 0 - 2404 MHz
Band Edge Frequency 2390 MHz
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Figure 33 - Bluetooth LE1M, SISO, Core 0 - 2402 MHz
Band Edge Frequency 2390 MHz
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Figure 34 - Bluetooth LE2M, SISO, Core 0 - 2402 MHz
Band Edge Frequency 2390 MHz
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130— Marker 2 2483.560 MHz 55.52 dBuV/m Aversge (RMS)
Peal Limit
Marker 3 2483.500 MHz 44,69 dBuV/m S
120— Marker 4 2483.530 MHz 44.71 dBuV/m
110
100—

90—

80—

70—

60— 13

Mty .
A g !
sa— - il 1 At g i P, T ottt it
e T o
- 3 T B B B S————
El T T T T T T T 1
Start 2468.5 MHz Center 2483.5 MHz Stop 2438.5 MHz
REW 1 MHz /BW 3 NiHz Sweep 1,010 ms (1001 pts)

COMMERCIAL-IN-CONFIDENCE

Figure 35 - Bluetooth HDR4, SISO, Core 0 - 2476 MHz
Band Edge Frequency 2483.5 MHz
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Figure 36 - Bluetooth HDR8, SISO, Core 0 - 2476 MHz
Band Edge Frequency 2483.5 MHz
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Figure 37 - Bluetooth LE1M, SISO, Core 0 - 2478 MHz
Band Edge Frequency 2483.5 MHz
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Figure 38 - Bluetooth LE2M, SISO, Core 0 - 2478 MHz
Band Edge Frequency 2483.5 MHz
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Figure 39 - Bluetooth LE1M, SISO, Core 0 - 2480 MHz
Band Edge Frequency 2483.5 MHz
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Figure 40 - Bluetooth LE2M, SISO, Core 0 - 2480 MHz
Band Edge Frequency 2483.5 MHz
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ePA - Core 1 (SISO)

COMMERCIAL-IN-CONFIDENCE

Mode Packet Type | (™Y B eney (H2) | @i oy
Static HDR4 2404 2390 56.97 43.32
Static HDRS8 2404 2390 59.01 45.06
Static LEIM 2402 2390 58.54 45.74
Static LE2M 2402 2390 58.00 45.74
Static HDR4 2476 2483.5 55.57 43.24
Static HDRS8 2476 2483.5 58.43 47.00
Static LEIM 2478 2483.5 62.26 46.29
Static LE2M 2478 2483.5 61.55 46.95
Static LEIM 2480 2483.5 59.05 47.03
Static LE2M 2480 2483.5 62.59 51.36
Table 12 - SISO Restricted Band Edge Results
Rty S co 000
Marker 1 2390.000 MHz 56.75 dBuV/m —— Peak Trace
130— Marker 2 2388.760 MHz 56.97 dBuV/m —_ :.-ewég#‘vns
Marker 3 2390.000 MHz 43.27 dBuV/m
120~ Marker 4 2389.600 MHz 43.32 dBuV/m
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Figure 41 - Bluetooth HDR4, SISO, Core 1 - 2404 MHz
Band Edge Frequency 2390 MHz

Page 33 of 199



Document 75962766-38 Issue 0

1

COMMERCIAL-IN-CONFIDENCE

140— Ref 1330 dBuv/m Aftenuation 10 9B
Filter W -3 d& Sweep Count 5000 (pK) / 5000 {rms)
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Figure 42 - Bluetooth HDR8, SISO, Core 1 - 2404 MHz
Band Edge Frequency 2390 MHz
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Figure 43 - Bluetooth LE1M, SISO, Core 1 - 2402 MHz
Band Edge Frequency 2390 MHz

Page 34 of 199



Document 75962766-38 Issue 01
COMMERCIAL-IN-CONFIDENCE

140 — Ref 139.0 dBuV,/m Attenuation 12 dB
Filter B -3 d Sweep Count 5000 (pK) / 5000 {rms)
Marker 1 2390.000 MHz 56.39 dBuV/m Peak Trace
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Figure 44 - Bluetooth LE2M, SISO, Core 1 - 2402 MHz
Band Edge Frequency 2390 MHz
140 Ref 1350 dBuV/m Attenuation 10 d8
Filter BW -6 0B Sweep Count 5000 (pk) / 5000 (rms)
Marker 1 2483.500 MHz 52.93 dBuV/m —— Peak Trace
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Figure 45 - Bluetooth HDR4, SISO, Core 1 - 2476 MHz
Band Edge Frequency 2483.5 MHz
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140—, Ret 134.0 dBuv/m
Filter 6w/ -6 d&
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Figure 46 - Bluetooth HDR8, SISO, Core 1 - 2476 MHz
Band Edge Frequency 2483.5 MHz

Ref 140.0 dBuV/m
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Figure 47 - Bluetooth LE1M, SISO, Core 1 - 2478 MHz
Band Edge Frequency 2483.5 MHz
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140 — Ref 140.0 dBuV/m Aftenuation 14 dB
Filter B\ -6 dB Sweep Count 5000 (pk) / 5000 {rms)
Marker 1 2483.500 MHz 56.48 dBuV/m Peak Trace

130— Marker 2 2488.690 MHz 61.55 dBuV/m Aversge (RMS)
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Figure 48 - Bluetooth LE2M, SISO, Core 1 - 2478 MHz
Band Edge Frequency 2483.5 MHz
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Figure 49 - Bluetooth LE1M, SISO, Core 1 - 2480 MHz
Band Edge Frequency 2483.5 MHz
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140—, Ret 140.0 dBuv/m Attenuation 10 dB
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Figure 50 - Bluetooth LE2M, SISO, Core 1 - 2480 MHz
Band Edge Frequency 2483.5 MHz
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ePA - Core 0 - Core 1 (MIMO)

Mode PacketType | Wb | Froquency (Hz) |@euviny | @siim)
Static HDR4 2404 2390 56.97 44.92
Static HDR8 2404 2390 58.88 47.67
Static LEIM 2402 2390 61.12 49.61
Static LE2M 2402 2390 61.37 49.84
Static HDR4 2476 2483.5 57.46 46.38
Static HDRS8 2476 2483.5 62.78 51.42
Static LEIM 2478 2483.5 61.46 49.82
Static LE2M 2478 2483.5 61.54 50.50
Static LEIM 2480 2483.5 53.03 41.42
Static LE2M 2480 2483.5 53.11 41.59

Table 13 - MIMO Restricted Band Edge Results

ef 139,0 dBuV/m
iiter BW -3 dB

Marker 1 2390.000 MHz 55.40 dBuV/m
130— Marker 2 2389.120 MHz 56.97 dBuV/m

Marker 3 2390.000 MHz 44.92 dBuV/m
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Figure 51 - Bluetooth HDR4, MIMO, Core 0 - Core 1 - 2404 MHz
Band Edge Frequency 2390 MHz
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140— Ref 139.0 dBuv/m
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Figure 52 - Bluetooth HDR8, MIMO, Core 0 - Core 1 - 2404 MHz
Band Edge Frequency 2390 MHz

Ref 144.0 dBuV/m
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Figure 53 - Bluetooth LE1M, MIMO, Core 0 - Core 1 - 2402 MHz
Band Edge Frequency 2390 MHz
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140, Ref 144.0 dBuV/m
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Figure 54 - Bluetooth LE2M,

Band Edge F

MIMO, Core 0 - Core 1 - 2402 MHz
requency 2390 MHz
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Figure 55 - Bluetooth HDR4, MIMO, Core 0 - Core 1 - 2476 MHz
Band Edge Frequency 2483.5 MHz
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140—, Ret 139.0 dBuv/m
Filter 6w/ -6 d&
Marker 1 2483.500 MHz 61.35 dBuV/m
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Figure 56 - Bluetooth HDR8, MIMO, Core 0 - Core 1 - 2476 MHz
Band Edge Frequency 2483.5 MHz
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Figure 57 - Bluetooth LE1M, MIMO, Core 0 - Core 1 - 2478 MHz
Band Edge Frequency 2483.5 MHz
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140— Ref 145.0 dBuv/m Aftenuation 18 B
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Figure 58 - Bluetooth LE2M, MIMO, Core 0 - Core 1 - 2478 MHz
Band Edge Frequency 2483.5 MHz
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Figure 59 - Bluetooth LE1M, MIMO, Core 0 - Core 1 - 2480 MHz
Band Edge Frequency 2483.5 MHz
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483.500 MHz 51.80 dBuV/m
130~ Marker 2 2498.410 MHz 53.11 dBuV/m
Marker 3 2483.500 MHz 41.53 dBuV/m
120— Marker 4 2483.560 MHz 41.59 dBuV/m

Figure 60 - Bluetooth LE2M, MIMO, Core 0 - Core 1 - 2480 MHz
Band Edge Frequency 2483.5 MHz

FCC 47 CER Part 15, Limit Clause 15.209

Frequency (MHz) Field Strength (uV/m at 3 m)
30to 88 100
88 to 216 150
216 to 960 200
Above 960 500
Table 14

ISED RSS-GEN, Limit Clause 8.9

Frequency (MHz) Field Strength (uV/m at 3 m)
30to 88 100
88 to 216 150
216 to 960 200
Above 960* 500
Table 15

*Unless otherwise specified, for all frequencies greater than 1 GHz, the radiated emission limits for
licence-exempt radio apparatus stated in applicable RSSs (including RSS-Gen) are based on
measurements using a linear average detector function having a minimum resolution bandwidth of
1 MHz. If an average limit is specified for the EUT, then the peak emission shall also be measured
with instrumentation properly adjusted for such factors as pulse desensitization to ensure the peak
emission is less than 20 dB above the average limit.
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2.1.7

Test Location and Test Equipment Used

This test was carried out in RF Chamber 16 and RF Chamber 17.

Instrument Manufacturer Type No. TE No. | Calibration Calibration
Period Expiry Date
(months)

Emissions Software TUV SUD EmX V3.4.2 5125 - Software

Test Receiver Rohde & Schwarz ESwW44 5379 12 12-Dec-2024

Cable 2.92m Junkosha MWX241- 5413 12 21-May-2024*
01000KMS

Cable 2.92m Junkosha MWX241- 5413 12 23-May-2025*
01000KMS

EMI Test Receiver Rohde & Schwarz ESwW44 5912 12 05-Jul-2024*

EMI Test Receiver Rohde & Schwarz ESW44 5912 12 07-Aug-2025*

1500W (300V 12A) AC iTech IT7324 5957 - O/P Mon

Power Supply

3m Semi-Anechoic Albatross Projects RF Chamber 16 5972 36 24-May-2025

Chamber, Chamber16

Mast & Turntable Controller Maturo Gmbh FCU3.0 5973 - TU

Tilt Antenna Mast Maturo Gmbh BAMA4.5-P 5974 - TU

Turntable Maturo Gmbh TT1.5SI 5975 - TU

Cable (SMA to SMA 1m) Junkosha MWX221- 6008 12 05-Jun-2024*
01000AMSAMS/A

Cable (SMA to SMA 1m) Junkosha MWX221- 6008 12 20-May-2025*
01000AMSAMS/A

Horn Antenna (1-10 GHz) Schwarzbeck BBHA9120B 6142 12 26-Aug-2024*

Horn Antenna (1-10 GHz) Schwarzbeck BBHA9120B 6142 12 05-May-2025*

SAC Switch Unit TUV SUD TUV_SSU_001 6144 12 11-Dec-2024

Digital Multimeter Fluke 115 6147 12 16-Jun-2024*

Digital Multimeter Fluke 115 6147 12 06-Jun-2025*

Cable (SMA to SMA 1m) Junkosha MWX221- 6315 12 04-Feb-2025
01000AMSAMS/A

Cable (SMA to SMA 8m) Junkosha MWX221- 6319 12 04-Feb-2025
08000AMSAMS/B

SAC Switch Unit TUV SUD TUV_SSU_004 6349 12 01-May-2024*
PLC

SAC Switch Unit TUV SUD TUV_SSU_004 6349 12 07-May-2025*
PLC

USB Spectrum Analyser Signal Hound SA124B 6383 - TU

Horn Antenna (1-10.5 GHz) Schwarzbeck BBHA 9120 B 6457 12 09-Jul-2024*

Horn Antenna (1-10.5 GHz) Schwarzbeck BBHA 9120 B 6457 12 05-May-2025*

AC Power Supply iTech IT7324 6657 - O/P Mon

3m Semi-Anechoic Chamber | Albatross Projects RF Chamber 17 6658 36 28-Jan-2026

Mast and Turntable Maturo Gmbh FCU3.0 6659 - TU

Controller

Tilt Antenna Mast Maturo Gmbh BAM4.5-P 6660 - TU

Turntable Maturo Gmbh TT1.5SI 6661 - TU
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TU - Traceability Unscheduled
O/P Mon - Output Monitored using calibrated equipment

*NOTE: Only used within calibration period.

COMMERCIAL-IN-CONFIDENCE

Instrument Manufacturer Type No. TE No. | Calibration Calibration
Period Expiry Date
(months)
8m Cable Junkosha MWX221- 6748 12 01-Feb-2025
08000AMSAMS/B
8M SMA Cable Junkosha MWX221- 6833 12 14-Aug-2025*
08000AMSAMS/B
Handheld Hygrometer Fluke 971 6838 12 27-Aug-2025*
Cable Assembly SpecTech PE300-60 6857 - TU
Cable Assembly SpecTech PE300-60 6858 - TU
Table 16
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2.2 Emission Bandwidth
2.21 Specification Reference

FCC 47 CFR Part 15C, Clause 15.247 (a)(2)
ISED RSS-247, Clause 5.2
ISED RSS-GEN, Clause 6.7

2.2.2 Equipment Under Test and Modification State

A3241, S/N: GOQ65Y9HP6 - Modification State O
A3241, S/IN: FWKQMY7GHY - Modification State 0

2.2.3 Date of Test
05-November-2024 to 07-November-2024
224 Test Method

This test was performed in accordance with ANSI C63.10, clause 11.8.1 for 6 dB BW and 6.9.3 for
99% occupied bandwidth measurements.

2.2.5 Environmental Conditions

Ambient Temperature 21.1-219°C
Relative Humidity 49.6 -53.2%
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2.2.6

Test Results

2.4 GHz Bluetooth LE/HDR/HDR

Test Configuration

Frequency Range:

2400-2483.5 MHz

Band: | 2.4 GHz

Limit Clause(s):

15.247 (a)(2)
RSS-247 5.2 a)

C63.106.9.3
C63.1011.8.1

Test Method(s):

Additional Reference(s):

DUT Configuration

Mode:

ePA /4 DQPSK (4-DH5)

Duty Cycle (%): | -

Antenna Configuration:

SISO

DCCF (dB): | -

Active Port(s): | A (Core 0) Peak Antenna Gain (dBi): | -
Test Frequency 6 dB Bandwidth (MHz) Limit
(MHz) (kHz)
A B C D
2404 1.912 - 2500.0
2441 1.920 - >500.0
2476 1.912 - =2500.0

Table 17 - 6 dB Bandwidth Results

Test Frequency 99% Bandwidth (MHz) Limit

(MHz) (kHz)
A B C D

2404 2.344 - R

2441 2.344 - -

2476 2.352 - -
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Figure 61 - Core 0 (A) 2404 MHz (CH2) 99% Bandwidth
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Figure 62 - Core 0 (A) 2404 MHz (CH2) 6 dB Bandwidth
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Figure 63 - Core 0 (A) 2441 MHz (CH39) 99% Bandwidth

'Spectrum Analyzer 1
Swept SA
KEYSIGHT |nput: RF

Coupling: AC
RT \Align: Partial

1 Spectrum
Scale/Div 10 dB

Center 2.441000 GHz
#Res BW 100 kHz

"OcA?

Input Z: 50 O
Corr CCorr
Freq Ref: Ext (S)

Atten: 10 dB
Preamp: Off

PNO: Best Wide
Gate: Off

IF Gain: Low
Sig Track: Off

#Avg Type: Voltage
Avg|Hold: 30/30
Trig: Free Run

Ref Lvil Offset 22.71 dB
Ref Level 22.71 dBm

#Video BW 300 kHz

Nov 05, 2024 |
9:51:11 AM

2
M

PNNNNN

AMkr4 1.920 MHz|
0.04 dB|

Span 8.000 MHz|
#Sweep 1.00 s (1001 pts)

Figure 64 - Core 0 (A) 2441 MHz (CH39) 6 dB Bandwidth
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Figure 65 - Core 0 (A) 2476 MHz (CH74) 99% Bandwidth
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Figure 66 - Core 0 (A) 2476 MHz (CH74) 6 dB Bandwidth
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Test Configuration

Frequency Range: | 2400-2483.5 MHz Band: | 2.4 GHz
Limit Clause(s): | 15.247 (a)(2) Test Method(s): | C63.10 6.9.3
RSS-247 5.2 a) C63.1011.8.1

Additional Reference(s): | -

DUT Configuration

Mode: | ePA m/4 DQPSK (8-DH5) Duty Cycle (%): | -

Antenna Configuration: | SISO DCCF (dB): | -

Active Port(s): | A (Core 0) Peak Antenna Gain (dBi): | -
Test Frequency 6 dB Bandwidth (MHz) Limit
(MHz) A 5 c b (kHz)
2404 1.020 - - - 2500.0
2441 1.020 - - - 2500.0
2476 1.020 - - - 2500.0

Table 19 - 6 dB Bandwidth Results

Test Frequency 99% Bandwidth (MHz) Limit

(MHz) (kHz)
A B C D

2404 4.710 - - - -

2441 4.710 - - - -

2476 4.710 - - - -

Table 20 - 99% Bandwidth Results
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Figure 67 - Core 0 (A) 2404 MHz (CH2) 99% Bandwidth
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Figure 68 - Core 0 (A) 2404 MHz (CH2) 6 dB Bandwidth
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Figure 69 - Core 0 (A) 2441 MHz (CH39) 99% Bandwidth
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Figure 70 - Core 0 (A) 2441 MHz (CH39) 6 dB Bandwidth
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