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1 Scope

This Bluetooth document contains the Test Suite Structure (TSS) and Test Cases (TC) to test the
Bluetooth low energy RF PHY. The objective of this Test Suite is to provide a basis for interoperability for
a device or submodule giving a high probability of air interface interoperability between different

manufacturers’ implementations.
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References, Definitions, and Abbreviations

2.

1 References

This Bluetooth document incorporates, by dated or undated reference, provisions from other publications.
These normative references are cited at the appropriate places in the text and the publications are listed
hereinafter. Additional definitions and abbreviations can be found in [1] and [2]. Mathematical conventions
used in this document comply with the definitions given in given in [1].

[1]
(2]
3]
[4]
(5]
[6]
[7]
(8]
9]

Bluetooth Test Strategy and Terminology Overview

Bluetooth Specification, v4.0 or later, Vol. 6, Part A; Physical Layer Specification

ICS Proforma for Bluetooth Low Energy RF PHY, v1.0 or later

Bluetooth Specification v4.0 or later, Vol. 6, Part F; Direct Test Mode

IXIT Proforma for Bluetooth Low Energy Conformance Test Suites, v4.2 or later

Bluetooth Core Specification Addendum 5, Volume 6, Part A; Physical Layer Specification
Bluetooth Specification v5.0 or later, Vol. 6, Part A; Physical Layer Specification
Bluetooth Specification v5.1 or later, Vol. 6, Part A; Physical Layer Specification

Bluetooth Specification v5.1 or later, Vol. 6, Part F; Direct Test Mode

[10] IXIT Proforma for Bluetooth Low Energy Conformance Test Suites, v5.1 or later
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3 Test Suite Structure (TSS)

3.1 Test Strategy
The two primary objectives of the Bluetooth low energy RF PHY test strategy are:

* To ensure interoperability between all Bluetooth low energy devices in the marketplace

* To verify that a basic level of system performance is guaranteed for all Bluetooth low energy
products

The objectives are met by performing a series of functional and parametric tests over the allowed range
of parameter variation.

With these objectives in mind, the creation of the test strategy also takes into account ways to reduce the
test execution time required for product qualification.

In order to avoid qualification test redundancy, telecommunication regulatory motivated tests are not
included in the Bluetooth low energy qualification requirements. Meeting the regulatory requirements is
guaranteed by passing mandatory telecommunication regulatory tests prior to, or followed by Bluetooth
low energy qualification.

3.2 Test Groups

The test groups are organized in two levels. The first level defines the protocol groups representing the
protocol services. The second level separates the protocol services in functional modules. All tests are
Capability tests as defined in the standard 1ISO subgroups.

3.2.1 Protocol Groups

The protocol group identifies the kind of test for Bluetooth low energy RF PHY test purposes:

*  Transmitter
* Receiver

3.2.2 Test Group

The test group used for the Bluetooth low energy RF PHY test suite is the capability group. This test
group provides testing of the major IUT capabilities aiming to ensure that the claimed capabilities are
correctly supported, according to the ICS.
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4 Test Cases

4.1 Introduction

4.1.1 Test Case Identification Conventions

Test cases shall be assigned unique identifiers per the conventions in [1]. The convention used here is
<spec abbreviation>/<IUT role>/<class>/<feat>/<func>/<subfunc>/<cap>/<xx>-<nn>-<y>.

Bolded ID parts shall appear in the order prescribed. Non-bolded ID parts (if applicable) shall appear
between the bolded parts. The order of the non-bolded parts may vary from test suite to test suite, but
shall be consistent within each individual test suite.

Identifier Abbreviation Spec Identifier <spec abbreviation>

RF-PHY RF-PHY Specification

Identifier Abbreviation Feature Identifier <feat>

RCV Receiver Tests

TRM Transmitter Tests

IQC IQ samples Coherency

PS Power Stability

IQDR IQ samples Dynamic Range

Table 4.1: RF PHY TC Naming Conventions

4.1.2 Conformance

When conformance is claimed, all capabilities indicated as mandatory for this Specification shall be
supported in the specified manner (process-mandatory). This also applies for all optional and conditional
capabilities for which support is indicated. All mandatory capabilities, and optional and conditional
capabilities for which support is indicated, are subject to verification as part of the Bluetooth Qualification
Program.

The Bluetooth Qualification Program may employ tests to verify implementation robustness. The level of
implementation robustness that is verified varies from one Specification to another and may be revised for
cause based on interoperability issues found in the market.

Such tests may verify:

* That claimed capabilities may be used in any order and any number of repetitions that is not
excluded by the Specification, OR

* That capabilities enabled by the implementations are sustained over durations expected by the use
case, OR

* That the implementation gracefully handles any quantity of data expected by the use case, OR

®
9 Bluetooth SIG Proprietary Page 9 of 114



Radio Frequency Physical Layer (RF PHY) / Test Suite

* That in cases where more than one valid interpretation of the Specification exist, the implementation
complies with at least one interpretation and gracefully handles other interpretations OR

* That the implementation is immune to attempted security exploits.

A single execution of each of the required tests is required in order to constitute a pass verdict. However,
it is noted that in order to provide a foundation for interoperability, it is necessary that a qualified
implementation consistently and repeatedly pass any of the applicable tests.

In any case, where a member finds an issue with the Test Plan Generator, the Test Case as described in
the Test Suite, or with the Test System utilized, the Member is required to notify the responsible party via
an errata request such that the issue may be addressed.

4.2 Common Test Case Conditions

Unless stated otherwise in individual test cases the following applies throughout this test suite:

1. The IUT is connected to the tester via a 50Q connector. If there is no antenna interface, a temporary
50Q interface or a suitable coupling device may be used.
2. The test case is to be performed at normal operating conditions.

4.3 Pass/Fail Verdict Conventions

Each test case has an Expected Outcome section, which outlines all the detailed pass criteria conditions
that shall be met by the IUT to merit a Pass Verdict.

The convention in this test suite is that, unless there is a specific set of fail conditions outlined in the test
case, then IUT fails the test case as soon one of the pass criteria conditions cannot be met and in case
this occurs the outcome of the test shall be the Fail Verdict.

4.4 Transmitter Tests (TRM)

441 RF-PHY/TRM/BV-01-C [Output power]
* Test Purpose

This test verifies the maximum peak and average power emitted from the IUT.
* Reference
[2] Chapter 3
[6] Chapter 3
e Initial Condition
- The IUT is set to direct TX mode at maximum output power. Whitening shall be turned off.
- Frequency hopping off, fixed frequency
- The value of MAX_TX_LENGTH (for which the TC is performed) is specified in Section 6.7.

* Test Procedure

1. The IUT transmits LE test packets with PRBS9 payload (MAX_TX_ LENGTH octets) . See [4]
Section 4, “LE Test Packet Definition” for details.

®
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2. The followings settings shall be used for the tester:

Center frequency at the lowest frequency for testing as defined in Section 6.2.
Frequency span Zero span

Resolution BW 3 MHz

Video BW 3 MHz

Detector Peak

Mode Clear/Write

Sweep time Must cover at least one complete test packet

Trigger RF (trigger on rising edge)

3. Upon packet transmission, the tester is triggered to make a sweep over the duration of one
packet. The sweep shall start at the beginning of the first bit in the preamble.

4. The peak power value, Prk, of the sweep is recorded.

5. The tester calculates average power Pavc over at least 20 percent to 80 percent of the duration
of the burst (position of po defines the beginning of the burst; see Chapter 6.5 Definition of the
Position of Bit p0).

6. Steps 2-5 are repeated for the remaining frequencies defined in Section 6.2.

* Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

* Expected Outcome

Pass Verdict

All measured values shall fulfill the following conditions:
PPK < (PAVG + 3 dB)

AND

-20 dBm < Pavc < +10 dBm if the IUT is compliant to Core Specification v4.2 or earlier and not
compliant to Core Specification Addendum 5 [6]

OR

-20 dBm < Pave < +20 dBm; otherwise

4.4.2 RF-PHY/TRM/BV-03-C [In-band emissions, uncoded data at 1 Ms/s]
* Test Purpose

This test verifies that the in-band spectral emissions are within limits at normal operating conditions
when the transmitter is operating with uncoded data at 1 Ms/s.

* Reference

[2] Chapter 3.2
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¢ |nitial Condition

- The IUT is set to direct TX mode at maximum output power. Whitening shall be turned off.
- Frequency hopping off, fixed frequency

- The value of MAX_TX_ LENGTH (for which the TC is performed) is specified in Section 6.7.

* Test Procedure

1. The IUT is set to receive at the lowest frequency for testing as defined in Section 6.2.

2. The IUT transmits LE test packets with PRBS9 payload (MAX_TX_LENGTH octets). See [4],
Section 4, “LE Test Packet Definition” for details.

Set N:=0

4. The followings settings shall be used for the tester:

w

Center frequency 2401 MHz + N MHz
Frequency span 1 MHz

Resolution BW 100 kHz

Video BW 300 kHz

Detector Average

Mode Maximum hold
Sweep time 100 ms

Number of sweeps 10

5. Measure the power levels, Ptx_N,i at the following 10 frequencies: (2401 MHz + N MHz) - 450
kHz +i-100 kHz, where i=0...9

6. Calculate and record PTX = X(Ptx_N,i)

7. Increase center frequency by 1 MHz; N:=N+1 AND skip to next frequency if the increased
frequency equals to frx or "frx — 1 MHz" or "frx + 1 MHz".

8. Repeat steps 4-7 until the center frequency is 2481 MHz

9. Setthe IUT transmit frequency (frx) to:

10. The mid operating frequency as defined in Section 6.2 and

11. The high operating frequency as defined in Section 6.2

12. Repeat steps 3-8 for both frequencies.

* Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

*  Expected Outcome

Pass Verdict
All measured values fulfill the following conditions:
Ptx £ -20 dBm for (frx £ 2 MHz)

Prx < -30 dBm for (frx + [3 + n] MHZz]); where n=0,1,2...

®
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For each operating frequency, up to three bands of 1 MHz width (as defined in the measurement) can
be exempted from the requirements. The excepted values shall however comply with an absolute
value of Prx < -20 dBm.

4.4.3 RF-PHY/TRM/BV-05-C [Modulation Characteristics, uncoded data at 1

Ms/s]
Test Purpose

This test verifies that the modulation characteristics of the transmitted signal are correct when the
transmitter is operating with uncoded data at 1 Ms/s.
Reference

[2] Chapter 3.1

Initial Condition

- The IUT is set to direct TX mode at maximum output power. Whitening shall be turned off.
- Frequency hopping off, fixed frequency
- The value of MAX_TX_LENGTH (for which the TC is performed) is specified in Section 6.7.

Test Procedure

1. The IUT is set to transmit at the lowest frequency for testing as defined in Section 6.2.

2. The IUT transmits LE test packets with MAX_TX_LENGTH octet packet payload consisting of a
repetitive sequence of OFnex octets (11110000kin in transmission order). See [4], Section 4, “LE
Test Packet Definition”, for details.

3. The followings settings shall be used for the tester:

Center frequency lowest frequency for testing as defined in Section 6.2
Mode FM demodulation

Demodulator filter BW 2 MHz (minimum)

Filter passband ripple 0.5dB peak-to-peak max. within £550 kHz

Trigger RF (trigger on rising edge)

Recommended measurement channel filter minimum attenuator characteristics;

+ 650kHz -3dB
+1 MHz -14 dB
+2 MHz -44 dB

4. The payload is FM demodulated with the settings described in 3. The measurement shall start at
the beginning of the fifth bit of the payload (See Figure 4.1 for description). The last four bits in
the payload shall be disregarded (i.e. last bit in the measurement is the fourth bit in the
MAX_TX_LENGTHt™ octet).

5. Each individual bit is to be oversampled at least 32 times. The sequence center frequency; flccr
is calculated as the average frequency of all samples over each 0000111 1uin SEqUENCE.

®
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For the second, third, sixth and seventh bits in each 00001111bin sequence, the absolute value
of the frequency offset from flccf is recorded as Aflmax. Aflmax is defined as the average
deviation for each individual bit. See Figure 4.2 for reference.

The average frequency value of all Aflmax frequencies in a packet is calculated and recorded
as Aflavg.

The IUT transmits LE test packets with MAX_TX_ LENGTH octet payload consisting of a
repetitive sequence of 55hex octets (10101010bin in transmission order). See [4], Section 4, “LE
Test Packet Definition” for details.

The payload is FM demodulated with the settings described in 3. The measurement shall start at
the beginning of the fifth bit in the payload field. The last four bits in the payload shall be
disregarded (i.e. last bit in the measurement is the fourth bit in the MAX_TX_LENGTH®" octet).
Each individual bit is to be oversampled at least 32 times. The sequence center frequency; f2ccf
is calculated as the average frequency of all samples over each 10101010bin sequence.

The maximum deviation from the sequence center frequency, f2ccf is recorded as Af2max for
each individual bit. See Figure 4.2 for reference.

The average frequency value of all Af2max frequencies in a packet is calculated and recorded
as Af2avg.

Steps 2-12 are repeated for a minimum of 10 packets.

Steps 2-13 are repeated when the IUT is transmitting at the remaining frequencies defined in
Section 6.2.
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Figure 4.1: Frequency deviation measurement principle for 11110000-payload sequence
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Average
frequency for
°10101010°-

sequence

Af2maxe Af2maxa Af2maxs Af2maxs
» t
A
Start of payload field ——————————————10101010 - Sequence #l———————————————pm-l——10101010 - Sequence #2—
A
Start of Start of
measurement #1 measurement #2

Figure 4.2: Frequency deviation measurement principle for 10101010-payload sequence

* Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

*  Expected Outcome

Pass Verdict
All measured values fulfill the following conditions at the low, medium and high frequencies:
225 kHz < Aflavg <275 kHz

At least 99.9% of all Af2max frequency values recorded over 10 LE test packets are greater than 185
kHz
Af2,,

— 08
AfL,,

* Notes
To compensate for the statistical distribution of individual samples, the decision criteria is applied to
99.9 percent of the sample values.

4.4.4 RF-PHY/TRM/BV-06-C [Carrier frequency offset and drift, uncoded data
at 1 Ms/s]

* Test Purpose

This test verifies that the carrier frequency offset and carrier drift of the transmitted signal with
uncoded data at 1 Ms/s is within specified limits at normal operating conditions.

®
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Reference

[2] Chapter 3.3

Initial Condition

- The IUT is set to direct TX mode at maximum output power. Whitening shall be turned off.
- Frequency hopping off, fixed frequency
- The value of MAX_TX_ LENGTH (for which the TC is performed) is specified in Section 6.7.

Test Procedure

1. The IUT is set to transmit at the lowest frequency for testing as defined in Section 6.2.

2. The IUT transmits LE test packets with MAX_TX_LENGTH octet payload consisting of a
repetitive sequence of 55hex octets (10101010bin in transmission order) in the payload . See
[4], Section 4, “LE Test Packet Definition” for details.

3. The followings settings shall be used for the tester:

Center frequency lowest frequency for testing as defined in Section 6.2
Mode FM demodulation

Demodulator filter BW 2 MHz (minimum)

Filter passband ripple 0.5 dB peak-to-peak max. within £550 kHz

Trigger RF (trigger on rising edge)

Recommended measurement channel filter minimum attenuator characteristics:

+ 650kHz -3dB
+1 MHz -14 dB
+ 2 MHz -44 dB

4. The packet is FM demodulated with the settings described in step 3). The measurement is to be
performed at the start of the preamble field in the transmitted packet. The tester integrates the
frequency of the FM demodulated signal from the center of the first preamble bit to the center of
the first bit following the 8th preamble bit, 8 bits in total. See Figure 4.3 for reference.

5. The integral sum in 4 is considered to be the initial carrier frequency of the IUT, and is recorded
as fo.

6. Throughout the payload of the packet, the tester integrates the frequency of the FM
demodulated signal in 10-bit intervals, starting at the second bit in the payload. The
measurement is repeated until the end of the payload duration. The last 10-bit sequence should
not overlap the CRC-field at the end of the packet. See Figure 4.4 for reference. The integral
sums are recorded as fn, where n is an integer from 1 to k. fk represents the last integral sum
before the start of the CRC field in the packet.

7. Steps 2—6 are repeated for a minimum of 10 packets.

8. Steps 2—7 are repeated when the IUT is transmitting at the remaining frequencies defined in
Section 6.2.

®
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Figure 4.3: Initial frequency offset (fo) measurement principle
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Figure 4.5: Frequency drift rate measurement principle
Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome

The maximum drift rate is 20kHz/50pus, anywhere in the packet. The maximum drift rate applies to the
difference between any two 10-bit groups separated by 50us within the payload field of the packet
transmitted by the IUT. The requirement also applies to the frequency difference between the initial

frequency measurement fo and the first payload frequency measurement f1. See Figure 4.5 for
reference.
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All measured values fulfill the following conditions at the low, medium and high frequencies.
Pass Verdict

frx — 150 kHz < fo < frx + 150 kHz

where frx is the nominal transmit frequency and n=0,1,2,3...k

[fo — fn] < 50 kHz

where n=2,3,4.. .k

[f, —fo| s23kHzand [f, —F, o| ., , $20kHz

In all of the above pass verdict requirements, fx is the last frequency measurement before the CRC
field.

4.4.5 RF-PHY/TRM/BV-08-C [In-band emissions at 2 Ms/s]
* Test Purpose

This test verifies that the in-band spectral emissions are within limits at normal operating conditions
when the transmitter is operating at 2 Ms/s.

* Reference

[7] Chapter 3.2.2

¢ |nitial Condition

The IUT is set to direct TX mode at maximum output power. Whitening shall be turned off.
Frequency hopping off, fixed frequency.
The value of MAX_TX_LENGTH_2M (for which the TC is performed) is specified in Section 6.7.

IUT is set for a symbol rate of 2 Ms/s.

* Test Procedure

1. The IUT is set to receive at the lowest frequency for testing as defined in Section 6.2.

2. The IUT transmits LE test packets with PRBS9 payload (MAX_TX_ LENGTH_2M octets) at 2
Ms/s symbol rate. See [4], Section 4, “LE Test Packet Definition” for details.

3. SetN:=0

®
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4. The followings settings shall be used for the tester:

Center frequency 2401 MHz + N MHz
Frequency span 1 MHz

Resolution BW 100 kHz

Video BW 300 kHz

Detector Average

Mode Maximum hold
Sweep time 100 ms

Number of sweeps 10

5. Measure the power levels, PTX_N,i at the following 10 frequencies:(2401MHz + N MHz) —
450kHz + i-100kHz, where i=0...9

6. Calculate and record PTX = Y (PTX_N,i)

7. Increase center frequency by 1 MHz; N:=N+1 AND skip to next frequency if the increased
frequency equals to fTX or “fTX - 1IMHZz” or “fTX + 1MHZz” or “fTX - 2MHZz” or “fTX + 2MHZz” or
“fTX - BMHZ” or “fTX + 3MHZz".

8. Repeat steps 4-7 until the center frequency is 2481MHz

9. Set the IUT transmit frequency (fTX) to:

10. The mid operating frequency as defined in Section 6.2 and

11. The high operating frequency as defined in Section 6.2

12. Repeat steps 3-8 for both frequencies.

Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome

Pass Verdict

All measured values fulfill the following conditions:

Prx < -20 dBm for (frx £ 4 MHz)

Ptx £-20 dBm for (frx £ 5 MHz)

Prx < -30 dBm for (frx = [6 + n] MHZz]); where n=0,1,2...

For each operating frequency, up to three bands of 1 MHz width (as defined in the measurement) can

be exempted from the requirements. The excepted values shall however comply with an absolute
value of Prx < -20 dBm.

®
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4.4.6 RF-PHY/TRM/BV-09-C [Stable Modulation Characteristics, uncoded data

at 1 Ms/s]
Test Purpose

This test verifies the modulation characteristics are within limits to be considered a Stable Modulation
Index when the transmitter is operating with uncoded data at 1 Ms/s.
Reference

[6] Chapter 3.1.1

Initial Condition

As for RF-PHY/TRM/BV-05-C (Modulation Characteristics, uncoded data at 1 Ms/s).

Test Procedure

As for RF-PHY/TRM/BV-05-C (Modulation Characteristics, uncoded data at 1 Ms/s).

Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome
Pass Verdict

All measured values fulfill the following conditions at the low, medium and high frequencies:
247.5 kHz < Aflayg < 252.5 kHz

At least 99.9% of all Af2max frequency values recorded over 10 LE test packets are greater than 185
kHz.

Af2,,,
— 9508
AfL,,

4.4.7 RF-PHY/TRM/BV-10-C [Modulation Characteristics at 2 Ms/s]

Test Purpose

This test verifies that the modulation characteristics of the transmitted signal are correct when the
transmitter is operating at 2 Ms/s.

Reference

[6] Chapter 3.1.1

Initial Condition

As for RF-PHY/TRM/BV-05-C (Modulation Characteristics, uncoded data at 1 Ms/s), but transmitter is
operating at 2 Ms/s symbol rate. The value of MAX_TX_LENGTH_2M (for which the TC is performed)
is specified in Section 6.7.

®
e} Bluetooth SIG Proprietary Page 20 of 114



Radio Frequency Physical Layer (RF PHY) / Test Suite

* Test Procedure
As for RF-PHY/TRM/BV-05-C (Modulation Characteristics, uncoded data at 1 Ms/s), but transmitter is
operating at 2 Ms/s symbol rate.

In all steps the value MAX_TX_ LENGTH_2M shall be used instead of MAX_TX_ LENGTH.

In Step 3) the demodulator filter BW shall be set to a minimum of 4MHz. The demodulator filter
passband ripple shall be 0.5 dB peak-to-peak max. within £1.1 MHz. The following measurement
channel filter minimum attenuator characteristics shall be used:

+1.3 MHz -3dB
+2.0 MHz -14 dB
+4.0 MHz -44 dB

* Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

*  Expected Outcome

Pass Verdict
All measured values must fulfill the following conditions at the low, medium and high frequencies:
450 kHz < Aflavg < 550 kHz

At least 99.9 percent of all Af2max frequency values recorded over 10 LE test packets must be greater
than 370 kHz.

AF2,.
Af1,,

>0.8

4.4.8 RF-PHY/TRM/BV-11-C [Stable Modulation Characteristics at 2 Ms/s]
* Test Purpose

This test verifies the modulation characteristics are within limits for Stable Modulation Index when the
transmitter is operating at 2 Ms/s.
* Reference

[6] Chapter 3.1.1

* |nitial Condition

As for RF-PHY/TRM/BV-05-C (Modulation Characteristics, uncoded at 1 Ms/s), but transmitter is
operating at 2 Ms/s symbol rate. The value of MAX_TX_LENGTH_2M (for which the TC is performed)
is specified in Section 6.7.
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Test Procedure

As for RF-PHY/TRM/BV-05-C (Modulation Characteristics, uncoded at 1 Ms/s) but transmitter is
operating at 2 Ms/s symbol rate.

In all steps the value MAX_TX_LENGTH_2M shall be used instead of MAX_TX_LENGTH.

Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome

Pass Verdict
All measured values fulfill the following conditions at the low, medium and high frequencies:
495 kHz < Aflavg < 505 kHz

At least 99.9 percent of all Af2max frequency values recorded over 10 LE test packets are greater than
370 kHz.

AF2,.
— 508
AfL,,,

4.4.9 RF-PHY/TRM/BV-12-C [Carrier frequency offset and drift at 2 Ms/s]

Test Purpose

This test verifies that the carrier frequency offset and carrier drift of the transmitted signal at 2 Ms/s is
within specified limits at normal operating conditions.

Reference

[6] Chapter 3.3

Initial Condition

As for RF-PHY/TRM/BV-06-C (Carrier frequency offset and drift, uncoded data at 1 Ms/s). The value
of MAX_TX_LENGTH_2M (for which the TC is performed) is specified in Section 6.7.

Test Procedure

As for RF-PHY/TRM/BV-06-C (Carrier frequency offset and drift, uncoded data at 1 Ms/s), but with
the following differences:

In all steps the transmitter is set to operate at 2 Ms/s symbol rate.
In all steps the value MAX_TX_LENGTH_2M shall be used instead of MAX_TX_LENGTH.

In Step 3) the demodulator filter passband ripple shall be 0.5 dB peak-to-peak max. within £1.1 MHz.

®
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In Step 3) the recommended measurement channel filter minimum attenuator characteristics should
be as follows:

+1.3 MHz -3dB
+2.0 MHz -14 dB
+4.0 MHz -44 dB

In Step 4) the tester is to integrate the frequency of the FM demodulated signal from the center of the
first preamble bit to the center of the first bit following the 16th preamble bit, 16 bits in total.

In Step 6) the tester should integrate the frequency of the FM demodulated signal in 20-bit intervals.

Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome

As for RF-PHY/TRM/BV-06-C (Carrier frequency offset and drift, uncoded data at 1 Ms/s) except that
the maximum drift rate applies to the difference between any two 20-bit groups separated by 50us
within the payload field of the packet transmitted by the IUT.

4410 RF-PHY/TRM/BV-13-C [Modulation Characteristics, LE Coded (S=8)]

Test Purpose

This test verifies that the modulation characteristics of the transmitted signal are correct for an LE
Coded signal (S=8). The IUT is placed in direct test mode with the PHY set to LE Coded (S=8). Test
packets are generated and the encoding is confirmed for correctness.

Reference

[6] Chapter 3.1

Initial Condition

- The IUT is set to direct TX mode at maximum output power. Whitening shall be turned off.
- Frequency hopping off, fixed frequency

- The value of MAX_TX_ LENGTH_CODED_S8 (for which the TC is performed) is specified in
Section 6.7.

Test Procedure

1. The IUT is set to transmit at the lowest frequency for testing as defined in Section 6.2.

2. The IUT transmits LE test packets with MAX_TX_LENGTH_CODED_S8 octet packet payload
consisting of a repetitive sequence of OxFF octets (binary ‘11111111’ in transmission order). See
[4], Section 4, “LE Test Packet Definition”, for details. This sequence, once passed through the
S=8 encoder, becomes a repetitive sequence of ‘00111100’ symbols. The symbol duration is
1ps.
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3. The followings settings shall be used for the tester:

Center frequency lowest frequency for testing as defined in Section 6.2
Mode FM demodulation

Demodulator filter BW 2 MHz (minimum)

Filter passband ripple 0.5 dB peak-to-peak max. within £550 kHz

Trigger RF (trigger on rising edge)

Recommended measurement channel filter minimum attenuator characteristics;

+ 650 kHz -3dB
+1 MHz -14 dB
+2 MHz -44 dB

4. The payload is FM demodulated with the settings described in Step 3). The measurement shall
start at the beginning of the 31st symbol in the payload. The last 34 symbols in the payload shall
be disregarded.

5. Each individual symbol is to be oversampled at least 32 times. The sequence center frequency
f1ccf is calculated as the average frequency of all samples over each ‘00001111’ sequence.

6. For the second, third, sixth and seventh symbols in each ‘00001111’ sequence, the absolute
value of the frequency offset from flccf is recorded as Afimax. Afimax is defined as the average
deviation for each individual symbol. See Figure 4.1 for reference.

7. The average frequency value of all Afimax frequencies in a packet is calculated and recorded
as Aflavg.

8. Steps 2—7 are repeated for a minimum of 10 packets.

9. Steps 2-8 are repeated when the IUT is transmitting at the remaining frequencies defined in
Section 6.2.

Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome

Pass Verdict
All measured values fulfill the following conditions at the low, medium, and high frequencies:
225 kHz < Aflavg < 275 kHz

At least 99.9 percent of all Aflmax frequency values recorded over 10 LE test packets are greater than
185 kHz.

Notes

To compensate for the statistical distribution of individual samples, the decision criteria is applied to
99.9 percent of the sample values.
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4411 RF-PHY/TRM/BV-14-C [Carrier frequency offset and drift, LE Coded
(S=8)]
* Test Purpose

This test verifies that the carrier frequency offset and carrier drift of the transmitted signal is within
specified limits at normal operating conditions for LE Coded PHY with S=8.
* Reference

[2] Chapter 3.3

* Initial Condition

The IUT is set to direct TX mode at maximum output power. Whitening shall be turned off.
Frequency hopping off, fixed frequency
The value of MAX_TX_LENGTH_CODED_S8 (for which the TC is performed) is specified in Section 6.7.

* Test Procedure

1. The IUT is set to transmit at the lowest frequency for testing as defined in Section 6.2.

2. The IUT transmits LE test packets with MAX_TX_LENGTH_CODED_S8 octet payload
consisting of a repetitive sequence of OxFF octets (binary ‘11111111’ in transmission order) in
the payload. See [4], Section 4, “LE Test Packet Definition” for details. This sequence, once
passed through the S=8 encoder, becomes a repetitive sequence of ‘00111100’ symbols. The
symbol duration is 1 ps.

3. The followings settings shall be used for the tester:

Center frequency lowest frequency for testing as defined in Section 6.2
Mode FM demodulation

Demodulator filter BW 2 MHz (minimum)

Filter passband ripple 0.5dB peak-to-peak max. within £550 kHz

Trigger RF (trigger on rising edge)

Recommended measurement channel filter minimum attenuator characteristics;

+ 650 kHz -3dB
+1 MHz -14 dB
+2 MHz -44 dB

4. The packet is FM demodulated with the settings described in step 3. The measurement shall
start at the beginning of the 3rd symbol of the preambile field in the transmitted packet. The
tester integrates the frequency of the FM demodulated signal in groups of 16 symbols. The first
symbol in the integration group corresponds to the third symbol of the preambile (first 1 of the
“11110000'... sequence). The last 14 symbols of the preamble shall be disregarded.

5. The integral sums of the four integration periods are recorded as f0, f1, f2, and f3.
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6. Throughout the payload of the packet, the tester integrates the frequency of the FM
demodulated signals in 16-symbol intervals, starting at the 27th symbol in the PDU payload and
until the (8*MAX_TX_ LENGTH_CODED_S8)th symbol. The last 16-symbol sequence should not
overlap the CRC-field at the end of the packet. See Figure 4.6 for reference. The integral sums
are recorded as fn, when n is an integer from 5 to k. fk represents the last integral sum before
the start of the CRC field in the packet.

7. Steps 2—7 are repeated for a minimum of 10 packets.

8. Steps 2—7 are repeated when the IUT is transmitting at the remaining frequencies defined in

Section 6.2.
PREAMBLE AA +Cl + PHR PDU PAYLOAD
“4—16Us—-4—16us—I-t—16Us—--—16uUs—- “4—26Us—-4—16Us—t—16us—p-—16Us— I a—16us—-—16uUs—- ~4—16Us—w-
fo f1 fa fa fa fs fe f7 fg fx
. - 48us———— P - 48us————
First 2 48us Last 14 s
symbols of symbols of 4——————————48us—————————
preamble preamble

Figure 4.6: Frequency drift rate measurement principle for S=8

Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome

The maximum drift rate is 19.2 kHz/48 ps, anywhere in the packet. The maximum drift rate applies to
the difference between any two groups of 16 symbols separated by 48 ps within the payload field of
the packet transmitted by the IUT. The requirement also applies to the frequency difference between
the initial frequency measurement fo and fs within the preamble. See Figure 4.6 for reference.

All measured values fulfill the following conditions at the low, medium and high frequencies.

Pass Verdict

frx — 150 kHz < fn < frx + 150 kHz

where frx is the nominal transmit frequency and n=0,1,2,3...k

[fo — fn| < 50 kHz

where n=1,2,3.. .k

[fo — f3| £ 19.2 kHz and

[fn — fn-3)| < 19.2 kHz

where n=7,8,9.. .k

In all of the above pass verdict requirements, fk is the last frequency measurement before the CRC
field.
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RF-PHY/TRM/BV-15-C [Output power, With Constant Tone Extension]

This test verifies the maximum peak and average power emitted from the IUT when transmitting with a
Constant Tone Extension.

* Reference

[8] Chapter 3

* Initial Condition

The IUT is set to direct TX mode at maximum output power. Whitening shall be turned off.
Frequency hopping off, fixed frequency

The values of MAX_TX_LENGTH and TSPX_CTE_len_max (for which the TC is performed) are
specified in Section 6.7.

The IUT is set to transmit AoA Constant Tone Extensions.

* Test Procedure

1.

6.

The IUT transmits LE test packets with PRBS9 payload (MAX_TX_LENGTH octets) and with
TSPX_CTE_len_max * 8 us Constant Tone Extension. See [9], Section 4, “LE Test Packet
Definition” for details.

The followings settings shall be used for the tester:

Center frequency at the lowest frequency for testing as defined in Section 6.2
Frequency span Zero span

Resolution BW 3 MHz

Video BW 3 MHz

Detector Peak

Mode Clear/Write

Sweep time Must cover at least one complete test packet

Trigger RF (trigger on rising edge)

Upon packet transmission, the tester is triggered to make a sweep over the duration of one
packet. The sweep shall start at the beginning of the first bit in the preamble.

The peak power value, PPK, of the sweep is recorded.

The tester calculates average power PAVG over at least 20% to 80% of the duration of the burst
(position of p0 defines the beginning of the burst; see Section 6.5 Definition of the Position of Bit
p0).

Steps 2-5 are repeated for the remaining frequencies defined in Section 6.2.

* Test Condition

Common Test Case Conditions defined in Section 4.2 apply.
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* Expected Outcome

Pass Verdict
All measured values fulfill the following conditions:

1. -20 dBm < PAVG < +20 dBm
2. PPK < (PAVG + 3 dB)

4.4.13 RF-PHY/TRM/BV-16-C [Carrier frequency offset and drift, uncoded data
at 1 Ms/s, Constant Tone Extension]

This test verifies that the carrier frequency offset and carrier drift of the transmitted Constant Tone
Extension portion in a transmitted signal with uncoded data at 1 Ms/s with a Constant Tone Extension is
within specified limits at normal operating conditions.

* Reference

[8] Chapter 3.3

* |nitial Condition

The IUT is set to direct TX mode at maximum output power. Whitening shall be turned off.
- Frequency hopping off, fixed frequency

- The values of MAX_TX LENGTH and TSPX_CTE_len_max (for which the TC is performed) are
specified in Section 6.7.

- The IUT is set to transmit AoA Constant Tone Extensions.
* Test Procedure

1. The IUT is set to transmit at the lowest frequency for testing as defined in Section 6.2.

2. The IUT transmits LE test packets with MAX_TX_ LENGTH octet payload consisting of a
repetitive sequence of OFhex octets (11110000bin in transmission order) in the payload and with
TSPX_CTE_len_max * 8 us Constant Tone Extension. See [9] Section 4, “LE Test Packet
Definition” for details.

3. The followings settings shall be used for the tester:

Center frequency lowest frequency for testing as defined in Section 6.2
Mode FM demodulation

Demodulator filter BW 2 MHz (minimum)

Filter passband ripple 0.5 dB peak-to-peak max. within £550 kHz

Trigger RF (trigger on rising edge)

Recommended measurement channel filter minimum attenuator characteristics;

+ 650kHz -3dB
+1 MHz -14 dB
+2 MHz -44 dB
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4. The payload is FM demodulated with the settings described in 3. The average frequency
deviation measurement shall start at the beginning of the fifth bit of the payload (See Figure 4.7
for description). The last four bits in the payload shall be disregarded (i.e. last bit in the
measurement is the fourth bit in the MAX_TX_LENGTHth octet).

5. Each individual bit is to be oversampled at least 32 times. The sequence center frequency; flccf
is calculated as the average frequency of all samples over each 00001111bin sequence.

6. For the second, third, sixth and seventh bits in each 00001111bin sequence, the absolute value
of the frequency offset from flccf is recorded as Afimax. Afimax is defined as the average
deviation for each individual bit. See Figure 4.7 for reference.

7. The average frequency value of all Aflmax frequencies in a packet is calculated and recorded
as Aflavg.

8. The initial frequency offset measurement fO is to be performed at the start of the preamble field
in the transmitted packet. The tester integrates the frequency of the FM demodulated signal from
the center of the first preamble bit to the center of the first bit following the 8th preamble bit, 8
bits in total. See Figure 4.8 for reference.

9. The integral sum in 4 is considered to be the initial carrier frequency of the IUT, and is recorded
as f0.

10. The average center frequency measurement fp is to be performed starting at the (n+1)th bit of
the payload and covering 16 bits, where n = (MAX_TX_LENGTH * 8) - 20. The first n bits and
the last 4 bits shall not be used for this measurement. See Figure 4.9 and Figure 4.10 for
reference.

11. The average frequency deviation measurement f3maxi and carrier frequency offset
measurement fsi within the Constant Tone Extension are to be performed starting at the first bit
of the reference period within the Constant Tone Extension covering 16 us units. The first 4us of
the Constant Tone Extension shall not be used for the measurement. For bursts with odd
number of Constant Tone Extension units, the last 4us of the Constant Tone Extension portion
shall not be used. For bursts with even number of Constant Tone Extension units, the last 12us
of the Constant Tone Extension portion shall not be used for the measurement. fsi shall be
recorded as f3maxi - Aflavg. See Figure 4.11 for reference.

12. Steps 2-11 are repeated for a minimum of 10 packets.

13. Steps 2-12 are repeated when the IUT is transmitting at the remaining frequencies defined in
Section 6.2.
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Figure 4.11: Average frequency deviation measurement principle

* Test Condition

Common Test Case Conditions defined in Section 4.2 apply.
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* Expected Outcome

Pass Verdict

fTX — 150 kHz < fsi < fTX + 150 kHz

where fTX is the nominal transmit frequency and n=0,1,2,3...l

[fs1 —fp| < 19.2 kHz

[fsi — fO| < 50 kHz

where i=1,2,3,4...k

[fsi — fsi-3] < 19.2 kHz

where i=4.. .k

4.4.14 RF-PHY/TRM/BV-17-C [Carrier frequency offset and drift at 2 Ms/s,
Constant Tone Extension]

This test verifies that the carrier frequency offset and carrier drift of the transmitted Constant Tone
Extension portion in a transmitted signal at 2 Ms/s with a Constant Tone Extension is within specified
limits at normal operating conditions.

* Reference

[8] Chapter 3.3

* |nitial Condition

As for RF-PHY/TRM/BV-16-C (Carrier frequency offset and drift, uncoded data at 1 Ms/s, Constant
Tone Extension). The values of MAX_TX_LENGTH_2M and TSPX_CTE_len_max (for which the TC
is performed) are specified in Section 6.7.

* Test Procedure

As for RF-PHY/TRM/BV-16-C (Carrier frequency offset and drift, uncoded data at 1 Ms/s, Constant
Tone Extension), but with the following differences:

In all steps the transmitter is set to operate at 2 Ms/s symbol rate.
In all steps the value MAX_TX_LENGTH_2M shall be used instead of MAX_TX_LENGTH.
In Step 3 the demodulator filter passband ripple shall be 0.5 dB peak-to-peak max. within +1.1 MHz.

In Step 3 the recommended measurement channel filter minimum attenuator characteristics should
be as follows:

+1.3 MHz -3dB
+2.0 MHz -14 dB
+4.0 MHz -44 dB

®
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In Step 8 the tester is to integrate the frequency of the FM demodulated signal from the center of the
first preamble bit to the center of the first bit following the 16th preamble bit, 16 bits in total.

In Step 10 the average center frequency measurement fp is to be performed starting at the (n+1)th bit
of the payload and covering 32 bits, where n = (MAX_TX_LENGTH_2M * 8) - 36. The first n bits and
the last 4 bits shall not be used for this measurement.

Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome

As for RF-PHY/TRM/BV-16-C (Carrier frequency offset and drift, uncoded data at 1 Ms/s, Constant
Tone Extension), except

Ifs1 — fp| < 13.6 kHz

4.4.15  Tx Power Stability, AoD Transmitter

Test Purpose

This test verifies that the AoD transmit signal has settled at the beginning of the reference period and
the transmit slots, and remains stable within the reference period and transmit slots, respectively.
Reference

[8] Section 5

[9] Section 4.1

Initial Condition

- The IUT is set to direct TX mode at maximum output power. Whitening shall be turned off.

- Frequency hopping off, fixed frequency

- The values of TSPX_CTE_len_max (for which the TC is performed) are specified in Section 6.7.

- IUT is set for a symbol rate as specified in Table 4.2.

Test Procedure

1. The IUT transmits LE test packets with no payload and with TSPX_CTE_len_max * 8 us
Constant Tone Extension with switching slots as specified in Table 4.2. See [9], Section 4,
“LE Test Packet Definition” for details.

2. The followings settings shall be used for the tester:

- Center Frequency at the lowest frequency for testing as defined in Section 6.2
- Frequency Span  Zero Span

- Resolution BW 3MHz

- Video BW 3MHz

- Detector Average

3. The RF power of the CTE is measured with the settings described in 2.
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4. The tester records Prer ave, as the average power during the reference period, measured from
the beginning of the first symbol of the reference period to the end of the last symbol within the

reference period.

5. The tester records Prerpev as the maximum absolute deviation between any one sample of the
output power taken during the reference period relative to Prer.ave, recorded in step 4.
6. For each transmit slot, n, tester records Pnave as the average power within the slot, where n is

an integer from 1 to k, where k is the number of transmit slots within the packet.

7. For each transmit slot, n, tester records Pnpev as the as the maximum absolute deviation
between any one sample of the output power within the transmit slot relative to average power

within the slot, Pn.ave, recorded in step 6.

8. Steps 3to 7 are repeated when the |UT is transmitting at the remaining frequencies defined in

Section 6.2.

* Test Condition

The IUT and Lower Tester are set up according to the cabled testing setup described in Section 4.6

and common Test Case Conditions defined in Section 4.2 apply.

* Expected Outcome

The maximum deviation of the signal power within the reference period, shall not be more than 25%

of the average signal power measured within the reference period.

The maximum deviation of the signal power within a TX slot shall not be more than 25% of the

average signal power measured within that TX slot.

All measured values fulfill the following conditions at the low, medium and high frequencies.

Pass Verdict
For each frequency, the following conditions are satisfied:

- Prerpev/ Prerave < 0.25

- Pnpev/ Pnave <0.25 forn=1,2,3,....,k

Transmitter at 2 Ms/s with 1 ps Switching Slot]

Test Case PHY Slot Duration

4.4.15.1 RF-PHY/TRM/PS/BV-01-C [Tx Power Stability, AoD | 1 Ms/s 2 us
Transmitter at 1 Ms/s with 2 ps Switching Slot]

4.4.15.2 RF-PHY/TRM/PS/BV-02-C [Tx Power Stability, AoD | 1 Ms/s 1 s
Transmitter at 1 Ms/s with 1 ps Switching Slot]

4.4.15.3 RF-PHY/TRM/PS/BV-03-C [Tx Power Stability, AoD | 2 Ms/s 2 s
Transmitter at 2 Ms/s with 2 pus Switching Slot]

4.4.15.4 RF-PHY/TRM/PS/BV-04-C [Tx Power Stability, AoD | 2 Ms/s 1ps

Table 4.2: Tx Power Stability, AoD Transmitter Test Cases
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4.4.16  Antenna switching integrity, AoD Transmitter

Test Purpose

This test verifies that the antenna switching occurs during the switching slots of the Constant Tone
Extension for an AoD transmit signal.

Reference

[8] Section 5

[9] Section 4.1

Initial Condition

- The IUT is set to direct TX mode at maximum output power. Whitening shall be turned off.

- Frequency hopping off, fixed frequency

- The values of TSPX_CTE_len_max (for which the TC is performed) are specified in Section 6.7.
- IUT is set for a symbol rate as specified in Table 4.3.

Test Procedure

1. The IUT transmits LE test packets with no payload and with TSPX_CTE_len_max * 8 us
Constant Tone Extension with switching slots as specified in Table 4.3. See [9], Section 4, “LE
Test Packet Definition” for details.

2. The followings settings shall be used for the tester:

- Center Frequency at the lowest frequency for testing as defined in Section 6.2
- Frequency Span Zero Span

- Resolution BW 3MHz

- Video BW 3MHz

- Detector Average

3. All non-reference antenna ports are disconnected and terminated.

4. Tester records the average output power during nth Tx slot, where n = 1 to k (Nof Tx slots in the
packet), Pn,AVE,OFF.

5. Connect the Xth non reference antenna port, where X = 1 .. number of non-reference antennas.
All other non-reference antennas are disconnected and terminated.

6. Tester records the average output power during the nth Tx slot, where n = 1 to k (Nof Tx slots in
the packet), Pn,X,AVE,ON.

7. Repeat steps 5-6 for all non-reference antennas.

Test Condition

The IUT and Lower Tester are set up according to the cabled testing setup described in Section 4.6
and common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome

The average signal power measured when an antenna port is connected shall be at least 10 dB
greater than the average signal power measured when the antenna port is disconnected in the
transmit slots corresponding to the antenna.

®
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All measured values fulfill the following conditions at the low, medium and high frequencies.

Pass Verdict
For each frequency, the following conditions are satisfied:

- Pmxaveon - Pmaveorr = 10 dB,

where m corresponds to the Tx slot corresponding to the antenna X transmission, and

X =1 .. Number of non-reference antenna

integrity, AoD Transmitter at 2 Ms/s with 1 us
Switching Slot]

Test Case PHY Slot Duration
4.4.16.1 RF-PHY/TRM/ASI/BV-05-C [Antenna switching 1 Ms/s 2 s
integrity, AoD Transmitter at 1 Ms/s with 2 us
Switching Slot]
4.4.16.2 RF-PHY/TRM/ASI/BV-06-C [Antenna switching 1 Ms/s 1 s
integrity, AoD Transmitter at 1 Ms/s with 1 ps
Switching Slot]
4.4.16.3 RF-PHY/TRM/ASI/BV-07-C [Antenna switching 2 Ms/s 2 s
integrity, AoD Transmitter at 2 Ms/s with 2 us
Switching Slot]
4.4.16.4 RF-PHY/TRM/ASI/BV-08-C [Antenna switching 2 Ms/s 1 s

Table 4.3: Antenna switching integrity, AoD Transmitter Test Cases

4.5 Receiver Tests (RCV)

45.1 RF-PHY/RCV/BV-01-C [Receiver sensitivity, uncoded data at 1 Ms/s]

* Test Purpose

This test verifies that the receiver sensitivity is within limits for non-ideal signals at normal operating
conditions when receiving a 1 Ms/s signal. The non-ideal signals used in this test are within the

specification limits but deviate from the ideal case.

* Reference

[2] Chapter 4.1

* |nitial Condition

- The IUT is set to direct RX mode. Dewhitening shall be turned off.

- Frequency hopping off, fixed frequency

- The tester's transmit power is chosen such that the input power to the IUT receiver is -70 dBm.

- The value of MAX_RX_LENGTH (for which the TC is performed) is specified in Section 6.7.

- The IUT is set to assume the transmitter has a standard modulation index.

®
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* Test Procedure

1. The IUT is set to receive at the lowest frequency for testing as defined in Section 6.2.

2. The tester transmits LE test packets with PRBS9 payload (MAX_RX_LENGTH octets). See [4],
Section 4, “LE Test Packet Definition” for details.

3. The signal characteristics of the modulated signal transmitted by the tester are to be changed
over time. The signal parameter sets to be used are described in Table 4.4. All other parameters
shall be as defined in Section 6.1.

4. The tester transmits the first 50 packets using the first parameter set; the next 50 packets are
transmitted using the second parameter set etc. Upon completion of the last parameter set, the
sequence is repeated. The PER is measured according to Section 6.4.

5. Steps 2—4 are repeated when the IUT is receiving at the remaining frequencies defined in
Section 6.2.

Test run Carrier frequency offset Modulation index Symbol timing error
1 100 kHz 0.45 - 50 ppm
2 19 kHz 0.48 - 50 ppm
3 - 3 kHz 0.46 + 50 ppm
4 1 kHz 0.52 + 50 ppm
5 52 kHz 0.53 + 50 ppm
6 0 kHz 0.54 - 50 ppm
7 - 56 kHz 0.47 - 50 ppm
8 97 kHz 0.5 - 50 ppm
9 - 25 kHz 0.45 - 50 ppm
10 - 100 kHz 0.55 + 50 ppm

Table 4.4: Transmitter parameter settings for PER test

In addition to fixed frequency offset, frequency drift over time is added to the signal characteristics.
This is implemented by adding a low frequency modulation to the signal. The modulating signal shall
be sinusoidal with deviation of 50 kHz and a modulation frequency of 1250 Hz. The modulating signal
shall be synchronized with the packets so that packets start alternately at 0° and 180° of the
modulating signal. See Figure 4.12 for reference.

o
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50kHz maximum
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\
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Positive freduency drift
|
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5 -t

Start of packet

Figure 4.12: Dirty transmitter frequency drift emulation principle

Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome

Pass Verdict

All measured values fulfill the following condition:

PER better than 30.8 percent for a minimum of 1500 packets transmitted by the tester if the IUT’s
MAX_RX_LENGTH is 37 bytes.

PER better than the value calculated according to the formula specified in Section 6.4.1 for a
minimum of 1500 packets transmitted by the tester if the IUT’s MAX_RX_LENGTH is greater than 37

bytes.

45.2

RF-PHY/RCV/BV-03-C [C/l and Receiver Selectivity Performance,

uncoded data at 1 Ms/s]

Test Purpose

This test verifies the receiver's performance in presence of co-/adjacent channel interference with
uncoded data at 1 Ms/s. The receiver mirror image rejection performance is also verified in this test.

Reference

[2] Chapter 4.2
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Initial Condition

Refer to Figure 4.13 for test setup principle.
The IUT is set to direct RX mode. Dewhitening shall be turned off.
Frequency hopping off, fixed frequency

The image frequency (fimage) Of the receiver relative to the receiver frequency for a symbol rate of
1 Ms/s is declared by the equipment manufacturer as an IXIT value.

The value of MAX_RX_LENGTH (for which the TC is performed) is specified in Section 6.7.
IUT is set for a symbol rate of 1 Ms/s.

The IUT is set to assume the transmitter has a standard modulation index.

Test Procedure

®
9 Bluetooth SIG Proprietary

1.
2.

o

The IUT is set to receive at the low operating frequency listed in Section 6.2.
Two test signals are fed to the IUT input port:

Wanted signal:

Packets transmitted at the receiving frequency (frx) with MAX_RX_LENGTH octet PRBS9
payload at a symbol rate of 1 Ms/s. Refer to Section 6.1 and [4], Section 4 for details. Signal
level of the wanted signal at the IUT input port shall be -67dBm.

Interference signal:

Continuous modulated carrier at 2400MHz, modulated with PRBS15 data at a symbol rate of 1

Ms/s. Refer to Section 6.1 and [4], Section 4 for details. Signal level of the interference signal at
the IUT input port and frequency relative to the receiving frequency shall be as defined in Table
4.5.

The tester's transmit power is chosen such that the input power to the IUT receiver is as listed in
Table 4.5.

Steps 2 to 3 are repeated for interference frequencies 2400MHz+N-MHz where N=1,2,3...83.
The PER is measured according to Section 6.4.

Steps 2 to 5 are repeated when the IUT is receiving at the mid- and high operation frequencies
listed in Section 6.2.
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Tester implementation

BluetoothLE modulation  Signal generator

I I
I PRBS15 |:| -67dBm - C/l + L, I
| Interferer  (Frequency of operation Isolator |
and output power as listed Power combiner Counter incremented for
| in Table 6.3) 1 | each packet received.
| : | Do
| Isolator P I EUT
| 2 I
I i I
| Bluetooth LE modulation Signal generator |
Wanted PRBS9 D -67dBm + L,
| signal  (Frequency of operation |
| as listed in Chapter 7.3) |
L - - ____ I
‘ Cable, Isolator and power
combiner attenuation
L¢
Figure 4.13: C/I- and receiver selectivity test implementation principle
Interference signal frequencyl Interferer signal level Wanted signal level relative to

at IUT input port interference signal level

(C/l requirement)

Co-channel -88 dBm 21 dB

(fRX = finterference)

Adjacent channel; -82 dBm 15dB
finterference = fRX + 1 MHz

Adjacent channel; -50 dBm -17 dB
finterference = fRX + 2 MHz

Adjacent channel; -40 dBm -27 dB
finterference = fRX + (3+n) MHz

[n=0,1,2...]

Image frequency; -58 dBm -9 dB

finterference = fimage

Adjacent channel to image -52 dBm -15dB
frequency;

finterference = fimage + 1 MHz

Table 4.5: C/I- and receiver selectivity test parameter settings, uncoded data at 1 Ms/s

L 1f two frequencies defined in Table 4.5 refer to the same physical channel, the less stringent requirement applies.
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* Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

* Expected Outcome

Pass Verdict
All measured values fulfill the following condition:

PER better than 30.8 percent for a minimum of 1500 packets transmitted by the tester if the IUT’s
MAX_RX_LENGTH is 37 bytes.

PER better than the value calculated according to the formula specified in Section 6.4.1 for a
minimum of 1500 packets transmitted by the tester if the IUT’'s MAX_RX_LENGTH is greater than 37
bytes.

For each individual measurement the C/I requirement may be relaxed for a maximum of five
interference frequency settings. The C/l-performance shall in this case be equal to, or better than -17
dB (Interference level at least 17 dB higher than wanted signal level). This relaxation applies to the
following measurements:

- Adjacent channel; finterference = frx = 2 MHz
- Adjacent channel; finterference = frx = (3+n) MHz [n=0,1,2...]

45.3 RF-PHY/RCV/BV-04-C [Blocking Performance, uncoded data at 1 Ms/s]
* Test Purpose

This test verifies that the receiver performs satisfactorily with uncoded data at 1 Ms/s in the presence
of interference sources operating outside the 2400MHz — 2483.5MHz band.
* Reference

[2] Chapter 4.3

* Initial Condition
- The IUT is set to direct RX mode. Dewhitening shall be turned off.
- Frequency hopping off, fixed frequency.
- The value of MAX_RX_LENGTH (for which the TC is performed) is specified in Section 6.7.
- IUT is set for a symbol rate of 1 Ms/s.
- The IUT is set to assume the transmitter has a standard modulation index.
* Test Procedure
1. Two test signals are fed to the IUT input port:

Wanted signal:

Modulated carrier, packets transmitted at the mid operating frequency listed in Section 6.2 with
MAX_RX_LENGTH octet PRBS9 payload. See Section 6.1 and [4], Section 4 for details. Signal
level of the wanted signal at the IUT input port shall be as defined in Table 4.6.

®
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Blocking signal:

Sinusoidal, un-modulated carrier transmitted at a blocker frequency of folocker = 30 MHz. Signal
level of the blocker signal at the IUT input port shall be as defined in Table 4.6.

The PER is measured according to Section 6.4. If the PER exceeds the minimum requirement,

the frequency is recorded as for 1.
3. Repeat steps 1) and 2) for 3S0MHz < fhiocker < 12.75GHz with the measurement frequency
resolution defined in Table 4.6.
4. fhiocker n+1 = Toiocker_n + Measurement frequency resolution (n=0,1,2...)

5. The PER measurement is repeated for all recorded frequencies in 4) but with -50dBm blocker

level at the IUT input ports. If the PER exceeds the minimum requirement, the frequency is
recorded as for 2.

Tester implementation

r .
| Un-modulated carrier ~ Signal generator [
(Frequency of operation Blocker level + L
| Interferer "~ anq output power as D - Isolator I
| listed in Table 6.4) Power combiner I Counter incremented for
| 4@7 1 | each packet received.
I I Dout
| Isolator z I EUT
| Bluetooth LE modulation  Signal generator I
| Wanted PRBS9 |:| -67dBm + L, [
signal  (Frequency of operation |
| 2426MHz) |
4
N Cable, Isolator, circulator g
and power combiner
attenuation
L
Figure 4.14: Blocking performance test setup principle
Interference signal | Wanted signal level at | Blocking signal level at | Measurement
frequency IUT input port IUT input port frequency resolution
30 - 2000 MHz -67 dBm -30 dBm 10MHz
2003 - 2399 MHz -67 dBm -35 dBm 3MHz
2484 — 2997 MHz -67 dBm -35 dBm 3MHz
3000 MHz - -67 dBm -30 dBm 25MHz
12.75GHz

Table 4.6: Out-of-band blocking performance and measurement parameters

Test Condition

Common Test Case Conditions defined in Section 4.2 apply.
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* Expected Outcome

Pass Verdict
All measured values fulfill the following condition:

PER better than 30.8 percent for a minimum of 1500 packets transmitted by the tester if the IUT’s
MAX_RX_LENGTH is 37 bytes.

PER better than the value calculated according to the formula specified in Section 6.4.1 for a
minimum of 1500 packets transmitted by the tester if the IUT’'s MAX_RX_LENGTH is greater than 37
bytes.

The number of fur_1 frequencies recorded in Step 2 do not exceed 10, and the number of fur 2
frequencies recorded in Step 5 do not exceed 3.

454 RF-PHY/RCV/BV-05-C [Intermodulation Performance, uncoded data at 1
Ms/s]

* Test Purpose
This test verifies that the receiver intermodulation performance is satisfactory with uncoded data at 1
Ms/s.

* Reference

[2] Chapter 4.4

* Initial Condition
- The IUT is set to direct RX mode. Dewhitening shall be turned off.
- Frequency hopping off, fixed frequency
- The value of MAX_RX_LENGTH (for which the TC is performed) is specified in Section 6.7.
- IUT is set for a symbol rate of 1 Ms/s.

- The IUT is set to assume the transmitter has a standard modulation index.

* Test Procedure

1. The IUT is set to receive at the lowest frequency for testing as defined in Section 6.2. Three test
signals are fed to the IUT input port:

Wanted signal:

Modulated carrier, packets transmitted at the receiving frequency (frx) with MAX_RX_LENGTH
octet PRBS9 payload. Refer to Section 6.1 and [4], Section 4 for details. Signal level of the
wanted signal at the IUT input port shall be -64 dBm.

Interference signal #1:

Sinusoidal, un-modulated carrier transmitted at an interferer frequency of f1. Signal level of the
interferer signal at the IUT input port shall be -50dBm.

®
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Interference signal #2:

Continuous modulated carrier at frequency f2, modulated with PRBS15 data at a symbol rate of
1 Ms/s. See Section 6.1 and [4], Section 4 for details. Signal level of the interferer signal at the
IUT input port shall be -50dBm. The frequency relation between the wanted signal and the
interferers shall be as follows;

frx=2-fi—f2and [f2—fi|=n -1 MHz
where n=3,4 or 5

Once the frequency configuration is chosen, the PER is measured with the interferers both
below and above the receive frequency, covering both cases implied by |f2 - fi|, i.e. the PER is
measured twice for each receive frequency.

Figure 4.16 shows the frequency combination alternatives for the intermodulation test with
uncoded data at 1 Ms/s.

The tester's transmit power is chosen such that the input power to the IUT receiver is as listed in
1). Figure 4.15 illustrates the test setup principle.

The PER is measured according to Section 6.4.

Steps 2) and 3) are repeated when the IUT is receiving at the remaining frequencies defined in
Section 6.2.

Tester implementation

Interferer #1

Interferer #2

Wanted
signal

Bluetooth LE
modulation
PRBS15

Unmodulated
carrier

Bluetooth LE
modulation
PRBS9

Signal generator Isolator

Power combiner

Signal generator

[]

-64dBm + L

-50dBm + L
CJpeemee &)
Signal generator Isolator
|:| -50dBm + L, /7
w Isolator  50Q

term. =3
—(C}— 4

Counter incremented for
each packet received.
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-

Figure 4.15: Test setup principle for intermodulation test
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Alternative # Iternative #2 Alternative #3
Signal power
[dBm]
frx-10MHz frx-8MHz frx-BMHz  frx-BMHZ  frx-dMHz  fry-3MHz
-50dBm
L A A Unmodulated
Bluetooth LE carrier (fy)

modulated signal

(f2)

w Il

Figure 4.16: Test signal allocation alternatives in the frequency domain at 1 Ms/s. Note: figure shows only
frequencies below fo.

Receiving channel

fRX

-64dBm

frequency

* Test condition

Common Test Case Conditions defined in Section 4.2 apply.

* Expected outcome

Pass Verdict
The measured values fulfill the following condition:

PER better than 30.8 percent for a minimum of 1500 packets transmitted by the tester if the IUT’s
MAX_RX_LENGTH is 37 bytes.

PER better than the value calculated according to the formula specified in Section 6.4.1 for a
minimum of 1500 packets transmitted by the tester if the IUT’s MAX_RX_LENGTH is greater than 37
bytes.

The value of n (for which the TC is performed) shall be declared by the manufacturer in the IXIT table
(See ICS Proforma for Bluetooth low energy RF PHY).

455 RF-PHY/RCV/BV-06-C [Maximum input signal level, uncoded data at 1
Ms/s]

* Test Purpose
This test verifies that the receiver is able to demodulate a wanted 1 Ms/s signal at high signal input
levels.

* Reference

[2] Chapter 4.5

* Initial condition
- The IUT is set to direct RX mode. Dewhitening shall be turned off.
- Frequency hopping off, fixed frequency
- The value of MAX_RX_LENGTH (for which the TC is performed) is specified in Section 6.7.

®
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- IUT is set for a symbol rate of 1 Ms/s.

- The IUT is set to assume the transmitter has a standard modulation index.

Test procedure

1. The IUT is set to receive at the lowest frequency for testing as defined in Section 6.2.

2. The tester transmits packets with MAX_RX_ LENGTH octet PRBS9 payload. Refer to Section
6.1, “Reference Signal Definition” and [4], Section 4 for details. The signal level at the IUT input
port shall be -10 dBm.

3. The PER is measured according to Section 6.4.

4. Steps 1) to 3) are repeated when the IUT is receiving at the remaining frequencies defined in
Section 6.2.

Test condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected outcome

Pass Verdict
All measured values fulfill the following condition:

PER better than 30.8 percent for a minimum of 1500 packets transmitted by the tester if the IUT’s
MAX_RX_LENGTH is 37 bytes.

PER better than the value calculated according to the formula specified in Section 6.4.1 for a
minimum of 1500 packets transmitted by the tester if the IUT’'s MAX_RX_LENGTH is greater than 37
bytes.

45.6 RF-PHY/RCV/BV-07-C [PER Report Integrity, uncoded data at 1 Ms/s]

Test Purpose

This test verifies that the DUT PER report mechanism reports the correct number of received packets
to the tester with uncoded data at 1 Ms/s.

Reference

Section 6.4

[2] Chapter 2.3

Initial condition

- The IUT is set to direct RX mode. Dewhitening shall be turned off.

- Frequency hopping off, fixed frequency.

- The value of MAX_RX_LENGTH (for which the TC is performed) is specified in Section 6.7.
- The IUT is set to assume the transmitter has a standard modulation index.

Test Procedure

1. The IUT is set to receive at the middle frequency for testing as defined in Section 6.2.
2. The tester transmits packets with MAX_RX LENGTH octet PRBS9 payload. Refer to
Section 6.1 and [4], Section 4 for details.

®
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3. The total number of packets transmitted by the tester shall be an even random number in the
interval [100 < RND < 1500].

4. Every alternating packet transmitted by the tester shall have an intentionally corrupted CRC
value.

5. The signal level at the IUT input port shall be -30 dBm.

6. The PER is measured according to Section 6.4.

7. Steps 1-4 are repeated two times (i.e., three PER measurements in total).

Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome

Pass Verdict
All measured values fulfill the following condition:

50% < PER < (50 + P/2)% for each individual measurement (where P is the appropriate PER value
taken from Table 6.4).

4.5.7 RF-PHY/RCV/BV-08-C [Receiver sensitivity at 2 Ms/s]

Test Purpose

This test verifies that the receiver sensitivity is within limits for non-ideal signals at normal operating
conditions when receiving a 2 Ms/s signal. The non-ideal signals used in this test are within the
specification limits, but deviate from the ideal case.

Reference

[6] Chapter 4.1

Initial Condition

As for RF-PHY/RCV/BV-01-C (Receiver sensitivity, uncoded data at 1 Ms/s), but IUT and transmitter
symbol rate is 2 Ms/s. IUT is set to assume the transmitter has a standard modulation index. The
value of MAX_RX_LENGTH_2M (for which the TC is performed) is specified in Section 6.7.

Test Procedure

As for RF-PHY/RCV/BV-01-C (Receiver sensitivity, uncoded data at 1 Ms/s), but the transmitted
signal has a symbol rate of 2 Ms/s. In all steps the value MAX_RX_LENGTH_2M shall be used
instead of MAX_RX_LENGTH.

Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome

Pass Verdict

All measured values fulfill the following condition:
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PER better than 30.8 percent for a minimum of 1500 packets transmitted by the tester if
MAX_RX_LENGTH_2M is 37 bytes.

PER better than the value calculated according to the formula specified in Section 6.4.1 for a
minimum of 1500 packets transmitted by the tester if MAX_RX_LENGTH_2M is greater than 37
bytes.

45.8 RF-PHY/RCV/BV-09-C [C/l and Receiver Selectivity Performance at 2

Ms/s]
Test Purpose

This test verifies the receiver's performance in presence of co-/adjacent channel interference at 2
Ms/s. The receiver mirror image rejection performance is also verified in this test.

Reference

[6] Chapter 4.2

Initial Condition

Refer to Figure 4.17 for test setup principle.
The IUT is set to direct RX mode. Dewhitening shall be turned off.
Frequency hopping off, fixed frequency

The image frequency (fimage-2m) Of the receiver relative to the receiver frequency for a symbol rate of 2
Ms/s is declared by the equipment manufacturer as an IXIT value.

The value of MAX_RX_LENGTH_2M (for which the TC is performed) is specified in Section 6.7.
IUT is set for a symbol rate of 2 Ms/s.

IUT is set to assume the transmitter has a standard modulation index.

Test Procedure

1. The IUT is set to receive at the low operating frequency listed in Section 6.2.
2. Two test signals are fed to the IUT input port:

Wanted signal:

Packets transmitted at the receiving frequency (frx) with MAX_RX_LENGTH_2M octet
PRBS9 payload at a symbol rate of 2 Ms/s. Refer to Section 6.1 and [4], Section 4 for
details. Signal level of the wanted signal at the IUT input port shall be -67dBm.

Interference signal:

Continuous modulated carrier at 2400MHz, modulated with PRBS15 data at a symbol
rate of 2 Ms/s. Refer to Section 6.1 and [4], Section 4 for details. Signal level of the
interference signal at the IUT input port and frequency relative to the receiving frequency
shall be as defined in Table 4.7.

3. The tester's transmit power is chosen such that the input power to the IUT receiver is as listed in
Table 4.7.
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4. Steps 2 to 3 are repeated for interference frequencies 2400MHz+2N-MHz where N=1,2,3...41.

o

The PER is measured according to Section 6.6.

6. Steps 2to 5 are repeated when the IUT is receiving at the mid- and high operation frequencies

listed in Section 6.2.

Tester implementation

BluetoothLE modulation

Signal generator

PRBS15
Interferer  (Frequency of operation
and output power as listed

-67dBm - C/I + L

[]

Isolator

in Table 6.3)

Bluetooth LE modulation

Isolator

Signal generator

Wanted
signal

PRBS9
(Frequency of operation

-67dBm + L,

as listed in Chapter 7.3)

Counter incremented for
each packet received.

Power combiner

1

Dout

T

|
|
!
|
:
, |
|
|
|
|
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Cable, Isolator and power

combiner attenuation

L

Figure 4.17: C/I- and receiver selectivity test implementation principle

Interference signal frequency?2 Interferer signal level Wanted signal level relative to

at IUT input port interference signal level
(Cll requirement)

Co-channel -88 dBm 21 dB

(fRX = finterference)

Adjacent channel; -82 dBm 15dB

finterference = fRX £ 2 MHz

Adjacent channel; -50 dBm -17 dB

finterference = fRX £ 4 MHz

Adjacent channel; -40 dBm -27 dB

finterference = fRX + (6+2n) MHz

[n=0,1,2...]

Image frequency; -58 dBm -9dB

finterference = fimage-2M

Adjacent channel to image -52 dBm -15dB

frequency;

finterference = fimage-2M + 2 MHz

Table 4.7: C/I- and receiver selectivity test parameter settings at 2 Ms/s

2 If two frequencies defined in Table 4.7 refer to the same physical channel, the less stringent requirement applies.
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Test Condition

Common Test Case Conditions defined in Section 4.2 apply.

Expected Outcome

Pass Verdict
All measured values fulfill the following condition:

PER better than 30.8 percent for a minimum of 1500 packets transmitted by the tester if
MAX_RX_LENGTH_2M is 37 bytes.

PER better than the value calculated according to the formula specified in Section 6.4.1 for a
minimum of 1500 packets transmitted by the tester if MAX_RX_LENGTH_2M is greater than 37
bytes.

For each individual measurement the C/I requirement may be relaxed for a maximum of five
interference frequency settings. The C/l-performance shall in this case be equal to, or better than -17
dB (Interference level at least 17 dB higher than wanted signal level). This relaxation applies to the
following measurements:

- Adjacent channel + 4 MHz

- Adjacent channel + (6+2n) MHz [n=0,1,2...]

45.9 RF-PHY/RCV/BV-10-C [Blocking performance at 2 Ms/s]

Test Purpose

This test verifies that the receiver performs satisfactorily at 2 Ms/s in the presence of interference
sources operating outside the 2400MHz — 2483.5MHz band.

Reference

[6] Chapter 4.3

Initial Condition

As for RF-PHY/RCV/BV-04-C (Blocking Performance), but IUT is set for a symbol rate of 2 Ms/s. IUT
is set to assume the transmitter has a standard modulation index. The value of
MAX_RX_LENGTH_2M (for which the TC is performed) is specified in Section 6.7.

Test Procedure

As for RF-PHY/RCV/BV-04-C (Blocking Performance) but wanted signal has a symbol rate of 2 Ms/s.
In all steps the value MAX_RX_LENGTH_2M shall be used instead of MAX_RX_LENGTH.

Test Condition

Common Test Case Conditions defined in Section 4.2 apply.
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* Expected Outcome

Pass Verdict
All measured values fulfill the following condition:

PER better than 30.8 percent for a minimum of 1500 packets transmitted by the tester if
MAX_RX_LENGTH_2M is 37 bytes.

PER better than the value calculated according to the formula specified in Section 6.4.1 for a
minimum of 1500 packets transmitted by the tester if MAX_RX_LENGTH_2M is greater than 37
bytes.

The number of fur_1 frequencies recorded in Step 2 do not exceed 10, and the number of fur 2
frequencies recorded in Step 5 do not exceed 3.

45.10 RF-PHY/RCV/BV-11-C [Intermodulation performance at 2 Ms/s]
* Test Purpose

This test verifies that the receiver intermodulation performance is satisfactory at 2 Ms/s.

* Reference

[6] Chapter 4.4

¢ |nitial Condition

The IUT is set to direct RX mode. Dewhitening shall be turned off.

Frequency hopping off, fixed frequency

The value of MAX_RX_LENGTH_2M (for which the TC is performed) is specified in Section 6.7.
IUT is set for a symbol rate of 2 Ms/s.

IUT is set to assume the transmitter has a standard modulation index.

* Test Procedure

1. The IUT is set to receive at the lowest frequency for testing as defined in Section 6.2. Three test
signals are fed to the IUT input port:

Wanted signal:

Modulated carrier, packets transmitted at the receiving frequency (frx) with
MAX_RX_LENGTH_2M octet PRBS9 payload. Refer to Section 6.1 and [4], Section 4 for
details. Signal level of the wanted signal at the IUT input port shall be -64 dBm.

Interference signal #1:

Sinusoidal, un-modulated carrier transmitted at an interferer frequency of f1. Signal level
of the interferer signal at the IUT input port shall be -50dBm.
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Interference signal #2:

Continuous modulated carrier at frequency fz2, modulated with PRBS15 data at a symbol
rate of 2 Ms/s. See Section 6.1 and [4], Section 4 for details. Signal level of the interferer
signal at the IUT input port shall be -50dBm. The frequency relation between the wanted

signal and the interferers shall be as follows;

frx =2 xf1-fzand |f2- f1] = n x 2 MHz

where n=3,4 or 5

Once the frequency configuration is chosen, the PER is measured with the interferers
both below and above the receive frequency, covering both cases implied by [f2 - f1], i.e.
the PER is measured twice for each receive frequency.

Figure 4.18 shows the frequency combination alternatives for the intermodulation test at

2 Ms/s.

2. The tester's transmit power is chosen such that the input power to the IUT receiver is as listed in
step 1. Figure 4.15 illustrates the test setup principle.

3. The PER is measured according to Section 6.6.
4. Steps 2 and 3 are repeated when the IUT is receiving at the remaining frequencies defined in
Section 6.2.
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