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Foreword

This Technical Report (TR) has been produced by ETSI Technical Committee Electromagnetic compatibility and Radio
spectrum Matters (ERM).

Modal verbs terminology

In the present document “should", "should not", "may", "need not", "will", "will not", "can" and "cannot" areto be
interpreted as described in clause 3.2 of the ET S| Drafting Rules (Verbal forms for the expression of provisions).

"must” and "must not" are NOT alowed in ETSI deliverables except when used in direct citation.
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1 Scope

1.1 Rationale for the present document

The rationale for the present document is twofold.

Firstly, the initiative to study the possibility to include improved receiving parameters such as selectivity and sensitivity
in future releases of ETSI EN 302 571 [i.1] is based on recommendations given in ETSI EG 203 336 [i.5].

Secondly, the Harmonised Standard ETSI EN 302 571 [i.1] was first published when only a single technology was
considered for Cooperative ITS communication.. Reformulation of (some of) the requirements defined in ETSI

EN 302 571 [i.1] in a technology neutral manner is therefore strongly desirable, to address the various technologies
existing today, and also future technologies.

Therefore, a new technical study item was proposed and approved: DTR/ERM-TG37-275, resulting in the present
document.

1.2 Need for receiver performance requirements

The intention of article 3.2 of Directive 2014/53/EU [i.7] in relation to a receiver is explained in recitals 10 and 11 of
the Directive, which states:

"...in the case of a receiver, it has a level of performance that allows it to operate as intended and protects it against the
risk of harmful interference, in particular from shared or adjacent channels, and, in so doing, supports improvements in
the efficient use of shared or adjacent channels.

Although receivers do not themselves cause harmful interference, reception capabilities are an increasingly important
factor in ensuring the efficient use of radio spectrum by way of an increased resilience of receivers against harmful
interference and unwanted signals on the basis of the relevant essential requirements of Union harmonization
legislation.”

1.3 Scope of the present document

The scope of the present document is to review requirements on the receiver sensitivity, adjacent channel rejection and
the alternate adjacent channel rejection (hereafter referred to as "receiver requirements™) as defined in ETSI
EN 302 571 [i.1] with the aim:

. To analyse those receiver requirement limits and investigate if it is possible to tighten them, taking state-of-
the-art technologies into account.

e  To assess the feasibility of defining such receiver requirements and associated tests for demonstrating
compliance in a technology neutral manner.

. If not feasible, to specify alternative receiver requirements and associated tests for demonstrating compliance.
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2

2.1

References

Normative references

Normative references are not applicable in the present document.

2.2

Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE:

While any hyperlinksincluded in this clause were valid at the time of publication ETSI cannot guarantee
their long-term validity.

The following referenced documents are not necessary for the application of the present document, they assist the user
with regard to a particular subject area.

[i.1]

[i.2]

[.3]

[i.4]

[i.5]

[i.6]

[i.7]

[i.8]

NOTE:

[i.9]
[i.10]

[i.11]

[i.12]

[i.13]

ETSI EN 302 571 (V2.1.1): "Intelligent Transport Systems (ITS); Radiocommunications
equipment operating in the 5 855 MHz to 5 925 MHz frequency band; Harmonised Standard
covering the essential requirements of article 3.2 of Directive 2014/53/EU".

ETSI EN 302 663 (V1.3.1): "Intelligent Transport Systems (ITS); ITS-G5 Access layer
specification for Intelligent Transport Systems operating in the 5 GHz frequency band".

|EEE 802.11™-2016: "I EEE Standard for Information technology - Telecommunications and
information exchange between systems - Local and metropolitan area networks-Specific
requirements - Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY)
Specifications”.

ETSI TS 136 101 (V14.21.0): "LTE; Evolved Universal Terrestrial Radio Access (E-UTRA); User
Equipment (UE) radio transmission and reception (3GPP TS 36.101 version 14.21.0 Release 14)".

ETSI EG 203 336 (V1.2.1): "Guide for the selection of technical parameters for the production of
Harmonised Standards covering article 3.1(b) and article 3.2 of Directive 2014/53/EU".

3GPP TR 36.786 (V14.0.0): "Vehicle-to-Everything (V2X) services based on LTE; User
Equipment (UE) radio transmission and reception”.

Directive 2014/53/EU of the European Parliament and of the Council of 16 April 2014 on the
harmonisation of the laws of the Member States relating to the making available on the market of
radio equipment and repealing Directive 1999/5/EC, (OJL153, 22.5.2014, p62).

Massachusetts I nstitute of Technology lecture notes: " Principles of Digital Communication I1".

Available at https://ocw.mit.edu/courses/el ectrical -engi neering-and-computer-science/6-451-principles-
of-digital -communi cation-ii-spring-2005/readings-and-lecture-notessM I T6_451S05 FullL ecNotes.pdf.

John G. Proakis: "Digital Communications', McGraw-Hill International Edition, 4" Edition, 2001.

ETSI TS138 101-1 (V16.7.0): "5G; NR; User Equipment (UE) radio transmission and reception;
Part 1: Range 1 Standalone (3GPP TS 38.101-1 version 16.7.0 Release 16)".

ETSI TS 136 521-1 (V14.6.0): "LTE; Evolved Universal Terrestrial Radio Access (E-UTRA);
User Equipment (UE) conformance specification; Radio transmission and reception; Part 1:
Conformance testing (3GPP TS 36.521-1 version 14.6.0 Release 14)".

3GPP TR 36.785: "Vehicleto Vehicle (V2V) services based on LTE sidelink; User Equipment
(UE) radio transmission and reception”.

ETSI EN 300 328 (V2.2.2): "Wideband transmission systems; Data transmission equipment
operating in the 2,4 GHz band; Harmonised Standard for access to radio spectrum".
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3 Definition of terms, symbols and abbreviations
3.1 Terms
Void.

3.2 Symbols

For the purposes of the present document, the following symbols apply:

Ks
Lcre

Boltzmann constant

Sidelink allocated RB size

Number of Resource Blocks

Number of OFDM data subcarriers
QAM symbol error probability

Power of the Interferer

Receiver sensitivity

Nominal data rate depending on MCS

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

3GPP
5G
AACR
AACS
AC
AC BE
ACR
ACS
AIFS
AT
AWGN
BLER
BPSK
BW
CAM
CR
CRC
cw
DG GROW

DUT
GNSS
HARQ
HD
IM
ITS
ITSG5

34 Generation Partnership Project

5 generation of cellular mobile communications
Alternate Adjacent Channel Rejection
Alternate Adjacent Channel Selectivity
Access Category

Access Category Best Effort

Adjacent Channel Rejection

Adjacent Channel Selectivity
Arbitration InterFrame Space

Access Terminal

Additive White Gaussian Noise

BLock Error Rate

Binary Phase Shift Keying

Bandwidth

Cooperative Awareness Message
Coding Rate

Cyclic Redundance Check

Continuous Wave

Directorate General for Internal Market, Industry, Entrepreneurship and Small and medium-sized

enterprises (of the European Commission)
Device Under Test

Global Navigation Satellite System
Hybrid Automatic Repeat Request

Half Duplex

Implementation Margin

Intelligent Transport Systems

Access layer technology

NOTE: Asdefinedin ETSI EN 302 663 [i.2].

LTE
MAC
MCS
MMI
NC

Long Term Evolution

Media Access Control
Modulation and Coding Scheme
Man Machine Interface

Number of (sub)Carriers
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NF Noise Figure
NR New Radio
NR-V2X New Radio Vehicle-to-Everything
OFDM Orthogonal Frequency Division Multiplexing
PC5 Interface between the ITS stations used for V2X sidelink communication
PE Probability of Error
PER Packet Error Rate
PHY PHYsical layer
PRR Packet Reception Ratio
PS Sensitivity Power
PSCCH Physical Sidelink Control CHannel
PSDU PLCP Service Data Unit
PSK Phase Shift Keying
PSSCH Physical Sidelink Shared CHannel
PUSCH Physical Uplink Shared Channel
QAM Quadrature Amplitude Modulation
QPSK Quadrate Phase Shift Keying
RB Resource Block
RMC Reference Measurement Channel
RS Reference Symbol
RX Radio receiver
SA Spectrum Analyser
SCI Sidelink Control Information
SCS SubCarrier Spacing
SER Symbol Error Rate
SL SideLink
SNR Signal to Noise Ratio
S-SSB Sidelink Synchronization Signal Block
SS System Simulator
STA Station
TBS Transport Block Size
TDD Time Division Duplex
TH Temperature High
TL Temperature Low
TS Technical Specification
TX Radio transmitter
UE (3GPP) User Equipment
uTC Coordinated Universal Time
VH Higher extreme Voltage
VL Lower extreme Voltage
V2V Vehicleto Vehicle
V2X Vehicle-to-Everything
4 Study on definitions used in reference documents
4.1 Introduction

This clause intends to clarify definitions of key technical terms used in the present document. Firstly, definitions from
severa reference documents are recalled. Secondly, proposal definitions for use in the present document are detailed.

ETSI
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4.2 Existing definitions in reference documents

4.2.1 Definitions in ETSI EN 302 571

The following italic text shows the definitions taken from ETSI EN 302 571 [i.1]. These definitions are to be
understood with the partitioning of the band into 7 channels of 10 MHz: the frequency offsets mentioned are relative to
this organization and are not generically transposable to other channel bandwidths. Also, it should be noted that the

+ 50 MHz blocking offset may fall in-band, sincethe ITS band is 70 MHz wide. Regarding receiver sensitivity, the
assumed noise margins may have to be checked if still valid.

"Receiver selectivity isa measure of the receiver's ability to discriminate between wanted signal to which the receiver is
tuned to and unwanted signals stemming from other frequency bands. Receiver selectivity herein is comprised of:

i)  adjacent channel rejection;
ii) alternate channel rejection; and
iii)  blocking.

The adjacent channel rejection is a measure of the capability of the receiver to operate satisfactorily in the presence of
a signal in the adjacent channel, which differsin frequency from the wanted signal by + 10 MHz.

The alternate channel rejection isa measure of the capability of the receiver to operate satisfactorily in the presence of
a signal in the alternate adjacent channel, which differsin frequency from the wanted signal by + 20 MHz.

Blocking is a measure of the capability of the receiver to operate satisfactorily in the presence of a signal in frequency
band further away and it shall be tested at + 50 MHz, + 100 MHz, and + 200 MHz. Blocking testing shall be performed
at least at 6 different frequency offset positions. The manufacturer of the equipment can add additional frequency
offsets positions.

Receiver sensitivity is defined as the minimum receive signal level at the antenna connector required for a given error
rate, coding rate and modulation scheme (noise factor of 10 dB and 5 dB implementation margins are assumed). The
sensitivity test shall be performed with a single antenna transmitter. The manufacturer of the equipment may use one or
several receiver antennas. The sensitivity tests shall be performed without message retransmissions.”

4.2.2 Definitions in ETSI EG 203 336

The following italic text shows the definitions taken from ETSI EG 203 336 [i.5]. These definitions may be more
generic, potentially covering for any channel bandwidth. The receiver selectivity definition is maybe less
straightforward, pointing to single signal & multiple response rejection selectivity components.

" adjacent channels: channel offset from the wanted channel by the channel spacing

alternate channels: channel(s) offset from the wanted channel by twice the channel spacing

A £

— - et e e
Lower Lower Wanted Upper Upper
Alternate Adjacent Channel Adjacent Alternate

Figure 1. Adjacent and alternate channel definitions (picture from ETSI EG 203 336 [i.5])
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Receiver selectivity is described in Recommendation I TU-R SM.332-4 [ 19] identifying the capability to receive a
wanted signal, without exceeding a given degradation, due to the presence of an unwanted signal which differsin
frequency from the wanted signal by a specified amount. Recommendation ITU-R SM.332-4 [ 19] makes a distinction
between single signal selectivity and multiple signal selectivity.

Single signal selectivity refers to effects measured within the linear range of the receiver. For the purposes of the
present document these are;

. attenuation slope; and
. Spurious response rejection.

Attenuation slope is a parameter that was mainly applicable to historic systems using analogue modulation; an
acceptable alternative in a Harmonised Standard is to specify adjacent signal (or channel) selectivity.

Spurious response rejection includes all possible spurious responses of the receiver but Recommendation ITU-R
9M.332-4 [19] specifically identifies image-rejection ratio and intermediate-frequency rejection ratio. Receiverswith
multiple intermediate-frequencies will have image responses and inter mediate-frequency responses for each
intermediate-frequency.

Multiple response rejection selectivity is considered as effective selectivity which includes blocking, adjacent-signal
(adjacent-channel), selectivity and radio-frequency intermodulation.”

4.2.3 Definitions in LTE-V2X ETSI TS 136 101
The following italic text shows the definitions used in ETSI TS 136 101 [i .4].

" Adjacent Channel Selectivity (ACS) isa measure of a receiver's ability to receive a E-UTRA signal at its assigned
channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of
the assigned channel. ACSistheratio of the receive filter attenuation on the assigned channel frequency to the receive
filter attenuation on the adjacent channel(s).

(7.3) Thereference sensitivity power level REFSENS is the minimum mean power applied to each one of the UE
antenna ports for all UE categories except category 0, category M1, category M2, and category 1his, or to the single
antenna port for UE category 0, UE category M1, category M2, and UE category 1bis, at which the throughput shall
meet or exceed the requirements for the specified reference measurement channel.

(7.3.1G) Minimum requirements (QPSK) for V2X. When UE is configured for E-UTRA V2X reception non-concurrent
with E-UTRA uplink transmissions for E-UTRA V2X operating bands specified in Table 5.5G-1, the throughput shall be
> 95% of the maximum throughput of the reference measurement channels.

In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz
below or above the UE receive band at which the relative throughput shall meet or exceed the minimum requirement for
the specified measurement channels.”

NOTE: Asfurther elaborated in clause 6.1.3, in-band blocking with 'casel’ offsets correspondsto asimilar test as
the |IEEE Alternate Adjacent Channel Rejection described in [i.3].

4.2.4 Relationship between ACS and ACR

It should be noted that the ACR definition used in |EEE 802.11 [i.3] or ETSI EN 302 571 [i.1] differsfrom the
ACS definition from 3GPP. A detailed comparison is provided in clause B.4.

4.2.5  Sensitivity vs required throughput

It is possible to derive an empirical relationship between the receiver sensitivity level and the SNR required for a given
throughput based on the noise figure and implementation margin. Corresponding analysisis provided in Annex F.
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4.3 Definitions for use in the present document

This clause contains definitions for use in the present document. This clause does not propose any modification of the
ITS band channelization. All the definitions from ETSI EN 302 571 [i.1] do apply, except for the terms which are
defined in the present clause and which overrule the definitions from ETSI EN 302 571 [i.1]. Modifications are
proposed for definitions of adjacent channel rejection and alternate channel rejection in an attempt to make them more
generic, asin ETS| EG 203 336 [i.5], in case of change of channel bandwidth in the future. The receiver sensitivity
definition is updated to match the outcome of the present study (see detailsin clause 5.3).

The adjacent channel rejection is a measure of the capability of the receiver to operate satisfactorily in the presence of
asignal in the lower or upper adjacent channel, which differsin frequency from the wanted signal by + the channel
spacing (e.g. +10 MHz for 10 MHz channel spacing, 20 MHz for 20 MHz channel spacing, etc.).

The alter nate channel rejection isameasure of the capability of the receiver to operate satisfactorily in the presence of
asignal in the lower or upper alternate adjacent channel, which differsin frequency from the wanted signal by + double
the channel spacing (e.g. £20 MHz for 10 MHz channel spacing, +40 MHz for 20 MHz channel spacing, etc.).

A fc

Lower Lower Wanted Upper Upper
Alternate Adjacent Channel Adjacent Alternate

Figure 2. Adjacent and alternate channel definitions

Receiver sensitivity is defined as the minimum receive signal level at the antenna connector required for a given packet
error rate and effective data-rate. The sensitivity test should be performed with a single antenna transmitter. The
manufacturer of the equipment may use one or several receiver antennas. The sensitivity test should be performed
without message retransmissions.

5 Study on receiver sensitivity requirements

5.1 Requirements as published in reference documents

51.1 Requirements in IEEE 802.11

|IEEE Std 802.11-2016 [i.3] clause 17.3.10.2 defines sensitivity requirements based on 10 % PER and packets of

1 000 bytes. The minimum sensitivity levels are defined for each modulation and coding scheme, for 5, 10 and 20 MHz
channel bandwidth (for example -82 dBm for QPSK ¥z for 10 MHz channel) as per [i.3] Table 17-18, assuming 10 dB
noise factor and 5 dB implementation margin, as shown in Table 1.

ETSI



Table 1: Limits for receiver sensitivity as specified by IEEE 802.11-2016 [i.3] for 10 MHz channel

NOTE:

5.1.2
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Modulation Coding rate sené\?;wi?;/u(gBm)
BPSK 1/2 -85
BPSK 3/4 -84
QPSK 1/2 -82
QPSK 3/4 -80
16-QAM 1/2 -77
16-QAM 3/4 -73
64-QAM 2/3 -69
64-QAM 3/4 -68

as shown in the below italic text:

"Thereceiver sensitivity shall be less or equal to the values given in Table 9 for a packet error rate (PER) of 10-1 for

It should be noted that the IEEE 802.11-2016 [i.3] access layer is often referred to as | EEE 802.11p,
which isits older name, and the letter 'p' refers to an amendment in earlier versions of the IEEE 802.11

Requirements in ETSI EN 302 571

The minimum sensitivity requirements defined in the published ETSI EN 302 571 [i.1] are instructed in clause 4.2.8.2,

1 000 octet frames assuming stationary, non-fading channel conditions.

NOTE:

Observations:

Table 9: Receiver sensitivity

Modulation Coding rate Minimum sensitiv_ity for 10 MHz
channel spacing (dBm)
BPSK 1/2 -85
BPSK 3/4 -84
QPSK 1/2 -82
QPSK 3/4 -80
16-QAM 1/2 =77
16-QAM 3/4 -73
64-QAM 2/3 -69
64-QAM 3/4 -68

. Requirements are expressed in form PER < 10 %.

. Requirements are expressed per ITS-G5 transmit rate (e.g. modulation coding scheme).

. Requirements are thus not expressed in a technology generic way, being only applicable to

|EEE 802.11-2016 [i.3].

e  Thevalues specified for sensitivity requirements are identical as the onesindicated in table 17-18 of
|EEE 802.11-2016 [i.3], for 10 MHz channel.

e  Test procedureisidentical to the one taught by IEEE 802.11-2016 [i.3] in clauses 17.3.10.2 (1 000 octets
frame, etc.).

. The test assumes only cabled environment (non-fading) conditions (sometimes referred to as " clean channel™).

ETSI
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5.1.3 Requirements in 3GPP LTE Release-14

ETSI TS 136 101 [i.4] defines LTE Releasel4 User Equipment (UE) radio transmission and reception minimum
performance requirements:

. Clause 14 "Performance requirement (V2X Sidelink Communication)" addresses Sidelink V2X direct
communication (mode 4) demodulation performance requirements. But these are not directly applicable to the
context of an EN (for example PSSCH and PSCCH are tested separately, etc.).

e  Clause 7.3.1 "Reference sensitivity power level" addresses Sidelink V22X direct communication (mode 4)
sengitivity requirements, in subclause 7.3.1G "Minimum requirements (QPSK) for V2X", as shown with the
below italic text:

"When UE is configured for E-UTRA V2X reception non-concurrent with E-UTRA uplink transmissions for E-UTRA
V2X operating bands specified in Table 5.5G-1, the throughput shall be > 95% of the maximum throughput of the
reference measurement channels as specified in Annexes A.8.2 with parameters specified in Table 7.3.1G-1.

Table 7.3.1G-1: Reference sensitivity of E-UTRA V2X Bands (PC5)

Channel bandwidth
E-UTRA 1.4 MHz 3 MHz 5 MHz 10 MHz | 15 MHz | 20 MHz | Duplex
V2X Band (dBm) (dBm) (dBm) (dBm) (dBm) (dBm) Mode
47 -90.4 -87.5 HD
NOTE 1: Reference measurement channel is defined in A.8.2.
NOTE 2: The signal power is specified per port.

ETSI TS 136 521-1 [i.11], clause 7.3G "Reference sensitivity level for V2X Communication” contains additional
information:

e  Clause 7.3G.0 "Minimum conformance requirements’ providesidentical description with identical
parameterization. The difference between ETSI TS 136 101 [i.4] and ETSI TS 136 521-1 [i.11] is that the
former defines the requirements as " minimum performance requirement” while the latter defines the
requirements as " minimum conformance requirement”.

e  Clause 7.3G.1 "Reference sensitivity level for V2X Communication/Non-concurrent with E-UTRA uplink
transmissions' provides test procedure details.

An extract of ETSI TS 136 521-1 [i.11] clause 7.3G "Reference sensitivity level for V2X Communication” is provided
in Annex D.

Observations:

. Requirements are expressed in form of throughput to be > 95 % of the maximum throughput of the reference
measurement channel A.8.2 (corresponds to PER < 5 %).

. Thereisonly one requirement per channel bandwidth, for a configuration (A.8.2) that is QPSK with coding
rate of approximately 1/3.

5.1.4 Requirements in IEEE 802.11bd

The sensitivity requirements defined in IEEE 802.11bd (still under development) will most likely be identical to the
ones from | EEE 802.11-2016 [i.3] for the Modulation and Coding Scheme (MCS) that overlap between |EEE 802.11p
and |EEE 802.11bd.

5.1.5 Requirements in 3GPP 5G NR V2X

ETSI TS 138 101-1[i.10] defines NR V2X User Equipment (UE) radio transmission and reception minimum
performance requirements. Clause 7.3E Reference defines sensitivity for V2X, as shown with the below italic table.
Band n47 indicates the 5,9 GHz ITS band.
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"Table 7.3E.2-1: Reference sensitivity of NR V2X Bands (PC5)

Channel bandwidth / PREFSENS_V2X(dBm)
NR V2X SCS 10 MHz 20 MHz 30 MHz 40 MHz Duplex
Band kHz Mode
n38 15 -96.5 -93.2 -91.4 -90.1 HD
30 -96.1 -93.4 -91.7 -90.2 HD
60 -96.9 -93.1 -91.9 -90.4 HD
n47 15 -92.5 -89.2 -87.4 -86.1 HD
30 -92.1 -89.4 -87.7 -86.2 HD
60 -92.9 -89.1 -87.9 -86.4 HD
NOTE 1: Reference measurement channel is defined in A.8.
NOTE 2: The signal power is specified per antenna port.
NOTE 3: Void.

The Sidelink TX configuration for reference sensitivity testsis described in the below italic text.

"Table 7.3E.2-2: Sidelink TX configuration for reference sensitivity of NR V2X Bands (PC5)

NR Band / SCS / Channel bandwidth / Duplex mode
NR V2X SCS 10 MHz 20 MHz 30 MHz 40 MHz Duplex
Band kHz Mode
n38 15 50 105 160 216 HD
30 24 50 75 105 HD
60 102 24 36 50 HD
n47 15 50 105 160 216 HD
30 24 50 75 105 HD
60 10? 24 36 50 HD
NOTE 1: The sidelink allocated RB (LCRB) size could be adjusted according to resource pool
configuration in [7].
NOTE 2: For the case, 11 RB is allowed for S-SSB Block.

Observations:

e  The sensitivity requirements values defined in 5G NR V2X are different from the ones defined in LTE-V2X
by 2,5 dB at most.

. The Sidelink TX configuration for reference sensitivity tests are similar as they occupy all available RB.

Table 2: Comparison of LTE-V2X and 5G NR V2X receiver sensitivity requirements
for 10 MHz channel in 5,9 GHz ITS band

Standard & configuration Minimum sensitiv_ity for 10 MHz
channel spacing (dBm)
LTE-V2X -90,4
5G NR V2X, 15 kHz SCS -92,5
5G NR V2X, 30 kHz SCS -92,1
5G NR V2X, 60 kHz SCS -92,9

5.2

This clause compares the sensitivity requirements as expressed for ITS-G5 and LTE-V2X, aswell as with the
theoretical values obtained from the generic sensitivity limit function from clause F.4.2.

Comparison of ITS-G5 and LTE-V2X sensitivity values

LTE-V2X and ITS-G5 protocols have significant differences in their modulation and coding schemes, channel access
mechani sms, time frequency organization of the packet, as well asin the sensitivity test procedures. These differences
prevent performing adirect comparison of the sensitivity values.
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A new generic term 'effective datarate' Rz, is proposed, and can be applied to any wireless protocol, assuming a
constant PER. Further technical details are available in clause F.4.2. R 7, is obtained from the nominal data rate RMCS
(which unit is MBit /s), the management time overhead tm, the packet duration t, and the packet error rate limit PER set
to 10 % according to Equation (5.2.1):

Refrrx = Ryes X (1 — PER) X tpt_ﬁ
P

(5.2.1)

For ITS-G5, applicability of Equation (5.2.1) is straight forward since the nominal data rate RMCS, the management
time overhead t and the packet duration t, are available. The R 1, for LTE-V2X can be trandated to Equation (5.2.2):

Reirre = M5 x (1 — PER) |27 (522)

1000
Where TBSisthe LTE Transport Block Size (TBS) in bits, which is defined depending on the Modulation and Coding
Scheme (MCS).

Furthermore, as shown in clause F.4.3.5, the ITS-G5 and LTE-V2X sensitivity values can be compared to a generic
receiver sensitivity limit. The equation of the generic receiver sensitivity limit is:

1

TeefTTx
Pgsens = 10logqg (2 4 [MBit/s] — 1] ) —81,3dB (5.2.3)

Figure 3 and Figure 4 provide a comparison of |EEE 802.11-2016 [i.3] (or ITS-G5) and LTE-V2X sensitivity from
clauses 5.1.1 and 5.1.3, respectively, with the proposed generic sensitivity limit Equation (5.2.3). It can be noted that the
markersin Figure 3 and Figure 4 are similar, but not identical, as the effective data rates are slightly different. The
shape of the markers relates to the modulation and the colour to the coding rate.
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Figure 3: Comparison of calculated ITS-G5
sensitivity values with the proposed generic
sensitivity limit and with the limits from
IEEE 802.11-2016 [i.3]

Figure 4: Comparison of calculated LTE-V2X
sensitivity values with the proposed generic
sensitivity limit

It can be observed that both ITS-G5 and LTE-V2X sensitivity limits follow very closely the generic sensitivity limit
function Equation (5.2.3). Thus, ITS-G5 and LTE-V2X sensitivity limits requirements as expressed in their respective
standards are well aligned. In summary, the generic sensitivity limit function Equation (5.2.3) could be used to define
the sensitivity limits requirements in a generic way, and can be applied to any technology asit is only dependent on the
effective data rate.

5.3

It is proposed that the term effective datarate R 4, iS used as a generic way to define the effective throughput,
applicableto ITS-G5, LTE-V2X and future protocols regardless of their packet structure and packet sizes used for
testing. Also, it is proposed that technologies that can adjust packet duration set it to be as close as possible to 1 ms, and
technologies that have fixed packet size use multiple subframesto get to as close as possible to 1 ms, including
management overhead as defined for example in clause F.4.3.2.

Recommendations for receiver sensitivity test
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It is proposed that the equation of the generic receiver sensitivity limit Equation (5.2.3) ismodified to form
Equation (5.3.1) of the receiver sensitivity requirement to be used for testing sensitivity in the present document:

RefiTx 1
PSens = llo 10810 <2 4 [MBit/s] — 1 ) —83,8dB (5.3.1)

Compared to Equation (5.2.3), it can be noted that Equation (5.3.1) is 3 dB more stringent to reflect areduction in the
implementation margin from 12 to 9 dB. It aso includes a rounding operation to ensure integer values only for the

sensitivity requirement (the rounding is realized adding +§ and using the flooring operator ‘[ |). 12 dB implementation
margin has been assumed for deriving Equation (5.2.3), while 9 dB of implementation margin is thought to be aligned

with capability of recent available equipment. It should be noted that further lowering the sensitivity is not foreseen to
be possible in the future as it would be getting too close to the theoretical limits.

The proposed data-rate test-points are described in Table 3 and Table 4. The associated sensitivity limit is obtained from
Equation (5.3.1). One way of testing is to test three test-points, as described in example 1 and in Table 3. Another way
of testing is to have only one test-point, as described in example 2 and in Table 4.

EXAMPLE 1: Threetest-points, as shown in Table 3, are defined as having an effective data rate
Ret < 3,5 MBIt/s, 3,5 MBit/sto 4,5 MBit/s and > 4,5 MBit/s respectively. This option stems from
the sensitivity limit functions (5.2.3) and (5.3.1) which have the shape of a straight line after an
initial bend at the lower rates (below 4,5 MBits/s). The three test-points aim at capturing a lower
bound average effective data rate, atypical data-rate and an upper-bound data-rate (ideally the
highest operational effective data rate of the DUT for test point).

Table 3: Proposal for testing sensitivity with multiple data-rate test points

Reffo
< 3,5 MBit/s
3,5 MBit/s to 4,5 MBit/s
> 4,5 MBit/s

EXAMPLE 2:  Onetest-point, as shown in Table 4, is defined as having an effective datarate Re < 4,5 MBit/s.
This option promotes only one test-point as Doppler and fading effects, which are dominating at
higher MCS values, are not considered in such atest setup.

Table 4: Proposal for testing sensitivity with single data-rate test point

Reffo
< 4,5 MBit/s

The proposed test procedure for each data-rate test point is provided in clause F.4.2.

54 Example derivation of data-rate test points

54.1 Derived data-rate test points and sensitivity limits for ITS-G5

Table 5 provides sensitivity values for ITS-G5 using Equation (5.3.1), see column "New sensitivity limit", given
test-points outlined in example 1 and Table 3. Further, Table 5 tabulates all possible MCS for ITS-G5 together with the
sensitivity values stemming from ETSI EN 302 571 [i.1] (column "Old sengitivity limits") defined for 1 000 bytes
packets. It should be noted that for certain data-rate test points from Table 3, several MCS may be used. Packet duration
isset to 1 ms, including management overhead as defined in clause F.4.2.
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Table 5: Receiver sensitivity requirements following definitions from example 1 and Table 3

_ MCS Nominal datarate |Packetsize | Rgsrrs New Old
R.sr 75 range (MBit/s) (bytes) (MBit/s) | sensitivity | sensitivity
limit (dBm) |limit (dBm)

. MCS 0 (BPSK %) 3,0 279 2,0 -88 -85

< 3,5 MBit/s MCS 1 (BPSK %) 45 420 3,0 86 84

3,5 MBit/s to MCS 2 (QPSK %2) 6,0 561 4,1 -84 82

4,5 MBit/s

MCS 3 (QPSK %) 9,0 843 6,1 -82 -80

MCS 4 (16-QAM ¥3) 12,0 1125 8,1 -79 -77

> 4,5 MBit/s MCS 5 (16-QAM %) 18 1689 12,2 -76 -73

MCS 6 (64-QAM 2/3) 24 2 253 16,3 -72 -69

MCS 7 (64-QAM ¥4) 27 2535 18,3 71 -68

NOTE:

"New sensitivity limits" refers to the test procedure and requirements as described in the present document.

"Old sensitivity limits" refers to the test procedure and requirements described in ETSI EN 302 571 [i.1], which
defines 1 000 bytes packets, and is thus only related to MCS column of this table. This column is provided
only for information and cannot be compared directly to the 'New' requirements values.

Table 6 provides sensitivity values for ITS-G5 using Equation (5.3.1), see column "New sensitivity limit", given
test-points outlined in example 2 and Table 4.

Table 6: Receiver sensitivity requirements following definitions from example 2 and Table 4

_ MCS Nominal datarate |Packet size | Respry New Old
R.s57x range (MBit/s) (bytes) (MBit/s) | sensitivity | sensitivity
limit (dBm) |limit (dBm)
MCS 0 (BPSK %) 3,0 279 2,0 -88 -85
< 4,5 MBit/s MCS 1 (BPSK %) 4,5 420 3,0 -86 -84
MCS 2 (QPSK %) 6,0 561 4,1 -84 -82
NOTE:  "New sensitivity limits" refers to the test procedure and requirements as described in the present document.

"Old sensitivity limits" refers to the test procedure and requirements described in ETSI EN 302 571 [i.1], which
defines 1 000 bytes packets, and is thus only related to MCS column of this table. This column is provided
only for information and cannot be compared directly to the 'New' requirements values.

5.4.2

Comparison between the "old" and "new" sensitivity limits for ITS-G5

Ashighlighted in the NOTE entries of Table 5 and Table 6, the "New sensitivity limit" requirements are derived using
Equation (5.3.1) assuming 1 ms packet duration, while the "Old sensitivity limits" originate from ETSI
EN 302 571 [i.1] defined for 1 000 bytes packets.

Figure 5 provides a comparison of the "old" and "new" sensitivity limits for ITS-G5. The blue triangle-shape markers
depict the "Old sensitivity limits' from ETSI EN 302 571 [i.1] defined for 1 000 bytes packets. The blue dotted lineisa
linear fitting of the blue triangle-shape markers. The green line depicts the "New sensitivity limit" requirements derived
using Equation (5.3.1) assuming 1 ms packet duration. The black sguare-shape markers show application of the
Equation (5.3.1) for ITS-G5 MCS (not all such entries needed to be tested, according to example 1 and Table 3 or
according to example 2 and Table 4.
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Comparison of Sensitivity limits

-60 -
-65 -
S,
A
-70 o
* a
- o
oA
E‘ 75 > =
g -t
> " " o
g 80r e
% A
c ot
o L8
W -85 Ao
Lo e
-
90 [
A Old ITS-G5 Sensitivity requirements test-points (EN 302 571) (1000 bytes packets)
95 ¢ |memmeen Linear fitting: y=1.641"x - 89.65
New Sensitivity limit proposal (TR 103 688) (1ms packets)
O New Sensitivity limit ITS-G5 test-points (TR 103 688) (1ms packets) (not all need fo be tested)
_100 L 1 Il 1 Il Il Il Il 1 1 J
0 2 4 6 8 10 12 14 16 18 20

Effective throughput (Mbps)

Figure 5: Comparison of the "old" and "new" sensitivity limits for ITS-G5

5.4.3 Derived data-rate test points and sensitivity limits for LTE-V2X

Table 7 provides sensitivity values for LTE-V2X using Equation (5.3.1), see column "New sensitivity limit", given the
test-points outlined in example 1 and Table 3. It is assumed that L TE packet occupies all subchannels and that the MCS
range 0-11 isavailable.

Table 7: Receiver sensitivity requirements following definitions from example 1 and Table 3

_ I_MCS Transport Refrrs New
Rs5 1 range Block size | (MBit/s) | Sensitivity
(bits) limit (dBm)
. 3 2792 2,51 -87
< 3.5 MBit's 4 3496 3,15 86
3,5 MBit/s to 5 4 264 3,84 -85
4,5 MBit/s 6 4 968 4,47 -84
7 5992 5,39 -82
8 6712 6,04 -82
> 4,5 MBit/s 9 7480 6,73 -81
10 8 504 7,65 -80
11 8 504 7,65 -80
NOTE: 'New refers to the test procedure and requirements as described in the
present document.

Table 8 provides sensitivity values for LTE-V2X using Equation (5.3.1), see column "New sensitivity limit”, given
test-points outlined in example 2 and Table 4.

Table 8: Receiver sensitivity requirements following definitions from example 2 and Table 4

B I_MCs Transport Refrrx ‘New'

Refrrx range Block size | (MBit/s) | Sensitivity
(bits) limit (dBm)

3 2792 2,51 -87

. 4 3496 3,15 -86

< 4.5 MBiUs 5 4264 3,84 85

6 4 968 4,47 -84

NOTE: 'New' refers to the test procedure and requirements as described in the
present document.
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6 Study on receiver selectivity requirements

6.1 Requirements as published in reference documents

6.1.1 Requirements in IEEE 802.11

|EEE Std 802.11-2016 [i.3] clause 17.3.10.3 defines the Adjacent Channel Rejection (ACR) and the Alternate Adjacent
Channel Rejection (WACR) requirements based on signal's strength 3 dB above the modulation and coding scheme
dependent minimum sensitivity (see clause 5.1.1 for details), 10 % PER and packets of 1000 bytes. ACR and AACR are
defined as difference in power between the signal in the channel of interest and the signal in the interferer channel,
which isalso of type IEEE Std 802.11-2016. The minimum ACR and AACR requirements are defined for each
modulation and coding scheme, for 5, 10 and 20 MHz channel bandwidth (for example 13 dB for ACR for QPSK %z for
10 MHz channel) as per [i.3] Table 17-18.

IEEE Std 802.11-2016 [i.3] also defines optional enhanced ACR and AACR requirements, which are respectively
12 dB and 10 dB more stringent than the non-optional requirements as per [i.3] Table 17-19, as shownin Table 9.

Table 9: Limits for receiver adjacent channel rejection and alternate adjacent channel rejection as
specified by IEEE 802.11-2016 [i.3] for 10 MHz channel

. . Adjacent channel Alternate adjagent . Enhanced alterig?:r;fj?:cent
Modulation Coding rate T channel rejection | adjacent channel e
rejection (dB) S channel rejection
(dB) rejection (dB) (dB)
BPSK 1/2 16 32 28 42
BPSK 3/4 15 31 27 41
QPSK 1/2 13 29 25 39
QPSK 3/4 11 27 23 37
16-QAM 1/2 8 24 20 34
16-QAM 3/4 4 20 16 30
64-QAM 2/3 0 16 12 26
64-QAM 3/4 -1 15 11 25

6.1.2 Requirements in ETSI EN 302 571 V2.1.1
The limits as defined in the published ETSI EN 302 571 [i.1], clause 4.2.7.2 are shown below initalic text:

"The receiver selectivity parameters under specified conditions shall be equal to or greater than the limitsin Table 8".

Table 8: Limits for receiver adjacent channel rejection and alternate adjacent channel rejection

. . Adjacent channel Alternate aqjaqent

Modulation Coding rate e channel rejection
rejection (dB) (dB)
BPSK 1/2 16 32
BPSK 3/4 15 31
QPSK 1/2 13 29
QPSK 3/4 11 27
16-QAM 1/2 8 24
16-QAM 3/4 4 20
64-QAM 2/3 0 16
64-QAM 3/4 -1 15

NOTE: Limitsonly apply to the applicable modulations to the DUT.
The blocking level shall not be less than -30 dBm."
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Observations:

. Requirements are expressed in form of Adjacent Channel Rejection (ACR) and Alternate Adjacent Channel
Rejection (AACR).

. Requirements are expressed per ITS-G5 transmit rate (e.g. modulation coding scheme).

. Requirements are thus not expressed in a technology generic way, being only applicable to
|EEE 802.11-2016 [i.3].

. The values specified for adjacent channel rejection and alternate adjacent channel rejection requirements are
identical asthe mandatory performance requirements indicated in table 17-18 of IEEE 802.11-2016 [i.3].

e  Test procedureisidentical to the one taught by IEEE 802.11-2016 [i.3] in clauses 17.3.10.3 and 17.3.10.4
(1 000 octets frame, etc.).

e  Theinterfering signal is defined to also be a similar radio technology as the channel under test, meaning the
interfering signal is aso IEEE 802.11-2016 [i.3] OFDM PHY type of signal.

6.1.3 Requirements in 3GPP LTE Release-14

ETSI TS 136 101 [i.4] defines LTE Releasel4 User Equipment (UE) radio transmission and reception minimum
performance regquirements.

Clause 7.5.1G "Adjacent Channel Selectivity (ACS)" addresses Sidelink V2X direct communication (mode 4)
selectivity requirements, as shown with the below italic text:

"The V2X UE shall fulfil the minimum requirement specified in Table 7.5.1G-1 for all values of an adjacent channel
interferer up to -22 dBm. However it is not possible to directly measure the ACS, instead the lower and upper range of
test parameters are chosen in Table 7.5.1G-2 and Table 7.5.1G-3 where the throughput shall be > 95% of the maximum
throughput of the reference measurement channels as specified in Annex A.8.2.

Table 7.5.1G-1: Adjacent channel selectivity for V2X

Channel bandwidth
Rx Parameter Units 1.4 3 5 10 15 20
MHz MHz MHz MHz MHz MHz
ACS dB 33.0 27

Tables 7.5.1G-2 and 7.5.1G-3 are provided for referencein Annex A.

Clause 7.6.1.1G "In-band blocking" addresses Sidelink VV2X direct communication (mode 4) in-band blocking
requirements, as shown with the below italic text:

"The V2X UE throughput shall be > 95% of the maximum throughput of the reference measurement channels as
specified in Annex A.8.2 with parameters defined in Table 7.6.1.1G-1 and Table 7.6.1.1G-2.

Table 7.6.1.1G-1: In band blocking parameters

Rx parameter Units Channel bandwidth
14MHz | 3MHz | 5MHz | 10MHz | 15MHz | 20MHz
Power in Prersens_vzx + channel bandwidth specific value below
Transmission dBm
Bandwidth 6 9
Configuration
BW interferer MHz 10 10
Floffset, case 1 M 15+0.0025 15+0.005
Hz
Fioffset, case 2 MHz 25+0.0075 25+0.0025
NOTE 1: The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic
prefix is used. The data content shall be uncorrelated to the wanted signal and modulated according
to clause 5 of TS36.211
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Table 7.6.1.1G-2: In-band blocking

E-UTRA Parameter [ Unit Case 1 Case 2
V2X Pinterferer dBm -44 -44
band = =-BW/2 - Floffset,case 1 <-BW/2 - Floffset,case 2
s | e . .
=+BW/2 + Fioffsetcase 1 2+BW/2 + Fioffset,case 2
FDL_Iow -30
47 Finterferer MHz (NOTE 2) to
FoL_nigh + 30

NOTE 1: For certain bands, the unwanted modulated interfering signal may not fall inside
the UE receive band, but within the first 15 MHz below or above the UE receive
band

NOTE 2: For each carrier frequency the requirement is valid for two frequencies:

a. the carrier frequency -BW/2 - Floffset, case 1 and
b. the carrier frequency +BW/2 + Floffset, case 1

NOTE 3: FlInterferer range values for unwanted modulated interfering signal are interferer

center frequencies

The'Case 1' entry with Fiefreet, case 1 = (15 + BW/2) = £20 MHz corresponds the frequency channels configuration of
aternate adjacent channel tests defined in IEEE 802.11-2016 [i.3].

Observations:
. Requirements are expressed in form of adjacent channel selectivity (ACS).

e  Thereisonly onerequirement per channel bandwidth, for a configuration (A.8.2) that is QPSK with coding
rate of approximately 1/3.

6.1.4 Requirements in IEEE 802.11bd

The ACR & AACR selectivity requirements defined in IEEE 802.11bd (still under development) will most likely be
identical to the ones from IEEE 802.11-2016 [i.3] for the MCS that overlap between |EEE 802.11p and |EEE 802.11bd.

6.1.5 Requirements in 3GPP 5G NR V2X

ETSI TS 138 101-1 [i.10] definesNR V2X User Equipment (UE) radio transmission and reception minimum
performance requirements. Clause 7.5E defines adjacent selectivity requirements for V2X, as shown with the below
italic table. Band n47 indicates the 5,9 GHz I TS band.

"Table 7.5E.1-1: Adjacent channel selectivity for NR V2X

RX parameter Units Channel bandwidth
10 MHz 20 MHz 30 MHz 40 MHz
ACS dB 33.0 27.0 25.5 24.0

The Sidelink TX configuration for reference sensitivity tests is described in the below italic table.
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"Table 7.5E.1-2: Test parameters for Adjacent channel selectivity for V2X, Case 1

RX parameter Units Channel bandwidth
10 MHz | 20 MHz | 30MHz | 40 MHz
Power in transmission dBm PREFSENS_V2X + 14 dB
bandwidth configuration
Pinterferer dBm |PREFSENS_V2 | PREFSENS_V | PREFSENS_V | PREFSENS_V
X +45.5dB 2X +39.5dB 2X +38.0dB 2X +36.5dB
BWinterferer MHz 10 10 10 10
Finterferer (Offset) MHz 10/-10 15/-15 20/-20 25/-25

NOTE 2:

NOTE 1: The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal
cyclic prefix is used.
The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to

(I Finterfererl /SCST + 0,5)SCS MHz with SCS the sub-carrier spacing of the wanted signal in MHz.
The interferer is an NR signal with 15 kHz SCS.

Table 7.5E.1-3: Test parameters for Adjacent channel selectivity for V2X, Case 2

RX parameter Units Channel bandwidth
10 MHz 20 MHz 30 MHz 40 MHz
Power in transmission dBm -56.5 -50.5 -49.0 -47.5

bandwidth

configuration
Pinterferer dBm -25

BWinterferer MHz 10 10 10 10

Finterferer (offset) MHz 10/-10 15/-15 20/-20 25/-25

NOTE 2:

NOTE 1: The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal
cyclic prefix is used.
The absolute value of the interferer offset Finterterer (Offset) shall be further adjusted to

(| Finterferer|/SCST + 0,5)SCS MHz with SCS the sub-carrier spacing of the wanted signal in
MHz. The interferer is an NR signal with 15 kHz SCS.

Clause 7.6E-2 defines in-band blocking requirements for V2X, as shown with the below italic text. Band n47 indicates

the 5,9 GHz ITS band.

"Table 7.6E.2.1-1: In-band blocking parameters for NR V2X

RX parameter Units Channel bandwidth
10MHz | 20MHz | 30MHz | 40MHz
Power in transmission bandwidth dBm | Prersens_va2x + channel bandwidth specific value below
configuration
dB 6 | 9 | 11 | 12

BWinterferer MHz 10

Fioffset, case 1 MHz 15

Fioffset, case 2 MHz 25

NOTE 1: The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal
cyclic prefix is used.

The Sidelink TX configuration for reference sensitivity tests is described in the below italic text.
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"Table 7.6E.2.1-2: In-band blocking for NR V2X

NR band Parameter Unit Case 1l Case 2
n38, n47 Pinterterer dBm -44 44
Finterferer (offset) MHz -BW/2 - Fiofiset, case 1 < -BW/2 - Fioffset, case 2
and and
BW/2 + Floffset, case 1 | = BW/2 + Floffset, case
2
Finterferer MHz NOTE 2 FDL_Iow -30
to
FoL_high + 30

NOTE 1: For certain bands, the unwanted modulated interfering signal may not fall inside the UE
receive band, but within the first 15 MHz below or above the UE receive band.

NOTE 2: For each carrier frequency the requirement is valid for two frequencies:
a. the carrier frequency -BW/2 - Fioffset, case 1 and
b. the carrier frequency +BW/2 + Floffset, case 1

NOTE 3: FInterferer range values for unwanted modulated interfering signal are interferer center
frequencies

NOTE 4: The absolute value of the interferer offset Fintererer (Offset) shall be further adjusted to

q—“:imeﬁereJ / S:S-‘+ 0.5) SCSMHz with SCS the sub-carrier spacing of the wanted signal in
MHz. The interferer is an NR signal with 15 kHz SCS.

The entry 'Case 1' with Fioffset, case 1 = £ (15 + BW/2) = £ 20 MHz corresponds the frequency channels configuration of
alternate adjacent channel tests defined in IEEE 802.11-2016 [i.3].

Observations:

e  The ACR requirements values defined in 5G NR V2X are similar from the ones defined in LTE-V2X.

Table 10: Comparison of LTE-V2X and 5G NR V2X receiver ACR requirements for 10 MHz channel

Standard Minimum ACR.for 10 MHz
channel spacing (dBm)
LTE-V2X 33
5G NR V2X 33

. The interfering signal is defined as PUSCH (uplink, not sidelink) with QPSK signal.

. The AACR parameters (thus requirements) values defined in 5G NR V2X are similar from the ones defined in
LTE-V2X.

Table 11: Comparison of LTE-V2X and 5G NR V2X receiver AACR parameters for 10 MHz channel

Standard AACR: Pinterferer
LTE-V2X -44
5G NR V2X -44

6.2 Comparison of ITS-G5 and LTE-V2X selectivity values

This clause provides a comparison of the selectivity requirements based on the results obtained from clause B.5. The
following Figure 6 and Figure 7 provide a comparison of the ITS-G5 and LTE-V2X ACR and AACR requirements,
respectively.

ETSI



26 ETSI TR 103 688 V1.1.1 (2022-05)

decodable signal strength [dBm]

o 2 4 6 8 10 12 14 6 18 20
effective data rate [Mbps]

Figure 6: Comparison of ITS-G5 and LTE-V2X Figure 7: Comparison of ITS-G5 and LTE-V2X
decodable signal strengths for ACR tests decodable signal strengths for AACR tests

It can be remarked that the first three series of Figure 6 and Figure 7 have the shape of a straight line (thus linear fitting
is reasonable). Furthermore, the 'I'TS-G5 enhanced' series are well aligned with the LTE-V2X series. The margins
between the ITS-G5 and the ITS-G5 enhanced for ACR and AACR are the 12 and 10 dB differences that can be
observed in clause 6.1.1.

Also, when plotting the ITS-G5 ACR values entries agai nst the effective throughput using 1 ms packet (red pentagon
ReffTx 1

stars), achange in shape is observed and a different fitting in the form of y = 10log;, <2 Wiy — 1 ) —75,7dB

istested with a good match.

Thus, generic selectivity limit functions could be derived and used to define the ACR and AACR limits requirementsin
ageneric way, in order to be applicable to any technology, and depending only on the effective data rate.

6.3 Recommendations for receiver ACR and AACR selectivity
tests

6.3.1 Test method

The ACR and AACR tests are measured by setting the desired signal's strength 6 dB above the effective data-rate-
dependent sensitivity limit specified in clause 5.3 and raising the power of the interfering CW signal until 10 % PER is
caused. The difference in power between the signalsin the interfering channel and the desired channel isthe
corresponding ACR or AACR. Thetest procedure for each data-rate test point is further detailed in clause |.3.

For consistency in the sensitivity and selectivity test procedure definitions, it is proposed that the approach taken for
ACR and AACR selectivity testsis aligned with the approach taken for sensitivity tests defined in clause 5.3. In
particular, it is proposed that the term effective datarate R .1, is used in a generic way to define the effective
throughput, applicableto ITS-G5, LTE-V2X and future protocols regardless of their packet structure and packet sizes
used for testing. The term effective datarate R 41, is defined by Equation (5.2.1), which can be trandlated to

Equation (5.2.2) for LTE-V2X. Also, it is proposed that technologies that can adjust packet duration set it to be as close
as possible to 1 ms, and technologies that have fixed packet size use multiple subframes to get to as close as possible to
1 ms, including management overhead as defined for example in clause F.4.3.2.

6.3.2 ACR selectivity requirements

It is proposed that the below Equation (6.3.3) is used for defining the ACR selectivity requirements. It is based on the
equation (B.5.9) defining ACR test as Pinterf = Psensive + 6 + ACR (dBm), leading to:

ACR = Pinterf = Pgng'tive - 6 (631)
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Pintert is replaced by -63 dBm and Psensitive by Equation (5.2.3). An offset of 3 dB is added to make the requirement more
stringent and reflect areduction in the implementation margin from 12 to 9 dB. Finally, arounding operation is used to
ensure integer values only (the rounding is redized adding +1/2 and using the flooring operator '|  |'), the ACR,., can

be derived as:

Reffx 1
ACR,eq = [—63 dBm — <10 logq <2 + [MBit/s] — 1 ) —81,3dB -3 dB) —6dB + ;J (6.3.2)
Which can be further processed as:
ReffTx 1
ACR,o = [—10 logyo (2 + MBi/s] — 1 ) + 15,8J dB (6.3.3)
It can be noticed that this theoretical formula Equation (6.3.3) iswell aligned with the empirical formula (B.5.15).

6.3.3  AACR selectivity requirements

It is proposed that the below Equation (6.3.6) is used for defining the ACR selectivity requirements. It is based on the
equation (B.5.25) defining AACR test as Pintert = Psensitive + 6 + AACR (dBm), leading to:

AACR = Pinterf = Psensitive - 6 (634)

Pintert iS replaced by -47 dBm and Psnsitive by Equation (5.2.3). An offset of 2,5 dB is added to make the regquirement
more stringent and reflect a reduction in the implementation margin from 12 to 9 dB. Finally, arounding operation is
used to ensure integer values only (the rounding is realized adding +1/2 and using the flooring operator '| |, the
AACR,q can be derived as.

RefTx 1
AACRyoq = l—47 dBm — <10 log,, (2 4 [MBit/s] — 1 ) —81,3dB — 2,5 dB) —6dB + %J (6.3.5)

RefiTx 1
AACRyoq = [—10 log,, (2 + B 1 ) + 31,3J dB (6.3.6)
It can be noticed that this theoretical formula Equation (6.3.6) is well aligned with the empirical formula (B.5.31).

6.3.4 Interference Signal for selectivity tests

Basis for the test method is originating from RLAN 2,4 GHz [i.13] receiver blocking tests (clause 4.3.1.12 and
clause 5.4.11).

The interference signal used in the ACR and AACR selectivity testsisa CW signal with a 100 % duty cycle.

The CW interferer frequency f, islocated in the interferer channel, at 1 MHz from the center of the interferer channel

towards the channel under test. If thisfirst test is not successful, a second test is carried out where the CW interferer
frequency f, islocated in the interferer channel, at 0,5 MHz from the center of the interferer channel, away from the

channel under test, asillustrated in Figure 8.
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Lower Lower Wanted Upper Upper
Altemate Adjacent Channel Adjacent Alternate
e o4 “rbler e

i

Figure 8: Adjacent and alternate channel CW interferer frequency definitions

6.3.5 Data-rate test-points

The proposed data-rate test-points are described in Table 12 and Table 13. The associated ACR and AACR selectivity
limits are obtained from Equations (6.3.3) and (6.3.6) respectively. One way of testing is to test three test-points, as
described in example 1 and in Table 12. Another way of testing is to have only one test-point, as described in example 2
and in Table 13.

EXAMPLE 1. Threetest-points, as shown in Table 12 are defined as having an effective data rate
Re < 3,5 MBIt/s, 3,5 MBit/sto 4,5 MBit/s and > 4,5 MBit/s respectively. This option is aligned
with the three test-points defined in example 1 for the sensitivity tests, where the selectivity limit
functions which have the shape of a straight line after an initial bend at the lower rates (below
4,5 MBitg/s). The three test-points aim at capturing alower bound average effective datarate, a
typical data-rate and an upper-bound data-rate (ideally the highest operational effective datarate of
the DUT for test point).

Table 12: Proposal for testing selectivity with multiple data-rate test points

Reffo
< 3,5 MBit/s
3,5 MBit/s to 4,5 MBit/s
> 4,5 MBit/s

EXAMPLE 2:  Onetest-point, as shown in Table 13 is defined as having an effective data rate Rer < 4,5 MBit/s.
This option promotes only one test-point as Doppler and fading effects, which are dominating at
higher MCS values, are not considered in such atest setup.

Table 13: Proposal for testing selectivity with single data-rate test point

Reffo
< 4,5 MBit/s
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6.4 Example derivation of data-rate test points

6.4.1 Derived data-rate test points and selectivity limits for ITS-G5

Table 14 provides ACR and AACR sdlectivity values for ITS-G5 using Equations (6.3.3) and (6.3.6), see column "New
selectivity limit", given test-points outlined in example 1 and Table 12. Further, Table 12 tabulates all possible MCS for
ITS-G5 together with the ACR and AACR selectivity values stemming from ETSI EN 302 571 [i.1] (column "OId
sengitivity limits') defined for 1 000 bytes packets. It should be noted that for certain data-rate test points from

Table 12, several MCS may be used. Packet duration is set to 1 ms, including management overhead as defined in
clause F.4.3.2.

Table 14: Receiver selectivity requirements following definitions from example 1 and Table 12

_ MCS Nominal Packet | Rpfrx New ACR New AACR Old ACR Old AACR
R.sf 1, range data_rate size (MBit/s limit (dB) limit (dB) limit (dB) limit (dB)
(MBit/s) (bytes) )
. MCS 0 (BPSK %) 3,0 279 2,0 19 35 16 32
< 3,5 MBit's MCS 1 (BPSK %) 4,5 420 3,0 17 32 15 31
3,5 MBit/s to MCS 2 (QPSK %) 6,0 561 4,1 15 31 13 29
4,5 MBit/s
MCS 3 (QPSK %a) 9,0 843 6,1 13 28 11 27
MCS 4 (16-QAM %) 12,0 1125 8,1 10 26 8 24
> 4,5 MBit/s MCS 5 (16-QAM %) 18 1689 12,2 7 22 4 20
MCS 6 (64-QAM 2/3) 24 2 253 16,3 3 19 0 16
MCS 7 (64-QAM %) 27 2535 18,3 2 17 -1 15
NOTE: "New ACR limits" and "New AACR limits" refer to the test procedure and requirements as described in the present
document. "Old ACR limits" and "Old AACR limits" refer to the test procedure and requirements described in
ETSI EN 302 571 [i.1], which defines 1 000 bytes packets and is thus only related to the MCS column of this table.
Such columns are provided only for information and cannot be compared directly to the "New ACR limits" and "New
AACR limits" values.

Table 15 provides ACR and AACR selectivity values for ITS-G5 using Equations (6.3.3) and (6.3.6), see column "New
selectivity limit", given test-points outlined in example 2 and Table 13.

Table 15: Receiver selectivity requirements following definitions from example 2 and Table 13

_ MCS Nominal | Packet Tzeff e | New ACR New AACR Old ACR Old AACR
Resrrx range data rate size (MBit/s) limit (dB) limit (dB) limit (dB) limit (dB)
(MBit/s) | (bytes)
MCS 0 (BPSK %) 3,0 279 2,0 19 35 16 32
< 4,5 MBit/s MCS 1 (BPSK %a) 4,5 420 3,0 17 32 15 31
MCS 2 (QPSK %) 6,0 561 4,1 15 31 13 29
NOTE: "New ACR limits" and "New AACR limits" refer to the test procedure and requirements as described in the present
document. "Old ACR limits" and "Old AACR limits" refer to the test procedure and requirements described in
ETSI EN 302 571 [i.1], which defines 1 000 bytes packets, and is thus only related to the MCS column of this table.
Such columns are provided only for information and cannot be compared directly to the "New ACR limits" and "New
AACR limits" values.
6.4.2 Comparison between the "old" and "new" selectivity limits for ITS-G5

Ashighlighted in the NOTE entries of Table 14 and Table 15, the "New ACR limit" and "New AACR limit"
requirements are derived from Equations (6.3.3) and (6.3.6), assuming 1 ms packet duration, while the "Old ACR limit"
and "Old AACR limits" originate from ETSI EN 302 571 [i.1] defined for 1 000 bytes packets.

Figure 9 provides a comparison of the "old" and "new" ACR selectivity limits for ITS-G5.

The blue triangle-shape markers depict the "Old ACR limits" from ETSI EN 302 571 [i.1] defined for 1 000 bytes
packets. The blue dotted line isalinear fitting of the blue triangle-shape markers. The green line depicts the "New ACR
limit" requirements derived using Equation (6.3.3) assuming 1 ms packet duration. It can be remarked that this curve
has a staircase shape due to the rounding operation (realized with +1/2 & usage of the floor operator) in

Equation (6.3.3). The black circles markers show application of the Equation (6.3.3) for ITS-G5 MCS (not all such
entries needed to be tested, according to example 1 and Table 12 or according to example 2 and Table 13).
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Comparison of the "old" and "new" ACR limits for ITS-G5
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Figure 9: Comparison of the "old" and "new" ACR limits for ITS-G5

Figure 10 provides a comparison of the "old" and "new" AACR selectivity limitsfor ITS-G5.

The blue triangle-shape markers depict the "Old ACR limits' from ETSI EN 302 571 [i.1] defined for 1 000 bytes
packets. The blue dotted line isalinear fitting of the blue triangle-shape markers. The green line depicts the "New
AACR limit" requirements derived using Equation (6.3.6) assuming 1 ms packet duration. It can be remarked that this
curve has a staircase shape due to the rounding operation (realized with +1/2 and usage of the floor operator) in
Equation (6.3.6). The black circles markers show application of the Equation (6.3.6) for ITS-G5 MCS (not all such
entries needed to be tested, according to example 1 and Table 12 or according to example 2 and Table 13).
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Figure 10: Comparison of the "old" and "new" AACR limits for ITS-G5

6.4.3

Derived data-rate test points and selectivity limits for LTE-V2X

Table 16 provides ACR and AACR selectivity values for LTE-V2X using Equations (6.3.3) and (6.3.6), see column
"New sensitivity limit", given test-points outlined in example 1 and Table 12. It should be noted that for certain data-
rate test points, several modulation and coding schemes may be used. It is assumed that L TE packet occupies all
subchannels, and that the MCS range 0-11 is available.
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Table 16: Receiver selectivity requirements following definitions from example 1 and Table 12

B I_MCS Transport R.errx  |New ACRIimit | New AACR limit
Rfr 7y range Block size (MBit/s) (dB) (dB)
(bits)

. 3 2792 2,51 18 33

< 3.5 MBit/s 4 3496 3,15 17 32
3,5 MBit/s to 5 4264 3,84 16 31
4,5 MBit/s 6 4 968 4,47 15 30
7 5992 5,39 13 29

8 6712 6,04 13 28

> 4,5 MBit/s 9 7 480 6,73 12 27
10 8 504 7,65 11 26

11 8 504 7,65 11 26

NOTE: "New ACR limits" and "New AACR limits" refer to the test procedure and requirements as

described in the present document.

Table 17 provides ACR and AACR selectivity values for LTE-V2X using Equations (6.3.3) and (6.3.6), see column
"New sensitivity limit", given test-points outlined in example 2 and Table 13.

Table 17: Receiver selectivity requirements following definitions from example 2 and Table 13

_ I_MCS Transport Resrrxe  |New ACRIimit | New AACR limit
Rfr 7y range Block size (MBit/s) (dB) (dB)
(bits)
3 2792 2,51 18 33
. 4 3 496 3,15 17 32
< 4.5 MBit/s 5 4264 3,84 16 31
6 4 968 4,47 15 30
NOTE: "New ACR limits" and "New AACR limits" refer to the test procedure and requirements as
described in the present document.

7 Conclusions

The present document studies the requirements on the receiver sensitivity, adjacent channel rejection and the alternate
adjacent channel rejection.

The sensitivity and selectivity requirements as expressed in various standards and technical specifications are reviewed,
including ITS-G5 asdefined in ETSI EN 302 571 [i.1], IEEE 802.11-2016 [i.3], IEEE 802.11bd (still under
development), 3GPP LTE-V2X release 14 [i.4] and 3GPP NR V2X [i.10].

All these requirements are post-processed to allow for a comparison, as a direct comparison is not possible due to
differencesin their respective test procedures and waveforms. From these comparisons, it is concluded that I TS-G5 and
LTE-V2X requirements are in fact well aligned, and that newer technologies 5G NR V2X and |EEE 802.11bd are also
very close from areceiver requirements perspective.

It is demonstrated that it is possible to derive receiver requirements formulas by means of mathematical computations,
both for the sensitivity as well asfor the ACR and AACR selectivity tests. It isalso shown that it is possible to dightly
tighten such receiver requirements (compared to ETSI EN 302 571 [i.1]) both for sensitivity and selectivity
requirements.

Since the proposed sensitivity and selectivity requirements formulas are solely based on the effective datarate, it is
concluded that it is technically possible to define such receiver requirements and associated tests for demonstrating
compliance in atechnology neutral manner, both for the sensitivity as well as for the ACR and AACR selectivity tests.

Thus, a major outcome of the present document are the Equations (5.3.1), (6.3.3) and (6.3.6) defining the receiver
sensitivity, ACR and AACR selectivity requirements, respectively.

Two example options are provided regarding the definition of the data rate test points: example 1 proposes three test-
points (< 3,5 MBit/s, 3,5 MBit/sto 4,5 MBit/sand > 4,5 MBit/s), while example 2 proposes one test-point.
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Annex A:
3GPP adjacent selectivity tests tables (ETSI TS 136 101)

The below italic tables are extracted from ETSI TS 136 101 [i.4], clause 7.3G.

"Table 7.5.1G-2: Test parameters for Adjacent channel selectivity for V2X, Case 1

Rx Units Channel bandwidth
Parameter 14MHz | 3MHz [ 5MHz | 10MHz | 15MHz | 20 MHz
Power in dBm
Transmission
Bandwidth PREFSENS_V2X + 14 dB
Configuration
dBm PREFsENSs_v2x PREFSENS_v2x
Pinterferer +45.5dB +39.5dB
BWinterferer MHz 10 10
Finterterer MHz 10+0.0125 15+0.0075
(offset) / /
-10-0.0125 -15-0.0075
NOTE 1: The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic
prefix is used. The data content shall be uncorrelated to the wanted signal and modulated
according to clause 5 of TS36.211.

Table 7.5.1G-3: Test parameters for Adjacent channel selectivity for V2X, Case 2

Rx Parameter Units Channel bandwidth
1.4 MHz 3 MHz 5 MHz 10 MHz 15 MHz 20 MHz
Power in
Transmission
Bandwidth dBm -53.5 -47.5
Configuration
Pinterferer dBm -22
BWinterferer MHz 10 10
Finterterer (Offset) MHz 10+0.0125 15+0.0075
/ /
-10-0.0125 -15-0.0075
NOTE 1: The interferer is QPSK modulated PUSCH containing data and reference symbols. Normal cyclic prefix is
used. The data content shall be uncorrelated to the wanted signal and modulated according to clause 5 of
TS 36.211.
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Annex B:
Relationship between ACS and ACR

B.1 Introduction

3GPP LTE-V2X [i.4] and |EEE 802.11-2016 [i.3] use two different measures for the receiver's ability to receive a
wanted signal at its assigned channel frequency in the presence of an adjacent channel interfering signal at agiven
offset from the centre frequency of the assigned channel, without the interfering signal causing a degradation of the
receiver performance beyond a specific limit. 3GPP LTE-V 2X [i.4] defines Adjacent Channel Selectivity (ACS), while
|EEE 802.11-2016 [i.3] defines Adjacent Channel Ratio (ACR).

B.2 ACS in LTE-V2X Release 14

For LTE-V2X, ETSI TS136 101 [i.4] Table 7.5.1G-3 is used to test ACS with alarge (in terms of power) adjacent
interferer.

INETSI TS 136 101 [i.4], tables 7.5.1G-1 and 7.5.1G-2 are used for testing ACS with asmall (in terms of power)
adjacent interferer and investigate the 10 MHz case. For this case, using the reference sensitivity power Prepsens vaxs
in-band power and the interferer power are given by:

Pinband = Prersens vzx + 14 dB (B.2.1)
and
Pinterferer = Prersens vax 45,5 dB (B.2.2)
respectively.

Therefore, the value of ACS can be interpreted as the minimum wanted interferer reduction P, y,anteq fOr agiven
interferer POWEr Pipterferer-

ACS = Pinterferer - 1:)i_wanted (823)

Figure B.1 gives an overview of the relationship between different variables.
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Figure B.1: Visualization of relationship between different variables for LTE-V2X

It can be observed from Figure B.1 that the ACS can be expressed as a function of the in-band power, the signal-to-
noise ratio (SNR) required for the reception within the specific limit, and the implementation margin (IM) as:

ACS = Piterser — (Pinbana — SNR — IM) (B.24)
With the definition of ACR, ACR = Piterfer — Pinband, the following relationship is obtained:
ACS = ACR + (SNR + IM) (B.2.5)
This can be also written as:
ACS = ACR + Pgrgrsens vz2x — NoiseFloor (B.2.6)

Here, NoiseFloor denotes the thermal noise including the noise figure. To derive the 3GPP requirements a noise figure
of 12 dB has been assumed.

B.3 ACRInIEEE 802.11

The text description of the test procedure in |EEE 802.11-2016 [i.3] can be translated into the following Figure B.2.
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Figure B.2: Visualization of relationship between different variables for IEEE 802.11-2016 [i.3]

As can be observed from Figure B.2, the ACR can be expressed as a function of the reference sensitivity power
PrEFSENS 8S.

ACR = Pipeerferer — Pinband = Pinterferer — Prersens — 3 dB (B.3.1)

Furthermore, the reference sensitivity power can be expressed as a function of the noise floor, the SNR and the
Implementation Margin (IM):

PREFSENS = NoiseFloor + SNR + IM (B32)

B.4  Relationship between ACR and ACS

To obtain the equivalent ACS value for IEEE 802.11 from the ACR value, the SNR and implementation margin can be
considered as:

ACS = ACR + (SNR + IM) = ACR + PREFSENS - NOiseFloor (B4l)
Similarly, the equivalent ACR value for LTE-V2X can be computed as:
ACR = ACS - (SNR + IM) = ACS - PREFSENSVZX + NOiseFloor (B42)

From both equations, it can be observed that ACS and ACR are related via the required SNR (plus IM) for areliable
transmission or equivalently the reference sensitivity power.

However, the fundamental problem to directly compare the | EEE 802.11 ACR with the 3GPP LTE ACS is the reference
sensitivity definition. The LTE-V2X release 14 specification [i.4] defines only one reference sensitivity value for QPSK
modulation with a code rate close to 1/3. In contrast, |EEE 802.11-2016 [i.3] defines the reference sensitivity, also
referred to as minimum sensitivity in Table 17-18, for all supported reference MCSs.

It is worth noting, that the ACS definition is not the same as ACR. The ACS value includes an Implementation Margin
(IM) and the SNR required to decode the reference MCS.

Since this relationship depends on the reference sensitivity definition of each technology, i.e. the implementation
margin and the SNR required to decode the reference MCS, it is not possible to directly compare both val ues.
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It should also be noticed that |EEE 802.11-2016 [i.3] tests ACR with a PER < 10 % (PRR > 90 %) while 3GPP instruct
athroughput > 95 % of nominal throughput (PRR > 95 %).

In order to be able to relate the two definitions, one would need a well-defined test scenario for sensitivity for agiven
modulation and coding scheme, with agiven IM.

B.5 Comparison of LTE-V2X ACS/in-band blocking with
ITS-G5 ACR/AACR requirements

B.5.1 3GPP channel selectivity test parameters

Asoutlined in clause B.2, Annex A, Table 7.5.1G-2in ETSI TS 136 101 [i.4] defines the adjacent channel selectivity
test parameters. Based on those parameters an equivalent Adjacent Channel Rejection (ACR) can be calculated as:

ACR = P_interferer — P_in_Tx_ BW = (PREFSENS + 45,5 dBm) — (PREFSENS + 14 dBm) = 31,5
(B.5.1)

ThisACR valueisvalid for an interferer power level of -44,9 dBm and a desired signal power level of -76,4 dBm,
where the desired signal is modulated with QPSK and uses a code rate R = 1/3. The reference sensitivity level for
LTE-V2X is Prersens = -90,4 dBm.

Similarly, Table 7.6.1.1G-1 and Table 7.6.1.1G-2 from ETSI TS 136 101 [i.4] define the in-band blocking
requirements, cf. also clause 6.1.3. Based on the test requirements, an Alternate Adjacent Channel Rejection (AACR)
value can be calculated as:

AACR = P_interferer — P_in_Tx_BW = —44 dBm — (—90,4dBm + 6 dBm) = 40,4 (B.5.2)

ThisAACR vaueisvalid for an interferer power level of -44,0 dBm and a desired signal power level of -84,4 dBm,
where the desired signal is modulated with QPSK and uses a code rate R = 1/3.

A direct comparison of the ACR and AACR values defined for LTE-V2X and ITS-G5 is not possible since both depend
on the choice of the modulation and coding scheme (MCS). Thisisalso directly visible in clause 6.1.1, where the tables
for ITS-G5 show ACR and AACR as afunction of the MCS. For afair comparison of the requirements, clause 5.3.2 in
3GPP TR 36.786 [i.6] proposes a method how to do this comparison for the LTE-V2X ACS requirement and the
"normal” ITS-G5 ACR receiver requirement. In the following this method is adopted and used to compare the
LTE-V2X ACSrequirement with the ITS-G5 ACR requirement in ETSI EN 302 571 [i.1]. Furthermore, the LTE-V2X
in-band blocking requirement is compared with the ITS-G5 AACR adopting the same method.

The method proposed inin 3GPP TR 36.786 [i.6] proposes to perform the comparison for four MCS points, QPSK and
16-QAM with rates 1/2 & 3/4. To obtain the SNR required by LTE-V2X in the measurement reference channel, which
isused for ACS and in-band blocking tests, for aBLock Error Rate (BLER) of 10 % has been averaged from multi-
company simulation results. The required SNR denoted as SNRv2y in the following is summarized in Table B.1.

Table B.1: Required SNR for LTE-V2X to achieve 10 % BLER in the measurement reference channel
depending on the MCS according to 3GPP TR 36.786 [i.6]

Modulation Coding rate SNRv2v (dB)
QPSK 1/2 -1,2
QPSK 3/4 2,9
16-QAM 1/2 5,3
16-QAM 3/4 10,1

B.5.2 Comparison of ACS and ACR

The selectivity conformance test is described in clause 5.3.7 of ETSI EN 302 571 [i.1]. The wanted signal is set at 3 dB
above the sengitivity level and the interference signal is set at ACR dBc above the wanted signdl, i.e.:

Psigna = Peensitive + 3 (B.5.3)
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Pintert = Peensitive + 3 + ACR (dBm) (B.5.4)

Taking Psnsitive Values for each MCS as defined by the required sensitivity in ETSI EN 302 571 [i.1], al the
corresponding val ues can be computed and gathered in Table B.2.

Table B.2: ACR requirements from ETSI EN 302 571 [i.1] and interferer power level

. . Required Pintert (dBm
Modulation Coding rate sensiti?/ity (dBm) ACR (dB) Equatiog (B.5).4)
BPSK 1/2 -85 16 -66
BPSK 3/4 -84 15 -66
QPSK 1/2 -82 13 -66
QPSK 3/4 -80 11 -66
16-QAM 1/2 -77 8 -66
16-QAM 3/4 -73 4 -66
64-QAM 2/3 -69 0 -66
64-QAM 3/4 -68 -1 -66

The ACR requirement for LTE-V2X, as derived above, isinvestigated at an interferer power level of -44,9 dBm and a
desired signal power level of -76,4 dBm. In contrast for ITS-G5 with QPSK and rate 1/2 the interferer power level
is-66 dBm and the desired signal power level is-82 dBm when setting the wanted signal is set at 3 dB above the
sengitivity level.

Therefore, the conformance tests defined for both technol ogies operate at different power levels relative to the noise
floor. Thisis considered when comparing both requirements hereafter.

First, the remaining interferer power level after the ACS has been considered is computed as:
Pintert, remained = Pinterf - ACS = -66 dBm - 33 dB = -99 dBm (B.5.5)
The total noise and interference power is hence:
P +n =10 x log10( 107(-9,9) + 107(-9,1)) =-90,4 dBm (B.5.6)

where the noise floor of -91 dBm is coming from a thermal noise of -104 dBm and an assumed noise figure of 13 dB.
The expected minimum decodable input signal level can be computed as:

Pdecode = Pi+n + SNRy2y + IM =-87,9 dBm + SNRvov (B.5.7)

with SNRy2y according to Table B.1 and the Implementation Margin (IM) assumed during LTE-V2X specificationis
2,5dB.

Table B.3 summarizes the expected decode signal strength for different MCSs with the requirements given by the
ITS-G5 decode signal strength. Here, it is observed that the delta between the 3GPP LTE-V2X ACS requirement and
existing ACR requirementsin ETSI EN 302 571 [i.1] varies depending on the selected MCS.

Table B.3: Expected LTE-V2X decode signal strength
for adjacent channel interference with -66 dBm for different MCSs

LTE-V2X
. ITS-G5
Modulation Coding decodable signal Expecteql Delta
rate strength (dBm) decodable signal
strength (dBm)
BPSK 1/2 -82 Not supported
BPSK 3/4 -81 Not supported
QPSK 1/2 -79 -89,1 10,1
QPSK 3/4 =77 -85,0 8,0
16-QAM 1/2 -74 -82,6 8,6
16-QAM 3/4 -70 -77,8 7,8
64-QAM 2/3 -66 Not supported
64-QAM 3/4 -65 Not supported
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If the wanted signal is set at 6 dB above the sensitivity level and the interference signal is set at ACR dBc above the
wanted signal, the following is obtained:
Psigna = Peensitive + 6 (B.5.8)
Pintert = Peensitive + 6 + ACR (dBm) (B.5.9)

Taking Psnsitive Values for each MCS as defined by the required sensitivity in ETSI EN 302 571 [i.1], al the
corresponding val ues can be computed and gathered in Table B.4.

Table B.4: ACR requirements from ETSI EN 302 571 [i.1] and interferer power level,
with signal of interest 6 dB above the sensitivity limit

. . Required Pintert (dBmM
Modulation | Coding rate | . Ze0 s | ACR (dB) Equatiog (B.5).9)
BPSK 2 85 16 63
BPSK 34 84 15 63
OPSK 2 82 13 63
QPSK 304 80 11 63
16-QAM 12 77 8 63
16-QAM 3/ 73 4 63
64-OAM 213 69 0 63
64-0AM 3/4 68 1 63

For ITS-G5 with QPSK and rate %%, the interferer power level is-63 dBm and the desired signal power level is-79 dBm
when setting the wanted signal is set at 6 dB above the sensitivity level.

First, the remaining interferer power level after the ACS has been considered is computed as:
Pintert, remained = Pintert - ACS = -63 dBm - 33 dB = -96 dBm (B.5.10)
The total noise and interference power is hence:
P+~ = 10 X log10( 107(-9,6) + 10°(-9,1)) = -89,8 dBm (B.5.11)

where the noise floor of -91 dBm is coming from a thermal noise of -104 dBm and an assumed noise figure of 13 dB.
The expected minimum decodable input signal level can be computed as:

Paecode = Pi+n + SNRv2y + IM =-87,3 dBm + SNRy2v (B.5.12)

with SNRy2y according to Table B.1 and the Implementation Margin (IM) assumed during LTE-V2X specificationis
2,5dB.

Table B.5 summarizes the expected decode signal strength for different M CSs with the requirements given by the
ITS-G5 decode signal strength. Here, it is observed that the delta between the 3GPP LTE-V2X ACS requirement and
existing ACR requirementsin ETSI EN 302 571 [i.1] varies depending on the selected MCS.

Table B.5: Expected LTE-V2X decode signal strength for adjacent channel interference
with -63 dBm for different MCSs

LTE-V2X
Modulation Coding decog;ilgiignal Expecteql Delta
rate strength (dBm) decodable signal
strength (dBm)
BPSK 1/2 -79 Not supported
BPSK 3/4 -78 Not supported
QPSK 1/2 -76 -88,5 12,5
QPSK 3/4 -74 -84,4 10,4
16-QAM 1/2 -71 -82,0 11,0
16-QAM 3/4 -67 -77,2 10,2
64-QAM 2/3 -63 Not supported
64-QAM 3/4 -62 Not supported
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Table B.6 below provides I TS-G5 parameters for the MCS configurations of Table B.5. It assumes 1 000 bytes per
packet. Packet duration includes management overhead as defined in clause F.4.3.2. Effective data rate assumes 10 %
PER.

Table B.6: ITS-G5 receiver sensitivity requirements for 1 000 bytes packets

MCS Nominal data rate |Packet size Packet Refrrx
(MBit/s) (bytes) duration (ms) (MBit/s)

MCS 0 (BPSK ¥2) 3 1 000 2,9195 2,47
MCS 1 (BPSK %) 4,5 1000 2,0315 3,54
MCS 2 (QPSK %) 6 1000 1,5835 4,55
MCS 3 (QPSK %) 9 1 000 1,1435 6.3
MCS 4 (16-QAM ¥2) |12 1 000 0,9195 7,83
MCS 5 (16-QAM %) |18 1 000 0,6955 10,35
MCS 6 (64-QAM 2/3) |24 1 000 0,5835 12,34
MCS 7 (64-QAM %) |27 1000 0,5515 13,06

Thefollowing Table B.7 provides LTE-V2X parameters that have been used in 3GPP TR 36.785 [i.12] to map QPSK
Y, QPSK %, 16-QAM Y2 and 16-QAM ¥ configurations. The effective datarate R, £ Tx 1ISNOrmalized over the whole
set of RB for LTE-V2X and assumes 10 % PER.

Table B.7: LTE-V2X parameters for QPSK Y2, QPSK %4, 16-QAM %2 and 16-QAM % configurations

Target modulation and coding scheme RBs TBS I_MCS Effective Refrrx
(to match ITS-G5 MCS) coding (MBit/s)
rate
QPSK %2 48 4 968 6 0,48 4,47
QPSK % 48 7480 9 0,72 6,73
16-QAM % 36 8 248 13 0,53 9,77
16-QAM ¥4 27 8 760 17 0,75 13,59

Using the definition of the ITS-G5 and LTE-V2X configurations from Table B.6 and Table B.7, the following

Figure B.3 provides a comparison of ITS-G5 (blue circles) and LTE-V2X (black rectangles) decodable signal strengths
for ACR tests from Table B.6 and Table B.7 respectively. For ITS-G5, the decodable signal strength originating from
enhanced ACR requirementsis also provided (green circles, 12 dB more stringent than the normal values for ACR).

A linear fitting is performed for these three series, and is displayed in dotted lines of the corresponding color.

In addition, another series has been created by adapting the I TS-G5 values, by using the effective data rates based on
1 ms packets (froﬁm Table 5) shown with the red pentagons, with a curve fitting in the shape of

Reff1x 1
y = 10logq, <2 B — 1 ) — X dB, based on the sensitivity Equation (5.3.1). The best value of X isfound to be
75,7, leading to the curve fitting formula (B.5.13):

RefTx 1

y = 10log,, <24 MBie/s] — | ) — 75,7 dB (B.5.13)
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Figure B.3: Comparison of ITS-G5 and LTE-V2X decodable signhal strengths for ACR tests,
with signal of interest 6 dB above the sensitivity limit

It can be observed that:

. The first three series have the shape of a straight line (thus linear fitting is reasonable).

. The IEEE 802.11p enhanced and LTE-V2X values are fairly close.

e  When plotting the ITS-G5 ACR values entries (y-axis) against the effective trjroughput using 1 ms packet (red
pentagon stars), a change in shape is noticed, and the fittingy = 101log;, <2% -1 ) —75,7dB is
proposed.

From Equation (B.5.13), an ‘empirical" ACR requirement formula can be derived as:
ACR,,, = —(fitting)dBm + Pipyers + 3 dB) (B.5.14)
Replacing (fitting) by formula (B.5.13), it can be derived that:

RefTx 1

ACR,pg = — (10 logy, (2 4 [MBit/s] — 1 ) — 75,7 dB) dBm + Ppers +3dB)

RefTx 1

ACRppq = — (10 logqg (2 4 [MBit/s] — 1 ) - 757 dB) dBm — 63 dBm + 3 dB)

Finally leading to a possible 'empirical’ ACR requirement formula (B.5.15):

Reff1x 1

ACRyeq = —1010gy, <24 mBi/s] — 1 ) +15,7dB (B.5.15)

B.5.3 Comparison of in-band blocking and AACR

To reuse the method proposed inin 3GPP TR 36.786 [i.6] to compare the in-band blocking with the AACR requirement
an equivalent Alternate Adjacent Channel Selectivity (AACS) for the in-band blocking is computed. In the scope of
3GPP TR 36.786 [i.6] a comparison between the LTE-V2X in-band blocking requirement and the ITS-G5 AACS
requirement has not been done.

The AACS is computed by using the identity from clause B.4:

AACS = AACR + PREFSENSVZX — NoiseFloor (8516)
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Replacing NoiseFloor = NoiseFigure + ThermalNoise yields:
AACS = AACR + Pggrsgnsy,x — NoiseFigure — ThermalNoise (B.5.17)

Using the LTE-V2X AACR vaue of 40,4 dB, the reference sensitivity value -90,4 dBm, a noise figure of 12 dB and the
thermal noise for 10 MHz bandwidth, the alternate adjacent channel selectivity is obtained as:

AACS = 40,4 dB + (90,4 dBm) — 12 dB — (=174 dBm + 10 - log;,(10 - 10%)) = 42,0 dB
(B.5.18)

This result means that the LTE-V2X in-band blocking requirement defines a 42 dB alternate adjacent channel
selectivity which is 9 dB higher than the LTE-V2X ACS, whichis 33 dB.

The selectivity conformance test is described in clause 5.3.7 of ETSI EN 302 571 [i.1]. The wanted signal is set at 3 dB
above the sengitivity level and the interference signal is set at AACR dB above the wanted signdl, i.e.

Ps'gnal = Psensitive + 3 (8519)
Pintert = Peensitive + 3 + AACR (dBm) (B.5.20)

Taking Psnsiive Values for each MCS as defined by the required sensitivity in ETSI EN 302 571 [i.1], al the
corresponding val ues can be computed and gathered in Table B.8.

Table B.8: AACR requirements from ETSI EN 302 571 [i.1] and interferer power level

Required )
Modulation | Coding rate | sensitivity AACR (dB) Eqsgttrgr?i(g?zo)
(dBm)
BPSK 1/2 -85 32 -50
BPSK 3/4 -84 31 -50
QPSK 1/2 -82 29 -50
QPSK 3/4 -80 27 -50
16-QAM 1/2 -77 24 -50
16-QAM 3/4 -73 20 -50
64-QAM 2/3 -69 16 -50
64-QAM 3/4 -68 15 -50

The ACR requirement for LTE-V2X, as derived above, isinvestigated at an interferer power level of -44,0 dBm and a
desired signal power level of -84,4 dBm. In contrast, for ITS-G5 with QPSK and rate 1/2 the interferer power level
is-50 dBm and the desired signal power level is-82 dBm. Therefore, the conformance tests defined for both
technologies operate at different power levels relative to the noise floor. The following equations elaborate on this
matter for comparing both requirements.

First, the remaining interferer power level after the AACS has been considered is computed as:
Pintert, remained = Pintert - AACS = -50 dBm - 42 dB = -92 dBm (B.5.21)
The total noise and interference power is hence:
Pi+n =10 x logio (107(-9,2) + 10°(-9,1)) = -88,5 dBm (B.5.22)

where the noise floor of -91 dBm is coming from a thermal noise of -104 dBm and an assumed noise figure of 13 dB.
The expected minimum decodabl e input signal level can be computed as:

Paecode = Pi+n + SNRy2y + IM =-86,0 dBm + SNRy2v (B.5.23)

with SNRy2y according to Table B.1 and the Implementation Margin (IM) assumed during LTE-V2X specificationis
2,5dB.

Table B.9 summarizes the expected decode signal strength for different M CSs with the requirements given by the
ITS-G5 decode signal strength. Here, it is observed that the delta between the 3GPP LTE-V2X in-band blocking
requirement and existing AACR requirementsin ETSI EN 302 571 [i.1] varies depending on the selected MCS.
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Table B.9: Comparison of LTE-V2X and ITS-G5 signal strength needed to decode packets,
for alternate adjacent channel interference with -50 dBm for different MCSs

ITS-G5 decodable | LTE-V2X Expected
Modulation | Coding rate signal strength decodable signal Delta
(dBm) strength (dBm)
BPSK 1/2 -82 Not supported
BPSK 3/4 -81 Not supported
QPSK 1/2 -79 -87,2 8,2
QPSK 3/4 =77 -83,1 6,1
16-QAM 1/2 -74 -80,7 6,7
16-QAM 3/4 -70 -75,9 5,9
64-QAM 2/3 -66 Not supported
64-QAM 3/4 -65 Not supported

If the wanted signal is set at 6 dB above the sensitivity level and the interference signal is set at ACR dBc above the
wanted signal, the following is obtained:

Psigna = Peensitive + 6 (B.5.24)
Pintert = Peensitive + 6 + AACR (dBm). (B.5.25)

Taking Psenstive Val ues for each MCS as defined by the required sensitivity in ETSI EN 302 571 [i.1], al the
corresponding val ues can be computed and gathered in Table B.10.

Table B.10: AACR requirements from ETSI EN 302 571 [i.1] and interferer power level

Required Pintert (dBM)
Modulation | Coding rate sensitivity AACR (dB) interf
Equation (B.5.25)
(dBm)
BPSK 1/2 -85 32 -47
BPSK 3/4 -84 31 -47
QPSK 1/2 -82 29 -47
QPSK 3/4 -80 27 -47
16-QAM 1/2 -77 24 -47
16-QAM 3/4 -73 20 -47
64-QAM 2/3 -69 16 -47
64-QAM 3/4 -68 15 -47

The ACR requirement for LTE-V2X, as derived above, isinvestigated at an interferer power level of -44,0 dBm and a
desired signal power level of -84,4 dBm. In contrast, for ITS-G5 with QPSK and rate 1/2 the interferer power level
is-47 dBm and the desired signal power level is-79 dBm. Therefore, the conformance tests defined for both
technologies operate at different power levels relative to the noise floor. The following equations elaborate on this
matter for comparing both requirements.

First, the remaining interferer power level after the AACS has been considered is computed as:
Pintert, remained = Pinterf - AACS = -47 dBm - 42 dB = -89 dBm (B.5.26)
The total noise and interference power is hence:
P+~ = 10 X logio( 107(-8,9) + 107(-9,1)) = -86,9 dBm (B.5.27)

where the noise floor of -91 dBm is coming from a thermal noise of -104 dBm and an assumed noise figure of 13 dB.
The expected minimum decodable input signal level can be computed as:

Pdecode = Pr+n + SNRyoy + IM =-84,4 dBm + SNRvov (B.5.28)

with SNRy2y according to Table B.1 and the Implementation Margin (IM) assumed during LTE-V2X specificationis
2,5dB.

Table B.11 summarizes the expected decode signal strength for different M CSs with the requirements given by the
ITS-G5 decode signal strength. Here, it is observed that the delta between the 3GPP LTE-V2X in-band blocking
requirement and existing AACR requirementsin ETSI EN 302 571 [i.1] varies depending on the selected MCS.
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Table B.11: Comparison of LTE-V2X and ITS-G5 signal strength needed to decode packets,
for alternate adjacent channel interference with -47dBm for different MCSs

ITS-G5 decodable | LTE-V2X Expected
Modulation | Coding rate signal strength decodable signal Delta
(dBm) strength (dBm)
BPSK 1/2 -79 Not supported
BPSK 3/4 -78 Not supported
QPSK 1/2 -76 -85,6 9,6
QPSK 3/4 -74 -81,5 7,5
16-QAM 1/2 -71 -79,1 8,1
16-QAM 3/4 -67 -74,3 7,3
64-QAM 2/3 -63 Not supported
64-QAM 3/4 -62 Not supported

Using the definition of the ITS-G5 and LTE-V2X configurations from Table B.6 and Table B.7, the following

Figure B.4 provides a comparison of ITS-G5 (blue circles) and LTE-V2X (black rectangles) decodable signal strengths
for AACR tests from Table B.10 and Table B.11 respectively. For I TS-G5, the decodable signal strength originating
from enhanced AACR requirements is also provided (green circles, 10 dB more stringent than the normal values for
AACR). A linear fitting is performed for these three series, and is displayed in dotted lines of the corresponding color.

In addition, another series has been created by adapting the I TS-G5 values, by using the effective data rates based on
1 ms packets (froﬁm Table 5) shown with the red pentagons, with a curve fitting in the shape of

1

Reff Tx
y = 10logq, <2 4 [MBit/s] — ] ) — X dB, based on the sensitivity Equation (5.3.1). The best value of X isfound to be
75,7, leading to the curve fitting formulas (B.5.28)and (B.5.29):

1

Resf Tx
y = 10log,, <2 4 [MBit/s] — ] ) — 75,7 dB (B.5.29)

- AACR, Decodable signal strength vs effective data rate, for LTE-V2X and ITS-G5
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Figure B.4: Comparison of ITS-G5 and LTE-V2X decodable signal strengths for AACR tests,
with signal of interest 6 dB above the sensitivity limit

It can be observed that:
e  Thefirst three series have the shape of astraight line (thus linear fitting is reasonable).

. The IEEE 802.11p enhanced and LTE-V2X values are fairly close.
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e  When plotting the ITS-G5 AACR va ues entries (y-axis) against the effective throughput using 1 ms packet
R

eff Tx 1
(red pentagon stars), a change in shape is noticed, and the fittingy = 101log,, <2 + [MBit/s] — 1 ) —75,7dB
iS proposed.

From Equation (B.5.29), an ‘empirical’ AACR requirement formula can be derived as.
AACR,.q = —(fitting)dBm + Pyperr + 2,5 dB) (B.5.30)

Replacing (fitting) by formula (B.5.29), it can be derived that:

R 1

eff Tx
AACR, g = — (10 logyo <2 T MBS — ] ) ~ 75,7 dB) dBm + Pipters + 2,5 dB)

ReffTx 1
AACR,gq = — <10 logyo <zef1T BBl — 1 ) — 75,7 dB) dBm — 47dBm + 2,5 dB)
Finally leading to a possible ‘empirical' AACR requirement formula (B.5.31):

RefTx 1
AACR,.q = —10log;, (2 4 [MBit/s] — 1 ) + 31,2dB (B.5.31)
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Annex C:

3GPP Configuration A.8.2 (ETSI TS 136 101)

ETSI TS 136 101 [i.4] defines V2X reference measurement channelsin clause A.8.

Configuration A.8.2 teaches usage of one allocation of 50 RB (48 RB of PSSCH + 2 RB of PSCCH), with a transport
block size of 3 496 hits (437 bytes), with QPSK modulation and a coding rate of approximately 1/3, corresponding to

|_MCS 4, as shown with the below quoted italic text.

"Table A.8.2-1 Fixed Reference measurement channel for V2V receiver requirements

Parameter Unit Value

Channel bandwidth MHz 1.4 3 5 10 15 20
Allocated resource blocks 48 96
Subcarriers per resource block 12 12
Packets per period 1 1
Modulation QPSK QPSK
Target Coding Rate 1/3 1/3
Transport Block Size 3496 6968
Transport block CRC Bits 24 24
Number of Code Blocks per Sub-Frame 1 2
Maximum number of HARQ transmissions 1 1
Binary Channel Bits per subframe Bits 11520 23040
Max. Throughput averaged over 1 period of kbps 34.96 69.68
100ms
UE Category =1 21
Note 1:  2RBs allocated to SA transmission and 4 symbols allocated to RS.
Note 2:  Throughput (in kbps) will depend on SA period configuration.
Note 3:  If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to

each Code Block (otherwise L = 0 Bit).

ETSI



46 ETSI TR 103 688 V1.1.1 (2022-05)

Annex D:
3GPP Reference sensitivity level for V2X Communication
(ETSITS 136 521-1, clause 7.3G)

Extract from clause 7.3G of ETSI TS 136 521-1 [i.11] on Test Specification of Reference Sensitivity Level for V2X
Communication, as shown below initalic text:

"7.3G Reference sensitivity level for V2X Communication

7.3G.0 Minimum conformance requirements

When UE is configured for E-UTRA V2X reception non-concurrent with E-UTRA uplink transmissions for E-UTRA V2X
operating bands specified in Table 5.2G-1, the throughput shall be > 95% of the maximum throughput of the reference
measurement channels as specified in Annexes A.8.2 with parameters specified in Table 7.3G.0-1.

Table 7.3G.0-1: Reference sensitivity of E-UTRA V2X Bands (PC5)

Channel bandwidth
E-UTRA 1.4 MHz 3 MHz 5 MHz 10 MHz | 15 MHz | 20 MHz | Duplex
V2X Band (dBm) (dBm) (dBm) (dBm) (dBm) (dBm) Mode
47 -90.4 -87.5 HD
NOTE 1: Reference measurement channel is defined in A.8.2.
NOTE 2: The signal power is specified per port.

Table 7.3G.0-1a: Sidelink TX configuration for reference sensitivity of E-UTRA V2X Bands (PC5)

E-UTRA Band / Channel bandwidth / NRB / Duplex mode

E-UTRA 1.4MHz | 3MHz | 5MHz | 10 MHz | 15 MHz | 20 MHz Duplex
V2X Band Mode

a7 50 98 HD

[combination of V2X sidelink with Uu and multicarrier operation in Rel. 15 omitted here]
The normative reference for thisrequirement isETSI TS 136 101 [i.4], clause 7.3.1G.

"7.3G.1 Reference sensitivity level for V2X Communication / Non-concurrent with E-UTRA uplink
transmissions

7.3G.1.1 Test purpose

Verify that UE receives V2X Communication physical channels data with a given average throughput under conditions
of low signal level and ideal propagation.

7.3G.1.2 Test applicability

Thistest case appliesto all types of UE that support V2X Sdelink Communication and Band 47.

7.3G.1.3 Minimum conformance requirements

The minimum conformance requirements are defined in clause 7.3G.0.
7.3G.1.4 Test description

7.3G.1.4.1 Initial conditions

Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SSto take with the
UE to reach the correct measurement state.
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Theinitial test configurations consist of environmental conditions, test frequencies, and channel bandwidths based on
E-UTRA operating bands specified in table 5.4.2G.1-1. All of these configurations shall be tested with applicable test
parameters for each channel bandwidth, and are shown in table 7.3G.1.4.1-1. The details of the V2X reference
measurement channels (RMCs) are specified in Annex A.8.3 and the GNSS configuration in TS 36.508 [ 7]

subclause 4.11.

Table 7.3G.1.4.1-1: Test Configuration Table

Initial Conditions

Test Environment as specified in Normal, TL/VL, TL/VH, TH/VL, TH/VH
TS 36.508[7] subclause 4.1
Test Frequencies as specified in Mid range

TS 36.508 [7] subclause 4.3.1
Test Channel Bandwidths as specified in | Lowest, Highest
TS 36.508 [7] subclause 4.3.1

Test Parameters for Channel Bandwidths

V2X Configuration to Transmit
Ch BW Modulation RB allocation
10MHz QPSK 48
20MHz QPSK 96

1. Connect the SSto the UE antenna connectors and connect the GNSS simulator to the UE GNSS RX antenna
connector as shown in TS36.508 [ 7] Annex A, Figure A.92.

2. The parameter settings for the V2X sidelink transmission over PC5 are pre-configured according to TS36.508 [ 7]
subclause 4.10.1. Message content exceptions are defined in clause 7.3G.1.4.3.

3. The V2X reference measurement channel is set according to Table 7.3G.1.4.1-1.

3a. The GNSS simulator is configured for Scenario #1: static in Geographical area #1, as defined in TS36.508 [ 7]
Table 4.11.2-2. Geographical area #1 is also pre-configured in the UE.

4. Propagation conditions are set according to Annex B.O.

5. Ensurethe UE isin Sate 5A-V2X in Receive Mode according to TS36.508 [ 7] clause 4.5.9. Message content
exceptions are defined in clause 7.3G.1.4.3.

6. Trigger the UE to reset UTC time. (NOTE: The UTC time reset may be performed by MMI or AT command
(+CUTCR).)

7. The GNSSsimulator istriggered to start step 1 of Scenario #1 to simulate a location in the centre of Geographical
area #1. Wait for the UE to acquire the GNSSsignal and start to transmit.

7.3G.1.4.2 Test procedure

1. The UE dtartsto performthe V2X sidelink communication according to S_-V2X-Preconfiguration and to schedule
the V2X RMC according to Table 7.3G.1.4.1-1.

2. Setthesignal level of V2X to the appropriate REFSENS value defined in Table 7.3 G.1.3-1.

3. Measure the average throughput for a duration sufficient to achieve statistical significance according to Annex G.2.

7.3G.1.4.3 Message contents

Message contents are according to TS36.508 [ 7] subclause 4.10.

7.3G.1.5 Test requirements

When UE is configured for E-UTRA V2X reception non-concurrent with E-UTRA uplink transmissions for E-UTRA V2X
operating bands specified in Table 5.2G-1, the throughput shall be > 95% of the maximum throughput of the reference
measurement channels as specified in Annexes A.8.2 with parameters specified in Table 7.3G.1.5-1.
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Table 7.3G.1.5-1: Reference sensitivity

Channel bandwidth

E-UTRA | 1.4MHz | 3MHz | 5MHz 10MHz | 15MHz | 20MHz | Duplex
Vv2X Band | (dBm) | (dBm) | (dBm) (dBm) (dBm) (dBm) Mode
47 -89 -86.1 TDD

NOTE 1: Reference measurement channel is defined in A.8.2.
NOTE 2: The signal power is specified per port.
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Annex E:
Sensitivity vs required throughput

In general, receiver sensitivity can be described as:
Sensitivity = Thermal_Noise_Density + 10 x Log10(bandwidth) + NF + IM + SNR_dB (dBm) (E.D

With:

e  Thermal_Noise Density denoting the thermal noisein dBm/Hz;

J bandwidth the transmission bandwidth in Hz;

. NF the noise figure in dB;

. IM the implementation margin in dB;

. SNR_dB the signal-to-noise level in dB required for a specific throughput.

At room temperature it can be assumed that Thermal_Noise Density = -174 dBm/Hz; assuming 10 MHz transmission
bandwidth it can be derived that 10 x Log10(10 MHz) = 70 dBHz and the noise figure and implementation margin
according to ETSI EN 302 571 [i.1], clause 4.2.8.1, are 10 dB and 5 dB, respectively. Using those val ues,

Equation (E.1) can be re-written as:

Sensitivity = -89 dBm + SNR_dB (E.2)

A simple empirical expression to link the sensitivity requirement values defined in ETSI EN 302 571 [i.1] with the
effective throughput of ITS-G5 is provided with following Equation (E.3):

Sensitivity = -88 + Effective_Throughput_in_Mpbs (dBm) (E.3)

Equation (E.3) can thus be viewed as defining the noise floor, including thermal noise, noise figure and implementation
margin, plus an additional SNR term in dB which defines the SNR required for a specific throughput.

By applying a curve fitting technique for ITS-G5 with a packet length of 1 000 bytes on the MCS and sensitivity level
from Table 9 of ETSI EN 302 571 [i.1], the following correspondence can be observed:

SNR_dB =1 dB x (Effective_Throughput/1 Mbps) (E.4)
In other words, to achieve 1 Mbps increase in effective throughput a1 dB increase in SNR isrequired.

NOTE: Therequired throughput is assumed to be 100 % of the maximum throughput for (E.4) to facilitate a good
comparison with Equation (E.3).

Combining Equations (E.2) and (E.4) yields the result Equation (E.3), where the deviation of 1 dB for the noise power
results mainly from the difference in the assumed packet length.

It isthus possible to derive an empirical relationship between the receiver sensitivity level and the SNR required for a
given throughput based on the noise figure and implementation margin.

ETSI



50 ETSI TR 103 688 V1.1.1 (2022-05)

Annex F:
Generic receiver sensitivity limit

F.1 Introduction

Testing of receiver sensitivity requires a precise specification of the test setup, the test method as well asthe
specification of testable limits. This annex describes a possible minimum set of parameters that specify receiver
sensitivity testing of an arbitrary radio communication systems that use QAM or similar modulation schemes on
multiple OFDM carriers. It is shown that for a certain test method and setup the sensitivity limit can be defined
analytically from signal theory and physics based on system performance parameters independent of the number of
carriers, the carrier spacing, and the exact MCS.

These system performance parameters are the duration of the transmitted data packets as function of the effective data
rate.

Thisleads to receiver sensitivity limits based on common criteria for different communication systems, i.e. it implicitly
defines the radio parameters of the receiver.

F.2 Receiver errors

F.2.1 Reason for detection errors in digital receivers

The reason for detection errors of areceived signal is noise generated in the receiver circuit (Noise picked up by the
receiver antenna can usually be neglected in atest setup). Noise in the receiver circuit stems from thermal noisein
resistors or other noise sources in semiconductor devices (e.g. shot noise). Usually, these noise sources are summarized
inwhat is called the Noise Figure (NF) of areceiver.

F.2.2 Thermal noise
The lower bound of the receiver noise is given by the Johnson-Nyquist thermal noise power generated in any resistor:
N =Ky XT X B. (F.2.1)

Where N is the noise power measured in Waitt, Kg = 1,38 102 JK isthe Boltzmann constant, T is the temperature
measured in Kelvin and B is the bandwidth measured in Hertz.

For a bandwidth of B = 10 MHz and atemperature of T = 300 K the Johnson-Nyqui st noise power level resultsto:
Nggm = 10 X log,o(N) + 30 dB = —103,8 dBm (F.2.2)

This noise adds to any signal in the receiver. Since its amplitude statistics follows a gaussian distribution and it has
equal power density over al frequenciesit is called Additive White Gaussian Noise (AWGN). The noise power level N
is twice the square of the standard deviation o of the gaussian noise amplitude density function [i.8]:

N =202 (F.2.3)

F.2.3 Receiver error probability in an AWGN radio channel

Most digital communication systems use phase and amplitude modulated subcarriers with equal frequency spacing
within the used bandwidth (Orthogonal Frequency Division Multiplexing - OFDM).

For each digital symbol k the modulated subcarrier S(t) isasinusoidal signal in timet with angular frequency @
described by its amplitude A« and its phase ¢«

Si(t) = Ay X sin(w X t + @) (F.2.4)
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For further analysis of the signal detection error probability only the signal constellation in the signal spaceisrelevant.
In signal space the Symbol Scis mapped to a pointer with the length A« and the angle ¢« relative to the x-axis. This
mapping can be seen as a snapshot of S(t) at timet = 0 in the imaginary plane (mapping to a complex signal).

For explanation of the receiver error probability a simple Phase Shift Keying (PSK) subcarrier signal with 4 symbols
(4-PSK) isused as an example. Thissignal is only phase modulated with constant amplitude A« = A and 4 distinct phase
values g« = {¥am, ¥am, -Yaw, -Yam}. Figure F.1 shows the signal constellation of the 4-PSK modulation, where the
distance d between the Symbols S is normalized to one.

-05

Symbol Distance d

@ X

Figure F.1: Signal constellation of a 4-PSK signal in signal space

The receiver uses a discriminator to distinct the data symbols. Since the noise amplitude is a stochastic process with a
gaussian distribution of the amplitude values, the symbol error rateis given by the probability that the added noise
causes the sum signal to cross the discriminator threshold to another symbol. Hence, when the amplitude of the added
noise in direction of another symbol is smaller than halve of the symbol distance d the symbol is still decoded correctly.
Since the symbols in the 4-PSK constellation are arranged in a square (therefore this modulation is often called
Quadrature Phase Shift Keying QPSK) the discriminator region is given by two thresholds. For a correct reception the
noisy received signal should stay within the discriminator region and hence within both thresholds. The probability for
thisisthe product of the probabilities for staying within each of the thresholds.

Since the amplitude density function of the noise has gaussian shape with a standard deviation of o, the error
probability Pe for asingle sided discriminator threshold is given by the Q-function:

2

Py =Q@) = =" ez dx (F.2.5)

Where z is defined by the discriminator threshold, which is halve the symbol distance d, and by the standard deviation o
of the noise amplitude, which is the square root of the noise power level (see Equation (F.2.3)):

-4 __ 4
z==— (F.2.6)
NOTE: Instead of the Q-function also the complementary error function erfc(x) can be used to calculate the error

probability:

P: =Q(2) = % erfc (%) (F.2.7)

Coming back to the 4-PSK example, the probability that the noisy signal at the discriminator stays within one e.g. the
horizontal single sided discriminator threshold is 1-Pe. The same holds for the second vertical discriminator threshold,
and hence the probability for staying within both thresholds is the product of these two probabilities (1-Pe)x(1-Pg)

= (1-Pg)2. Since this probability is the same for al symbols, finally the AWGN error probability for a 4-PSK
modulation results to:

Pgapsg =1— (1 -0 (\/%))2 (F.2.8)
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F.2.4 Receiver error probability for QAM signals in an AWGN
radio channel

The aim of thisannex isto find an analytic function that defines a receiver sensitivity limit based on signal theory and
physics. It is proposed to use the properties of different Quadrature Amplitude Modulation (QAM) configurations as
basis for thislimit function, since QAM is commonly used in digital communication systems because of its high
spectral efficiency and flexible implementation properties.

QAM can be seen as an extension of 4-PSK. All symbols are arranged in a quadratic grid with constant mesh width
around a 4-PSK constellation. Figure F.2 shows the signal constellation of the commonly used 16-QAM that adds

12 more transmit symbols around the 4-PSK constellation. The more transmit symbolsin asignal constellation the more
bits can be carried by one symbol. Hence, when using the same coding rate, the binary logarithm of the number of
transmit symbolsis proportional to the datarate. The error probability in areceiver strongly depends on the symbol
distance d. Therefore, when increasing the number of transmit symbols, the amplitude of the received signal needsto be
increased to keep the received signal error probability constant. Or in other words, the receiver sensitivity for a constant
symbol detection error rate decreases. Additionally, the "inner" symbols need 4 discriminator thresholds to confine their
discriminator region, further increasing the error probability for these symbols.

16-QAM
® ®@ = @ @
@ ® o o, @
R
@ @ @ @
d
@ @ @ ®

Figure F.2: Signal constellation of a 16-QAM signal in the signal space
normalized to a symbol distanced =1

To study different QAM configurations, a parameter n isintroduced that describes the order of the QAM. nisdefined in
such away that n = 0 correspondsto a4-PSK, n =1 a16-QAM, n =2 a36-QAM (which isnormally not used), n=3 a
64-QAM, and so on.

NOTE 1: Inliterature the order of a QAM is often characterized by M. Where M x M = 4x (n + 1)2 is the number
of QAM symbolsin the constellation.

To calculate the error probability, the symbols of a QAM can be categorized into three types:
1) 4 corner symbols with two single-sided discriminator thresholds;
2)  8xnedge symbols with one single-sided and one double-sided discriminator threshold;
3) 4 xn?inner symbols with two double-sided discriminator thresholds.

The Q-function gives the probability of exceeding a single-sided threshold. Since the Gauss-function is symmetric
around zero, the probability to exceed a symmetric double-sided threshold is twice the probability of exceeding the
corresponding single-sided threshold. Taking thisinto account and assuming al 4 x (n + 1)2 QAM symbolsto be used
with the same probability, the average QAM symbol error is:

Pg oau(n) = (H;n)zh —(1=Pg)2+2nx (1= (1=P)(1=2Py))+n2x(1—(1-2P))](F.29)

2 (142n)
1+n

P x (22 (F.2.10)

P gam(n) = Pg X Ton
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The receiver sensitivity is always defined for a certain symbol error probability Prar. The definition of a generic
receiver sengitivity limit should therefore also be based on a given constant symbol error probability Pggas. From
Equation (F.2.10) the error probability Pe can be calculated for this given Pggan:

PE(TL) = 11++27:1 (1 — ./ 1 - PE QAM) (F211)

From Equation (F.2.5) and Equation (F.2.6) follows:

P = Q(32) (F.2.12)

20
Applying the inverse Q-function to PE leads to the relation between the discriminator threshold value d/2 and the
standard deviation o of the noise amplitude density function:

Q1 (Pg(n)) = L (F.2.13)

20

NOTE 2: Theinverse Q-function can also be expressed by the inverse complementary error function:

Q7 1(Pg(n)) = V2 erfc™(2 Pz(n)) (F.2.14)

Thisresult can be used to calculate the necessary signal power level at the receiver input to achieve the given symbol
error probability Prgan for agiven noise power level 2. For the calculation of the average received signal power level
it isassumed that al symbols are transmitted with equal probability. The average sensitivity power level P;s can then be

calculated according to:
d? o 2 2
_ n) 1 1
P.s(n) = —(1 )2 E E [(EH) + (E+k) ]

1=0 k=0
(F.2.15)
After some calculation (see Annex G) this sum can be transformed into an equivalent analytic function:
1 2
BP.(n) = 6(1 +2n) 3+2n)dy,
(F.2.16)

With this result, Equation (F.2.6), Equation (F.2.11) and Equation (F.2.13) can be used to cal cul ate the necessary signal
to noiseratio (SNR) for agiven symbol error probability Prgan and QAM order n:

2
SNR(n) = PTST(n) = g(l +2n)(3+2n) <Q—1 (11++2’; (1-JT—Pg QAM))) (F.2.17)
Prs(m) -1
SNR;z = 10log(SNR) = 101log <2 2 ) + 20 log (Q (PE(n))) (F.2.18)
)

The first term in Equation (F.2.18) corresponds to the influence of the QAM order (number of symbols) on the symbol
distance, the second term accounts for the influence of the symbol constellation on the error probability. It will be
shown in clause F.4.3.4 that for asmall symbol error probability Prgasnthe second term is amost constant over the
QAM order n.

Table F.1 shows the properties of different QAM configurations. The nominal data rate relative to a 2-PSK modulation
is proportional to the number of bits per symbol Ib(4x(n+1)?) (see also Equation (F.3.3) and Equation (F.4.7)).
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Table F.1: Different QAM configurations and their properties

n transmit relative Symbol error probability SNR
symbols data rate Pe gam

0 4 2 2Pe-Pe? (Q_l(l—,ll—PEQAM))z
2
2
1 16 4 3 Pe-9/4 Pe? 5<Q_1 (g(l—wll_PEQAM)>>

35

2 (o (2(1—m)))2

2
4
3 64 6 712 Pe - 49/16 Pe 2 21 (Q‘l <§ (1-1- PEQAM)>)

2 36 5,17 10/3 Pe - 25/9 Pe 2

NOTE 3: For small symbol error probabilities ( Pz ganr <<1) the result can be simplified assuming following
relations:

F.3  Analysis of the sensitivity limits given in IEEE 802.11

F.3.1 2-PSK modulation

In addition to different QAM configurations, |EEE 802.11-2016 [i.3] also uses 2-PSK modulation for low data rates. In
this simple case the symbol distance is twice the signal amplitude A. Hence, the discriminator threshold is A and the
symbol error results to:

Pgapsk = Q (A %) (F.3.1)
From this the signal to noise ratio can be calculated:

SNR2psk ap = 20 log (%Q_l(PE zpsx)) (F32)

F.3.2 Coding rate

|EEE 802.11-2016 [i.3] foresees to use a convolutional encoder to add code redundancy. This reduces the symbol error
probability. But the nominal datarateis aso reduced by afactor called Coding Rate (CR).

The reduction of the symbol error probability is characterized by the coding gain (%), which is the SNR improvement
due to code redundancy for a given symbol error probability at a certain effective data rate. The coding gain depends
mainly on the encoder type. Since the same convolutional encoder polynomials are used for all coding ratesin

|EEE 802.11-2016 [i.3], the coding gain for a certain QAM order is approximately proportional to the reciprocal of the
coding rate - i.e. the coding increases the hamming distance between the QAM symbols by a factor that is
approximately proportional to the coding rate (see Figure F.4).

For a certain data rate, the convolutional encoder used in IEEE 802.11-2016 [i.3] exhibits a coding gain of around 7 dB
- almost independently of the coding rate [i.8] and [i.9]. This approximation is even better than the hamming distance
approximation, but it works only for data rates starting at 12 MBit/s and higher (see Figure F.3).
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F.3.3 Symbol error rate

|EEE 802.11-2016 [i.3] specifiesthe receiver sensitivity at different data rates for a data packet size of

Neye = 1 000 Byte at a packet error ratio of PER = 0,1. To link this PER to the QAM symbol error probability Pe gam for
QAM order n, also taking the coding rate CR into account, the number of data Symbols ngmsais can be calculated from
the number of Bits ngits = 8 X Naye iN the data packet:

NpBits/Symbol = lb(4 X (n + 1)2) (F33)

Nsymbols = #ﬁ;ymbol (F.34)
Under the assumption that the coding reduces the QAM symbol error probability Pe gam by afactor equal to the coding
rate CR, the probability of a correct frame reception (1-PER) is the probability that all symbols (ngmbols) are correctly
received:

1—PER = (1~ CR X Py gany) ™" (F.3.5)

From thisthe QAM symbol error probability Pe gam corresponding to a given packet error rate PER can be calculated:

n
Ps oam = — (1 — NT=PER) (F.3.6)

F.3.4 Model of the IEEE 802.11 sensitivity limits

ITS-G5 uses the Modulation and Coding Schemes (MCS) which are listed in Table F.2 together with the corresponding
datarates and sensitivity limits. The necessary SNR for these modulation schemes can be calculated with

Equation (F.2.18) (SNRgg) and the QAM symbol error probability resulting from Equation (F.3.6) (Pe gam), using the
PER coming from the | EEE receiver sensitivity test specification as described in clause F.3.3.

As can be seen in Figure F.3 the IEEE 802.11 receiver sensitivity limit lies almost exactly 15 dB above the thermal
noise Ngem plus the SNRge from Equation (F.2.18) for a pure QAM without encoding (CR = 1). This stems from the fact
that the coding gain of the convolutional encoder used by ITS-G5 is amost constant for all coding rates[i.8] and [i.9].
Hence, the receiver sensitivity values can be approximated from the SNR obtained from a QAM without encoding by
applying afixed coding gain factor independently of the coding rate (see aso clause F.3.2).

Since ITS-G5 uses not only QAM but also 2-PSK with a coding rate of Y2, the lowest data rate that can be achieved is

3 MBit/s. Even for QAM, the receiver sensitivities for data rates below 12 MBit/s cannot be modelled by just using a
constant factor to the QAM SNR with a CR = 1. To calculate the SNR for 2-PSK modulated signals, Equation (F.3.2)
can be used. To account for the fact that the coding rate increases the hamming distance between the QAM symbols the
coding gain yqgs for the convolutional encoder can be estimated by:

Veas(CR) = 10 x log (%) (F3.7)

NOTE: Thisisarough generic estimation of the coding gain. It does not take puncturing or properties of specific
coder implementations into account. Therefore, this approximation might not be applicable over the
whole coding rate range.

With this coding gain 3% qs and a noise figure of NFgs = 15 dB in addition to the thermal noise Nugsm the |EEE 802.11
receiver sensitivity limit Prexns can be modelled for different MCS:

Prsens = Nagm + SNR + NFyp — Ve ap (cR) (F.3.8)

Where SNR is the signal to noise ratio of the corresponding modulation scheme of ITS-G5 (2-PSK, 4-PSK, 16-QAM, or
64-QAM) from Equation (F.2.18) or Equation (F.3.2). A comparison of this model with the receiver sensitivity vales as
specified in |EEE 802.11-2016 [i.3] (see Table F.2) is shown in Figure F.4.
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Table F.2: Sensitivity limits given in IEEE 802.11-2016 [i.3] for different modulation
and coding schemes for 10 MHz channel bandwidth

Nominal datarate |Modulation [Coding rate | Sensitivity limit
(MBit/s) (dBm)
3 2-PSK 1/2 -85
4,5 2-PSK 3/4 -84
6 4-PSK 1/2 -82
9 4-PSK 3/4 -80
12 16-QAM 1/2 -77
18 16-QAM 3/4 -73
24 64-QAM 2/3 -69
27 64-QAM 3/4 -68
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Figure F.3: IEEE receiver sensitivity limits for 1 000 Byte packets and PER = 0,1 as function of
the nominal data rate and sensitivity from QAM SNR plus fixed noise figure
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Figure F.4: IEEE receiver sensitivity limits for 1 000 Byte packets and PER = 0,1 as function of
the nominal data rate, plus a calculation based on the QAM error statistics
and a hamming distance approximation of the coding gain

F.4  Generic receiver sensitivity limits

F.4.1 Generic setup and procedure for conformance tests

To test whether the receiver sensitivity conforms generic limits, requires a common test setup and test procedure
applicable to any communication system. For different communication systems there are only a few parameters that can
be easily measured, like the power density function of the transmit spectrum, the effective data rate, and the transmit
power function over time. Therefore, test specifications for certain communication systems usually require the device
manufacturer to declare the configuration of the test setup (e.g. MCS) or specify parameters as PER or the number of
data bytes to be used. For a certain communication technology all possible configuration combinations can be listed
together with the applicable limits to assess the according test result. Thisis not possible for generic limits applicable to
any communication technology, and test specifications in harmonised standards should not be based on parameters that
are declared by the device manufacturer.

For a certain MCS the receiver sensitivity is usually defined as the power level at the receiver where the PER of a
packet with a defined size exceeds a defined limit. Except the power level at the receiver, none of these parameters can
be directly measured. An alternative possibility to define the receiver sensitivity isto base it on the effective data rate,
that can be measured for any communication system. The effective data rate can either be defined to be the number of
correctly received data bitsin relation to a sufficiently long averaging duration, or in relation to the actually measured
duration the transmitter was active. The first definition assumes that data can be transmitted at a maximum channel
on-time ratio allowed by the MAC. The second definition also works when the transmitter is sometimesidle, not
transmitting at the highest possible channel on-time ratio, but in this case the transmit power function over time needsto
be determined.

Since every data communication system needs to transfer management data between the communication devices, the
effective data rate is always lower than the data rate at which the communication datais transferred. This overhead
depends on the communication technology and the duration of the transmission of the data packet, since the overhead
has usually in average a constant duration for each data packet, while the data packet duration depends on the MCS and
the number of transferred bits. One possibility to keep the relative overhead time in relation to the data transmission
time constant, isto adjust the number of data bits dependent on the MCS. This allows to define areceiver sensitivity
limit that assumes a constant time ratio between data communication and management information. |.e. the number of
effective data symbols, taking the coding rate into account, is kept constant independent of the MCS.
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F.4.2 A conformance test procedure for V2X communication
systems

A conformance test procedure for V2X communication systems can be based on following assumptions that can be
achieved in atest mode for all MCS of common communication systems:

a) Thesigna modulation performs equivalent or better than QAM.
b) Defined constant packet duration.

c¢) Constant average management overhead time.

d) Constant packet error ratio (PER) for different MCS.

ad b) and ¢)
A constant packet duration for different MCS keeps the number of symbols independent of the MCS when the
management overhead in time is constant. A constant packet duration can be measured with a spectrum
analyser in Zero Span mode. No special measurement equipment is necessary to check the correctness of the
test configuration. There is no need for long lasting measurements of the power level statistics over time.

ad d)
Constant PER simplifies the calculation of the effective data rate Ry, that results from the nominal datarate
Rucs, the management time overhead ty, and the packet duration t, according to:

Res = Rycs X (1 — PER) X % (F.4.1)

Under the assumption that the PER, t, and tm are constant for all MCS, the effective data rate Ry i's proportional to the
nominal datarate defined by the MCS. This makesit possible to measure the PER by measuring the effective data rate
and gives the justification why the receiver sensitivity can be specified by the effective data rate Res.

F.4.3 Proposed generic receiver sensitivity limit

F.4.3.1 Starting point - packet duration and packet error ratio

The idea behind this proposed generic sensitivity limit is, that it should be based on the existing receiver properties as
specified in IEEE 802.11-2016 [i.3], but that it should be applicable to any other technology. And that it should be
possible to measure all relevant communication parameters without special test equipment. This also implies that
declarations of the device manufacturer concerning the test configuration are not necessary.

In clause F.4.2 the assumptions a) to d) are given:
. Assumption a) holds for IEEE 802.11 devices, since they use QAM.

. To define areproducible test procedure for any technology, the packet duration t, should have a fixed defined
value, what can be achieved by |EEE 802.11 based communication systems, fulfilling assumption b).

. For IEEE 802.11 devices, the average management overhead time t, for an ITS-G5 packet consists of the
AIFS time, the average contention time, the preamble and the MAC header (assumption c).

. Under assumption d), for a PER independent of the MCS, the symbol error rate SER can be estimated for QAM
signals as function of the CR only, independent of the modulation order.

F.4.3.2 Management overhead time

The MAC timing parameter are specified in ETSI EN 302 663 [i.2]. The preamble and the MAC header |ast together
40 ps. The AIFS time and the average contention time depend on the Access Category (AC). For CAM messages the
Access Category Best Effort (AC_BE) is used. For this AC AIFS = 110 s, and the contention time can vary between
Opusandis 15 x 13 ps. Hence, in average the contention time is 97,5 us. And the total management overhead timeis
tm=40+ 110+ 97,5=2475ps.
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F.4.3.3 Mapping of the IEEE 802.11 receiver sensitivity limits to the effective
data rate

With Equation (F.4.1), the IEEE 802.11 receiver sensitivity limits can be mapped to an effective datarate. The PERis
given by |EEE 802.11 to be PER = 0,1. The total management overhead time for CAMs as calculated in clause F.4.3.2
iStm=247,5 us. It is proposed to set t, = 1 ms, since this value can be handled by all V2X communication technologies
known at the time of preparation of the present document. The nominal data rate values Rwcs for different coding
schemes are defined in ETSI EN 302 663 [i.2] and arelisted in Table F.2 together with the corresponding sensitivity
limits.

Table F.3 lists the effective data rates for different IEEE 802.11 MCS and a constant frame duration of t, = 1 ms.

NOTE: These values are different from the effective data rates when using a constant number of data bytes as
specified in the |EEE 802.11 receiver sensitivity test specification.

Table F.3: Mapping of IEEE 802.11 nominal data rates to effective data rates and corresponding
receiver sensitivity values for a fixed packet duration of t, =1 ms

Nominal data rate Effective datarate |Sensitivity limit
(MBit/s) (MBit/s) (dBm)

3 2,0 -85
4,5 3,0 -84

6 4,1 -82

9 6,1 -80

12 8,1 -77

18 12,2 -73

24 16,3 -69

27 18,3 -68

F.4.3.4 Generic receiver sensitivity limits based on IEEE 802.11

In clause F.3.4 it was shown how the sensitivity limit values given by IEEE 802.11-2016 [i.3] can be modelled based on
signal theory.

|EEE 802.11-2016 [i.3] defines the PER for the receiver sensitivity measurement to be 0,1. For QAM signalsthe
symbol error probability Prgan from Equation (F.3.6) estimates the symbol error rate for agiven PER and a given
number of symbols ngmsos. The duration of asymbol tsis 8 ps (see ETSI EN 302 663 [i.2]), the packet duration is set to
t,= 1 ms, and preamble plus the MAC header last for tn = 40 ps. Hence, the number of symbolsin

NC = 48 subcarriersis ngmoos = 48 x (1 000 - 40)/8 = 5 760. And the symbol error rate for different coding rates CR
results to:

-5
PE QAM = é(l —_ 576m) = % (F.4.2)

Taking the ssimplifications for small symbol error probabilitiesinto account Equation (F.2.18) can be rewritten to:

SNRgs = 1010g (3 (1 +2m) B +2m) +2010g (0" (222 Pp gan ) (F43)

21+2n

Substituting the Pr gar value from Equation (F.4.2) results to:

SNRyp = 101log (% 1+2n) (3+2 n)) +20log <Q‘1 (22 M)) (F.4.4)

1+2n 2XCR

For afixed CR = 1 the second term varies for n between 0 to « by 0,30 dB:

2

20 log (Q_l (M)) = 12,64 dB (F.4.5)

20 log (Q_l (“‘sjﬂ)) = 12,94 dB (F.4.6)
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Therefore, this term can be set to afixed value of 12,7 dB to model the sensitivity limit values with a fixed coding rate
close to one.

To plot the receiver sensitivity limit over the effective data rate Re that can be measured, first the relation between n
and the nominal datarate RMCSthat is proportional to the number of bits per symbol needs to be known:

Ruycs = Ro X Ib(4 X (n + 1)?) (F.4.7)
Where for ITS-G5 theinitia datarate Ry for aCR = 1 and 2-PSK modulation is 6 MBit/s.

From Equation (F.4.7) n can be expressed as function of RMCS

R
1 McS

n=-x 22xRo — ] (F.4.8)

With this, an analytic extension of the SNR function to datarates below Ry is possible that can model the behaviour of a
convolutional encoder as described in clause F.3.2.

Substituting this result into Equation (F.4.4) and setting the 2™ term to 12,7 dB resultsin:
1/ Rmcs Rmcs
SNR 5 = 101og, <§ (2mo - 1) (zszo + 1)) +12,7 dB (F.4.9)
What can be further simplified to:
Rmcs
SNR,z = 10log,, (2 Ro —1 ) +8dB (F.4.10)

With Equation (F.4.1) Rucs can be written as function of Re:
Refpxtp

SNR,z = 10log,, <2R0X<1-PER>X(fv-fm) -1 ) +8dB (F.4.11)

Since most of these values are constant, SNRyg can be further simplified to:

R

eff 1
SNRgp = 101logy, (274 MBiE/s] — 1 ) +8dB (F.4.12)

With the thermal noise of Ngem = -103,8 dBm and a noise plus coding margin of NCqs = 14,5 dB the receiver sensitivity
can be modelled as follows to match the limits given by IEEE 802.11-2016 [i.3]:

Refr

1
PGSens = NdBm + NCdB + SNRdB =10 loglo <2T[M3it/5] -1 ) - 81,3 dB (F.4.13)

Figure F.5 shows a comparison between the generic sensitivity limit for 1 ms data packets according to
Equation (F.4.13) and the IEEE sensitivity limits mapped to the corresponding effective data rate from Table F.3.
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Figure F.5: Generic sensitivity limit for 1 ms packet duration over the effective data rate

F.4.3.5 Comparison of ITS-G5 and LTE-V2X sensitivity values with the
generic receiver sensitivity limit

In clause F.4.3.4 some simplifications were done to obtain a generic sensitivity limit for OFDM based communication
systems that matches to the sensitivity limit given in IEEE 802.11-2016 [i.3]. This clause shows how this limit fits to
the sensitivity values resulting from an exact cal culation based on the properties of ITS-G5 and of LTE-V2X aslisted in
Table F.4. It is expected that afuture NR-V2X radio will have a packet duration of 0,5 ms and that the use of two
consecutive packets fits to the proposed test specification described in Annex H.

Table F.4: ITS-G5 and LTE-V2X physical layer parameters for the sensitivity calculation

CR = 1 (2 Bit/Symbol)

Parameter ITS-G5 LTE-V2X
Thermal noise power level Ndsm -103,8 dBm -103,8 dBm
Noise figure NFds 15dB 15dB
Packet Error Rate PER 0,1 0,1
Packet duration tp 1 000 ps 1 000 ps
Number of OFDM data carriers (NC) = 48 Resource Blocks x
Number of symbols per symbol duration 48 12 subcarriers
(excluding management data e.g. SCI) =576
symbol duration (ts) 8 us 1/14 ms = 71,4 pys
Reference data rate Rref=2 x RO 48 Symbols x 2 Bit/ (8 us) = 576 Symbols x 2 Bit x14 / (1 ms)
for OFDM order n = 0 (4-PSK) and =12 MBit/s =

= 16,128 MBit/s

time tm (see also clause F.4.3.2)

Typical average management overhead

Header duration (tn) + AIFS +
CWmin / 2 x Slot Time =
= (40 + 110 + 15/2 x 13) ps=
=247,5 pus

1/14 ms x (4 reference signals +
+ 2 management slots) =
=3/7 ms = 428,57 us

Symbols nsymhols in a packet
with duration tp

NC x (tp - tn) / ts = 5 760

NC x 8 data time slots
=4 608

For CR=1 and acoding gain %4 = 0 dB Equation (F.2.17), Equation (F.3.6), and Equation (F.3.8) can be combined to
calculate the receiver sensitivity Psqsm for different OFDM ordersn:

Ps asm = Nagm + NFap + 10 X logyo | 3(1+2n) (3 +2n) (Q_l

1+n
1+2n
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The nominal datarate Rucsfor CR =1 isused as parameter to calculate n for Equation F.4.14 (see al'so
Equation (F.4.8)).

Rmcs

n==x2fe —1 (F.4.15)

The corresponding effective data rate results from the nominal data rate RMCS, the packet error rate PER, the packet
duration tp,, and the management overhead time tm as shown in Equation (F.4.1).

Figure F.6 and Figure F.7 show a comparison of the results from Equation F.4.14 for CR = 1 and of the coding gain
estimation from Equation (F.3.8) for different other CRsfor ITS-G5 and LTE-V2X based on the parameters from
Table F.4 and the sensitivity limits presented in the previous clauses. As can be seen, the difference between the generic
limit for the receiver sensitivity and the calculated sensitivity values for LTE-V2X and for ITS-G5 can be neglected.
Hence, the proposed limit works fine for different OFDM configurations.
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Figure F.6: Comparison of calculated ITS-G5 sensitivity values
with the proposed generic sensitivity limit and with the limits from IEEE 802.11-2016 [i.3]
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Annex G:
Average power level calculation

Equation (F.2.15) can also be written as:

=g (26 ]+ )

=0 k=0 [=0 k=0
Gy
This can be smplified to:
2 X d?
e~ rm
() =37 (Z [ P ])
(G2
Thus, an analytic function f(n) solving Equation (G.2) would fulfil:
= 2
f(n) = z [(gm) ]Vn eN
m=0
(G.3)
Such afunction also fulfils:
n+1
3 2
Af(n) = f(n + 1) — f(n) = (Z [ L ] Z [ Lm D\me N=(+n)
(G4

From thisit gets obvious, that when an analytic function f(n) exists, it isa polynomial in n. Therefore, following ansatz
can be used to solve the problem by finding the coefficients A, B, C, and D.

fn)=Axn3+Bxn*+Cxn+D
(G.5)

Since analytic functions are infinitely differentiable, the coefficients can be obtained from the derivatives of Af(n):

Af(n)zf(n+1)—f(n)=(§+n)2=A><(3n2+3n+1)+B><(2n+1)+C

(G.6)
M@=+ -t =2x3+n)=3xAx@2n+1)+2xB
(G.7)
Af"n) =f"m+1)—-f"m)=2=6x%x4
(G.8)
Fromthisfollows: A = 1, B = 1, and C = 1. The coefficient D followsfrom D = f(0) = 1.
Factorizing the resulting polynomial leads to:
1
f(n) = E(n +1)2n+1)2n+3)
(G.9)

Equation (F.2.16) can be obtained from combining Equation (G.9) with Equation (G.3) and Equation (G.2). The result
can be seen in Figure G.1, which shows a comparison between Equation (F.2.15) and Equation (F.2.16) normalized for
asymbol distance of d = 1.
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Annex H:
Generic receiver sensitivity test specification

H.1  Test equipment for the sensitivity test

A generic receiver sensitivity test can be performed by use of a spectrum analyser and a bit rate measurement. To
provide adjustable input signal power levels, variable attenuators (e.g. a step attenuator) are used, and their Dynamic
range should be greater or equal than 30 dB. The maximum step size should be 1 dB.

The test transmitter should be able to continuously transmit data packets with a reproducible constant average channel
on-timeratio Tyyg:

Topp = —22— (H.1.1)

Ton+Toff

and with reproducible constant average efficient datarates R ¢ onr 1« de€fined by the total number of transmitted Bits
Ntotal Bits T OVE the test duration Ty, -

5] —_ T . D _ Ntotal Bits Tx
Reftonrx = Tonr * Refr1x = =~ = (H.1.2)

T,, and T, arethe total time spans where the test transmitter is transmitting or respectively not transmitting during the
whole test duration Tyese = T, + Top 5 Rerrr Would be the average effective data rate for a continuous transmission of

data packets over the whole test duration T,,, in case T,,,z would be one. R ., is given by the ratio of the average
number of bits per packet 15;., and the average packet duration £, and can be determined from the ratio between the
measured average efficient datarate R o,z o and the average channel on-time ratio T,,,.

ol _ Tits _ Reif onRTx

The duration of each single data packet transmitted within the test duration T,; should be set to be as close as possible
to 1 msfor technologies that can adjust packet duration, while technol ogies that have fixed packet size use multiple
subframes to get to as close as possible to 1 ms, including management overhead as defined for examplein

clause F.4.3.2.

It is essential for the measurement accuracy that R .onz 7o @nd T,z are not changing while performing the test
execution for a certain operational datarate.

H.2  Test setup for the sensitivity test

For asingle Rx antenna port test, an overview schematic of the test setup for the receiver sensitivity test is shown
inFigure H.1.

For a multiple Rx antenna ports test (Rx1 to Rxx), an overview schematic of the test setup for the receiver sensitivity test
isshown in Figure H.2.

NOTE: For aDUT with multiple Rx antenna ports, one way of testing is to test each receive antenna separately
(as per asingle Rx antenna port test description) and another way is to test with multiple antennas (as per
multiple Rx antenna ports test description). If each receive antennais tested separately, the unused RX
port should be 50 ohms terminated.

The test should be performed in two steps:

1) Test preparation: For asingle Rx antenna port test, a spectrum analyser is connected to the step attenuator
instead of the DUT to calibrate the Rx power level and to measure the channel on-time ratio of the test
transmitter.

For a multiple Rx antenna ports test, in case a power splitter is used as shown on Figure H.2, a spectrum
analyser is connected to each output of the power splitter instead of the DUT to calibrate the Rx power level.
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The absolute value of the Rx power level deviation between the different outputs of the power ditter should be
lessthan 1 dB.

2) Test execution: The DUT is connected to the step attenuator and the effective bit rate is measured for different
settings of the step attenuator.
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Figure H.1: Test setup for a single Rx antenna port test
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Figure H.2: Test setup for a multiple Rx antenna ports (Rx1 to Rxy) test

H.3  Generic receiver sensitivity test

H.3.1 Sensitivity test preparation

For calibration a Spectrum Analyser (SA) or an equivalent test system is connected to the test setup instead of the DUT.
The measurements should be performed with the rms detector of the SA. The output power level of the test transmitter
is set to such avalue that at full attenuation of the step attenuator the input peak power level to the DUT is

below -90 dBm. To calibrate the input power level at the DUT the step attenuator is set to the lowest attenuation step
and the power level at the DUT connector is measured.

The SA can be used in zero-span mode to measure whether the channel on-time ratio and the packet duration of the test
transmitter are within the specified limits. Alternatively, the channel on-time ratio can also be evaluated from the ratio
between the average and the peak power level determined for the whole measurement duration.

The ambient temperature for the test is set to 300 K (27 °C).

H.3.2 Sensitivity test execution

For the sensitivity test the DUT is connected to the test setup as shown in Figure H.1, or to the test setup as shown
in Figure H.2 in case the DUT has multiple antenna receiver inputs and such receive antenna ports are tested
simultaneously with a power splitter yielding identical power to each antennainpuit.
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The sensitivity test should be done for a channel bandwidth of 10 MHz, and one or several data rates test-points may be

defined.

For each data rate test-point, and for all receiver inputsin case the DUT has multiple receiver inputs that are tested
separately, the test execution can be done following the below steps:

1)

2)

3)

4)

Determine by use of the total received BitS n;,¢q; pits rye dUring the test duration T, the average received

effective datarate R popp py = —L2L4LBisRX nder jdeal reception conditions well above the sensitivity limit at

Ttest
each and every antennainput. And determine the average channel on-timeratio T,z by measuring the ratio
between the active and the idle channel state.

- To check whether the test time duration T, is chosen sufficiently long, following steps can be
performed:

»  Determing R ong ry (Ttest) for the full test time duration Ty, .

. Reduce the test time duration to its half %

. = T
*  Determine Re onr rx (%)

L] The test time islong enough when:

0,99 < Retomrx(Ttest) 4 (H.3.1)

test
Rett onR ro( £5%)

- To check whether the receive power level Py, at each and every antennainput of the DUT is chosen
sufficiently high for ideal reception conditions, following steps can be performed:

. Determine R . onz re(Prs) for the full receive power level Py, .
" Reduce the receive power level by 6 dB to Py, — 6 dB.
»  Determine Ryt onr R (Prx — 6 dB).

L] The receive power level is high enough when:

""7 7 Retonrrx(PRx—6dB) — "’ ..

- If the test time duration T, is chosen sufficiently long and the receive power level is sufficiently high,
t_hen the average transmitted effective datarate R .o,z 1 Can be treated as equal to the measured

R eff OnR Rx*

Reduce the signal power level at the DUT receiver input(s) until the measured average effective datarate

R otronr ry 1€2€NES 90 % of R ppur 1 @S determined in step 1) under ideal conditions. |.e. the packet error rate
reaches PER = 0,1. When adjusting the signal power level stepwise, the power level step where the packet
error rateisjust below 0,1 (PER < 0,1) should be used for the data rate measurement in the next step.

Determine the average transmitted effective data rate for a hypothetical continuous transmission
D _ RefronR Tx

Refrre = and calculate the sensitivity limit Ps,,,; from Equation (5.3.1), using this average effective
_ onR

If the signal power level at the receiver inputsis below this sensitivity limit P, , then the test is passed.
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Annex I
Generic receiver selectivity test specification

.1 Test equipment for selectivity tests

A generic receiver selectivity test in form of Adjacent Channel Rejection (ACR) and Alternate Adjacent Channel
Rejection (AACR) can be performed by use of a spectrum analyser and a bit rate measurement. To provide adjustable
input signal power levels, variable attenuators (e.g. a step attenuator) are used, and their Dynamic range should be
greater or equal than 30 dB. The maximum step size should be 1 dB.

The test transmitter should be able to continuously transmit data packets with a reproducible constant average channel
on-timeratio T,,5:

= _ Ton

Tonr = TontTory (.11
and with reproducible constant average efficient datarates R ¢ onr 1« d€fined by the total number of transmitted Bits
Ntotal Bits T OVEr the test duration Ty, -

— Mtotal Bits Tx (1.1.2)

Rettonrx = Tonr * Reff =
test

T,, and T, ¢, arethe total time spans where the test transmitter is transmitting or respectively not transmitting during the
whole test duration Tyese = T, + Top 5 R errr Would be the average effective data rate for a continuous transmission of
data packets over the whole test duration T,,, in case T,,,z would be one. R ., is given by the ratio of the average
number of bits per packet n15;., and the average packet duration £, and can be determined from the ratio between the
measured average efficient datarate R o,z o and the average channel on-time ratio T,,,.

Reprx = pits _ Reff R Tx (1.1.3)

fb TonR
The duration of each single data packet transmitted within the test duration T,s; should be set to be as close as possible
to 1 msfor technologies that can adjust packet duration, while technol ogies that have fixed packet size use multiple

subframes to get to as close as possible to 1 ms, including management overhead as defined for examplein
clause F.4.3.2.

It is essential for the measurement accuracy that R .;onz 7o @nd T,z are not changing while performing the test
execution for a certain operational datarate.

1.2 Test setup for selectivity tests

For asingle Rx antenna port test, an overview schematic of the test setup for the receiver selectivity test is shown
inFigurel.l.

For amultiple Rx antenna ports test (Rx1 to Rxx), an overview schematic of the test setup for the receiver selectivity test
isshownin Figurel.2.

NOTE: For aDUT with multiple Rx antenna ports, one way of testing is to test each receive antenna separately
(as per asingle Rx antenna port test description) and another way is to test with multiple antennas (as per
multiple Rx antenna ports test description). If each receive antennais tested separately, the unused RX
port should be 50 ohms terminated.

The test should be performed in two steps:

1) Test preparation: For asingle Rx antenna port test, a spectrum analyser is connected to the resistive
combiner instead of the DUT to calibrate the Rx power level and to measure the channel on-time ratio of the
test transmitter.

For amultiple Rx antenna ports test, in case a power splitter is used as shown on Figure 1.2, a spectrum
analyser is connected to each output of the power splitter instead of the DUT to calibrate the Rx power level.
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The absolute value of the Rx power level deviation between the different outputs of the power dlitter should be
lessthan 1 dB.

2) Test execution: The DUT is connected to the step attenuator and the effective bit rate is measured for different
settings of the step attenuator.

/
20dBAt H Step 20 dB Att. Interferer
Shielded Box ttenuator
/
/
Bitrate Resistive Step .
| mE - -2 B Att.
Measurement | | Ut combiner 20B A Attenuator DB ALt TestTransmitter
/
Spectrum
Analyzer

Figure I.1: Test setup for a single Rx antenna port test
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Figure I.2: Test setup for a multiple Rx antenna ports (Rx1 to Rxy) test

1.3 Generic receiver selectivity tests

1.3.1  Selectivity tests preparation

For calibration a Spectrum Analyser (SA) or an equivalent test system is connected to the test setup instead of the DUT.
The measurements should be performed with the rms detector of the SA. The output power level of the test transmitter
is set to such avalue that at full attenuation of the step attenuator the input peak power level to the DUT is

below -90 dBm. To calibrate the input power level at the DUT the step attenuator is set to the lowest attenuation step
and the power level at the DUT connector is measured.

The SA can be used in zero-span mode to measure whether the channel on-time ratio and the packet duration of the test
transmitter are within the specified limits. Alternatively, the channel on-time ratio can also be evaluated from the ratio
between the average and the peak power level determined for the whole measurement duration.

For Adjacent Channel Rejection (ACR) test, the interfering signal is defined as a Continuous Wave (CW) sinusoid. The
CW signal isfrequency is set according to clause 6.3.4.

The ACR is measured by setting the desired signal's strength 6 dB above the effective data-rate-dependent sensitivity
limit specified in clause 5.3, and raising the power of the interfering signal until 10 % PER is caused. The differencein
power between the signalsin the interfering channel and the desired channel is the corresponding adjacent channel
rejection.

For Alternate Adjacent Channel Rejection (AACR) test, the interfering signal is defined as a Continuous Wave (CW)
sinusoid. The CW signal frequency is set according to clause 6.3.4.
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The nonadjacent channel rejection is measured by setting the desired signal's strength 6 dB above the rate-dependent
senitivity specified in clause 5.3, and raising the power of the interfering signal until a 10 % PER. The differencein
power between the signalsin the interfering channel and the desired channel is the corresponding nonadjacent channel
rejection.

The ambient temperature for the test is set to 300 K (27 °C).

NOTE: It can be remarked that the ACR and AACR test procedures differ from the ones described in ETSI
EN 302 571 [i.1] about the interferer nature: this document specifies usage of a Continuous Wave (CW)
sinusoid signal while ETSI EN 302 571 specifies usage of an ITS-G5 transmitter. One possible effect due
to thisisadifference in amount of energy leakage from the interferer channel into the channel of the
DUT. However, it should also be noted that the ETSI EN 302 571 [i.1] does not specify a specific amount
of noise leakage, which means that a transmitter having minimal amount of out of channel emissions can
be used for conducting such tests, which is arguably the case of professional test equipment (likely having
acloseto ideal transmit mask and sharp channel filters applied on the signal sent).

1.3.2 ACR and AACR Selectivity tests execution

For the selectivity teststhe DUT is connected to the test setup as shownin Figure 1.1, or to the test setup as shown
in Figure .2 in case the DUT has multiple antenna receiver inputs and such receive antenna ports are tested
simultaneously with a power splitter yielding identical power to each antennainput.

The ACR and AACR selectivity tests use the same test execution procedure detailed below, and should be done one
after the other, not simultaneously. The tests are done for a channel bandwidth of 10 MHz, and one or several datarates
test-points may be defined.

For each data rate test-point, and for all receiver inputsin case the DUT has multiple receiver inputs that are tested
separately, the test execution can be done following the below steps:

1) Determine by use of the total received BitSn;,:q; pits rx dUring the test duration Ty, the average received

effective datarate R .z opg gy = M under ideal reception conditions well above the sensitivity limit at
test

each and every antennainput. And determine the average channel on-time ratio T,z by measuring the ratio
between the active and the idle channel state.

- To check whether the test time duration T, is chosen sufficiently long, following steps can be
performed:

»  Determing Reg ong ry (Ttese) for the full test time duration Ty, .

. Reduce the test time duration to its half %

. = T
= Determine Rt onr Rx ( t;“).

L] The test time islong enough when

0,99 < RetomrxTrest) 4 1 (13.1)

Ttest
Rett on r(~E25%)

- To check whether the receive power level Py, at each and every antennainput of the DUT is chosen
sufficiently high for ideal reception conditions, following steps can be performed:

" Determine R .z onz r(Pry) for the full receive power level Py,
" Reduce the receive power level by 6 dB to Py, — 6 dB.
»  Determine Ryt onr R (Prx — 6 dB).

" The receive power level is high enough when

""7 7 Retonrrx(PRx—6dB) — "’ ..
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- If the test time duration T, is chosen sufficiently long and the receive power level is sufficiently high,
then the average transmitted effective datarate R .,z  Can be treated as equal to the measured
ReffOnR Rx+

Set the signal power level at the DUT receiver input(s) 6 dB above the effective data-rate-dependent sensitivity
limit specified in clause 5.3.

Set the CW frequency to f; according to clause 6.3.4.

Raise the power of the interfering signal until the measured average effective datarate R o,z ry reaches 90 %
of R pronr 7 8S determined in step 1) under ideal conditions. |.e., the packet error rate reaches PER = 0,1.
When adjusting the signal power level stepwise, the power level step where the packet error rateis just below
0,1 (PER <0,1) should be used for the data rate measurement in the next step.

Determine the average transmitted effective data rate for a hypothetical continuous transmission R, FFTx =

Beronk 7x andl calculate the ACR selectivity limit ACR;., from Equation (6.3.3) or the AACR selectivity limit

onR

AACR,,, from Equation (6.3.6), using this average effective datarate R, 1y = R.s; for PER=0,1.
If the signal power level at the interferer outputsis above the selectivity limit, then the test is passed.

If the performance criteria as specified in Equation (6.3.3) or Equation (6.3.6) and as tested in step 6) is not
met, steps 3) to 6) are repeated after that the frequency of the interferer signal set in step 3) has been set to f.

If the test did not pass for f; and f, then the test is considered to have failed.
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