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1 Executive Summary
ITU, through its committee WP5D, has carried out a process to solicit and evaluate
candidate technologies that meet the requirements to be described as part of IMT-2020.
Since 2019, WWRF (Wireless World Research Forum) has been very supportive of the
ITU’s evaluation process for IMT-2020 and participates as an independent evaluation
group (IEG). WWRF was delighted to be accepted as a Sector Member of ITU in
December 2020.
After June 2020 WP5D meeting, it was concluded that ETSI (TC DECT) & DECT
FORUM submission (Document IMT-2020/17 Rev.1) and NUFRONT EUHT Submission
(Document IMT-2020/18 Rev.1) did not receive a complete evaluation as to whether
they satisfy all the requirements for a radio interface technology (RIT) component. A
way forward was decided for re-engaging the evaluation groups, including WWRF IEG,
to a rewind of the two remaining candidate technologies assessment process.
In this WWRF Outlook report, the outcomes of the re-evaluation process for Nufront
EUHT Proponent Candidate Technology Submission are presented. The evaluation
started in November 2020, and four contributions were made to ITU’s WP5D meetings
#37 (February 2021), #38 (June 2021), Technology Aspects Interim meeting (August
2021), and finally #39 (October 2021) respectively.
EUHT (Enhanced Ultra High Throughput) is a Radio Interface Technology applicable on
a large scale in the fields of high-speed railway, urban rail transit, rural household
broadband coverage and other fields. This newly proposed radio technology EUHT is an
ultra-high-speed wireless communication system designed to meet the requirements of
high reliability, low latency and high mobility of future mobile communication systems.
The evaluation included a minimum technical performance requirements’ analysis for the
Ultra-Reliable and Low Latency Communication (URLLC) environments. This included
the KPI of Reliability, which was assessed using analysis and simulation as deemed
necessary. Several observations were reported throughout the course of the 4
aforementioned meetings.
For simulations, i.e., for assessing the reliability, WWRF IEG developed a complete inhouse simulation tool including both Link level and System Level Simulators. An Endto-End Physical Layer simulator of the EUHT technology was developed in MATLAB and
NS-3 simulation environments, able to perform jointly system-level and link-level
experiments.
Based on the evaluation, the EUHT RIT was NOT able to satisfy the reliability
requirements for various configurations, as demonstrated through simulations and results
presented in this report.
WWRF IEG plans to closely follow the upcoming planned activities within ITU WP5D,
and to review and provide recommendations if and when required.
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2 Brief summary of IMT-2020 Candidate Technology
Evaluation Process
WP5D is responsible for the overall radio system aspects of International Mobile
Telecommunications (IMT) systems, comprising IMT-2000, IMT-Advanced, IMT2020 and IMT for 2030 and beyond. International Mobile Telecommunications-2020
(IMT-2020 Standard) are the requirements issued by the ITU Radiocommunication
Sector (ITU-R) of the International Telecommunication Union (ITU) in 2015 for 5G
networks, devices and services.
ITU WP5D has defined an 8-step process for preparing the IMT-2020
recommendations as shown in figure below.

Step 1

Step 2

Step 3

•Circular Letter to invite
proposals for radio
interface technologies
and evaluations

•Development of
candidate RITs or SRITs

•Submission/reception of
the RIT and SRIT proposals
and acknowledgement of
receipt

Step 4

Step 5

Step 6

•Evaluation of candidate
RITs or SRITs by
independent evaluation
groups (IEGs)

•Review and coordination
of outside evaluation
activities

•Review to assess
compliance with
minimum requirements

Step 7

Step 8

•Consideration of
evaluation results,
consensus building and
decision

•Development of radio
interface
Recommendation(s)

Fig 1: IMT-2020 8-Step Development Process

As part of the Step 3 mentioned above, six candidate Radio Interface Technologies
(RITs) were submitted and their submissions were approved within corresponding
WP5D Meetings #32 (July 2019) and #33 (December 2019).
To reach Step 4, a group of Independent Evaluation Groups (IEGs) was called to
provide to ITU WP5D a detailed evaluation study for one or more RITs, which was
finalized by Meeting #34 (February 2020). The evaluation study was performed, on
the basis of a methodology formulated by WP5D and potentially additional
methodologies proposed by the various IEGs.
The evaluation is based on the characteristics defined in ITU-R Reports M.2410-0,
M.2411-0 and M.2412-0 using a methodology described in Report ITU-R M.2412-0.
Each of these reports are briefly described as follows:
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Report ITU-R M.2410 [1]
This Report describes key requirements related to the minimum technical performance of IMT2020 candidate radio interface technologies. It also provides the necessary background
information about the individual requirements and the justification for the items and values
chosen. Provision of such background information is needed for a broader understanding of the
requirements. This Report is based on the ongoing development activities of external research
and technology organizations.

Report ITU-R M.2411 [2]
This Report deals with on the requirements, evaluation criteria and submission templates for the
development of Recommendations and Reports on IMT-2020, such as the detailed specifications
of IMT 2020. It provides the service, spectrum and technical performance requirements for
candidate Radio Interface Technologies (RITs)/Set of Radio Interface Technologies (SRITs) for
IMT 2020.

Report ITU-R M.2412 [3]
This Report provides guidelines for the procedure, the methodology and the criteria (technical,
spectrum and service) to be used in evaluating the candidate IMT-2020 radio interface
technologies (RITs) or Set of RITs (SRITs) for a number of test environments. These test
environments are chosen to simulate closely the more stringent radio operating environments.
The evaluation procedure is designed in such a way that the overall performance of the candidate
RITs/SRITs may be fairly and equally assessed on a technical basis. It ensures that the overall
IMT 2020 objectives are met.
Fig 2: The ITU-R Reports that define the characteristics for Evaluation of RITs/SRITs

2.1 WP5D : Additional Evaluation required for RIT/SRITs
The ‘Way Forward’ Option 2 for “Nufront Proponent (EUHT)” candidate technology
submissions for IMT-2020 was agreed in Working Party (WP) 5D Meeting #35e, as
recorded in Document IMT-2020/52 [5]. In conjunction with the ‘Way Forward’ it was
noted that ITU-R determined that the IMT-2020 candidate technology EUHT will
require additional evaluation to conclude their respective final assessments through
Steps 6 and 7 of the current process. They will, therefore, on an exceptional basis
continue in the process, rewinding to the start of Step 4 in order to consider additional
material.
It was also noted that should EUHT technology submission individually and separately
successfully navigate through Step 4 and the subsequent Steps 5-8 of the current
IMT-2020 process extension, it would consequentially be included in a timely special
revision in 2021 to the published first release of Recommendation ITU-R M.[IMT2020.SPECS].
Table 1 below relates to Document IMT-2020/52 and the ‘Way Forward’ Option 2
timeline. This table applies to the Two candidate technology submissions granted an
extension in the IMT 2020 process:
• Candidate SRIT submission from ETSI (TC DECT) and DECT Forum (Outlook
report submitted separately)
• Candidate RIT submission from Nufront (Acknowledgement of submission
under Step 3 of the IMT-2020 process in Document IMT-2020/18 (Rev.1)).
The IMT-2020 Process Steps in the Table are referenced from Document IMT-2020/2
(Rev.2).
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Table 1: Scheduling of Activities and Time-Plan for Step 4 Evaluation Re-engagement [6]
WP 5D Meeting

Date

Action

10 November 2020

#36bis
November 2020

‘Early Reply’ Response by IEGs of their intention to re-engage in the
7 days before
evaluation process for Option 2 under Step 4 (if available)
17-19 November 2020
WP 5D #36bis
17-19 November 2020 WP 5D considers ‘Early Reply’ Responses from IEGs to liaison from
WP 5D #36bis
Meeting #36 (if any)
22 February 2021
7 days before
1-12 March 2021
WP 5D #37

Reply by IEGs of their intention to re-engage in the evaluation process
for Option 2 under Step 4 (as requested) – final.
INITIAL Evaluation Reports of Option 2 candidate RITs or SRITs by
Independent Evaluation Groups (if available)
WP 5D considers responses for IEGs to liaison from Meeting #36e
WP 5D considers INITIAL Evaluation Reports from IEGs

#37
February 2021
1-12 March 2021
WP 5D #37

Initiate relevant IMT-2020 evaluation report history documents for
‘Way Forward’ Option 2
Initiate development of draft new Doc. IMT-2020/ZZZ Evaluation
Reports Summary from Option 2 Step 4 progress
Initiate development of draft focused Revision 1 Rec. ITU-R
M.[IMT-2020.SPECS] – Detailed specifications of the radio
interfaces of IMT-2020.
Cut-off date for submission of evaluation reports (final) to ITU
FINAL Evaluation Reports of candidate RITs or SRITs by
Independent Evaluation Groups (required)

31 May 2021
7 days before
7-18 June 2021
WP 5D #38

Continued development of draft new Doc. IMT-2020/ZZZ Evaluation
Reports Summary from Option 2 Step 4 progress
-------------------------------------Final editorials by Option 2 Proponents to the “on file ITU-R” CGS
and/or DIS materials from WP 5D Meeting #36e (Note: This is not to
permit substantive technical amendments)
Delivery to ITU-R of transposition references (final) by each
Transposing Organization and/or DIS (final edits) for
incorporation into the WP 5D provisionally agreed preliminary
draft focused Revision 1 Rec. ITU-R M.[IMT-2020.SPECS]

#38
June 2021

Update relevant IMT-2020 evaluation report history documents for
‘Way Forward’ Option 2

7-18 June 2021
WP 5D #38

Complete development of draft new Doc. IMT-2020/ZZZ Evaluation
Reports Summary from Option 2 Step 4 progress with FINAL
Evaluation reports.
Continue development of draft focused Revision 1 Rec. ITU-R M.
[IMT-2020.SPECS] & elevate to preliminary draft revision aligned
with final CGS & with final hyperlinks/references and/or DIS with [ ]
text pending final decisions in October WP 5D #39
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WP 5D Meeting

Date

Interim Meeting
(virtual)
23-27 August 2021
23-27 August
2021

Action
Technology Aspects WG “interim meeting” (virtual) to address the
FINAL Evaluation reports results and any remaining outstanding
issues (if necessary) before WP 5D Meeting #39 and/or possible
advance preparations for the Option 2 Item 9 work in this Table 1
planned for Meeting #39.
Cut-off date for submission of evaluation reports (“Updated “final) to
ITU in response to actions from Option 2 Item 7 in this Table 1.

20 September 2021
14 days before
4-15 October 2021 –
WP 5D #39

Completion of Option 2 Step 4
“UPDATED” FINAL Evaluation of candidate RITs or SRITs by
Independent Evaluation Groups (if necessary, from IMT-2020 Process
Step 5)
----------------------------------------Delivery to ITU-R of transposition references (final edits) by each
Transposing Organization and/or DIS (final edits) for incorporation
into the WP 5D provisionally agreed preliminary draft focused
Revision 1 Rec. ITU-R M.[IMT-2020.SPECS] (if any)
Finalize relevant IMT-2020 evaluation report history documents for
‘Way Forward’ Option 2 Step 4.
Complete new Doc. IMT-2020/ZZZ
Evaluation Reports Summary for Step 4 for the ‘Way Forward’ Option
2 candidate technology submissions.

#39
October 2021

4-15 October 2021
WP 5D #39

→ If appropriate, complete Revision 1 to Report ITU-R M.2483-0 –
The outcome of the evaluation, consensus building and decision of the
IMT-2020 process (Steps 4 to 7), including characteristics of IMT2020 radio interfaces for the ‘Way Forward’ Option 2 candidates for
Steps 6 & 7 including decisions for Step 8, and, if appropriate, provide
to WP 5D Plenary at Mtg #39 for agreement and forwarding to Study
Group 5 for action.
→ If appropriate, complete the draft focused Revision 1 of Rec. ITUR M.[IMT-2020.SPECS] – “Detailed specifications of the radio
interfaces of IMT-2020” for the ‘Way Forward’ Option 2 candidates
based on decisions for Step 8 and, if appropriate, provide to WP 5D
Plenary at Mtg #39 for agreement and forwarding to Study Group 5 for
action.
→ Formally complete/close the exceptional ‘Way Forward’ Option 2
extension announced under Circular Letter 5/LCCE/89.

Study Group 5
[November 2021]

Anticipated to be
November 2021

Study Group 5 considers agreement of the draft focused Revision 1 of
Recommendation ITU-R M.[IMT-2020.SPECS] – Detailed
specifications of the radio interfaces of IMT-2020 for forwarding to
Member States for adoption and approval.
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3 Overview of WWRF contribution in the IMT-2020
Evaluation Process
For more than decade, WWRF has championed several activities focused on the
Evolution of Wireless Networks and Systems, including workshops and special
sessions, presentations, white papers and journal special issues. WWRF has been
very supportive of the ITU’s evaluation for IMT-2020 and participates as an
independent evaluation group (IEG) in these processes. The forum was delighted
to be accepted as a Sector Member of ITU in December 2020. In its capacity as
ITU member WWRF had made many direct contributions, including its participation
as an IEG in the IMT-2020 Step 4 evaluation of the TSDSI and EUHT (NUFRONT)
technology proposals, during 2019-2020 (refer to Outlook 26 [7] and Outlook 27
[8] for further details).
Since November 2020, WWRF has re-engaged in the Step 4 rewind evaluation
process regarding DECT-2020 NR RIT (ETSI TC DECT & DECT FORUM) and
EUHT (NUFRONT) technologies. The WWRF members who support the Step 4
re-engagement evaluation process had several working meetings over the last
year. Members of the group are predominantly from universities, but also include
industry representatives and independent consultants. The overall technical
coordination of the WWRF IEG activities has been led by Prof. Angeliki Alexiou,
WWRF Working Group D (Radio Communication Technologies) Chair and Prof
Christos Politis, WWRF Working Group EMW (e/-Health and Wearables) Vertical
Industrial Platform.
The technical evaluation for the EUHT RIT was performed by Prof. Christos Politis,
Dr. M Arslan Usman, Assistant Professor Dr. Rafay Iqbal Ansari and Mr. Nuwan
Weerasinghe of Kingston University London, UK (Faculty of Science, Engineering
and Computing).
The contributed material related to EUHT technology to the respective WP5D
meetings is summarized in the following Table.
Table 2: Various contributions of WWRF IEG towards EUHT evaluation
Meeting

Document

Remarks

WP5D #37
(FEB-2021)

5D/475 [9]

Interim evaluation report on the Candidate Technology Submission for
IMT-2020 “EUHT” as part of the re-engagement in Step 4 Evaluation.

WP5D #38
(JUNE-2021)
WG Technology
Aspects Interim
Meeting
(AUG-2021)

5D/659 [10]

Evaluation report on the Candidate Technology Submission for IMT-2020
“EUHT” as part of the re-engagement in Step 4 Evaluation
Interim report based on further evaluations on the Candidate Technology
Submission for IMT-2020 “EUHT technology” as part of the reengagement in step 4 evaluation. (Final results were included subject to
minor clarification from the Nufront proponent)

WP5D #39
(OCT-2021)

5D/760 [12]

5D/743 [11]

Final report including re-evaluation of the final results for the Candidate
Technology Submission for IMT-2020 “EUHT technology” as part of the
re-engagement in step 4 evaluation.
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The results and conclusions of these studies for the EUHT RIT are presented in
detail in the following sections (Sections 4 and 5 respectively) of this Outlook. Section
3 details a short introduction of the EUHT technology.
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4 Introduction to the EUHT Technology
In this section, we introduce the proposed EUHT technical specifications and discuss the
use case scenarios supported by EUHT. The technical specifications of Enhanced Ultra
High Throughput (EUHT) technology were provided by Nufront (Beijing, China)
Technology Group Co., Ltd., which was also submitted by Nufront as a proponent to the
ITU-R. The technical specifications can be found in the public document ‘Enhanced Ultra
High Throughput (EUHT) Technology Specification’, where the document provides an indepth discussion on the medium access control and physical layer for EUHT. EUHT radio
interface technology supports both Sub-6GHz bands (from 450MHz to 6000MHz) and
millimeter wave bands (mmWave bands, e.g. above 24GHz). The specifications
introduced by EUHT provide a vision for supporting future applications such as internetof-things (IoT), machine-to-machine (M2M) networks to name a few. Moreover, the
utilisation of mmWave band provides the much-needed spectrum to support high
capacity applications.
The proposal presented by Nufront addresses the three 5G use cases (as defined by the
ITU and the 3GPP): enhanced mobile broad band (eMBB), massive machine type
communications (mMTC) and ultra-reliable low latency communication (URLLC) and
considers all five test environments described in Report ITU-R M.2412-0. The information
shared by Nufront provides a vision for supporting several key enabling technologies and
provides practical deployment scenarios such as providing connectivity to fast moving
trains, which come under the purview of rural eMBB. The characteristics of EUHT are
defined to meet the performance metrics for both uplink and downlink. The technical
document presents the overall system reference model, where the functions of both MAC
and physical layer are described in detail. The MAC layer for EUHT is based on the
centralized control architecture for multi-user scheduling.
The technical specifications of EUHT defines the radio interface functional aspects and
discusses multiple access schemes that EUHT utilises is a combination of OFDMA,
TDMA and SDMA. The modulation schemes for EUHT are defined separately for sub-6
GHz band and mmWave band, respectively. Similarly, the channel tracking capabilities
are defined separately for both bands, where different type of reference signals are used
for uplink and downlink. One of the key aspects of EUHT is the support for advance
antenna capabilities, where multi-input multi-output (MIMO) transmission is proposed for
both the user device and the base station. Specifically, EUHT proposes 1 to 8 antenna
elements for both uplink and downlink, where the antenna elements are arranged in a
regular rectangular pattern. EUHT also proposes support for both remote and distributed
antennas.
EUHT also envisions to support emergency services, such as connected ambulances or
public/safety and healthcare networks as it proposed priority access mechanisms for
such services. The specification provides a mechanism for providing priority access to
wireless networks, where a variety of access control mechanisms are defined. The
proposed technology makes a distinction between normal users and priority users, where
a different access mechanism is triggered for both kind of users, depending on the
service requests.
EUHT envisions support for wide range of services as defined in the Recommendation
ITU-R M.2083. For example, for emBB, the services include high speed trains, interactive
services and broadcast services. The support of URLLC as proposed by EUHT can help
in supporting critical services such as mobile health, smart transport and power grids.
Similarly, application of mMTC include smart cities, smart homes and machine-tomachineM2M communications.
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5 EUHT RIT Evaluation
5.1 Background
Nufront submitted the IMT-2020/18-E technology proposal for inclusion in IMT-2020. The
proposal and technical speifications of EUHT are documented in the following material:
Table 3: EUHT Technology Proposal and technical specification to IMT-2020
Input Contributions
Remarks
(Document)
5D/1238 [13]

Submission of candidate IMT-2020 radio interface
technology (EUHT).

5D/1238-E [14]

Submission of candidate IMT-2020 radio interface
technology (EUHT), Self-Evaluation Report.

5D/1300 [15]

Updated submission of candidate IMT-2020 radio interface
technology (EUHT).

5.2 Methodology
The technical performance requirements listed in the following Table are assessed (Ref:
Report ITU-R M.2412-0). In this Table we list for the addressed KPI, i.e. Reliability
(URLLC), the assessment method used (based on ITU evaluation methodology),
references to the requirements and exact methodology steps from corresponding ITU
Documents M.2410-0 and M.2412-0.
Table 4: Technical performance requirements assessed for EUHT in URLLC test environment
Characteristic for
High-level Reference to Reference to Reference to
evaluation (testassessment M.2410-0
M.2412-0
Evaluation
environment)
method
Requiremen Evaluation
Methodology Analysis
ts Document Document
and Results in this
Document
Reliability (URLLC)

Simulation

§ 4.10

§ 7.1.5

4.4.4, Annex I

For evaluating the KPI ‘reliability’ we developed a new simulation tool using the EUHT
technical specifications. An End-to-End Physical Layer simulator of the EUHT technology
was developed by WWRF IEG in MATLAB and NS-3 simulation environments. This
integrated hyper-simulator was able to perform jointly system-level and link-level
experiments. As per the ITU requirements, reliability is evaluated using both the link-level
and system-level simulations. So our developed simulation tool was based on two main
components defined in Fig. 3 as follows.
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The link level simulator
Simulating the radio transmission between two network
nodes of the system (mainly CAP and STA).

The system level simulator:
Simulating the radio access network setup according
to the specifications of the ITU evaluation guidelines
(ITU-R M.2412 § 8.4). A 19-cell scenario was
considered.
Fig 3: Breakdown of the EUHT Simulation tool

WWRF IEG developed a system-level simulator that is able to take into account the
specifications of the EUHT RIT, while remaining aligned with the evaluation guidelines
defined in ITU-R M.2412-0 which are as follows.

Fig 4: Guidelines for evaluation of radio interface technologies for IMT-2020 (Reliability)
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5.3 Technical Performance: Channel Modelling, Link and system-level simulations
5.3.1 Channel Model
The specification for the 3GPP Channel model from TR 38.901 (Rel. 15), V15.0.0., June 2018 [4] has been compared with the ITU-R
IMT2020 channel model described in M-2412 [3]. The 3GPP model has been used by the WWRF Independent Evaluation Group (IEG)
for simulation of the candidate technology EUHT, submitted to ITU-R by NuFront to verify the performance as a candidate for compliance
to IMT-2020. The main scenario of interest is the ITU-R Urban macro UMa_A. The main difference appears to be the UMa_a path loss
and shadow fading below 6 GHz. The ITU-R UMa_A and RMa_A equations are the same. The key differences from all the tables are
summarised in the following Table.
Table 5: Key differences between the IMT-2020 Model (ITU-R M.2412) and 3GPP TR 38.901 (Release 15) standards
References from
ANNEX-I
Table 19
Table 18

Table 20 Table
21

Scenario

Parameter

Difference

ITU-R indoor office
channel model/ 3GPP
Indoor Hotspot eMBB

ITU-R UE antenna height
(3GPP hUT)

ITU-R 1.5 m
3GPP 1 m

ITR-R Urban Macro–
URLLC / 3GPP UMa

ITU-R 1.5 m
3GPP: Outdoors: ℎ𝑈𝑇 = 1m, Indoors: ℎ𝑈𝑇 = 3(𝑛𝑓𝑙 − 1) + 1.5 m

Table 23

ITU-R Path Loss and
shadow fading
UMa_A / 3GPP UMa
Path loss model
parameters
Note: ITU-R UMa_A
and RMa_A
equations are the
same

Table 24

NLOS
0.5GHz  f c  6 GHz
80.5 dB at 4 GHz

NLOS
103.8 dB/104.4 dB at 4
GHz

RMa_x

Range limits are different

ITU-R InH_A and
InH_B

LOS
0.5GHz  f c  6 GHz

Table 25
Table 26

Table 28

ITU-R 𝑃𝐿UMa−NLOS = max(𝑃𝐿UMa−LOS , 𝑃𝐿′UMa−NLOS )
= 161.04 − 7.1 𝑙𝑜𝑔10 ( 𝑊) + 7.5 𝑙𝑜𝑔10 ( ℎ) − (24.37
− 3.7(ℎ/ℎ𝐵𝑆 )2 ) 𝑙𝑜𝑔10 ( ℎ𝐵𝑆 )
+(43.42 − 3.1 𝑙𝑜𝑔10 ( ℎ𝐵𝑆 ))(𝑙𝑜𝑔10 ( 𝑑3𝐷 ) − 3) + 20 𝑙𝑜𝑔10 ( 𝑓𝑐 )
− (3.2(𝑙𝑜𝑔10 ( 17.625))2 − 4.97)
−0.6(ℎ𝑈𝑇 − 1.5) , 𝜎SF = 6 dB,10𝑚 < 𝑑2𝐷 < 5 𝑘𝑚, 𝑊 = 20𝑚, ℎ = 20𝑚
𝑃𝐿′UMa-NLOS

3GPP

PL

 −NLOS ) for 10𝑚 < 𝑑2𝐷 < 5 𝑘𝑚
= max( PLUMa −LOS , PLUMa

UMa − NLOS
𝑃𝐿′𝑈𝑀𝑎−𝑁𝐿𝑂𝑆 = 13.54

+ 39.08 log(𝑑3𝐷 ) + 20𝑙𝑜𝑔(𝑓𝑐 ) − 0.6(ℎ𝑈𝑇 − 1.5), 𝜎𝑆𝐹
= 6 𝑑𝐵
1.5𝑚 ≤ ℎ𝑢𝑡 ≤ 22.5𝑚, ℎ𝐵𝑆 = 25𝑚
Optional 𝑃𝐿 = 32.4 + 20𝑙𝑜𝑔(𝑓𝑐 ) + 30𝑙𝑜𝑔(𝑑3𝐷 ), 𝜎𝑆𝐹 = 7.8

𝑃𝐿
10𝑚 ≤ 𝑑2D ≤ 𝑑BP
ITU-R LOS 𝑃𝐿RMa−LOS = { 1
𝑃𝐿2 𝑑BP ≤ 𝑑2D ≤ 21km (10 km in 3GPP)
ITU-R NLOS 10 m < d2D < 21 km (5 km in 3GPP).

NLOS
0.5GHz  f c  6 GHz

Table 41

ITU-R Urban Micro
UMi_A

ZOD spread (ZSD)
lgZSD=log10(ZSD/1°)

Table 42

Eq . 25/26

Most table parameters

Advanced modelling

UT rotation

ITU UMi_B and 3GPP equations agree but the evaluation at 4 GHz does not
agree with the UMi_A values that cover the range 0.5 GHz to 6 GHz
LOS

µlgZSD Parameter differences in the
equations
σlgZSD Parameter values 0.4 (ITU-R), 0.34
(3GPP)
NLOS
µlgZSD Parameter differences in the
equations
σlgZSD Parameter values 0.6 (ITU-R), 0.3
(3GPP)
The Explicit ground reflection model and affiliated parameters in ITU and
3GPP’s model are also different.

A detailed and comprehensive comparison between TR 38.901 (Rel. 15), V15.0.0 and ITU-R IMT2020 channel model is presented in
Annex-I of this report. As a summary, there are no major diferences between these two channel models. Hence, using the 3GPP channel
model does not make a difference on the overall simulation results.

5.3.2 Evaluation of EUHT in terms of Reliability (URLLC)
The analysis is based on detailed link-level and system-level simulations. Details on both simulators and the implemented configurations
and scenarios are provided in the next subsections of this section.
5.3.3 Link Level Simulator Design and Simulations:
Transmitter Design:
The detailed transmitter design for Downlink is shown in Figure as follows and a stepwise workflow of the link level simulator is given in
Fig. 5.

Fig 5: Downlink Transmitter Design for EUHT technology

A stepwise workflow of the link-level simulator is explained as follows:

Update the
receiver process

Resource grid
generation

Waveform
generation

Channel
modelling

Perform
synchronization
and OFDM
demodulation

Perform channel
estimation

Perform
equalization and
CPE
compensation:

Precoding matrix
calculation

Decode the TCH

Decode DL-TCH

Fig 6: Block diagram for a stepwise workflow of the EUHT link-level simulator

1. Update the receiver process: Checks the FCS in MAC layer for any required
transmissions.
2. Resource grid generation: Channel Coding and Modulation
3. Waveform generation: OFDM Modulation is performed.
4. Channel modelling: Pass the waveform through a channel.
5. Perform synchronization and OFDM demodulation: Perfect or practical
synchronisation is performed.
6. Perform channel estimation: Perfect or practical channel estimation is
performed by using the demodulation reference signals or common reference
signal. Then OFDM demodulation is performed.
7. Perform equalization and CPE compensation:
a. MMSE or ZF is used to equalize the estimated channel.
b. Estimation of the common phase error (CPE) is done using the reference
symbols.
c. Correction of error in each OFDM symbol is performed using the RS
symbols.
8. Precoding matrix calculation: Generate the precoding matrix for the next
transmission.
9. Decode the TCH: Demodulation and descrambling of the recovered TCH
symbols for all transmit and receive antenna pairs, along with a noise estimate
is performed.
10. Decode DL-TCH
Link level simulation parameters and technical assumptions are provided as follows. Using
these simulation paramters as the baseline for further simulations, we have presented
several BLER vs. SINR curves for various MCS indices and antennae configurations.
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Table 6: Technical paramters for Link-Level Simulations

Parameter

Value

Scenario

Dense Urban

Carrier Frequency

4 GHz (Sub 6 GHz Bands)

Bandwidth

20 MHz

Signalling Waveform

CP-OFDM (SU-MIMO)

Subcarrier Spacing

78.125 KHz

Delay Spread

363ns

Cyclic Prefix

FFT Size/4

Guard Band

True

Propagation Channel

Tap Delay Line (TDL-III)

Mobility

True

Errors Considered

Block Error Rate (BLER)

Channel Coding

LDPC, code rate 4/7 (Other Code Rates taken
as per EUHT Specification)

Modulation

BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM &
1024-QAM

Channel Estimation

Imperfect, Non-Ideal

Number of Transmit Antennas

8 (as per EUHT Specification)

Number of Receiver Antennas

2, 4 and 8 (as per EUHT Specification)
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5.3.4 Results for different MCS indices as per EUHT specification document
The different pairs of modulation and LDPC coding are provided in Table 7 as taken from
the EUHT specification document. These MCS indices are used for SU-MIMO
transmission in Downlink.
Table 7: MCS table for EUHT Downlink Transmission
MCS Index

Modulation

LDPC Code Rate

1

QPSK

1/2

2

QPSK

3/4

3

16-QAM

1/2

4

16-QAM

5/8

5

16-QAM

3/4

6

16-QAM

7/8

7

64-QAM

2/3

8

64-QAM

3/4

9

64-QAM

5/6

10

64-QAM

7/8

11

256-QAM

3/4

12

256-QAM

5/6

13

256-QAM

7/8

Based on the simulation parameters presented in Table 6 we have simulated the EUHT
downlink transmission for evaluating urban macro URLLC reliability for Configuration A.
Each of the simulation results as follows represent a different pair of Modulation scheme
and LDPC coding.
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Table 8: Simulation paramters for Fig. 7
Simulation Parameter

Value

Errors Considered

Block Error Rate (BLER)

Channel Coding

LDPC, code rate ½ and ¾

Modulation

QPSK

Channel Estimation

Imperfect

Number of Transmit Antennas

8

Number of Receiver Antennas

2

Antenna Config 8x2
10

0

-1

10

-2

10

-3

BLER

10

QPSK, LDPC 1/2
QPSK, LDPC 3/4

-10

-5

0

5

10

15

SINR (dB)
Fig 7: Results for EUHT Reliability evaluation in Urban Macro URLLC Config A scenario (MCS 1 and 2)
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Table 9: Simulation paramters for Fig. 8
Simulation Parameter

Value

Errors Considered

Block Error Rate (BLER)

Channel Coding

LDPC, code rate 1/2, 5/8, 3/4 and
7/8

Modulation

16 QAM

Channel Estimation

Imperfect

Number of Transmit Antennas

8

Number of Receiver Antennas

2

BLER

10

Antenna Config 8x2

0

10

-1

10

-2

10

-3

10

-4

-10

16 QAM, LDPC 1/2
16 QAM, LDPC 5/8
16 QAM, LDPC 3/4
16 QAM, LDPC 7/8

-5

0

5

10

15

20

SINR (dB)
Fig 8: Results for EUHT Reliability evaluation in Urban Macro URLLC Config A scenario (MCS 3-6)
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Table 10: Simulation paramters for Fig. 9
Simulation Parameter

Value

Errors Considered

Block Error Rate (BLER)

Channel Coding

LDPC, code rate 2/3, 3/4, 5/6 and
7/8

Modulation

64 QAM

Channel Estimation

Imperfect

Number of Transmit Antennas

8

Number of Receiver Antennas

2

10

Antenna Config 8x2

0

BLER

10-1

10

10

-2

-3

-10

64 QAM, LDPC 2/3
64 QAM, LDPC 3/4
64 QAM, LDPC 5/6
64 QAM, LDPC 7/8

-5

0

5

10

15

20

SINR (dB)
Fig 9: Results for EUHT Reliability evaluation in Urban Macro URLLC Config A scenario (MCS 7-10)
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Table 11: Simulation paramters for Fig. 10
Simulation Parameter

Value

Errors Considered

Block Error Rate (BLER)

Channel Coding

LDPC, code rate 3/4, 5/6 and 7/8

Modulation

256 QAM

Channel Estimation

Imperfect

Number of Transmit Antennas

8

Number of Receiver Antennas

2

BLER

10

10

Antenna Config 8x2

0

-1

256 QAM, LDPC 3/4
256 QAM, LDPC 5/6
256 QAM, LDPC 7/8

10

-2

-10

-5

0

5

10

15

20

SINR (dB)
Fig 10: Results for EUHT Reliability evaluation in Urban Macro URLLC Config A scenario (MCS 11-13)
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5.3.5 Sytem Level Simulator Design and Simulation Results
ITU-R guideline on evaluation of reliability is based on a combination of system level and
link level simulations. The system level simulation was used to determine the operation
point (e.g., average SINR) from a multi-cell, multi-user environment perspective. The
EUHT system-level simulator is developed according to the ITU specifications. The
implementation of the system level simulator was only focused on evaluating the reliability
of the EUHT technology. Hence, the full EUHT specification was not implemented, only
the minimum required to ensure system level simulation of reliability was implemented. A
new NS-3 module was developed based on the EUHT Specifications. NS-3 [9] simulator
is an advanced network simulator used to evaluate Wi-Fi, LTE and 5G networks.
The high-level system architecture of the proposed simulation module is shown in Figure
11.

Fig 11: EUHT high level system architecture.
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Fig 12: System-level simulator Class Diagram

Following is the detailed stepwise implementation plan for the system level simulator, as
well as the plan for calibrating and verificating the simulator:

• EUHT NetDevice
EuhtNetDevice is the position and mobility of device in the simulation as well as it performs
as
a
coordinator
with
the
EuhtChannel,
EuhtPhy,
EuhtMac.

• EUHT Mac
MAC layer functionality defined in EUHT specification for STA and CAP devices is
separately implemented.
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• EUHT Physical layer
PHY layer functionality defined in EUHT specification for STA and CAP devices is
implemented separately such that STA_EuHt_Phy communicates with STA_EuHt_Mac,
while CAP_EuHt_Phy communicates with CAP_EuHt_Mac.
The Error Rate model implementation is based on a table for the error rate model
approach for system level simulations [7]. This is implemented as a link-to-systemmapping, to allow a vector of per-subcarrier: signal-to-noise ratios to be distilled into a
single “effective SNR” value, that can be used to determine the performance using link
level simulation results of the channel. Within our implementation Link-Level performance
curves obtained from the link level simulator were used to match a mathematical
approximation of the Block Error Rate (BLER).
EUHT Mac

MAC layer functionality defined in EUHT specification for STA and CAP devices is
separately implemented.

Fig 13: Frame structure (EUHT specification document)

The STA/CAP divide IP packets into multiple service streams, each of which belongs to
an individual type of service and uses an FID identifier. The FID ranges from 1 to 15, and
each FID service stream corresponds to a set of QoS parameters.
A maximum of 15 service streams can be established in each STA to occupy UL-TCH for
data communication with CAP at the same time. Similarly, the CAP allows to establish 15
simultaneous service streams for each STA at the maximum to occupy DL-TCH for data
communication with STA. Various management control frames occupy the data
communication connections with the FID of 0 and its default of being established
successfully.
Both the STA and the CAP have a 48-bit globally unique MAC address as the identity.
This address is used to acknowledge each other and to forward intra-network packets
during the network access phase. If the STA successfully accesses the network, the CAP
assigns a 12-bit STA identifier (STAID) to the STA to uniquely identify it. The MAC layer
can provide connection-oriented services for various applications. Up to 16 connections
can be maintained between the CAP and each STA. Each connection is internally
identified with a 4-bit FID.
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Uplink service stream establishment and
data transmission process

Downlink service stream establishment
and data transmission process

Fig 14: Data transmission process for Uplink and Downlink EUHT

5.3.5.1 Central Access Point - CAP
EUHT Netdevice with CAP_EUHT_MAC and CAP_EUHT_Phy are assigned to each
CAP node. No backhaul connectivity is implemented. IPv4 internet stack with static
routing to STA devices is set up.
NS3::ListPositionAllocator is used to setup CAP locations in Grid.

Fig 15: 19 Cell scenario for System Level Simulations (ITU recommended)
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5.3.5.2 Station ( Terminal) - STA
We use the NS3 Node to simulate STA devices while UniformDiscPositionAllocator is
used to setup drop location within a CAP. RandomWaypointMobilityModel which starts
by pausing at time zero for the duration governed by the random variable "Pause" (0 ms).
After pausing, the object picks a new waypoint (via the PositionAllocator) and a new
random speed via the random variable "Speed" (3 km/h), and begins moving towards the
waypoint at a constant speed. When it reaches the destination, the process starts over
(by pausing) and is used for mobility. EUHT Netdevice with STA_EUHT_MAC and
STA_EUHT_PHy are assigned to each STA node. IPv4 internet stack with static routing
to the attached CAP device is set up.
5.3.6 System-level simulation parameters and technical assumptions
5.3.6.1 Network Configuration & Layout:
We have setup the layout for EUHT system-level simulator as per the guidelines of ITU.
A summary of the system configuration is provided in Table 1 and a network layout of one
test cycle is shown in Fig. 1.
Table 12: System Configuration for System Level Simulator
Parameter

Value

Number of Sites

19

Number of Sectors per Site

3

Frequency reuse factor

3

Total Number of Cells

19 * 3 = 57

Number of UE devices per Cell

10

Total UE devices

57 * 10 = 570

UE antenna height

1.5 m

BS antenna height

25 m

Inter-site distance

500 m
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Fig 16: System Level Simulation Network, Layout: Urban Macro – URLLC test environment

Table 13: System level Technical Assumptions & Parameters (Downlink)

Parameter

Value

Base Station noise figure

5 dB

UE noise figure

7 dB

BS antenna element gain

8 dBi

UE antenna element gain

0 dBi

Total transmit power per TRxP

46 dBm for 10 MHz bandwidth

UE power class

23 dBm

Thermal noise level

‒174 dBm/Hz
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Traffic model

Full buffer

Simulation bandwidth

20 MHz

Percentage of high loss and low loss building type 100% low loss

Number of antenna elements per TRxP

8

Number of UE antenna elements

2, 4 and 8

Mechanic tilt

90° in GCS

Electronic tilt

99° in LCS

UE mobility model

Fixed and identical speed |v| of all UEs,
randomly and uniformly distributed
direction

UE speeds of interest

3 km/h

Carrier Frequency for evaluation

4 GHz

Numerology

78.125 kHz SCS

Duplexing

TDD

5.3.7 Channel Model Used in the Simulator
The channel model is based on 3GPP TR 38.901 [1] implementation of a channel model
[2][3]. Which is a 3D statistical Spatial Channel Model supporting different propagation
environments (e.g., urban, rural, indoor), multi-antenna operations and the modelling of
wireless channels between 0.5 and 100 GHz.
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The implementation is focused on:
• Path loss and shadowing models (3GPP TR 38.901, Sec. 7.4.1)
• Autocorrelation of shadow fading (3GPP TR 38.901, Sec. 7.4.4)
• Channel condition models (3GPP TR 38.901, Sec. 7.4.2)
For authenticating our channel model, we compared the 3GPP TR 38.901 specification
with IMT 2020 channel specification. After careful consideration we observed only a few
minor parameter differences which have negligible to zero impact on the simulation
results. Hence, we have developed the EUHT channel based on 3GPP channel
model. The detailed comparison is provided in Annex-I and a summary table is provided
in subsection 5.3.1.

5.4 Final Link and System Level Simulator Results
The 5th percentile SINR applied for link level simulation is -2.675 dB as it can be seen in
the following figure. It can be seen in Table 4 that the candidate technology does not
pass the reliability requirements of ITU.

Fig 17: Downlink SINR distribution obtained from System-Level simulations
Table 14: Final Results for Downlink (Antennae Config 8×8)
Minimum
technical
performance
requirements
(ITU-R
M.2410)
Reliability

Category
Usage
scenario

Test
environment

Downlink
or Uplink

URLLC

Urban macroURLLC

Downlink
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Required
value

Value

Meets the
Requirement?

99.999%

99.985%

No

Table 15: Simulation paramters for Fig. 18
Simulation Parameter

Value

Errors Considered

Block Error Rate (BLER)

Channel Coding

LDPC, code rate ½

Modulation

QPSK

Channel Estimation

Imperfect

Number of Transmit Antennas

8

Number of Receiver Antennas

8

SINR-BLER Curve (Tx=8, Rx=8)

10 0

10 -1

10 -2

-3

10

-4

X -3
Y 0.0008825

BLER

10

X -2.5
Y 0.0001215
X -1.5
Y 3.55e-05
X -1
Y 1.55e-05

10 -5

10 -6

10 -7
-10

-8

-6

-4

-2

0

2

SINR (dB)

Fig 18: Results for EUHT Reliability evaluation in Urban Macro URLLC Config A scenario (Antenna Config 8x8)
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The link-level simulation result in Fig. 8 is for MCS 1 (Table 7) i.e. QPSK with LDPC code
rate ½ . The result is for an antenna configuration of 8x8 which means 8 antennas at the
CAP and 8 at the STA. Ignoring the energy efficiency constraints, WWRF IEG simulated
the EUHT technology for maximum number of receiver antennae, though the performance
improves significantly as seen in Fig. 8 but still the EUHT RIT does not fulfil the reliability
requirements as per ITU-R M2412.
5.4.1 Overall Reliability results
Table 16: Overall Results to date for EUHT technology (Reliability)

Date
(Report
submitted)

Minimum
technical
performance
requirements
(ITU-R M.2410)

September 2021
(After
Resimulation)

Reliability

Category
Usage
scenario

Test
environment

Downlink or
Uplink

URLLC

Urban
macroURLLC

Downlink

Required
value

Value

Meets the
Require
ment?

99.999%

99.985%

No

99.955%

August 2021
June 2021

Reliability

URLLC

Urban macroURLLC

Downlink

99.999%

99.875%

No

99.9942%

Feb 2020

5.4.2 Brief conclusion
The WWRF IEG has concluded that the EUHT RIT component from Nufront submission
(IMT-2020/18-E document) DOES NOT fulfill the URLLC reliability requirements. EUHT
RIT is NOT able to satisfy the reliability requirements for various configurations, taking into
account the guidelines and assumptions described in Report ITU-R M.2410. Validation
was performed through extensive simulation and several observations were recorded
throughout the course of evaluation. A summary of observations is provided in the next
subsection.
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6 Conclusions & Next Steps
6.1 Observations from ITU-R M.2412 and EUHT specification
document
•
•
•
•
•

•

For meeting the reliability criteria (> 99.999%), channel estimation is one of the
key processes. In EUHT technology, channel estimation is performed using
the common reference signal (CRS).
As per ITU-R M.2412, there are 19×3 cells in Urban Macro-URLLC test
environment and all the user terminals will be evaluated in the URLLC
evaluation assumptions.
This means all these terminals have the URLLC traffic with at least 99.999%
success probability in 1 millisecond.
In low error mode, the CRS consists of one unique sequence without any
identification.
During the transmission of one frame, all the cells operate in the same mode
i.e., either normal mode or low error mode. Therefore, it can be assumed that
all the cells in Urban-Macro URLLC simulations should be in the low error
mode.
This results in all cells sending the same CRS at the same time, which means
for any cell, the CRS in the low error mode would be polluted by signals of the
neighbouring cells and result in wrong channel estimation. This will lead to
CCH performance degradation in URLLC mode. The frame structure is given
in Fig. 19.

Fig 19: Frame structure of EUHT in physical layer (EUHT Specification)
•
•

•

This forms the basis of EUHT Technology not being able to meet the reliability
criteria. WWRF further analysed the Downlink TCH (DL-TCH) performance
under the same set of conditions.
As per the self-evaluation report of Nufront for EUHT technology, there are 12
number of repetitions for DL-TCH. WWRF has followed the same test
environment in their simulations. As per the Section 8.5.3 in EUHT
specification document, a single RU-OFDMA scheme supports up to 4
repetitions in time domain. WWRF’s simulations are also based on RUOFDMA.
As per the EUHT specification document, for RU-OFDMA scheme, CRS is
used for channel estimation which means DL-TCH will encounter the same
problem as CCH. This will lead to wrong channel estimation and performance
degradation for DL-TCH.
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Considering all these assumptions, WWRF concludes that even if antennae elements
are increased at the receiver end (2, 4 and 8), wrong channel estimation leads to
performance degradation in both CCH and DL-TCH and becomes the basis for EUHT
not passing the reliability requirements. Based on these observations and the results
provided in this report, the two main conclusions are:
1) This assessment was based on the RIT submission documents (5D/1300)
and was done by following ITU-R M.2410, ITU-R M.2411 and ITU R M.2412
guidelines.
2) The EUHT RIT is NOT able to satisfy the reliability requirements for various
configurations, as demonstrated through simulation.

6.2 Next Steps for WWRF within the IMT-2020
Recommendations Preparation
After June 2020 WP5D meeting, it was decided that ETSI (TC DECT) & DECT
FORUM submission (Document IMT-2020/17 Rev.1) and NUFRONT EUHT
Submission (Document IMT-2020/18) did not receive a conclusive evaluation as
to whether they satisfy all the requirements for a RIT component. A way forward was
decided for re-engaging the evaluation groups, including WWRF IEG, to a rewind to
step 4 of the two remaining candidate technologies assessment process.
In this WWRF Outlook report, the outcome of WWRF IEG re-evaluation process for
Nufront Proponent Candidate Technology Submission EUHT is presented. The
evaluation started in November 2020, and four contributions were submitted to
WP5D meetings #37 (February 2021), #38 (June 2021), Technology Aspects Interim
meeting (August 2021) and meeting #39 (October 2021)
EUHT NR is a newly proposed radio technology that targets consumer and industrial
IoT applications, such as industry and building automation and monitoring. It is
positioned as a technology mainly targeting an Ultra-Reliable Low Latency (URLLC)
and massive Machine Type Communication (mMTC) scenarios.
The evaluation included an in-depth analysis based on simulation for the URLLC
scenario and the KPI under evaluation was reliability. WWRF IEG developed a
simulation tool specifically designed for evaluating EUHT. An End-to-End Physical
Layer simulator of the EUHT technology was developed in MATLAB and NS-3, which
was able to perform jointly system-level and link-level simulations.
Based on the evaluation, the EUHT RIT failed to fulfil the Reliability requirements
specified by ITU’s evaluation process for IMT-2020.
WWRF plans to closely follow the IMT-2020 Evaluation activities within WP5D
towards completion, and provide recommendations when needed.
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Annex I – Comprehensive Comparison Between 3GPP

(TR 38.901) and IMT-2020 Channel Model
In this section, validation of the operation of NuFront system for ultra-reliable and low
latency communication (URLLC) is described, based on the characteristics defined in
ITU-R Reports M.2410-0 Fehler! Verweisquelle konnte nicht gefunden werden.,
M.2411-0 Fehler! Verweisquelle konnte nicht gefunden werden. and M.2412-0
Fehler! Verweisquelle konnte nicht gefunden werden. for IMT-2020 and using a
methodology described in Report ITU-R M.2412-0. In this evaluation the carrier
frequency is 4 GHz in an urban macro environment for configuration A. An
implementation of the channel model specified by 3GPP in TR 38.901 V15.0.0.
Fehler! Verweisquelle konnte nicht gefunden werden. (referenced in the program)
is available.

8.1 Scenario definition
Although they might not be straightforwardly related to channel modelling, there are
large sections dedicated for ‘Evaluation guidelines’, ‘Overview of characteristics for
evaluation’ and ‘Evaluation methodology’ in the IMT-2020 model given in Annex 1 of
Fehler! Verweisquelle konnte nicht gefunden werden.. That is, section 5, section
6, and section 7, pages. 5-16. The test environment represents the geographic
environment and usage scenario which is used for entire evaluation process and
corresponding to technical performance requirements to be met.
1. Indoor hotspot-eMBB: an indoor isolated environment at offices and/or in
shopping malls based on stationary and pedestrian users with very high user
density.
2. Dense Urban-eMBB: an urban environment with high user density and traffic
loads focusing on pedestrian and vehicular users.
3. Rural-eMBB: a rural environment with larger and continuous wide area
coverage, supporting pedestrian, vehicular and high-speed vehicular users.
4. Urban Macro-mMTC: an urban macro environment targeting continuous
coverage focusing on a high number of connected machine type devices.
5. Urban Macro-URLLC: an urban macro environment targeting ultra-reliable and
low latency communications.
IMT-2020 is intended to cover a wide range of environments comprising the three main
usage scenarios. IMT-2020 primary module includes channel model A and B, which
are both based on field measurements and are equally valid for IMT-2020 evaluation.
Either of them can be used for the evaluation.
In these sections, the high-level evaluation guidelines, such as the choice of simulation
or analytical approach are specified. Performance measures such as ‘Average
spectral efficiency’, ‘5th percentile user spectral efficiency’, ‘Peak spectral efficiency’,
‘Peak data rate calculation’, ‘User experienced data rate’, ‘Area traffic capacity’ are
defined. The simulation and analytical procedures for some performance measures
are provided. Those are methodologies related to proposal evaluation, although these
are not directly linked to the channel model.
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The definitions of the usage scenarios and test environment are similar but not
identical in Fehler! Verweisquelle konnte nicht gefunden werden. and Fehler!
Verweisquelle konnte nicht gefunden werden.. For 3GPP, user scenarios are
described on pg. 12 and pages. 19-23 of Fehler! Verweisquelle konnte nicht
gefunden werden., which are summarized on pg. 2 of Fehler! Verweisquelle konnte
nicht gefunden werden.. For IMT-2020 channel model, user scenarios are detailed
from pg. 16 onwards in [3] with all parameters defined for each user scenario. Note
that in IMT- 2020 of [3], the relationship between usage scenario and test environment
is given in Table 17.
Table 17 Mapping of ITU-R test environments and usage scenarios (Table 4 in Fehler!
Verweisquelle konnte nicht gefunden werden.)
Usage scenarios
eMBB
mMTC
URLLC
Test environments Indoor HotspotUrban Macro-MTC Urban Macro-URLLC
eMBB
Dense Urban-eMBB
Rural-eMBB
The channel model definitions used in the 3GPP standard are labelled as: RMa (Rural
Macro), UMa (Urban Macro), UMi (Urban Micro) and Indoor Hotspot (InH). For
example, the evaluation parameters used for the 3GPP indoor office scenario (Table
7.2-2) are shown in
Table 18.

Table 18 Parameters for 3GPP indoor office channel model from Table 7.2-2 in [Fehler!
Textmarke nicht definiert.]
Parameters
Indoor Office – open Indoor Office – mixed
office
office
Room size
120 m x 50 m x 3m
ISD
20 m
BS Antenna height hBS
3 m ceiling
LOS/NLOS
LOS and NLOS
hUT
1 m (1.5 m in ITU-R [3])
UT Mobility (horizontal plane only)
3 km/hr
0
Uniform

Min BS to UT distance (2D)
UT distribution (horizontal)

In comparison, Table 19 shows the corresponding test environment for IMT-2020 is
Indoor Hotspot – eMBB, whose parameter list is more detailed [Fehler! Textmarke
nicht definiert.]. A noticeable difference between these two is the UE antenna height
is specified to 1.5 m in IMT-2020, compared with a parameter height hUT of 1 m in the
3GPP standard. The difference is highlighted in red for clarity. Although not stated in
the table, the indoor hotspot sites and room sizes are identical 120 m x 50 m x 3 m.
Table 19 Evaluation configurations for ITU-R Indoor Hotspot-eMBB test environment
(Table 5a of Fehler! Verweisquelle konnte nicht gefunden werden.)
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Parameters
UE antenna
element gain
Thermal noise
level
Traffic model
Simulation
bandwidth
UE density
UE antenna
height (hUT)

Indoor Hotspot-eMBB
Spectral Efficiency, Mobility, and Area Traffic Capacity
Evaluations
Configuration A
Configuration B
Configuration C
0 dBi
5 dBi
5 dBi
‒174 dBm/Hz
20 MHz for TDD,
80 MHz for TDD,
80 MHz for TDD,
10 MHz+10 MHz for 40 MHz+40 MHz for FDD 40 MHz+40 MHz for
FDD
FDD
10 UEs per TRxP
randomly and uniformly dropped throughout the geographical area
1.5 m
(1 m in 3GPP [4])

The other test scenario of interest is the Reliability Evaluation in the Urban Macro
Environment, IMT-2020 uRLLC, described in page 27 of Fehler! Verweisquelle
konnte nicht gefunden werden.. For the NuFront evaluation, configuration A has
been applied at a carrier frequency of 4 GHz. The ITU-R URLLC parameters are listed
in Table 20.
The corresponding test environment in 3GPP with high probability is UMa described
on page 21 of Fehler! Verweisquelle konnte nicht gefunden werden.. The
parameters for the corresponding test environment UMa are listed in Table 10. The
difference is obvious, most noticeably the difference in Indoor UT ratio. The user
antenna height is different and specified through Fehler! Verweisquelle konnte nicht
gefunden werden..
Table 20 ITU-R Parameters for system-level simulation URLLC Urban Macro
Environment (Table 5e in Fehler! Verweisquelle konnte nicht gefunden werden.)
3GPP values are added in red
Urban Macro–URLLC
Parameters
Reliability Evaluation
Configuration A
Configuration B
Baseline evaluation configuration parameters
Carrier frequency for
4 GHz
700 MHz
evaluation
BS antenna height
25 m
Total transmit power per
49 dBm for 20 MHz bandwidth
TRxP
46 dBm for 10 MHz bandwidth
UE power class
23 dBm
Percentage of high loss
100% low loss
and low loss building
type
Additional parameters for system-level simulation
Inter-site distance
500 m
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Parameters
Number of antenna
elements per TRxP
Number of UE antenna
elements
Device deployment
UE mobility model
UE speeds of interest
Inter-site interference
modelling
BS noise figure
UE noise figure
BS antenna element
gain
UE antenna element
gain
Thermal noise level
Traffic model

Urban Macro–URLLC
Reliability Evaluation
Configuration A
Up to 256 Tx/Rx

Configuration B
Up to 64 Tx/Rx

Up to 8 Tx/Rx

Up to 4 Tx/Rx

80% outdoor,
20% indoor
Fixed and identical speed |v| of all UEs, randomly and
uniformly distributed direction
3 km/h for indoor and 30 km/h for outdoor
Explicitly modelled
5 dB
7 dB
8 dBi
0 dBi
‒174 dBm/Hz
Full buffer
NOTE – This is used for SINR CDF distribution
derivation
Up to 100 MHz
NOTE – This value is used for SINR CDF distribution
derivation
10 UEs per TRxP
NOTE – This is used for SINR CDF distribution
derivation
1.5 m (3GPP specified in Table 21)

Simulation bandwidth

UE density

UE antenna height
(3GPP hUT)

Table 21 3GPP UMa parameters from Table 7.2-1 in Fehler! Verweisquelle konnte
nicht gefunden werden. with hUT relationship from Table 6-1 of Fehler!
Verweisquelle konnte nicht gefunden werden., major differences in red
Parameters
UMa
Hexagonal grid, 19 macro sites, 3 sectors per
Cell layout
site (ISD = 500m)

h

25m

BS antenna height BS
Outdoor/indoor
LOS/NLOS
general equation
UT
Height
nfl for outdoor
location
ℎ𝑈𝑇 see
UEs
[Fehler!
Textmarke

Outdoor and indoor
LOS and NLOS
ℎ𝑈𝑇 = 3(𝑛𝑓𝑙 − 1) + 1.5 m
1

nfl ~ uniform(1,Nfl) where
Nfl ~ uniform(4,8)

nfl for indoor UEs
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nicht
definiert.]
Indoor UT ratio
UT mobility (horizontal plane only)
Min. BS - UT distance (2D)
UT distribution (horizontal)

80%
3km/h
35m
Uniform

The test environment options for the ITU-R IMT-2020 channel model from Table A1-1
of [3] (page 39) are listed in

Table 22.

Table 22 Mapping of channel models to the test environments
Test
Indoor
environment hotspot eMBB
Channel
InH_A.
model
InH_B

Dense urban -eMBB
Macro
Micro
layer
layer
Uma_A
Umi_A
Uma_B
Umi_B

Rural eMBB
RMa_A
RMa_B

Urban
macro mMTC
UMa_A
Uma_B

Urban
macro URLLC
Uma_A
Uma_B

8.2 Path Loss Model
8.2.1 ITU Uma Channel Model
The ITU-R Uma_x LOS and NLOS channel models for path loss, including parameters
and ranges from Table A1-3 in of [3] for Uma_A and Uma_B in
Table 23. The equivalent 3GPP parameters from Table 7.4.1-1 in [4] are shown in
Table 24.
ITU-R Note 3 – For UMa_x, UMi_x, break point distance d'BP = 4 h'BS h'UT fc/c, where
fc is the centre frequency in Hz, c = 3.0x108 m/s is the propagation velocity in free
space, and h'BS and h'UT are the effective antenna heights at the BS and the UT,
respectively. The effective antenna heights h'BS and h'UT are computed as follows: h'BS
= hBS – hE, h'UT = hUT – hE, where hBS and hUT are the actual antenna heights, and hE
is the effective environment height. For UMi_x, hE=1 m. For UMa_x, hE=1m with a
probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution
uniform(12,15,…,(hUT-1.5)) otherwise. Here C(d2D, hUT) given by:

𝟎,
𝒉UT < 𝟏𝟑𝒎
𝟏.𝟓
𝑪(𝒅2D , 𝒉UT ) = { 𝒉UT − 𝟏𝟑
(
) 𝒈(𝒅2D ), 𝟏𝟑𝒎 ≤ 𝒉UT ≤ 𝟐𝟑𝒎
𝟏𝟎
48

(1)

Table 23 Path Loss and shadow fading for UMa_x (from Table A1-3 in of [3])
UMa_A
UMa_B
LOS

0.5GHz  f c  6 GHz and 6 GHz  f c  100 GHz

 PL 10m  d 2D  d BP
PLUMa − LOS =  1
, see Note 3
  d 2D  5km
 PL2 d BP

𝑃𝐿1 = 28.0 + 22 𝑙𝑜𝑔10( 𝑑3D ) + 20 𝑙𝑜𝑔10( 𝑓𝑐 )，𝜎𝑆𝐹 = 4 dB

PL2 = 40 log10 (d3 D ) + 28.0 + 20 log10 ( f c ) − 9 log10 ((d 'BP ) 2 + ( hBS − hUT ) 2 )

,𝜎𝑆𝐹 = 4 dB
NLOS
0.5GHz  f c  6 GHz (Different from the 3GPP model)
𝑃𝐿UMa−NLOS = max(𝑃𝐿UMa−LOS , 𝑃𝐿′UMa−NLOS )
′
𝑃𝐿UMa-NLOS = 161.04 − 7.1 𝑙𝑜𝑔10 ( 𝑊) + 7.5 𝑙𝑜𝑔10( ℎ) − (24.37
− 3.7(ℎ/ℎ𝐵𝑆 )2 ) 𝑙𝑜𝑔10( ℎ𝐵𝑆 )
+(43.42 − 3.1 𝑙𝑜𝑔10( ℎ𝐵𝑆 ))(𝑙𝑜𝑔10( 𝑑3𝐷 ) − 3) + 20 𝑙𝑜𝑔10 ( 𝑓𝑐 )
− (3.2(𝑙𝑜𝑔10( 17.625))2 − 4.97)
−0.6(ℎ𝑈𝑇 − 1.5)
,𝜎SF = 6 dB,10𝑚 < 𝑑2𝐷 < 5 𝑘𝑚, 𝑊 = 20𝑚,ℎ = 20𝑚
6 GHz  f c  100 GHz (same as UMa_B and 3GPP)
𝑃𝐿UMa−NLOS = 𝑚𝑎𝑥( 𝑃𝐿UMa−LOS , 𝑃𝐿′UMa−NLOS ), for 10𝑚 ≤ 𝑑2D ≤ 5km
𝑃𝐿′UMa−NLOS = 13.54 + 39.08 𝑙𝑜𝑔10 (𝑑3D ) + 20 𝑙𝑜𝑔10(𝑓𝑐 ) − 0.6(ℎUT − 1.5),

 SF = 6

dB

Optional PL = 32.4 + 20 log10( f c ) + 30 log10(d3 D )  SF

LOS
0.5𝐺𝐻𝑧 ≤ 𝑓𝑐 ≤ 100𝐺𝐻𝑧
′
𝑃𝐿 10𝑚 ≤ 𝑑2D ≤ 𝑑BP
𝑃𝐿UMa−LOS = { 1
, see Note 3
′
𝑃𝐿2 𝑑BP
≤ 𝑑2D ≤ 5km
PL1 = 28.0 + 22 log10 (d 3D ) + 20 log10 ( f c ) ,𝜎𝑆𝐹 = 4 dB

PL2 = 40 log10 (d3 D ) + 28.0 + 20 log10 ( f c ) − 9 log10 ((d 'BP ) 2 + ( hBS − hUT ) 2 ) ，

𝜎𝑆𝐹 = 4 dB
NLOS

0.5 GHz  f c  100 GHz

𝑃𝐿UMa−NLOS = 𝑚𝑎𝑥( 𝑃𝐿UMa−LOS , 𝑃𝐿′UMa−NLOS ), for 10𝑚 ≤ 𝑑2D ≤ 5km
𝑃𝐿′UMa−NLOS = 13.54 + 39.08 𝑙𝑜𝑔10 (𝑑3D ) + 20 𝑙𝑜𝑔10(𝑓𝑐 ) − 0.6(ℎUT −
1.5),𝜎𝑆𝐹 = 6 dB
Optional 𝑃𝐿 = 32.4 + 20 𝑙𝑜𝑔10( 𝑓𝑐 ) + 30 𝑙𝑜𝑔10( 𝑑3𝐷 )  SF = 7.8 dB

= 7.8 dB

hBS = 25m , 1.5m  hUT  22.5m

Following from (1), where

(2)

Table 24 3GPP path loss model parameters with associated notes (from Table 7.4.1-1 in Fehler!
Verweisquelle konnte nicht gefunden werden.)

 PL 10m  d 2D  d BP
PLUMa −LOS =  1
  d 2D  5km , see
 PL2 d BP
note 1

PL1 = 28.0 + 22 log10 (d 3D ) + 20 log10 ( f c )

 SF = 4

1.5m  hUT  22.5m
hBS = 25m

PL2 = 28.0 + 40 log10 (d 3D ) + 20 log10 ( f c )
 ) 2 + (hBS − hUT ) 2 )
− 9 log10 ((d BP

 −NLOS )
PLUMa −NLOS = max( PLUMa −LOS , PLUMa
for

 −NLOS = 13.54 + 39.08 log10 (d 3D ) +
PLUMa

20 log10 ( f c ) − 0.6(hUT − 1.5)

Optional

PL = 32.4 + 20 log10 ( f c ) + 30 log10 (d 3D )

Note 1.

1.5m  hUT  22.5m

10m  d 2D  5km

 SF = 6

hBS = 25m
Explanation: see
note 3

 SF = 7.8

Breakpoint distance d'BP = 4 h'BS h'UT fc/c, where fc is the centre
frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and
h'BS and h'UT are the effective antenna heights at the BS and the UT,
respectively. The effective antenna heights h'BS and h'UT are computed as
follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT are the actual
antenna heights, and hE is the effective environment height. For UMi hE =
1.0m. For UMa hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and
chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5))
otherwise. With C(d2D, hUT) given by
, hUT  13m
0

1 .5
C (d 2D , hUT ) =  hUT − 13 
 10  g (d 2D ) ,13m  hUT  23m

,
where

, d 2D  18m
0

3
g (d 2D ) =  5  d 2D 
 − d 2D 
 4  100  exp 150  ,18m  d 2D

.
Note that hE depends on d2D and hUT and thus needs to be independently
determined for every link between BS sites and UTs. A BS site may be a single
BS or multiple co-located BSs.

Note 3.

UMa NLOS pathloss is from TR36.873 with simplified format and PLUMaLOS = Pathloss of Uma
LOS outdoor scenario
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The values show that the 3GPP model provides an identical LOS & NLOS model when
compared with the ITU UMa_B model.
The ITU UMa_A LoS case for the two frequency bands, 0.5 GHz to 6 GHz and 6 GHz
to 100 GHz, follow the same model and is in agreement with the 3GPP result, however
the ITU UMa_A NLOS case for the same frequency bands follow the different models
and only the 6 GHz to 100 GHz band model are in agreement for ITU and 3GPP.
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Table 25 ITU-R RMa_x channel model from Table A1-5 in [3]
RMa_A
LOS

RMa_B
LOS

0.5GHz ≤ 𝑓𝑐 ≤ 6GHz,
𝑃𝐿1
10𝑚 ≤ 𝑑2D ≤ 𝑑BP
𝑃𝐿RMa−LOS = {
, see Note 4
𝑃𝐿2 𝑑BP ≤ 𝑑2D ≤ 21km (10 km in 3GPP)
𝑃𝐿1 = 20 𝑙𝑜𝑔10 ( 40𝜋𝑑3D 𝑓𝑐 /3) + 𝑚𝑖𝑛( 0.03ℎ1.72 , 10) 𝑙𝑜𝑔10 ( 𝑑3D ) −
𝑚𝑖𝑛( 0.044ℎ1.72 , 14.77) + 0.002 𝑙𝑜𝑔10( ℎ)𝑑3D ,𝜎𝑆𝐹 = 4 dB
𝑃𝐿2 = 𝑃𝐿1 (𝑑BP ) + 40 𝑙𝑜𝑔10 ( 𝑑3D /𝑑BP ),𝜎𝑆𝐹 = 6 dB

0.5𝐺𝐻𝑧 ≤ 𝑓𝑐 ≤ 30𝐺𝐻𝑧
𝑃𝐿1
10𝑚 ≤ 𝑑2D ≤ 𝑑BP
, see Note 4
𝑃𝐿RMa−LOS = {
𝑃𝐿2 𝑑BP ≤ 𝑑2D ≤ 21km (10 km in 3GPP)
𝑃𝐿1 = 20 𝑙𝑜𝑔10 ( 40𝜋𝑑3D 𝑓𝑐 /3) + 𝑚𝑖𝑛( 0.03ℎ1.72 , 10) 𝑙𝑜𝑔10 ( 𝑑3D ) −
𝑚𝑖𝑛( 0.044ℎ1.72 , 14.77) + 0.002 𝑙𝑜𝑔10( ℎ)𝑑3D ,𝜎𝑆𝐹 = 4 dB
𝑃𝐿2 = 𝑃𝐿1 (𝑑BP ) + 40 𝑙𝑜𝑔10 ( 𝑑3D /𝑑BP ),𝜎𝑆𝐹 = 6 dB

NLOS

NLOS
0.5𝐺𝐻𝑧 ≤ 𝑓𝑐 ≤ 30𝐺𝐻𝑧,
0.5GHz ≤ 𝑓𝑐 ≤ 6GHz,
𝑃𝐿RMa−NLOS = 𝑚𝑎𝑥( 𝑃𝐿RMa−LOS , 𝑃𝐿′RMa−NLOS ),
PLRMa-NLOS = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2)
for 10 m < d2D < 21 km (5 km in 3GPP).
log10 (hBS) + (43.42 – 3.1 log10 (hBS)) (log10 (d3D)-3) + 20 log10(fc) – (3.2
𝑃𝐿′RMa−NLOS = 161.04 − 7.1 𝑙𝑜𝑔10( 𝑊) + 7.5 𝑙𝑜𝑔10 ( ℎ) − (24.37
(log10 (11.75 hUT)) 2 - 4.97), 𝜎𝑆𝐹 = 8 dB for 10 m < d2D < 21 km (5 km in
− 3.7(ℎ/ℎBS )2 ) 𝑙𝑜𝑔10( ℎBS )
+ (43.42 − 3.1 𝑙𝑜𝑔10( ℎBS ))(𝑙𝑜𝑔10( 𝑑3D ) − 3) + 20 𝑙𝑜𝑔10( 𝑓𝑐 ) −
3GPP).
′
(3.2(𝑙𝑜𝑔10 ( 11.75ℎUT ))2 − 4.97),𝜎𝑆𝐹 = 8dB
For LMLC 𝑃𝐿RMa−NLOS = 𝑚𝑎𝑥( 𝑃𝐿RMa−LOS , 𝑃𝐿RMa−NLOS − 12)
For LMLC 𝑃𝐿RMa−NLOS = 𝑚𝑎𝑥( 𝑃𝐿RMa−LOS , 𝑃𝐿′RMa−NLOS − 12)
ℎ𝐵𝑆 = 35𝑚, ℎ𝑈𝑇 = 1.5𝑚, 𝑊 = 20𝑚, ℎ = 5𝑚
The applicability ranges:
ℎ𝐵𝑆 = 35𝑚, ℎ𝑈𝑇 = 1.5𝑚, 𝑊 = 20𝑚, ℎ = 5𝑚
The applicability ranges:
5𝑚 ≤ ℎ ≤ 50𝑚,5𝑚 ≤ 𝑊 ≤ 50𝑚, 10𝑚 ≤ ℎ𝐵𝑆 ≤ 150𝑚, 1𝑚 ≤ ℎ𝑈𝑇 ≤
5𝑚 ≤ ℎ ≤ 50𝑚,5𝑚 ≤ 𝑊 ≤ 50𝑚, 10𝑚 ≤ ℎ𝐵𝑆 ≤ 150𝑚, 1𝑚 ≤ ℎ𝑈𝑇 ≤
10𝑚
NOTE – the RMa pathloss model for >7 GHz is validated based on a single
10𝑚
measurement campaign conducted at 24 GHz.
For RMa_x, break point distance dBP = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0´108 m/s is the propagation velocity
Note 4:
in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
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8.2.2 ITU-R RMa Channel Model
The path loss channel model for ITU-R path Ma_x is taken from Table A1-5 in [3] and
is shown in
Table 25 and the corresponding 3GPP RMa channel model taken from Table 7.4.1-1
of [4] is shown in Table 26.
Table 26 3GPP RMa path-loss model taken from Table 7.4.1-1 and notes in [4].
𝑃𝐿
𝑃𝐿RMa−LOS = { 1
𝑃𝐿2

Note 5

10𝑚 ≤ 𝑑2D ≤ 𝑑BP
, see note 5
𝑑BP ≤ 𝑑2D ≤ 10km

ℎBS = 35m
ℎUT = 1.5𝑚
𝑊 = 20𝑚
ℎ = 5𝑚
h = avg. building height
W = avg. street width
The applicability
ranges:
5𝑚 ≤ ℎ ≤ 50𝑚
5𝑚 ≤ 𝑊 ≤ 50𝑚
10m ≤ ℎBS ≤ 150𝑚
1𝑚 ≤ ℎUT ≤ 10𝑚

𝑃𝐿1 = 20 𝑙𝑜𝑔10 ( 40𝜋𝑑3D 𝑓𝑐 /3)
𝜎SF = 4
+ 𝑚𝑖𝑛( 0.03ℎ1.72 , 10) 𝑙𝑜𝑔10 ( 𝑑3D )
− 𝑚𝑖𝑛( 0.044ℎ1.72 , 14.77) + 0.002 𝑙𝑜𝑔10 ( ℎ)𝑑3D
𝜎SF = 6
𝑃𝐿2 = 𝑃𝐿1 (𝑑BP ) + 40 𝑙𝑜𝑔10 ( 𝑑3D /𝑑BP )
𝑃𝐿RMa−NLOS = 𝑚𝑎𝑥( 𝑃𝐿RMa−LOS , 𝑃𝐿′RMa−NLOS )
for 10𝑚 ≤ 𝑑2D ≤ 5km
𝑃𝐿′RMa−NLOS = 161.04 − 7.1 𝑙𝑜𝑔10 ( 𝑊) + 7.5 𝑙𝑜𝑔10 ( ℎ)
𝜎SF = 8
− (24.37 − 3.7(ℎ/ℎBS )2 ) 𝑙𝑜𝑔10 ( ℎBS )
+ (43.42 − 3.1 𝑙𝑜𝑔10 ( ℎBS ))(𝑙𝑜𝑔10 ( 𝑑3D ) − 3)
+ 20 𝑙𝑜𝑔10 ( 𝑓𝑐 ) − (3.2(𝑙𝑜𝑔10 ( 11.75ℎUT ))2 − 4.97)
Break point distance dBP = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0 ´ 108
m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS
and the UT, respectively.

ITU-R IMT-2020 and 3GPP ranges in LOS & NLOS are different in
Table 25 and ITU-R RMa Channel Model
ITU-R RMa Channel Model
The path loss channel model for ITU-R path Ma_x is taken from Table A1-5 in [3] and is shown
in
Table 25 and the corresponding 3GPP RMa channel model taken from Table 7.4.1-1 of [4] is
shown in Table 26.
Table 26consequently the models for NLOS of RMa_A are different.
Another difference in the indoor test scenario lies in the addition definition of LMLC
case (low mobility large cell) in the ITU IMT-2020 model.
8.2.3 Indoor Test Scenario
The indoor tests show the difference of path loss between ITU and 3GPP models. As
we can see from the tables, 3GPP model is similar to the ITU’s InH_B and InH_A
(6 GHz to 100 GHz), except for the different upper range values.
In addition, ITU-R specifies two additional optional models (Table 13) in Table A1-2 of
Fehler! Verweisquelle konnte nicht gefunden werden.
Table 27 3GPP indoor hotspot model Table 7.4.1.1 in Fehler! Verweisquelle konnte
nicht gefunden werden.

PLInH −LOS = 32.4 + 17.3 log10 (d3D ) + 20 log10 ( f c )
 −NLOS )
PLInH −NLOS = max( PLInH −LOS , PLInH
 −NLOS = 38.3 log10 (d3D ) + 17.30 + 24.9 log10 ( f c )
PLInH
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 SF = 3

1m  d3D  150m

 SF = 8.03 1m  d3D  150m

Optional

 -NLOS = 32.4 + 20 log10 ( f c ) + 31.9 log10 (d3D )
PLInH
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 SF = 8.29 1m  d3D  150m

Table 28 ITU-R path loss and shadow fading model for InH_x from Table A1-2 in [Fehler! Textmarke nicht definiert.]
InH_A
InH_B
0.5GHz  f c  6 GHz

LOS

PLInH-LOS = 16.9log10 (d3D ) + 32.8 + 20log10 ( f c ) ,  SF = 3 dB, 0 m ≤ d2D ≤ 150 m,

3GPP and InH_B equations agree

0.5 GHz  f c  100 GHz

PLInH-LOS = 32.4 + 17.3log10 (d3 D ) + 20 log10 ( f c ) ,  SF = 3 dB,

1 m ≤ d3D ≤ 150 m

6 GHz  f c  100 GHz

PLInH − LOS = 32.4 + 17.3 log10 (d3D ) + 20 log10 ( f c ) ,  SF = 3 , 1 m ≤ d3D ≤ 150 m
0.5GHz  f c  6 GHz

PLInH-NLOS = 43.3log10 (d3 D ) + 11.5 + 20log10 ( f c ) ,

 SF = 4 dB, 0 m ≤ d2D ≤ 150 m

NLOS

6 GHz  f c  100 GHz

 − NLOS = 38.3log10 ( d3D ) + 17.30 + 24.9log10 ( f c ) ,
PLInH

 SF = 8.03 dB,

 −NLOS )
PLInH −NLOS = max( PLInH −LOS , PLInH
 −NLOS = 38.3 log10 (d3D ) + 17.30 + 24.9 log10 ( f c ) ,
PLInH

0.5 GHz  f c  100 GHz
 −NLOS )
PLInH −NLOS = max( PLInH −LOS , PLInH

 SF = 8.03 dB, 1 m ≤ d3D ≤ 150 m

Optional: PLInH
 -NLOS = 32.4 + 20 log10 ( f c ) + 31.9 log10 (d3D ) ,  SF = 8.29 dB

1 m ≤ d3D ≤ 150 m (86m in 3GPP)
Optional:

 -NLOS = 32.4 + 20 log10 ( f c ) + 31.9 log10 (d3D ) ,
PLInH

 SF = 8.29 dB

(applies over 1 m ≤ d3D ≤ 86 m in 3GPP)

3 m ≤ hBS ≤ 6 m, 1 m ≤ hUT ≤ 2.5 m
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Table 29 Additional optional InH models specified by ITU-R
Optional Model I

LOS

f c = 28 GHz

PLInH-LOS = 14.0log10 (d 2 D ) + 61.9 ,  SF = 1.7 dB

NLOS

f c = 28 GHz

PLInH-NLOS = 22log10 (d2 D ) + 61.2 ,  SF = 3.3 dB

Optional Model II
1 GHz  f c  100 GHz ,

PLInH-LOS = 32.4 + 17.1log10 (d3D ) + 20log10 ( fc ) ,  SF = 3 dB, 1m ≤ d3D ≤

150m, hBS = 2.5 − 6m , hUT = 1 − 2.5m
1 GHz  f c  100 GHz ,


PLInH-NLOS = max( PLInH-LOS , PLInH-NLOS
) ,  SF = 3.2 + 3.2log10 ( f c ) dB
 − NLOS = 32.1 + 26.3log10 ( f c ) + [23.6 + 1.0 log10 ( f c )]log10 (d3 D )
PLInH

8.2.4 Umi Scenario
The following Umi path loss model of ITU channel model from Table A1-4 of Fehler! Verweisquelle konnte nicht gefunden
werden. is shown in Table 30 equivalent 3GPP UMi models taken from Table 7.4.1-1 of [4] are shown in
Table 31.
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Table 30 ITU-R UMi path-loss model
UMi_A
LOS
0.5GHz  f c  6 GHz (Differs from 3GPP Definition)
' (3)
PL = 22.0log10(d3D) + 28.0 + 20log10(fc),  SF = 3 dB, 10m  d 2 D  d BP
′
<
PL=40log10(d3D)+28.0+20log10(fc)–9log10((d'BP)2+(hBS-hUT)2),  SF = 3 dB, 𝑑𝐵𝑃
𝑑2𝐷 < 5000𝑚

UMi_B
LOS

0.5 GHz  f c  100 GHz

 PL 10m  d 2D  d BP
PLUMi −LOS =  1
  d 2D  5km , see Note 3
 PL2 d BP

(3)

6 GHz  f c  100 GHz

PL1 = 32.4 + 21log10 (d3D ) + 20 log10 ( f c ) ,  SF = 4 dB


 PL 10m  d 2D  d BP
PLUMi −LOS =  1
, see Note 3

5
km


PL
d
d
BP
2D
 2

𝑃𝐿2 = 32.4 + 40 𝑙𝑜𝑔10 ( 𝑑3D ) + 20 𝑙𝑜𝑔10( 𝑓𝑐 ) −
′ 2
9.5 𝑙𝑜𝑔10( (𝑑BP
) + (ℎBS − ℎUT )2 ),  SF = 4 dB

PL1 = 32.4 + 21log10 (d3D ) + 20 log10 ( f c ) ,  SF = 4 dB

′ 2
𝑃𝐿2 = 32.4 + 40 𝑙𝑜𝑔10 ( 𝑑3D ) + 20 𝑙𝑜𝑔10( 𝑓𝑐 ) − 9.5 𝑙𝑜𝑔10 ( (𝑑BP
) + (ℎBS −
2
ℎUT ) ),  SF = 4 dB
NLOS
0.5GHz  f c  6 GHz (Differs from 3GPP Definition)
 − NLOS ) ,
PLUMi − NLOS = max( PLUMi − LOS , PLUMi
𝑃𝐿′UMi−NLOS = 36.7log10(d3D) + 22.7 + 26log10(fc) – 0.3(hUT - 1.5), 𝜎𝑆𝐹 = 4 dB,
10𝑚 < 𝑑2𝐷 < 2000𝑚

6 GHz  f c  100 GHz

 − NLOS ) ,  SF = 7.82 ,10 m ≤ d2D ≤ 5 km
PLUMi − NLOS = max( PLUMi − LOS , PLUMi

 − NLOS = 35.3 log10 (d3D ) + 22.4 + 21.3 log10 ( f c ) − 0.3(hUT − 1.5)
PLUMi

6 GHz  f c  100 GHz optional PL = 32.4 + 20 log10 ( f c ) + 31.9 log10 (d3D ) ,  SF = 8.2 dB

NLOS
0.5 GHz  f c  100 GHz

 − NLOS) ,  SF = 7.82 dB, 10 m ≤ d2D ≤ 5
PLUMi − NLOS = max( PLUMi − LOS , PLUMi

km,.

 − NLOS = 35.3 log10 (d3D ) + 22.4 + 21.3 log10 ( f c ) − 0.3(hUT − 1.5)
PLUMi

Optional PL = 32.4 + 20 log10 ( f c ) + 31.9 log10 (d3D ) , 𝜎SF = 8.2 dB

hBS = 10 m, 1.5 m ≤ hUT ≤ 22.5 m
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Table 31 3GPP UMi-street canyon channel model and associated notes
 PL
PLUMi −LOS =  1
 PL2


10m  d 2D  d BP
  d 2D  5km , see
d BP

note 1

PL1 = 32.4 + 21log10 (d3D ) + 20 log10 ( f c )

 SF = 4

1.5m  hUT  22.5m
hBS = 10m

PL2 = 32.4 + 40 log10 (d 3D ) + 20 log10 ( f c )
 ) 2 + (hBS − hUT ) 2 )
− 9.5 log10 ((d BP

 −NLOS )
PLUMi−NLOS = max( PLUMi−LOS , PLUMi
for 10m  d 2D  5km
 −NLOS = 35.3 log10 (d3D ) + 22.4
PLUMi

1.5m  hUT  22.5m

 SF = 7.82

Canyon

+ 21.3 log10 ( f c ) − 0.3(hUT − 1.5)

Optional PL = 32.4 + 20 log10 ( f c ) + 31.9 log10 (d3D )

hBS = 10m
Explanations: see
note 4

 SF = 8.2

See Following from (1), where

(2)

Note 1

Table 24 3GPP path loss model parameters with associated notes
Note 4

PLUMi-LOS = Pathloss of UMi-Street Canyon LOS outdoor scenario.

As we can see from the tables, 3GPP UMi model agrees with ITU’s UMi_B and UMi_A
(6 GHz to 100 GHz), but the ITU’s UMi_A lower range (0.5 GHz to 6 GHz) is quite
different from the 3GPP definition.
O-to-I Penetration model
ITU-R O-to-I penetration loss model described on pages 48 to 50 and Table 7.4.3-3
of Fehler! Verweisquelle konnte nicht gefunden werden. and shown in Table 17 is
identical to the 3GPP model described in pages 28 to 30 of Fehler! Verweisquelle
konnte nicht gefunden werden. with the exception of a statement on the last row in
the following table in Fehler! Verweisquelle konnte nicht gefunden werden.]
regarding σSF.
There is channel measurement capability (for different combination of frequency
band and scenario) specified in 3GPP Fehler! Verweisquelle konnte nicht
gefunden werden., but not in ITU-R Fehler! Verweisquelle konnte nicht gefunden
werden..
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Table 32 ITU-R Building penetration loss model for single-frequency simulations below 6 GHz
Parameter
Value

PL tw

20 dB
0.5

PLin

P
 SF

d 2D−in

with d 2D−in being a single, link-specific, uniformly distributed variable between 0 and
25 m
0 dB
7 dB (note: replacing the respective value in Table 7.4.1-1)

LOS probability
3GPP LOS probability model in Table 7.4.2-1 of Fehler! Verweisquelle konnte
nicht gefunden werden. and the ITU-R LOS probability model are in agreement See
Table A1-9 in section 3.4 of Fehler! Verweisquelle konnte nicht gefunden
werden. re,produced as Table 33.
Table 33 ITU-R LOS probability model from Table A1-9 of [Fehler! Textmarke nicht
definiert.] in agreement with 3GPP model
Channel
LOS probability
model

InH_x
PLOS

UMa_x

1
, d 2D  5m


 d −5
= exp  − 2D
,5m  d 2D  49m

 70.8 


 d − 49 
exp  − 2D
  0.54 , 49m  d 2D

 211.7 

Outdoor users:
PLOS



 d
=  18
+ exp − 2 D
 d
 63
 2 D

18

1 −
 d 2 D

1
, d 2 D  18m
3

5  d 2D 
 d 2 D  
 1 + C (hUT ) 
 exp −
 ,18m  d 2 D
 
4  100 
 150  


where
0

1.5
C ( hUT ) =   hUT − 13 

 
10

 

UMi_x

,13m  hUT  23m

Indoor users:
Use d2D-out in the formula above instead of d2D
Outdoor users:
1


PLOS =  18
 d2D
+ exp −
 d2D
 36


RMa_x

, hUT  13m

18 


1 −
d

2D 

, d 2 D  18m
,18m  d 2 D

Indoor users:
Use d2D-out in the formula above instead of d2D
Outdoor users:
1


PLOS = 
 d 2 D − 10 
exp −


1000 
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, d 2 D  10 m
,10 m  d 2 D

Indoor users:
Use d2D-out in the formula above instead of d2D

8.3 Antenna model
Antenna element pattern (Basestation)
Both ITU-R and 3GPP use same expression for antenna element pattern, however
there are differences in the following:
For the following scenarios the 3GPP model is in agreement with ITU-R model:
1. Dense Urban-eMBB
2. Rural eMBB
3. Urban Macro-mMTC
4. Urban Macro-URLLC
Described by equations (3) and (4):
(ITU vertical radiation pattern)

(3)

(ITU horizontal radiation pattern)
Maximum directional gain of an antenna element (ITU 8dBi)

(4)

The parameters of two models are different for the Indoor Hotspot-eMBB. ITU-R has
an additional definition (see eq. (5) and (6)) for this scenario that is not present in the
3GPP model.
(ITU vertical radiation pattern)
(ITU horizontal radiation pattern)

(5)

(6)

Maximum directional gain of an antenna element (ITU 5dBi)

Antenna element pattern (UE)
ITU-R [3] has defined two types of antenna pattern for UE as follows:
1. 4 GHz and 700 MHz, Omni-directional antenna is assumed.
2. 30 GHz and 70 GHz, similar direction with BS antenna element (same
expression)
𝜽𝟑𝒅𝑩 = 𝟗𝟎𝟎 , 𝑺𝑳𝑨𝑽 = 𝟐𝟓 (ITU vertical radiation pattern)
𝝓𝟑𝒅𝑩 = 𝟗𝟎𝟎 , 𝑨𝒎 = 𝟐𝟓 (ITU horizontal radiation pattern)

Maximum directional gain of an antenna element (ITU 5dBi)

However, the 3GPP model has no such definition.
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(7)
(8)

Large-scale parameter generation
The same procedure is used for both the ITU-R and 3GPP models, using equations
(3-8) show in the previous section.
Small-scale parameter generation
Steps 1-7 are the same in both ITU-R and 3GPP procedures.
Angle of arrival (AOA)
ITU-R defines two distributions for the random AoA of every cluster which is either a
wrapped Gaussian (9) or a Laplacian (10) distribution as follows:

𝝋′𝒏,𝑨𝑶𝑨 =

𝑷𝒏
⁄𝒎𝒂𝒙(𝑷 ))
𝒏

𝟐(𝑨𝑺𝑨⁄𝟏. 𝟒)√−𝒍𝒏 (

𝝓′𝒏,𝑨𝑶𝑨

𝑪𝝋

𝑷
𝑨𝑺𝑨 𝒍𝒏 ( 𝒏⁄𝒎𝒂𝒙(𝑷 ))
𝒏
=−
𝑪𝝓

(9)

(10)

,
whereas 3GPP define only the wrapped Gaussian distribution (11):

𝝓′𝒏,𝑨𝑶𝑨 =

𝑷𝒏
⁄𝒎𝒂𝒙(𝑷 ))
𝒏

𝟐(𝑨𝑺𝑨⁄𝟏. 𝟒)√−𝒍𝒏 (
𝑪𝝋

(11)

For the case of wrapped Gaussian distribution, ITU-R and 3GPP models are in
agreement except for the Laplacian distribution, which is only defined by ITU,
parameters are defined in 13b, 14b, Table A1-11 of the ITU-R document Fehler!
Verweisquelle konnte nicht gefunden werden.Fehler! Verweisquelle konnte
nicht gefunden werden.
Zenith Angle of Arrival (ZoA)
The generation of ZoA assumes that the composite PAS in the zenith dimension of
all clusters is Laplacian in both ITU and 3GPP’s model. The ZOAs are both
determined by (12):
𝑷
𝒁𝑺𝑨 𝒍𝒏 ( 𝒏⁄𝒎𝒂𝒙(𝑷 ))
𝒏
(12)
𝜽′𝒏,𝒁𝑶𝑨 = −
𝑪𝜽
and relative parameters for ITU-R “model B” and the 3GPP model are also in
agreement for every scenario.

The values of parameters for ITU-R model A are given in (13) and
Table 34, which is taken from Table A1-13 of Fehler! Verweisquelle konnte nicht
gefunden werden.
𝑪𝜽 = {

(𝟏. 𝟑𝟓 + 𝟎. 𝟎𝟐𝟎𝟐𝑲 − 𝟎. 𝟎𝟎𝟕𝟕𝑲𝟐 + 𝟎. 𝟎𝟎𝟎𝟐𝑲𝟑 ) , 𝒇𝒐𝒓 𝑳𝑶𝑺
𝑪𝑵𝑳𝑶𝑺
𝜽
𝑪𝑵𝑳𝑶𝑺
, 𝒇𝒐𝒓 𝑵𝑳𝑶𝑺
𝜽
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(13)

Table 34 Scaling factors for ZOA and ZOD generation
# clusters
10
11
12
15
19
20
0.9854 1.013 1.04 1.1088 1.1764 1.1918
CNLOS
In 3GPP model, there is no definition corresponding to ITU model A.
Step8: in agreement
Step9: in agreement

Step10:
In the ITU-R model, either a random initial phase or a phase value calculated from the distance is
added to the LoS scenario but in 3GPP model it is only calculated by the distance. It could be
also represented in next step.

Step 11:
In the ITU-R LOS case, the LOS channel coefficient is determined by the equations
(14), which is equation 34 in Fehler! Verweisquelle konnte nicht gefunden
werden.
 Frx ,u , ( LOS , ZOA ,  LOS , AOA )  1 0   Ftx , s , ( LOS , ZOD , LOS , AOD ) 
(t ) = 
 


 Frx ,u , ( LOS , ZOA ,  LOS , AOA )   0 −1  Ftx , s , ( LOS ,ZOD , LOS , AOD ) 
T

H

LOS
u , s ,1


rˆrxT , LOS .d rx ,u
 exp ( j  LOS ) exp  j 2

0




rˆtxT, LOS .dtx , s
 exp  j 2
0





rˆrxT , LOS .v
 exp  j 2
0




t



(14)

Where Φ𝐿𝑜𝑆 could be either be randomly generated or calculated from the distance.
This is the same as equation 7.5-29 in the 3GPP model (15):
 Frx ,u , ( LOS ,ZOA , LOS , AOA ) 1 0   Ftx ,s , ( LOS ,ZOD , LOS , AOD )
H uLOS

 
,s ,1 (t ) = 

 Frx ,u , ( LOS ,ZOA , LOS , AOA ) 0 − 1  Ftx ,s , ( LOS ,ZOD , LOS , AOD )
T


d
 exp − j 2 3D
0



rˆT .d

 exp j 2 rx ,LOS rx ,u

0





rˆT .d
 exp j 2 tx ,LOS tx ,s


0





rˆT .v 
 exp j 2 rx ,LOS t 



0




(15)

The ITU-R model B is normally in agreement with the 3GPP model and the phase term,
Φ𝐿𝑜𝑆 , should only be calculated from the distance.

Step12: in agreement

8.3.1 Parameters for the fast-fading model
The differences between the parameters used for the fast fading model are
presented in this section. The complete list of parameters value can be found in the
ITU document, Table A1-16 to Table A1-23 and in the 3GPP document Table 7.5-6
to Table 7.5-10. As was found in the previous section, the 3GPP models usually
corresponds to ITU-R model B. And most of the difference exist between the ITU’s
model A and 3GPP’s model.
8.3.2 Indoor Hotspot InH_x
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The differences are shown in Table 35 for the indoor hotspot/Indoor office scenario.
The ITU-R tables have been presented and where there are differences, the 3GPP
formula or value has been included in red. Formulae are evaluated at the test
frequency (4 GHz) and at 6 GHz, following the note (InH_B). The 6 GHz limit is applied
to the 3GPP analysis (Note 6) the results are consistent with M.2412.
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Table 35 Indoor Hotspot (ITU-R Table A1-16) evaluated at 6 GHz (blue, see note) and compared with the
3GPP Indoor Office values (Table 7.5-6 Part-2) evaluated at 4 GHz (red)

Parameters

ITU InH_A lower Band

3GPP Indoor & ITU InH_B & InH_A higher
Band

LOS

LOS

NLOS

µlgDS

‒7.70
−0.01 𝑙𝑜𝑔(1 + 𝑓𝑐 )
− 7.692
(-7.70)

σlgDS

0.18

µlgASD

1.60

‒7.41
‒ 0.28 𝑙𝑜𝑔(1 + 𝑓𝑐 )
− 7.173
(-7.41)
0.14
0.10 𝑙𝑜𝑔(1 + 𝑓𝑐 )
+ 0.055
(0.14)
1.62

σlgASD

0.18

0.25

Delay spread (DS)
lgDS=log10(DS/1s)

AOD spread (ASD)
lgASD=log10
(ASD/1°)

6GHz < fc ≤ 100 GHz

0.5 GHz≤ fc ≤6 GHz

1.62
−0.19 𝑙𝑜𝑔(1 + 𝑓𝑐 )
+ 1.781
(1.62)
0.22
0.12 𝑙𝑜𝑔(1 + 𝑓𝑐 )
+ 0.119
(0.22)
1.22
−0.26 log(1 + 𝑓𝑐 )
+ 1.44
(1.22)
0.23
−0.04 𝑙𝑜𝑔(1 + 𝑓𝑐 )
+ 0.264
(0.23)

NLOS

−0.01 𝑙𝑜𝑔(1 + 𝑓𝑐)
− 7.692
(-7.70)

‒ 0.28 𝑙𝑜𝑔(1 + 𝑓𝑐 )
− 7.173
(-7.41)

0.18

0.10 𝑙𝑜𝑔(1 + 𝑓𝑐 )
+ 0.055
(0.14)

1.60
0.18

1.62
0.25

1.77
−0.19 𝑙𝑜𝑔(1 + 𝑓𝑐 )
−0.11 𝑙𝑜𝑔(1 + 𝑓𝑐 )
−0.11 log(1 + 𝑓𝑐 )
+ 1.781
+ 1.863
µlgASA
+ 1.863
(1.62)
(1.77)
AOA spread (ASA)
(1.77)
lgASA=log10
0.16
(ASA/1°)
0.12 𝑙𝑜𝑔(1 + 𝑓𝑐 )
0.12 𝑙𝑜𝑔(1 + 𝑓𝑐 )
0.12 𝑙𝑜𝑔(1 + 𝑓𝑐 )
σlgASA
+ 0.119
+ 0.059
+ 0.059
(0.22)
(0.16)
(0.16)
1.26
−0.26 𝑙𝑜𝑔(1 + 𝑓𝑐 )
−0.15 𝑙𝑜𝑔(1 + 𝑓𝑐 )
−0.15 𝑙𝑜𝑔(1 + 𝑓𝑐 )
µlgZSA
+ 1.44
+ 1.387
+ 1.387
(1.22)
(1.26)
(1.26)
ZOA spread (ZSA)
lgZSA=log10(ZSA/1°)
0.67
−0.04 𝑙𝑜𝑔(1 + 𝑓𝑐 )
−0.09 𝑙𝑜𝑔(1 + 𝑓𝑐 )
−0.09 𝑙𝑜𝑔(1 + 𝑓𝑐 )
σlgZSA
+ 0.264
+ 0.746
+ 0.746
(0.23)
(0.67)
(0.67)
4
See ITU-R Table A1-2 (shown in Table 36),
Shadow fading (SF) [dB]
σSF
3
(8.03)
3GPP Table 7.4.1-1
NOTE in M.2412 [3] Table A1-16– For InH and frequencies below 6 GHz, use fc = 6 when determining the values of the
frequency-dependent LSP values
Note 6 in 3GPP [4] For InH and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent
LSP values
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Table 36 Path Loss and Shadow fading from ITU-R Table A1-2 compared with 3GPP Table 7.41-1

InH_A

InH_B
LOS

LOS (agrees with 3GPP)

0.5GHz  f c  6 GHz
PLInH-LOS = 16.9log10 (d3D ) + 32.8 + 20log10 ( f c ) ,  SF = 3 dB, 0 m ≤ d2D ≤ 150 m,

0.5 GHz  f c  100 GHz

PLInH-LOS = 32.4 + 17.3log10 (d3 D ) + 20log10 ( f c ) ,  SF = 3 dB, 1 m ≤ d3D ≤ 150 m

3GPP Path Loss result is different (see InH_B)
6 GHz  f c  100 GHz (agrees with 3GPP)
PLInH − LOS = 32.4 + 17.3 log10 (d3D ) + 20 log10 ( f c ) ,  SF = 3 , 1 m ≤ d3D ≤ 150 m
NLOS

NLOS (agrees with 3GPP)

0.5GHz  f c  6 GHz

PLInH-NLOS = 43.3log10 (d3D ) + 11.5 + 20log10 ( f c ) ,

 SF = 4 dB, 0 m ≤ d2D ≤ 150 m

3GPP result is different (see InH_B)
6 GHz  f c  100 GHz (agrees with 3GPP)

 − NLOS = 38.3log10 ( d3D ) + 17.30 + 24.9log10 ( fc ) ,  SF = 8.03 dB,1
PLInH

 −NLOS )
PLInH −NLOS = max( PLInH −LOS , PLInH
 −NLOS = 38.3 log10 (d3D ) + 17.30 + 24.9 log10 ( f c ) ,
PLInH

0.5 GHz  f c  100 GHz
 −NLOS )
PLInH −NLOS = max( PLInH −LOS , PLInH

m ≤ d3D ≤ 150

m

 SF = 8.03 dB, 1 m ≤ d3D ≤

Optional: PLInH
 -NLOS = 32.4 + 20 log10 ( f c ) + 31.9 log10 (d3D ) ,  SF = 8.29 dB

150 m
Optional: PLInH
 -NLOS = 32.4 + 20 log10 ( f c ) + 31.9 log10 (d3D ) ,  SF = 8.29 dB
3 m ≤ hBS ≤ 6 m, 1 m ≤ hUT ≤ 2.5 m
By inspection, although the shadow fading expressions in Table 36 differ between ITU-R and 3GPP below 6 GHz, for LOS the values
are only dependent on distance. Over the valid distance range, this corresponds to a difference of less than ±0.5 dB for a 37 dB range
of loss. The difference in the NLOS values is higher -9.5 dB to +4.3 dB over a 92 dB range calculated for the loss for Indoor hotspot
calculations.
Table 37 compares the ITU-R ZSD and ZOD offset parameters from Table A1-17 in [3] with the values and expressions in 3GPP
Table 7.5-10. The values for InH_B are consistent with the 3GPP model but there are some small discrepancies between the values
for InH_A. Table 16 (InH_B - 0.5 GHz≤ fc ≤ 100 GHz contains a note – For InH and frequencies below 6 GHz, use fc = 6 when
determining the values of the frequency-dependent LSP values. For the 3GPP results [4] Page 51: NOTE 4: For frequencies below 6
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GHz, use fc = 6 when determining the values of the frequency-dependent ZSD and ZOD offset parameters in Table 7.5-7 and 7.510. The expressions have been evaluated using these notes for 3GPP (red) and ITU-R (blue) at 6 GHz and presented in the table.
The results for the 3GPP models are identical. As can be seen from the table, the results for InH are equal for InH_A, InH_B and the
3GPP InH term.
Table 37 Comparison of ITU-R ZSD and ZOD values for InH_A ITU-R Table A1-17 with equivalent parameters evaluated at < 6 GHz for both the 3GPP (red) and ITU-R
models (Blue)

Frequency

InH_A
LOS

Parameters
µlgZSD

0.5 GHz≤ fc ≤ 6 GHz
ITU InH_A lower Band

ZOD spread (ZSD)
lgZSD=log10(ZSD/1°)
σlgZSD

ZOD offset

µoffset,ZOD
µlgZSD

6 GHz <fc ≤ 100 GHz
3GPP Indoor & ITU InH_B
& InH_A higher Band

ZOD spread (ZSD)
lgZSD=log10(ZSD/1°)

ZOD offset

σlgZSD
µoffset,ZOD

1.02
−1.43𝑙𝑜𝑔(1 + 𝑓𝑐 ) + 2.228
(1.02)
0.41
0.13 log(1 + 𝑓𝑐 ) + 0.30
(0.41)
0
−1.43𝑙𝑜𝑔(1 + 𝑓𝑐 ) + 2.228
(1.02)
0.13 log(1 + 𝑓𝑐 ) + 0.30
(0.41)
0

NLOS
1.08

0.36
0
1.08
0.36
0

Urban Macro
The Urban Macro parameters and equations for ITU-R UMa_B (Table A1-18) and 3GPP UMa (Table 7.5-6 Part 1) are shown to be
identical in Table 38. The key point to note is the 6 GHz lower frequency limit which applies to both the ITU-R and 3GPP models at
frequencies below 6 GHz. The models are in agreement.
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Table 38 Comparison of ITU-R UMa_B and 3GPP UMa channel model/fast fading parameters confirms that the equations are identical

ITU-R UMa_B Table A1-18
0.5 GHz≤ fc ≤ 100 GHz see note
Parameters /Scenarios
µlgDS
Delay spread (DS)
lgDS=log10(DS/1s)
σlgDS
µllgASD
AOD spread (ASD)
lgASD=log10(ASD/1°) σllgASD
µllgASA
AOA spread (ASA)
lgASA=log10(ASA/1°) σllgASA
µllgZSA
ZOA spread (ZSA)
lgZSA=log10(ZSA/1°) σllgZSA
Shadow fading (SF)
σlSF
[dB]
µlK
K-factor (K) [dB]
σlK

3GPP UMa Table 7.5.6 Part 1

LOS

NLOS

O-to-I

LOS

NLOS

O-to-I

‒6.955 - 0.0963 log10(fc)

‒6.28 - 0.204 log10(fc)

‒6.62

-6.955 - 0.0963 log10(fc)

-6.28 - 0.204 log10(fc)

-6.62

0.66

0.39

0.32

0.66

0.39

0.32

1.06 + 0.1114 log10(fc)

1.5 - 0.1144 log10(fc)

1.25

1.06 + 0.1114 log10(fc)

1.5 - 0.1144 log10(fc)

1.25

0.28

0.28

0.42

0.28

0.28

0.42

1.81

2.08 - 0.27 log10(fc)

1.76

1.81

2.08 - 0.27 log10(fc)

1.76

0.20

0.11

0.16

0.20

0.11

0.16

0.95

‒0.3236 log10(fc) + 1.512

1.01

0.95

-0.3236 log10(fc) + 1.512

1.01

0.16

0.16

0.43

0.16

0.16

0.43

See Table A1-3

See Table A1-3

7

See Table 7.4.1-1

See Table 7.4.1-1

7

9

N/A

N/A

9

N/A

N/A

N/A

N/A

3.5
N/A
N/A
3.5
NOTE : ITU-R For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values
NOTE 6: For UMa and frequencies below 6 GHz, use fc = 6 when determining the values of the frequency-dependent LSP values

The IRU-R Table A1-18, Fast fading parameters for UMa_x gives both UMa_A and UMa_B values. Table 39 compares ITU-R UMa_A
and UMa_B results evaluated at 6 GHz, shown in blue, and the 3GPP values from 7.5-6 Part 1 and Note 6 in that table (red). The
main parameters are shown to be equal. The shadow fading parameters for UMa (Tables 7.4.1-1 and 7.4.3-3 of [4]) agree with the
ITU-R UMa values in Table A1-3.
The only differences between the models appear to be the cluster delay spread and a slight difference between the O-to-I delay
spread (µlgDS) parameter value from the 3GPP UMa and ITU-R UMa_A sub-6 GHz, shown in Table 39 and the NLOS ZOD O-to-I
values for sub-6 GHz in
Table 40.
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Table 39 Comparison of ITU-R Fast-fading parameters for UMa_x (Table A1-18). The values from the formulae for UMa_A/UMa_B and
3GPP UMa are shown in blue and red respectively
UMa_A
UMa_B
0.5 GHz≤ fc ≤ 100 GHz
0.5 GHz≤ fc ≤6 GHz
6GHz < fc ≤ 100 GHz
NOTE : For UMa and frequencies
UMa values at 4 GHz
UMa_A values at 6 GHz shown in
below 6 GHz, use fc = 6 when
Parameters
determining the values of the frequencyshown in red
blue (see note)
dependent LSP values
LOS
NLOS O-to-I
LOS
NLOS
O-to-I
LOS
NLOS
O-to-I
Delay spread (DS)
lgDS=log10(DS/1s)

AOD spread (ASD)
lgASD=log10(ASD/1°)

AOA spread (ASA)
lgASA=log10(ASA/1°)

ZOA spread (ZSA)
lgZSA=log10(ZSA/1°)
Shadow fading (SF) [dB]
K-factor (K) [dB]

µlgDS

‒7.03
(-7.03)

‒6.44
(-6.44)

-6.62

σlgDS

0.66

0.39

0.32

µgASD

1.15
(1.15)

1.41
(1.41)

1.25

σlgASD

0.28

0.28

0.42

µgASA

1.81

1.87
(1.87)

1.76

σlgASA

0.20

0.11

0.16

µgZSA

0.95

1.26
(1.26)

1.01

σlgZSA

0.16

0.16

0.43

σSF

4

6

7

µK

9
3.5

N/A
N/A

N/A
N/A

N/A (5)

N/A (11)

N/A (11)

K

c

Cluster DS ( DS ) (ns)

−6.955
− 0.0963 𝑙𝑜𝑔(𝑓𝑐 )
(-7.03)
0.66
1.06
+ 0.1114 𝑙𝑜𝑔(𝑓𝑐 )
(1.15)
0.28

−6.28
− 0.204𝑙𝑜𝑔(𝑓𝑐 )
(-6.44)
0.39
1.5
− 0.1144 𝑙𝑜𝑔(𝑓𝑐 )
(1.41)
0.28
2.08
− 0.27 𝑙𝑜𝑔(𝑓𝑐 )
1.81
(1.87)
0.20
0.11
1.512
0.95
− 0.3236 𝑙𝑜𝑔(𝑓𝑐 )
(1.26)
0.16
0.16
See
See
Table A1-3
Table A1-3
9
N/A
3.5
N/A
max(0.25, -3.4084 log10(
fc )+6.5622)

-6.63
(-6.62)
0.32
1.25
0.42
1.76
0.16
1.01
0.43
7
N/A
N/A
11

−6.955
− 0.0963 𝑙𝑜𝑔(𝑓𝑐 )
(-7.03)
0.66
1.06
+ 0.1114 𝑙𝑜𝑔(𝑓𝑐 )
(1.15)
0.28

−6.28
− 0.204𝑙𝑜𝑔(𝑓𝑐 )
(-6.44)
0.39
1.5
− 0.1144 𝑙𝑜𝑔(𝑓𝑐 )
(1.41)
0.28
2.08
− 0.27 𝑙𝑜𝑔(𝑓𝑐 )
1.81
(1.87)
0.20
0.11
1.512
0.95
− 0.3236 𝑙𝑜𝑔(𝑓𝑐 )
(1.26)
0.16
0.16
See
See
Table A1-3
Table A1-3
9
N/A
3.5
N/A
max(0.25, -3.4084 log10(
fc )+6.5622)

Table 40 Comparison of ZOD ITU-R Table A1-19 and 3GPP Table 7.5-7 the differences are highlighted in red
Frequency

Parameters

UMa_x
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‒6.62
0.32
1.25
0.42
1.76
0.16
1.01
0.43
7
N/A
N/A
11

LOS
LOS O-to-I
0.5 GHz≤ fc ≤6 GHz

UMa_A
6 GHz< fc ≤ 100 GHz

3GPP UMa &
ITU UMa_B

0.5 GHz≤ fc ≤ 100 GHz
NOTE – For UMa and
frequencies below 6 GHz,
use fc = 6 when determining
the values of the frequencydependent ZOD offset values

lgZSD

max[-0.5, -2.1(d2D/1000) 0.01 (hUT - 1.5)+0.75]
0.40

ZOD offset

µ offset,ZOD

0

ZOD spread (ZSD)
lgZSD=log10(ZSD/1°)

lgZSD

max[-0.5, -2.1(d2D/1000) 0.01 (hUT - 1.5)+0.75]
0.40

ZOD spread (ZSD)
lgZSD=log10(ZSD/1°)

lgZSD

lgZSD

NLOS
NLOS O-to-I
max[-0.5, -2.1(d2D/1000) -0.01(hUT - 1.5)+0.9]
0.49
-10^{-0.62log10(max(10, d2D))+1.93-0.07(hUT-1.5)}
(3GPP e(fc)-10^{a(fc) log10(max(b(fc), d2D))
+c(fc) -0.07(hUT-1.5)})
max[-0.5, -2.1(d2D/1000)-0.01(hUT - 1.5)+0.9]

0.49
e(fc)-10^{a(fc) log10(max(b(fc), d2D))+c(fc)}
ZOD offset
0
(3GPP e(fc)-10^{a(fc) log10(max(b(fc), d2D))
µ offset,ZOD
+c(fc) -0.07(hUT-1.5)})
NOTE – For NLOS ZOD offset: a(fc) = 0.208log10(fc)- 0.782; b(fc) = 25; c(fc) = -0.13log10(fc)+2.03; e(fc) = 7.66log10(fc)-5.96.
max[-0.5, -2.1(d2D/1000)max[-0.5, -2.1(d2D/1000)-0.01(hUT - 1.5)+0.9]
ZOD spread (ZSD)
lgZSD
0.01 (hUT -1.5)+0.75]
lgZSD=log10(ZSD/1)
0.40
0.49
lgZSD
0
e(fc)-10^{a(fc) log10(max(b(fc), d2D))+c(fc) -0.07(hUT-1.5)}
ZOD offset
µ offset,ZOD
NOTE – For NLOS ZOD and 3GPP offset expressions
are in agreement
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a(fc) = 0.208log10(fc)- 0.782 (-0.62)

c(fc) = -0.13log10(fc)+2.03 (1.93)

b(fc) = 25

e(fc) = 7.66log10(fc)-5.96. (6.39 x 10-4)

8.4 Urban Micro UMi_x
The Urban Micro parameters also have frequency limits for their low-frequency behaviour but in this case, the parameter values are
different for ITU-Ra and 3GPPb. 3GPP UMi-street canyon fast fading table agrees with ITU UMi_B and the differences, calculated at
4 GHz are shown in Table 41.
Table 41 Comparison of fast fading ITU-R parameters for UMi_x ITU-R Table A1-20, 3GPP Table 7.5.6 Part 1 values calculated at 4 GHz
(red)
3GPP UMi street canyon & ITU UMi_B & ITU
ITU UMI_A Lower Band 0.5 GHz≤ fc ≤6 GHz
UMI_A higher Band 6 GHz < fc ≤ 100 GHz
Parameters
LOS
NLOS
O-to-I
LOS
NLOS
O-to-I
Delay spread (DS)
lgDS=log10(DS/1s)

AOD spread (ASD)
lgASD=log10(ASD/1°)

AOA spread (ASA)
lgASA=log10(ASA/1°)

ZOA spread (ZSA)
lgZSA=log10(ZSA/1°)

µgDS

-7.19 (-7.31)
-0.24 log10 (1+ fc) - 7.14

σlgDS

0.40 (0.38)

µlgASD
σlgASD
µlgASA

σlgASA
µlgZSA
σlgZSA

1.20 (1.18)
-0.05 log10(1+ fc) + 1.21
0.43
(0.41)
1.75 (1.67)
-0.08 log10(1+ fc) + 1.73
0.19 (0.29)
0.014 log10(1+ fc) + 0.28
0.60 (0.66)
-0.1 log10(1+ fc) + 0.73
0.16 (0.31)
-0.04 log10(1+ fc) + 0.34

-6.89 (7.00)
-0.24 log10 (1+ fc) – 6.83
0.54 (0.39)
0.16 log10 (1+ fc) + 0.28
1.41 (1.37)
-0.23 log10(1+ fc) + 1.53
0.17 (0.41)
0.11 log10(1+ fc) + 0.33
1.84 (1.75)
-0.08 log10(1+ fc) + 1.81
0.15 (0.33)
0.05 log10(1+ fc) + 0.3
0.88 (0.89)
-0.04 log10(1+ fc) + 0.92
0.16 (0.36)
-0.07 log10(1+ fc) + 0.41

-6.62

-0.24 log10 (1+ fc) - 7.14

0.32

0.38

1.25

-0.05 log10(1+ fc) + 1.21

0.42

0.41

1.76

-0.08 log10(1+ fc) + 1.73

0.16

0.014 log10(1+ fc) + 0.28

1.01

-0.1 log10(1+ fc) + 0.73

0.43

-0.04 log10(1+ fc) + 0.34

-0.24 log10 (1+ fc) –
6.83
0.16 log10 (1+ fc) +
0.28
-0.23 log10(1+ fc) +
1.53
0.11 log10(1+ fc) +
0.33
-0.08 log10(1+ fc) +
1.81

0.05 log10(1+ fc) + 0.3
-0.04 log10(1+ fc) +
0.92
-0.07 log10(1+ fc) +
0.41

a ITU-R M.2412 NOTE – For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP
values
b 3GPP NOTE 7: For UMi and frequencies below 2 GHz, use fc = 2 when determining the values of the frequency-dependent LSP values
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-6.62
0.32
1.25
0.42
1.76
0.16
1.01
0.43

ITU UMI_A Lower Band 0.5 GHz≤ fc ≤6 GHz

Parameters

LOS

NLOS

O-to-I

3GPP UMi street canyon & ITU UMi_B & ITU
UMI_A higher Band 6 GHz < fc ≤ 100 GHz
LOS
NLOS
O-to-I

3 (4)

4 (7.82)

7

See Tables A1-4 [Fehler!
Textmarke nicht definiert.]
and
7.4.1-1 [Fehler! Textmarke
nicht definiert.]

3.2
9
3
12
20

3
8.0
3
19
20

2.2
9
11 (5)
12
20

3
9
3
12
20

See Tables A1-4
[Fehler! Textmarke
nicht definiert.] and
7.4.1-1 [Fehler!
Textmarke nicht
definiert.]
2.1
8.0
3
19
20

Cluster DS ( cDS ) (ns)

NA (5)

NA (11)

NA (11)

5

11

11

Cluster ASD ( c ASD )

3

10

5

3

10

5

Cluster ASA ( c ASA )

17

22

8

17

22

20 (8)

Cluster ZSA ( c ZSA )

7

7

3

7

7

6 (3)

Per cluster shadowing std σ [dB]

3

3

4

3

3

4

Shadow fading (SF) [dB]

σSF

Delay scaling parameter rt
µXPR
XPR [dB]
σXPR
Number of clusters
Number of rays per cluster

7

2.2
9
5
12
20

Table 42 ITU UMi-A values from Table A1-21 [3] together with 3GPP values from Table 7.5.8 in [4] (red)
UMi_x
Frequency
Parameters
LOS/LOS O-to-I
NLOS / NLOS O-to-I
ITU UMI_A Lower Band
0.5 GHz≤ fc≤ 6 GHz

ZOD spread (ZSD)
lgZSD=log10(ZSD/1°)
ZOD offset

UMi_A
ITU UMI_A Higher Band
UMI_B and 3GPP
6GHz < fc ≤ 100 GHz

ZOD spread (ZSD)
lgZSD=log10(ZSD/1°)
ZOD offset
ZOD offset

lgZSD
lgZSD
µ offset,ZOD
lgZSD
lgZSD
µ offset,ZOD
µ offset,ZOD

max[-0.5, -2.1(d2D/1000)+0.01|hUT - hBS|+0.75]
max[-0.21,-14.8(d2D/1000)+0.01|hUT-hBS|+0.83]
0.4 (0.34)
0
max[-0.21, -14.8(d2D/1000) + 0.01|hUT-hBS| +
0.83]
0.35
0
0
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max[-0.5, -2.1(d2D/1000)+0.01max(hUT - hBS,0)+0.9]
max[-0.5, -3.1(d2D/1000)+0.01max(hUT - hBS,0)+0.2]
0.6 (0.3)
-10^{-0.55log10(max(10, d2D))+1.6}
max[-0.5, -3.1(d2D/1000) + 0.01 max(hUT-hBS,0) +0.2]
0.35
-10^{-1.5log10(max(10, d2D))+3.3}
-10^{-1.5log10(max(10, d2D))+3.3}

Table 42 shows that the 3GPP UMi Street Canyon ZSD and ZoD table agree with the
ITU UMi_B and ITU UMi_A higher band values but the UMa_A lower band differs from
the 3GPP UMi model parameters.
Rural
3GPP RMA fast fading table parameters Table 7.5-6 Part-2 are the same as ITU-R RMA
values in Table A1-22. The main difference is that the Frequency range of ITU RMa A
covers 0.5-6GHz and RMa B covers 0.5-7 GHz whereas the range the 3GPP RMa is
0.5-7 GHz.
The ZSD and ZOD offset parameters in Table A1-23 agree with the 3GPP values
presented in table 7.5-9. As before, the frequency rangs for 3GPP RMa and ITU-R
RMa_B are 0.5 – 7 GHz whereas the ITU-R RMA_A upper limit is 6 GHz.
The 3GPP RMa model is therefore in agreement with the RMa_a requirements at 4
GHz.
Advanced Modelling Components
The 3GPP and ITU advanced modelling requirements have been compared and are
outlined in this section.
Oxygen absorption: in agreement
Large bandwidth and large antenna array:
1) Modelling of the propagation delay: in agreement
2) Modelling of intra-cluster angular and delay spreads: in agreement
Spatial consistency:
Spatial Consistency Model I (SC-I) (Procedure A)
ITU model limited to within 1 meter. 3GPP has no such limit. In ITU’s model, the updated
procedure in the following procedure should take the closest realization (𝑡𝑘−1 ) instead of
𝑡0 which is used in 3GPP.
For UT velocity vector

v ( tk −1 ) = VX (tk −1 ) VY (tk −1 ) VZ (tk −1 )

T

(16)

ITU model define additional transfer matrix R,
VX' (tk −1 ) VY' (tk −1 ) VZ' (tk −1 )  = R  VX (tk −1 ) VY (tk −1 ) VZ (tk −1 ) 
T

T

(17)
And the transfer matrix and its affiliated matrix 45b-45g which are all absent in 3GPP’s
model.
For the Cluster departure angles and arrival angles update equation, the two models are
also different.
For ITU, the update procedure is evolved according to (Equations 46 - 49 in Fehler!
Verweisquelle konnte nicht gefunden werden.) (16-19)
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(

)

t  VY' (tk −1 )  cos(n, AOD (tk −1 )) − V X' (tk −1 )  sin(n , AOD (tk −1 )) 180
n,AOD (tk −1 + t ) = n,AOD (tk −1 ) +
rn,3 D (tk −1 )  sin( n,ZOD (tk −1 ))

n,ZOD (tk −1 + t ) = n,ZOD (tk −1 ) +

(

)

t  V X' (tk −1 )  cos(n, AOD (tk −1 ))  cos(n,ZOD (tk −1 )) − VZ' (tk −1 )  sin(n,ZOD (tk −1 )) + VY' (tk −1 )  cos(n,ZOD (tk −1 ))  sin(n, AOD (tk −1 )) 180

rn,3D (tk −1 )

n ,AOA (tk −1 + t ) = n ,AOA (tk −1 ) −

 n,ZOA (tk −1 + t ) =  n,ZOA (tk −1 ) −

t  (VY (tk −1 )  cos(n , AOA (tk −1 )) − VX (tk −1 )  sin(n , AOA (tk −1 )) ) 180
rn ,3 D (tk −1 )  sin( n , ZOA (tk −1 ))



(18)

(19
)
(20
)

t  (VX (tk −1 )  cos(n , AOA (tk −1 )) cos( n ,ZOA (tk −1 )) − VZ (tk −1 )  sin( n ,ZOA (tk −1 )) + VY (tk −1 )  cos(n ,ZOA (tk −1 ))  sin(n , AOA (tk −1 )) (21
) 180

)

rn,3D (tk −1 )

For 3GPP, the updated procedure is described by equations 7.6-11 to 7.6-14 in Fehler!
Verweisquelle konnte nicht gefunden werden.

(t ),  (t ))
v  (t ) ˆ(
n,AOD (t k ) = n,AOD (t k −1 ) + n k −1 ~ n,ZOD k −1 n,AOD k −1 t
(t ))
c  (t )sin (
T

n

k −1

n ,ZOD

(22)

k −1

(t ),  (t ))
v  (t ) ˆ(
n,AOD (t k ) = n,AOD (t k −1 ) + n k −1 ~ n,ZOD k −1 n,AOD k −1 t
(t ))
c  (t )sin (
T

n

k −1

n ,ZOD

k −1

T
v (t k −1 ) ˆ( n ,ZOA (t k −1 ), n ,AOA (t k −1 ))
t
 n ,ZOA (t k ) =  n ,ZOA (t k −1 ) −
c  ~ (t )
n

(23)

(24)

k −1

Spatial Consistency Model II (SC-II) (Procedure B)
LOS/NLOS, indoor states and O2I parameters: in agreement
Blockage: in agreement
Correlation modelling for multi-frequency simulations
ITU model added “Correlation model for shadow fading” part only used to InH_x
scenario. 3GPP doesn’t have the exclusive definition for indoor scenario.
Time-varying Doppler shift: in agreement
UT rotation: in agreement
Explicit ground reflection model
For ITU, the channel of Explicit ground reflection is modelled by equation 25, which is
Equation 75 in Fehler! Verweisquelle konnte nicht gefunden werden..
(25)
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0
 Frx ,u , ( GR ,ZOA ,  LOS ,AOA ) || (  GR ,ZOD )
H uGR
 
,s ( t ) = 
(
)


F
,
−


(
0
⊥ GR ,ZOD
 rx ,u , GR ,ZOA LOS ,AOA  
T

(

 j 2 r̂ T
rx ,GR .d rx ,u

. exp( j GR ). exp
0



  Ftx ,s , ( GR ,ZOD ,  LOS ,AOD )


)  Ftx ,s , ( GR ,ZOD ,  LOS ,AOD )

).exp j 2(r̂txT,GR .d tx ,s ).exp j 2 r̂rxT ,GR .v t 






0







0




For 3GPP, the channel of Explicit ground reflection is modelled by equation 26, which is
Equation 7.6-35 in [4].

 Frx , u , ( GR, ZOA ,GR, AOA )  R||GR
(t ) = 
 
 Frx , u , ( GR, ZOA ,GR, AOA )  0
T

H

GR
u,s


d
 exp − j 2 GR
0


0
−R


rˆT .d

 exp j 2 rx, GR rx , u

0



GR
⊥

  Ftx , s , ( GR, ZOD ,GR, AOD )
F

  tx , s , ( GR, ZOD ,GR, AOD )




rˆT .d 
rˆT .v 
 exp j 2 tx, GR tx , s  exp j 2 rx, GR t 





0
0






(26)

The Explicit ground reflection model and affiliated parameters in ITU and 3GPP’s model
are also different.
Random cluster number ITU defines the part but the 3GPP has not defined this function.
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9 GLOSSARY

Abbreviation/Acronym

Explanation

BLER

Block Error Rate

CAP

Central Access Point

CCH

Control Channel

DL-TCH

Downlink Transmission Channel

EUHT

Enhanced Ultra High Throughput

eMBB

Enhanced Mobile Broadband

IEG

Independent Evaluation Group

IMT

Internal Mobile Telecommunications

IoT

Internet of Things

ITU

International Telecommunications Union

mMTC

Massive Machine-Type Communications

MRC

Maximum Ratio Combining

RD

Radio Device

RIT

Radio Interface Technology

RSSI

Received Signal Strength Indicator

SRIT

Set of Radio Interface Technologies

STA

Station Terminal

TCH

Transmission Channel

TRxP
URLLC

Transmission-Reception Point
Ultra Reliable Low Latency Communications

WWRF

Wireless World Research Forum
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