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Executive Summary 
 

 
The 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. A total 
of six technologies were submitted by a range of organizations, including 3GPP, ETSI and a 
number of regional and national organizations. To help with the evaluation, several 
Independent Evaluation Groups were established, and WWRF registered as one of these. 
 
WWRF decided to focus on two specific submitted technologies, those submitted by TSDSI of 
India and NuFront of China. This report describes the analysis carried out by the WWRF team 
on the EUHT technology submitted by NuFront 
 
The group studied two particular scenarios. In the URLLC Urban Macro scenario, the proposed 
technology does not meet the ITU requirements for reliability at the link level, with the maximum 
achievable reliability being only 99.9942%.  However, in the high-mobility Rural eMBB 
scenario, the iteration using four streams was able to meet the ITU requirements for reliability. 
 
WWRF plans to closely follow the upcoming planned activities, to review and provide 
recommendations when needed and to contribute to WP5D meetings planned for later this 
year.  
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1. Introduction to the IMT-2020 Development Process 
 

ITU WP 5D is responsible for the overall radio system aspects of the terrestrial component 
of International Mobile Telecommunications (IMT) systems, currently comprising IMT-
2000, IMT-Advanced and IMT-2020 (often known outside ITU as 3G, 4G and 5G 
respectively). As defined in Resolution ITU-R 56-2, International Mobile 
Telecommunications-2020 (IMT-2020) systems are mobile systems that include new radio 
interface(s), which support the new capabilities of systems beyond IMT-2000 and IMT-
Advanced. ITU WP 5D has defined an 8-step process for preparing the IMT-2020 
recommendations (Figure 1): 

 
Figure 1: IMT-2020 8-step radio interface development process 

As part of Step 3, six candidate Radio Interface Technologies (RITs) have been submitted 
and their submissions have been approved within corresponding WP 5D Meetings #32 
(July 2019) and #33 (December 2019).  

To reach Step 4, a group of Independent Evaluation Groups (IEGs) has provided to ITU 
WP 5D 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 WP 5D and potentially additional methodologies proposed by the various 
IEGs. ITU’s evaluation is based on the characteristics defined in ITU-R Reports M.24101-
0, M.2411-02 and M.2412-0 using a methodology described in Report ITU-R M.2412-03. 
The methodology aims at assessing the service, spectrum and technical characteristics 
for the candidate RITs, given a set of minimum performance requirements. The end of 

 
1 Report  ITU-R  M.2410-0 (11/2017) Minimum requirements related to technical performance for IMT-2020 radio 

interface(s) 
2 Report M.2411-0 (11/2017)   Requirements, evaluation criteria and submission templates for the development of 

IMT-2020 
3 Report  ITU-R  M.2412-0 (10/2017) Guidelines for evaluation of radio interface technologies for IMT-2020 



 

 

Meeting #34 marks the conclusion of the Evaluation Process. This will be followed by 
consensus building, in Steps 5, 6 and 7, with the objective of achieving global 
harmonization and having the potential for wide industry support for the radio interfaces 
that are developed for IMT-2020, and eventually leading to the final IMT-2020 
recommendations. 



 

 

 

 

2. Overview of WWRF contribution in the IMT-2020 
Evaluation Process 

 

Over the last ten years, WWRF has championed several activities focused on the wireless 
evolution to and beyond 5G, including workshops and special sessions, presentations, 
white papers and journal special issues.  

WWRF has been very supportive of the ITU’s evaluation process for IMT-2020 and 
participated as an independent evaluation group (IEG). A group of interested members 
was formed to investigate how WWRF could implement the evaluation procedure. 
Available resources dictated that WWRF was not able to provide a complete evaluation in 
all use cases but has concentrated on those of most importance to our members, in 
particular those working on developing IMT-2020 in emerging and developing markets.  

The WWRF members who support the ITU’s evaluation process had several working 
meetings during WWRF’s regular conferences over the last 3 years. Members of the group 
are predominantly from universities, but also include industry representatives and 
independent consultants. 

Based on the individual studies of the IEG members and the discussions and consensus 
reached, the WWRF IEG decided to focus their evaluation on the proposals submitted to 
ITU-R by Nufront4 and TSDSI respectively5 and a small project team was formed to 
progress this work.  

The WWRF IEG had several face-to-face and phone meetings to discuss the proposals 
submitted by the various proponents. The regular WWRF conferences (twice per year) 
were used for this purpose. A working group (‘ITU EVAL’) and dedicated sessions within 
the WWRF conferences were organized. Internal weekly phone calls were organized. 
Additional phone-calls were organized for: i) discussing with the RIT proponents (Nufront, 
TSDSI) the technical details of their submissions; ii) exchanging knowledge with other 
evaluation groups (e.g. Canada IEG) and iii) discussing with other external experts. 

To this end, the WWRF IEG has studied the various features and technologies proposed 
and provided an assessment by inspection, analysis and based on simulation results, 
where it was deemed necessary. The assessment was submitted to the ITU WP5D in time 
for the February 2020 Meeting #34 in the form of a document entitled: “FINAL 
EVALUATION REPORT FOR RIT SUBMISSIONS FROM TSDSI (IMT-2020/19) AND 
NUFRONT (IMT-2020/18)” (Document noted by ITU WP5D as 5D/120). The team 
participated in the face-to-face Meeting #34 held in Geneva, during 19-26th February, 
2020, where it supported the evaluation outcomes. 

The results and conclusions of these studies for the EUHT RIT are presented in detail in 
the following sections of this report. 

 
 
 

 
4 ITU-R WP5D: Acknowledgement of Candidate RIT Submission from Nufront Proponent under Step 3 of the  
IMT-2020 Process. Document IMT-2020/18-(Rev.1)E, 23 December 2019. 
5 ITU-R WP 5D: Acknowledgement of candidate RIT submission from TSDSI under Step 3 of the IMT-2020 
process. Document IMT-2020/19-(Rev.1)E, 23 December 2019. 



 

 

3. NuFront Evaluation 
 

The EUHT RIT developed by NUFRONT supports both IMT bands (from 450MHz to 
6000MHz) and higher frequency bands (e.g. above 24GHz). 
This report summarises the evaluation results of EUHT RIT for the eMBB for rural high 
mobility (train) scenario and URLLC urban macro environment scenario. The analysis of the 
results is discussed in detail below. 

 

3.1 Evaluation Scenarios 
 

Scenario 1: Reliability Analysis for 4 GHz Carrier Frequency in an Urban 

Macro Environment (Configuration A6) 

 

In this scenario, we have considered link-level simulations that include a 
base-station (BS) communicating with a single user equipment (UE). The 
simulations are conducted for Downlink and we consider a mobility-based 
environment. The scenario is designed to test the EUHT’s performance in 
terms of reliability of data received at the user equipment. We have 
considered a single user multiple input multiple output (SU-MIMO) system. 

 
Scenario 2: Normalized traffic channel link data rate simulation in high 

mobility Rural-eMBB for 4 GHz Carrier Frequency (Configuration B) 

We have simulated scenarios defined in “Linear cell layout configuration for 
high-speed vehicular mobility at 500 km/h under Rural-eMBB test 
environment” (Annex 2- ITU-R M.2412-0). Single base-station (BS) 
communicating with 20 user equipment (UE) placed inside a train moving at 
a constant speed of 500 km/h 7. This scenario is used to calculate normalized 
traffic-channel link data rate for uplink (UL).  Illustration of the scenario is 
shown in Fig. 1. 
 

Fig.1: Rural eMBB (Scenario 2) 

 
 

3.2 Simulation Design and Parameters 
In this section, we describe the simulation design for the network scenarios considered 
and explain the transmission flow.  

 
6 Report ITU-R M.2412-0 (10/2017) Guidelines for evaluation of radio interface technologies for IMT-2020. 

7 NUFRONT; Self Evaluation towards IMT-2020 Submission V1.0.0 (2019-06) 
 



 

 

 
A. Simulation design for URLLC Urban Macro Environment 

 
In Fig. 2, we show the transmission flow considered for evaluation. Low Density Parity Check 
(LDPC) coding is applied to the input bit stream. The code rate considered for this evaluation is 
½. The next block involves QPSK modulation, and the output of the modulation block is fed into 
the CP-OFDM block. Within the CP-OFDM block there are several sub blocks. First, the serial to 
parallel conversion takes place to be fed into the Inverse Fast Fourier Transform (IFFT) block. 
Next, a Cyclic Prefix and guard band is added and fed to the transceiver. We consider a SU-
MIMO with 8 transmit antennas at the BS and 2 receive antennas at the UE. The transmitted 
signal is recovered at the receiver by passing it through the CP-OFDM demodulator, QPSK 
demodulator and finally the LDPC decoder to recover the transmitted message from the received 
codeword. Table 1 lists the simulation parameters considered for the evaluation. As mentioned 
earlier, we conduct the Link Level Simulation for downlink scenario at a carrier frequency of 4GHz 
with 20 MHz of bandwidth.  
 

 
 

Fig.  2: Block Diagram of URLLC evaluation for Urban Macro Environment 
 
 
 

Table 1. Simulation parameters for Link Level simulation8 (Downlink) 
 

Scenario Dense Urban 

Carrier Frequency 4 GHz 

Bandwidth 20 MHz 

Signalling Waveform CP-OFDM (SU-MIMO) 

Subcarrier Spacing 78.125 KHz (Amounts to 256 
subcarriers) 

 
8 Enhanced Ultra High Throughput (EUHT) Technology Specification, Nufront (Beijing) Technology Group Co.,Ltd. 



 

 

Cyclic Prefix 16, 32 

Guard Band True 

Transmission Channel Tap Delay Channel 

Mobility True 

Errors Considered Bit Error Rate, Percentage of reliability 

Path Loss model NLoS 

Channel Coding LDPC with ½ Code Rate 

Modulation PSK (order 4), QPSK 

Channel Estimation Imperfect, Non-Ideal 

Number of Transmit Antennas 8 at the BS 

Number of Receiver Antennas 2 at the UE 

 
 

B.       Simulation design for high mobility Rural-eMBB for 4 GHz Carrier Frequency 

(Configuration B) 
 

NS-39 simulator is an advanced network simulator that is used for Wi-Fi, LTE and 5G network simulations.  
One of the most common NetDevice on the NS-3 is a Wi-Fi device (WifiNetDevice), which implements the 
IEEE 802.11 standards and supports simulations with different versions of MAC and PHY.  
SpectrumWifiPhy10, the new physical layer model allows for consideration of radio channel parameters, 
interference from other stations, or other systems. Additionally, SpectrumWifiPhy has implemented 
several tools to support the analysis of the physical layer of the radio channel.  
We developed a model based on 802.11ac to simulate the EUHT PHY and MAC layers characteristics. 
20 UEs were placed 1m apart inside a train moving at a constant speed of 500 km/h. Each UE had an 
UDP client which generated constant UDP traffic that was sent to the BS.    
We simulated the following modulation and coding schemes given in Table 2. Subsequently, we calculated 
the normalized traffic-channel link data rate. The normalized traffic-channel link data rate is the aggregate 
throughput of all users (the number of correctly received bits, over a certain period) divided by the channel 
bandwidth of a specific band and is measured in bit/s/Hz. 

 
9 "ns-3 | a discrete-event network simulator based on C++. https://www.nsnam.org/. Accessed 10 Feb. 2020. 
10 (2009, October 20). Spectrum-aware channel and PHY layer modeling for ns3 .... Retrieved February 10, 2020, 
from https://dl.acm.org/citation.cfm?id=1698825 



 

 

 

Table 2: Modulation and coding schemes 

MCS index Spatial Streams Modulation type 

9 1 256-QAM 

9 2 256-QAM 

9 3 256-QAM 

9 4 256-QAM 

 
 

Table 3: Simulation Parameters 

 Rural-eMBB (Configuration B) 

Carrier frequency for evaluation 4 GHz 

UE speeds of interest Fixed and identical speed 500 km/h for all 
UEs, where the UEs are moving in a one 
direction (straight train track) 

User density 20 UEs per TRxP 

UE height 2m 

BS noise figure 5 dB 

UE noise figure 7 dB 

BS antenna element gain 8 dBi 

UE antenna element gain 0 dBi 



 

 

Traffic model Full buffer 

Simulation bandwidth 20 MHz  

UE antenna height 1.5 m 

BS antenna height 35 m 

Subcarrier spacing  78.125 kHz 

Total transmit power per TRxP 49 dBm for 20 MHz bandwidth 

 
 

3.3 Results & Discussion 
 

Results for Scenario 1: 

The results are generated using MATLAB 2019b by following the process shown in the 
Flowchart in Fig. 3 and using the simulation parameters in Table1. 
The evaluation strategy follows the ‘Guidelines for evaluation of radio interface 
technologies for IMT-2020 (ITU-R M.2412, Table 5)’ for Urban-Macro URLLC. We 
evaluate the network on Configuration A, as explained in Table 5 of ITU-R M.2412. The 
flowchart shows the transmission flow and the process with which we evaluate the BER. 
We evaluated the reliability based on the ITU criteria of 99.999% reliability. The iterative 
process is continued 10000 times and the reliability is evaluated at each iteration and 
compared with the ITU criteria.  
 

 
 
 



 

 

 
 

Fig. 3: Simulation model flowchart 
 
 
 

Observation 1: Table 4 shows the results for bit error rate (BER), which in turn provides us with 
the link reliability. Please note that this evaluation is conducted at the link level. According to our 
simulations, the proposed technology does not meet the ITU requirements, as the maximum 
achievable reliability is 99.9942%. 
 

 
Table 4. Results for Reliability (Link Level Simulation) 

 

Results EUHT Simulation ITU Requirements 

Bit Error 
Rate 

0.0058/10,000 bits 
transmitted 

- 



 

 

% 
Reliability 

99.9942% 

(maximum achievable) 

99.999% 

 
 

A. Results for Scenario 2: 

 
 

Table 5:  Results Scenario 2 Rural UL 11 
 

Normalized traffic channel link data rate for EUHT in Rural - UL  

No of Streams NS-3 Simulation of 
EUHT 

ITU Requirements 

(Report ITU-R M.2410-0:TABLE 4) 

1 0.16 bit/s/Hz  

 

0.45 bit/s/Hz 

2 0.29 bit/s/Hz 

3 0.42 bit/s/Hz 

4 0.56 bit/s/Hz 

 

 
 

 
11 Report  ITU-R  M.2410-0 (11/2017) Minimum requirements related to technical performance for IMT-2020 radio 
interface(s). 
 



 

 

 
Fig. 4    CDF of Normalized traffic channel link data rate (Number of Streams=1) 

 
Fig. 5    CDF of Normalized traffic channel link data rate (Number of streams=2) 

 

 
Fig. 6    CDF of Normalized traffic channel link data rate (Number of Streams=3) 

 



 

 

 
Fig. 7    CDF of Normalized traffic channel link data rate (Number of Streams=4) 

 
 
Observation 2: Only iteration with 4 streams (0.58 bit/s/Hz) is able to achieve ITU requirements 
(0.45 bit/s/Hz as defined in Report ITU-R M.2410-0:TABLE 4). 

 

In summary; 
● 1 streams  - ITU requirements achieved only 1% of simulation time (Fig. 4) 
● 2 streams  - ITU requirements achieved only 10% of simulation time (Fig. 5) 
● 3 streams -  ITU requirements achieved 45% of simulation time (Fig. 6) 
● 4 streams -  ITU requirements achieved 77% of simulation time (Fig. 7) 

 
Note: Our simulations were based on the current available information on EUHT.  
 
 

3.4 Comments and response after the ITU WP5D meeting 
(Geneva 19-20 Feb 2020) 

 
Question from NuFront: Is repetition used in the URLLC Evaluation from WWRF? 

 
SINR Values:  
If you look at the simulation design flowchart then you will observe that the simulation runs for 
N=10,000 and the observed reliability is the average taken over the number of iterations. This 
means that for every single iteration, the SINR value corresponding to the reliability was 
different. However, for all the 10,000 iterations the reliability was measured for SINR range of -4 
dB to 1 dB.  
 
Repetitions: 
Based on our understanding of 5G-NR URLLC, the EUHT team followed the same pattern of 
including frequency and time domain repetitions which means repeating the information bits 
which creates diversity and hence lowers the Bit Error Rate (BER) subsequently the reliability 
goes higher. As we used the LDPC channel coding with a code rate of 1/2, so we used 
repetition as follows: 
4 times Repetitions in the frequency domain 
3 Times Repetitions in the time domain 
This essentially means that the information bits are repeated 4 times for four sets of frequencies 



 

 

and then transmitted repeatedly 3 times. Hence this leads to an overall repeatability of 12 times 
for both the time and frequency domains. 
 
We hope the above answer the query raised by NuFront. 
 
 
 

3.5 Future work 
 
The following points should be considered as future work that we can carry out to improve the 
NUFRONT evaluation. 
 

 Liaise with NUFRONT to understand in detail the PHY and MAC layers of the EUHT 

system and their system-level simulator.     

 Implement EUHT network stack as an NS-3 module. 

 Simulate EUHT further with different configurations and mobility scenarios. 

 Compare the performance of EUHT agents 80211.ac/ax and 5G NR. 

 System level simulations for EUHT with deployment of a 7-cell scenario (Tier 1) and 19-

cell scenario (Tier-2). These scenarios can be considered for URLLC and eMBB, where 

the former is deployed in macro-urban and the latter in dense urban, urban and rural 

areas. The aim of these system level simulations is to understand the SINR regime for 

tier-1 and tier-2 interference levels. 

 Understanding the Link Level performance of EUHT with higher order modulation 

schemes, higher order code rates for LDPC and different combinations of repeatability in 

both time and frequency. Link level performance of URLLC in a macro-urban 

environment with different simulation parameters and configurations is the aim of this 

kind of simulation. 

 

      

4. Current Status & Next Steps for WWRF within the IMT-2020 
Recommendations Preparation 

 
WWRF along with the other twelve Independent Evaluation Groups has submitted to 

ITU WP5D its final evaluation report for TSDSI and Nufront RITs (ITU WP5D 

Document Name: 5D/120), in the context of WP 5D Meeting #34. The document was 

summarized by WP5D during February 2020 meeting in Geneva (ITU Document 

Name: IMT-2020/51). All relevant documents for WWRF IEG were noted as IMT-

2020/37. 

 

WP5D reviewed and compiled all the different inputs and provided a consolidated 

summary in document IMT-2020/3812. With that, Step 4 of the IMT-2020 process was 

concluded. 

 
12 ITU-R IMT.2020  Contribution  38 Summary of Step 4 of the IMT-2020 process for evaluation of IMT-2020 
candidate technology submissions 



 

 

 

Currently, IMT-2020 process steps 5 - 7 are underway: 

 Review and coordination of outside evaluation activities (Step 5) 

 Conclusion of a review to assess compliance with minimum requirements 

(Step 6) 

 Complete consultation on the evaluation results and consensus building and 

render a decision (Step 7) on those technologies that should move forward 

(Step 8). 

WWRF plans to closely follow the upcoming planned activities as performed within: 

 IMT-2020 process steps 5-7, and 

 WP5D Meetings #35 and #36 planned for later this year. 

WWRF will monitor the outcomes of the aforementioned procedures and potentially 
provide recommendations when needed. 
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