
Grant Agreement No.: 814956 
Research and Innovation action 
Call Topic: ICT-22-2018 EU-China 5G Collaboration 

 

5G HarmoniseD Research and TrIals for serVice Evolution between 
EU and China 

 

 

D3.3: Final Report of eMBB Trials 

Version: v3.2 

 

Deliverable type R (Document, report)  

Dissemination level PU (Public)  

Due date 31/05/2021 

Submission date 27/05/2021 

Lead editor Na Yi (UoS) 

Authors Na Yi (UoS), Seppo Horsmanheimo (VTT), Lotta Tuomimäki (VTT), Stephan 
Mehnert (VTT), Tao Chen (VTT), Alexandros Kostopoulos (OTE), Akis 
Kourtis (ORION), Huiling Zhu (UKent) Philippos Assimakopoulos (UKent), 
George Frangulea (UKent), {ƱŀǿƻƳƛǊ Kuklinski (Orange) 

Reviewers Ioannis Chochliouros (OTE), Wei Deng (China Mobile) 

Work package, Task WP3, T3.1, T3.2, T3.3 

Keywords eMBB trial results analysis 

 

 

Abstract 

The focus of this deliverable is to report all the enhanced Mobile Broadband (eMBB) focused trial 
measurement results and analysis achieved in WP3 trial sites. The eMBB measurement tests have 
been categorized into two-fold as planned, i.e., radio access technologies and 5G network technolo-
gies. Moreover, a number of joint trials have been done with our Chinese twin project. The conduct-
ed results have also been reported in this deliverable, together with the joint demos.  
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Executive Summary 

Deliverable D3.3 reports all results achieved from the eMBB trials conducted in 5G-DRIVE, which tar-
geted on evaluating the performance of enhanced Mobile Broadband (eMBB) over 3.5 GHz by part-
ners in the European trial sites and over 2.6 GHz by our /ƘƛƴŜǎŜ ǘǿƛƴ ǇǊƻƧŜŎǘ ǇŀǊǘƴŜǊǎ ƛƴ /ƘƛƴŀΩǎ ǘǊƛŀƭ 
sites.  

As originally planned, both radio access technologies as well as network technologies have been 
measured according to the test plans defined in the previously issued 5G-DRIVE Deliverable D3.1. 
More specifically, in the radio access technologies part, both outdoor and indoor eMBB non-
standalone (NSA) basic performance has been measured in various trial sites based on the KPIs de-
fined in the Deliverable D3.1. In addition, 3D multiple input and multiple output beamforming ς as 
one of the promising techniques considered in 5G ς has also been investigated. The beamforming 
characteristics and the effect of array antenna configuration on 3D beamforming have been studied 
and evaluated with the field trial measurŜƳŜƴǘ ŦƻǊ ōƻǘƘ ǎƛƴƎƭŜ ŀƴŘ ƳǳƭǘƛǇƭŜ ƳƻōƛƭŜ ǳǎŜǊǎΩ ǎŎŜƴŀǊƛƻǎΦ  

In the 5G network technologies part, the proposed network slicing KPIs ς as in project Deliverable 
D5.1 ς have been tested during the designed experiments. The virtual network functions as well as 
fronthaul performances have also been measured and corresponding results have been analysed in 
this deliverable.  

Moreover, a number of joint trials have been conducted with our Chinese twin project regarding the 
eMBB basic performance in both NSA and SA 5G. The results have been explained in the present de-
liverable as well.  
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pRRH Pico-Remote Radio Head 

PTP Precision Time Protocol 

PTPv2 Precision Time Protocol version 2 

PUSCH Physical Uplink Shared Channel 
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QAM Quadrature Amplitude Modulation varying from 64 to 1024 

QoS Quality of Service 

QGIS Quantum Geographic Information System (Open Source application) 

QPSK Quadrature Phase Shift Keying 

R-HUB Remote Radio Unit Hub 

RAM Random Access Memory 

RAN Radio Access Network 

RB Resource Block 

RF Radio Frequency 

RFC Request for Comments 

RI Rank Indicator 

RLC Radio Link Control 

RRH Remote Radio Head 

RRU Remote Radio Unit 

RS Reference Signal 

RSRP Reference Signal Received Power 

RSRQ Reference Signal Received Quality 

RTK Real-Time Kinematic 

RTT Roundtrip Time 

RU Remote Unit 

Rx Reception 

SA Standalone (5G) 

SCC Secondary Component Carrier 

SDN Software Defined Network 

SDR Software-Defined Radio 

SDT Slice Deployment Time 

SDTS Slice Deployment Time Scalability 

SINR Signal-to-Interference-plus Noise Ratio 

SN Secondary Node 

SNR Signal-to-Noise Ratio 

SRS Sounding Reference Signal 

SS Synchronization Signal 

SSB Synchronisation Signal Block 

STT Slice Termination Time  

STTS Slice Termination Time Scalability 

SUL Supplementary UpLink 
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TCP Transmission Control Protocol  

TDD Time Division Duplex 

TS Technical Specification 

TWAMP Two-Way Active Measurement Protocol 

Tx Transmission 

UDP User Datagram Protocol 

UE User Equipment 

UL Uplink 

UP User Plane 

USB Universal Serial Bus 

UTRAN Universal Terrestrial Radio Access Network 

vEPC virtualized Evolved Packet Core 

VIM Virtual Infrastructure Manager 

VLAN Virtual Local Area Network 

VNF Virtual Network Function 

VNFM Virtual Network Function Manager 

vPMA virtual Performance Monitoring Agent 

VPN Virtual Private Network 

WP Work Package 

WWW, 
www 

World Wide Web 
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1 Introduction 

1.1 Objective of the document 

The main objective of the actual Deliverable D3.3 is to present all the trial results conducted by en-
hanced Mobile Broadband (eMBB) trial work package (i.e., WP3) partners during the project time 
period in various 5G-DRIVE trial sites with specific focus upon eMBB. This deliverable includes all 
three aspects of the measurements results and analysis, that is: performance measurement and re-
sults analysis of radio access technologies; performance measurement and results analysis for 5G 
network technologies, and joint eMBB trials with Chinese twin project.  

The consideration of very high data-rate use cases and architectures defined in the framework of the 
ǊŜǎǇŜŎǘƛǾŜ 5ŜƭƛǾŜǊŀōƭŜ 5нΦнΣ ƘŀǾŜ ōŜŜƴ ƳŀǇǇŜŘ ƛƴǘƻ ²tоΩǎ ƳŜŀǎǳǊŜƳŜƴǘ ǘŜǎǘǎ ǇƭŀƴƴŜŘ ƛƴ ǘƘŜ 5Ŝƭƛv-
erable D3.1 together with 5G-DRIVE trial site architecture, components and capacities regarding the 
respective technical features at the radio and the core net. Selected KPIs reported in the Deliverable 
5оΦн ƘŀǾŜ ōŜŜƴ ƳŜŀǎǳǊŜŘ ŘǳǊƛƴƎ ǘƘŜ ǘŜǎǘǎ ƻǾŜǊ оΦр DIȊ ŀǘ 9ǳǊƻǇŜΩǎ ǘǊƛŀƭ ǎƛǘŜǎ ŀƴŘ нΦс DIȊ ŀǘ /ƘƛƴŀΩǎ 
sites.  

1.2 Structure of the document 

This deliverable is structured in five chapters, as follows:  

Chapter 1 presents an introduction of the Deliverable by focusing on its objectives, structure and tar-
get audience.  

Chapter 2 presents the conducted measurement results and analysis for performance measurement 
results and analysis of radio access technologies. It contains the eMBB basic performance measure-
ments for both outdoor and indoor as well as the 5G three-dimensional (3D) beamforming analysis 
anŘ ŦƛŜƭŘ ǘǊƛŀƭǎΩ ǊŜǎǳƭǘǎ ŎŀƭƛōǊŀǘƛƻƴΦ  

/ƘŀǇǘŜǊ о ǇǊŜǎŜƴǘǎ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ǊŜǎǳƭǘǎΩ ŀƴŀƭȅǎƛǎ ŦƻǊ рD ƴŜǘǿƻǊƪ ǘŜŎƘƴƻƭo-
gies. It contains the network slice orchestration performance measurement, results and analysis; 
vCache performance measurement and fronthaul performance measurement results and analysis.  

Chapter 4 presents the joint eMBB trials with the Chinese twin project. It covers the basic perfor-
mance measurement indoor and outdoor for both SA and NSA 5G architecture.  

The conclusion is presented in Chapter 5.  

1.3 Target audience 

This deliverable is open to the general public and targets the scientific/research community, as well 
as industry stockholders working on 5G trials with focus on eMBB. It aims to offer a better under-
standing of the trial measurement results and analysis of WP3 within the framework of the 5G-DRIVE 
project effort.  
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2 Performance measurement results and analysis of radio access 
technologies 

Lƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ ƳŜŀǎǳǊŜƳŜƴǘǎΩ ǊŜǎǳƭǘǎ ŀŎƘƛŜǾŜŘ ǘƘǊƻǳƎƘ ǇƭŀƴƴŜŘ ǘŜǎǘǎ ǿƛǘƘ ǘƘŜ ŦƻŎus on radio access 
technologies are reported. First, non-standalone (NSA) basic performance measurements have been 
carried out in both outdoor and indoor scenarios, by the involved WP3 partners at both 5GIC trial 
site2 (Surrey, UK), VTT trial site (Espoo, Finland) and Orange trial site (Warsaw, Poland). The results of 
single user equipment (UE) scenario have been presented and analysed. Then, the performance of 3D 
beamforming has been analysed and calibrated with the actual performance achieved through field 
ǘǊƛŀƭǎΦ CƛƴŀƭƭȅΣ ǎƻƳŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ƘŀǾŜ ōŜŜƴ ǇǊƻǾƛŘŜŘΣ ōŀǎŜŘ ƻƴ ƻǳǊ ǘǊƛŀƭ ǊŜǎǳƭǘǎΩ ŀƴŀƭȅǎƛǎΦ 

2.1 Outdoor eMBB performance measurement results and analysis 

In this subsection, the outdoor measurement results over three eMBB trial sites will be presented.   

2.1.1 Outdoor eMBB measurement results at 5GIC trial site 

The outdoor eMBB NSA basic performance measurements have been conducted in 5GIC trial site at 
Surrey, VTT trial site at Espoo and Orange trial site at Warsaw. The measurement tests have been 
conducted according to the plan already reported in the Deliverable D3.1 [1].  

2.1.1.1 Measurement environment setup 

The outdoor eMBB NSA basic performance measurements in 5GIC trial site were conducted in the 
Stag Hill campus of the University of Surrey. The test network targeted on providing state-of-the art 
5G test and demonstration platforms, which include a C-RAN test platform to support clusters of re-
mote radio heads (RRH) supported, in turn, by high performance core processing facilities for exper-
imental research on advanced techniques such as joint transmission coordinated multi-point trans-
mission and reception schemes. In addition, the test network provides a unique environment to test 
operation of heterogeneous access networks in a real-life environment. In the context of the WP3, 
the conducted tests were focused on the considered eMBB scenarios.  

 

Figure 1: The outdoor deployment layout of 5GIC trial site, Surrey, UK. 

The test network is connected to the Vodafone Core Network and as shown in Figure 1, the outdoor 
deployment consists of 7 sectors and 9 gNB. The height of the gNBs is either 5 meters or 10 meters, 

                                                           

 
2
 For more details about 5GIC see: https://www.surrey.ac.uk/institute-communication-systems/5g-innovation-centre 
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based on the regulation of the University. The one designated LTE eNB operating at 2.6 GHz is em-
ǇƭƻȅŜŘ ŀǎ ǘƘŜ άŀƴŎƘƻǊ ƴƻŘŜέ ǘƻ ǎǳǇǇƻǊǘ ŀƭƭ ǘƘŜ ǘŜǎǘŜŘ рD Ǝb. ƻǇŜǊŀǘƛƴƎ ŀǘ оΦр DIȊΦ ¢ƘŜ ŎǳǊǊŜƴǘ ƴŜt-
work configuration currently is NSA Option 33, as shown in Figure 2. Therefore, the tested 5G device 
used 4G for control plane (CP) and 5G for data plane (DP) services as the data spin services has been 
turned off.  

 

Figure 2: High-level architecture of NSA option 3x [2]. 

Different types of 5G UEs have been tested during our outdoor performance tests, as shown in Figure 
3. The iPerf34 has been used as traffic generator to test the maximum network throughput during our 
tests for both DL and UL.  

 

Figure 3: Tested CPEs at 5GIC trial site. 

2.1.1.2 Plannes performance measurement tests 

According to the trial plan in [1], six trial measurements (as listed in Table 1) have been designed to 
test the following selected KPIs as shown in Table 1. 

                                                           

 
3
 For further details also see, among others: https://www.gsma.com/futurenetworks/wiki/5g-implementation-guidelines/ 

4
 The iPerf3 is a tool for active measurements of the maximum achievable bandwidth on IP networks. It supports tuning of 

various parameters related to timing, buffers and protocols. For further information also see: https://iperf.fr/iperf -
download.php 
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Trials Date Measured KPIs 

June 2019 Stationary Tests Peak Data Rate UL/DL 

June 2019 Drive Tests Cell Capacity 

July 2019 Drive Tests 

December 2019 Latency Tests 

December 2019 Drive Tests 

December 2019 User-Experienced Data Rate 

Table 1: Summary of the conducted outdoor trials at 5GIC site. 

2.1.1.3 Measurement results 

Several measurements have been carried over Stag Hill Campus as shown in Figure 4 and the results 
were used to optimise the 5G test network in Stag Hill campus, in terms of signal strength optimiza-
tion, rank optimization, etc.  

 
(a)                                                                                         (b) 

Figure 4: Received signal strength drive test measurement optimization (a) before optimization; (b) after opti-
mization. 

As shown in Figure 4, the drive test of received signal strength for BBU26, BBU27 and BBU28 were 
measured before and after optimization. It is observed that overall 5G network received signal 
strength is high. This is because the small intra-site distance and low antenna heights. However, as in 
Figure 4 (a), the areas highlighted by number 1 and 2 are relatively low, compared to others. After 
modified the mechanical and digital tile angle, the received signal strength of these two areas has 
been improved as the measured results show in Figure 4 (b).  

Single UE peak data rate for UL and DL in stationary test 

A stationary measurement approach has been employed in our tests to measure the single UE peak 
data rate for UL and DL. Exhaustive points have been selected from each sector to find the peak data 
rate and measurements were conducted at least within a 2-minute time period for each pint. As in 
the example shown in Figure 5, the measured DL UDP peak data rate during a stationary test can be 
higher than 800 Mbps for UDP and higher than 700 Mbps for TCP (cf. Figure 5). Here it is worthy to 
point out that the peak data rate reaches the maximum performance of the measured UE.  
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(a) UDP protocol                                                       (b)TCP protocol 

Figure 5: An example of measured DL UDP and TCP protocol peak data rate. 

 

Figure 6: An example of measured UL UDP peak data rate. 

The DL single UE peak data rate in stationary test is around 824M for UDP and 724M for TCP during 
these tests. This is due to the maximum rate has reached the limits of the test device.  

Cell capacity 

After stationary test measurements, drive tests have also been conducted to measure the DL 
throughput results to compare with the results achieved during stationary measurements.  

 

Figure 7: DL throughput measurement results after tilt angle optimisation. 

As shown in Figure 7, around 95% of the measured sample points can provide results higher than 200 
Mbps DL data rate, while around 48.6% of the measured sample points can provide results higher 
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than 400 Mbps.  

Control plane latency 

The definition of control plane latency given in the 3rd Generation Partnership Project (3GPP) TR 
оуΦфмо ƛǎ άǘƘŜ ǘƛƳŜ ǘƻ ƳƻǾŜ ŦǊƻƳ ŀ ōŀǘǘŜǊȅ ŜŦŦƛŎƛŜƴǘ ǎǘŀǘŜ όŜΦƎΦΣ L5[9ύ ǘƻ ǘƘŜ ǎǘŀǊǘ ƻŦ Ŏƻƴǘƛƴǳƻǳǎ Řŀǘŀ 
transfer (e.g., ActivŜύέΦ ¢ƘŜ ǘǊƛŀƭ рD ŀǘ {ǳǊǊŜȅ ǘǊƛŀƭ ǎƛǘŜ ƛǎ b{! ŀǊŎƘƛǘŜŎǘǳǊŜ ŀǎ ǎƘƻǿƴ ƛƴ Figure 2. The 
control plane latency includes 4G random access, 4G bearer setup, 5G measurement and secondary 
cell group (SCG) addition. As SCG has not been enabled at Surrey site, there are only three parts of 
latency has been measured during our test as shown in Figure 8, Figure 9 and Figure 10.  

 

Figure 8: Measurement of 4G random access (latency A). 

 

Figure 9: Measurement of 4G bearer setup (latency B). 

 

Figure 10: Measurement of 5G measurement (latency C). 












































































































































































