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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 siteseMB8 measurement testdave
beencategorizednto two-fold as planned, i.e., radio access technologies and 5G network technol
gies. Moreover, a number of joint trials have been done with our Chinese twin project. The tonduc
ed results have also been reported in this deliverable, togettitr the joint demos.
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ExecutiveSummary

Deliverable D3.3 reports all resulishieved from theeMBB trias conducted inrsGDRIVEwhich ta-

geted on evaluating the performance of enhanced Mobile Broadband (eMBB) over 3.5 @ati- by

ners in the European trial sites and over 2.6 GHzby okirA y SaS G gAYy LINR2SO0G LI |
sites.

As originally planned, both radio access technologies as well as network technologies have been
measured according to the teglans defined in the previously issued-BRIVE Deliverable D3.1.

More speifically, in the radio access technologies part, both outdoor and indoor eMBB-
standalone(NSA basic performance has been measured in various trial sites based on theeKPIs d
fined in the Deliverable D3.1. In addition, 8iiltiple input and rultiple output beamformingg as

one of the promising techniques considered in §Bas also been investigate@he beamforming
characteristics and the effect of array antenna configuration on 3D beamforming have been studied
and evaluated with the field trial measbry Sy & ¥2NJ 602G K aAy3tsS | yR Ydz

In the 5G network technologies part, the proposed network slicing &Bfsin project Deliverable
D5.1¢ have been tested during the designed experiments. Vinelal network functions as wellsa
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 andbGAThe results have been explained in the present d
liverable as well.
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GRAN Cloud Radio Access Network

CLI CommaneLine Interface

CoS Class of Service

CP Control Plane

CPE Customer Premises Equipment
CPU Central Processing Unit

CQl Channel Quality Indicator

CsSl Channel State Information

CSIRS Channel State InformationReference Signal

Cu Centralized Unit
Cw ContinuousWave
DL Downlink

DP Data Plane

DRB Data Radio Bearer
DU Distributed Unit
E2E Endto-End

EUTRAN Evolved Universal Terrestrial Radio Access Network
eMBB enhanced Mobile Broadband
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eNB
EPC
ETSI
EU
FDD
FPS, fps
FR1
FR2
GbE
GHz
GIS
gNB
GNSS
GPS
GS
GW
HO
HSS

HTTP,
http

HTTPS,
https

iBLER
ID, id
IETF
INS
IP
IPv4
IPv6
ITU
ITUT
KPI
LAN
LOS
LTE
MAC
MANO

EvolvedhodeB (4G)

Evolved Packet Core

European Telecommunications Standards Institute
European Union

Frequency Division Duplex

frames per second

Frequency Range 1 including sbiGHz frequency bands
Frequency Rangeifcluding 24.25 GHz to 52.6 GHz frequency bands
Gigabit Ethernet

Giga Hertz

Geographic Information System

Next Generation nodeB (5G)

Global Navigation Satellite System

Global Positioning System

Group Specification

Gateway

Handover

Home Subscriber Server

HyperText Transfer Protocol

HyperText Transfer Protocol Secure

Initial Block Error Rate

Identifier

Internet Engineering Task Force
Inertial NavigatiorSystem
Internet Protocol

Internet Protocol version 4
Internet Protocol version 6

International Telecommunication Union

International Telecommunication Unierm elecommunication Standardization Secto

Key Performancéndicator
Local Area Network
Lineof-Sight

Long Term Evolution (4G)
Medium Access Control

Management and Orchestration
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MCS
MIMO
MNO
MU
NFV
NFVI
NFVO
NLOS
NR
NS
NS
NSA
OAM
OCNG
OFDM
OSM
0SS
OWD
PBCH
PC
PC
PCC
PCI
PCRF
PDCCH
PDCP
PDSCH
PHY
PLR
PMA
PNF
PRB
PRRH
PTP
PTPV2
PUSCH

Modulation and Coding Scheme
Multiple Input, Multiple Output
Mobile Network Operator
Multi-User

Network Functions Virtualisation

Network Functions Virtualisation Infrastructure

Network Functions Virtualisation Orchestrator

Non-Lineof-Sight

New Radio (5G)

Network Service

Network Slice

Non-standalong(5G mode)

Operation, Administration and Maintenance
Orthogonal Channel Noise Generation
Orthogonal FrequeneRivision Multiplexing
Open Source MANO

Operational Support System

OneWay Delay

Physical layer BroadcaShannel

Personal Computer

Power Control

Policy and Charging Control

Physical Cell Id

Policy Control and Charging Rules Function
Physical layer Downlink Control Channel
Packet Data Convergence Protocol
PhysicaDownlink Shared Channel
Physical (OSI layer)

Packet Loss Ratio

Performance Monitoring Agent

Physical Network Function

Physical Resource Block

PicoRemote Radio Head

Precision Time Protocol

Precision Time Protocekrsion 2

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
RHUB RemoteRadio Unit Hub

RAM Random Access Memory
RAN Radio Access Network
RB Resource Block

RF Radio Frequency

RFC Requesfor 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 RealTime Kinematic

RTT Roundtrip Time

RU Remote Unit

Rx Reception

SA Standalone (5G)

SCC Secondary Component Carrier
SDN Software Defined Network

SDR SoftwareDefinedRadio

SDT Slice Deployment Time

SDTS Slice Deployment Time Scalability
SINR Signafto-Interferenceplus Noise Ratio
SN Secondary Node

SNR Signailto-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 TwoWay Active Measurement Protocol

Tx Transmission

UDP UserDatagram 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

vVPMA virtual Performance Monitoring Agent

VPN Virtual Private Network
WP Work Package

WWW, World Wide Web

WWW
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1 Introduction

1.1 Objective of the document

The main objective of the actuBleliverable D3.3 is to present all the trial results conductedrby e
hanced Mobile Broadband (eMBB) trial work packége, WP3)partners during the project time

period in various 5@®RIVE trial sites with specific focus upon eMBB. This deliverable éacilid

three aspects of the measurements results and analysis, that is: performance measurement and r
sults analysis of radio access technologies; performance measurement and results analysis for 5G
network technologies, and joint eMBB trials with Chintgim project.

The consideration of very high datate use cases and architectures defined in the framework of the
NBALISOGADS 5SEtABSNIotS 5nodns KIFEIBS 6SSy YWNLILISR
erable D3.1 together with 5GRIVE trial sitarchitecture, components and capacities regarding the
respective technical features at the radio and the core net. Selected KPIs reported in the Deliverable
50dH KIF@PS 0SSy YSIadaNBR RdzZNAy3a (KS {(Saida QaBSNJ
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 ta
get audience.

Chapter 2 presents the conductedeasurement results and analysis for performance measurement
results and analysis of radio access technologies. It contains the eMBB basic performancemeasur
ments for both outdoor and indoor as well as the 5G thdimensional (3D) beamforming analysis
anR FASER GNRIFfaQ NBadzZ Ga OFftAONI GAZ2Y D

/| KFLIISNI o LINBaSyidia GKS LISNF2NXIyYyOS YSIFadaNBYSyi
gies. It contains the network slice orchestration performance measurement, results and analysis;
vCache performance measurenteand fronthaul performance measurement results and analysis.

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

The conclusion isrpsented 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 bettar unde

standing of the tial measurement results and analysis of WP3 within the framework of tiBRBIVE
project effort.
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2  Performance measurement results and analysisradio acess
technologies

Ly GKA& OKFLIWGSNE YSIaAdz2NBYSYy(aQ NB auwrbrirddiohcteksh S G S |
technologies are reported. First, natandalone (NSA) basic performance measurements have been
carried out in both outdoor and indoor scenarios, by the involved WP3 partners at both 5GIC trial
site? (Surrey, UK), VTT trial site (Espeimjand) and Orange trial site (Warsaw, Poland). The results of
singleuser equipmentUE) scenario have been presented and analysed. Then, the performance of 3D
beamforming has been analysed and calibrated with the actual performance achieved throdgh fiel
GNRFfad CAylfftezr a2YS NBO2YYSyRIGA2ya KIF @S 06SS)

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 acording to the plan already reported in the Deliverable OJ3]1

2.1.1.1 Measurement environment setup

The outdoor eMBB NSA basic performance measurements in 5GICtérialese conducted in the
Stag Hill campus of the University of Surrey. The test network targeted on providingpGth art
5G test and demonstration platforms, which include-RAN test platform to support clusters a-r
mote radio heads (RRH) suppaitén turn, by high performance core processing facilities for expe
imental research on advanced techniques such as joint transmission coordinateepointtirans-
mission and reception schemes. In addition, the test network provides a unique environontst t
operation of heterogeneous access networks in a-liéalenvironment. In the context of the WP3,
the conducted tests were focused on the considered eMBB scenarios.

CATHEDRAL

N Z COURT
N =t CATHEDRAL _
W’ m

COURT

Figurel: The outdoor deployment layout of 5GIC trial,sBarrey, UK.

The test network is connected to the Vodafone Core Network and as shokigurel, the outdoor
deployment consists of 7 sectors and 9 gNB. The heigtiieo§NBs is either 5 meters or 10 meters,

% For more details about 5GIC see: https://www.surrey.ac.uk/instittenmunicationsystems/5ginnovationcentre
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based on the regulation of the University. The one designated LTE eNB operating at 2.6 1BHz is e

L 28SR a GKS al yOK2NJ y2RS¢ G2 &adzLlR2 NI Fft-f GKS
work configurationcurrently is NSA Optior?3as shown irfFigure2. Therefore, the tested 5G device

used 4G for control plane (CP) and 5G for data plane (DP) services as the datavaps has been

turned off.

Control plane

— User plane sssssss

Figure2: Highlevel architecture of NSA option 2.

Different types of 5G UEs have been tested during our outdoor performance tests, as shagurén
3. The iPerf8has been used as traffic generator to test the maximum network throughput during our
tests for both DL and UL.

Figure3: Tested CPE 5GIC trial site.
2.1.1.2 Plannes performance measurement tests

According to the trial plan ifi], six trial measurements (as listedTiablel) have been designed to
test the following selected KPIs as showiiablel.

¥ For further details also seamong othershttps://www.gsma.com/futurenetworkskiki/5g-implementationguidelines/

* 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:/fipigd.fr/iperf -
download.php
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Trials Date ‘ Measured KPIs ‘

June 2019 StationaryTests 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 UserExperienced Data Rate

Tablel: Summary of the conducted outdoor trials5GIC site.

2.1.1.3 Measurementresults

Several measurements have been carried over Stag Hill Campus as shéguréd and the results
were used to optimise the 5G test tweork in Stag Hill campu#) terms of signal strength optinaz
tion, rank optimization, etc.

BBU27 BBU27

L

o N

o

7 After Optimization
sz

BBU28
NR PCC SS AVG RSRP(dBm)-All Logs o)

BBU28
BBY;

(b)

Figured: Received signal strength drive testasurenent optimization (a) before optimization; (b) after épt
mization

As shown irFigure4, the drive test of received signal strength for BBU26, BBU27 and BB&/28 w
measured before and after optimization. It is observed that overall 5G network received signal
strength is high. This is because the small isita distance and low antenna heights. However, as in
Figure4 (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 theneasured results show figure4 (b).

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

A stationary measurement approach has been employed in our tests &sune 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-mi8ute time period for each pint. As in

the example shown iRigure5, 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 TCIRdafe5). Here it is worthy to

point out that the peak data rate reaches the maximum performance of the measured UE.
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[ Radio Measurement : MS1 =5 O] , T8 Throughpat : M51 (=) Radio Measurement : MS1 lrea l = {2 Throughput : MS1
Type Pec a . Downlink(Mbit/s) Type poc scct 2 Downlink(Mbit/s)
PCl Type  PCC scc1 el 22 Type  PCC sec
SSB Index § 558 hdex 5
S5 AVG RSRP % T Y S5 AVG RSRP T
55 MAX RSRP ; MAC 4 S5 MAX RSRP 7 A e
S5 AVG SR 2 PHY 26 S5 AVG SINR oLy
CSIRS ChanMaxRSRP -7 MACOWO 274 CSI-RS ChanMaxRSRP WACCWD 72874
CS1RS ChanfwgRSRP 4 MAC OW1 CS1-RS ChanfvgRSRP 3 MACCWT 0.
CSHRS AvgSINR PHYCWD 832 CSI-RS AvgSINR E'3 PHYCWD 75213
PUSCH Tx PoweridBm) 434 PHYCW! 000 PUSCH Tx PowerfdBm) 244 PHYCW! 000
PUCCH Tx PoweridBm) PUCCH Tx Power{dBm) 00
PRACH Tx PoweridBm) 756 PRALCH Tx Power{dBm)
SRS Power 0 SRS Power
SUL SRS Power SUL SRS Power
Power Headroom 1 3 Power Headroom1
(a) UDP protocol (b)TCP protocol

Figure5: An example of measured DL UDP and TCP protocol peak data rate.

HTMLS Speedtest

=]

Download Upload

Ping
337.71 102.36 7.68
(=71) (ro23s) (7 i

W Adaess 1010063 sccess

Figure6: 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 haveoabeen conducted to measure the DL
throughput results to compare with the results achieved during stationary measurements.

BBUZT
28027 e
‘ 0%
BBU28 [T S
NR PCC DL PDCP Throughput(Mbit
Is)-All Logs ' LS SR
® [1000, 10000 (0, 0. 00) ’ 60%
[600, 1000) (431,21, 57%)
{2 ot e .y
[10,200) (99, 4 95%)
#[0.10)10,0.008) BBU2S 0%
BBU:7
309§ e .
'y BBU26 BBU26 g s R
: -
..‘_f-* " 455%

10.10)0 10,200)89 200,400).928 [400,600) 540 [600,1000)431 1000,16000)0

[ POF AllLogs-NR PCC DL FOCP Throughput(lbts) |

Figure7: DL throughput measurement results after tilt angle optimisation

As shown irFigure?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
oydpmo Ad aGKS GAYS (2 Y20S FTNRY | oFGGSNE STF7F
transfer (e.g., ActB80 ¢ ® ¢ KS GNARLFf pD |G { dZNNBe& FigNalThe aA (S
control plane latency includes 4G random access, 4G bearer setup, 5G measuretheatandary

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 showkigare8, Figure9 and FigurelO.

e  Latitude  Dateime LTE MacachSuc. .. LTE MacRa. LTE MacRanddce LTE RreConnSetuplapl_0620 -
22 -059340833 5 4833 2019-06-20 17:12:54.402 LTE MacRachSucc

23 050340833 5124314833 2019-06-20 17:1254434 LTE MacRaSucc LTE MacRandAccessSucc

24 -059103723 5124392461 2019-06-20 17:16:14556 LTE MacRandAccessSucc

25 -059101500 5124393333 2019-06-20 17:16:30.679 LTE MacRachSucc

26 059101500 5124393333 2019-06-20 17:16:30710 LTE MacRaSucc LTE MacRandAccessSucc

27 -059104167 5124388167 2019-06-20 17:16:45.978 LTE MacRachSucc

28 -059104233 5124387619 2019-06-20 17:16:46.008 LTE MacRaSucc LTE MacRandAccessSucc

29 -059386355 5124312001 2019-06-20 17:19:43858 LTE MacRachSucc

30 -059386355 5124312001 2019-06-20 17:19:43889 LTE MacRaSucc LTE MacRandAccessSucc

31 059520983 5124392400 2019-06-20 17:21:13.143 LTE MacRachSucc

32 059520983 5124392400 2019-06-20 17:21:13.169 LTE MacRaSucc LTE MacRandAccessSucc

33 059413693 5124430736 2019-06-20 17:21:38693 LTE MacRachSucc —

34 059413693 5124430736 2019-06-20 17:21:38706 LTE MacRaSucc Latency A-32ms
35 059413693 5124430736 2019-06-20 17:21:38727 LTE MacRandAccessSucc

36 056744167 5124453000 2019.-06-20 17:23:45893 LTE MacRandAccessSucc

058762651 5124457773 2019-06-20 17:25:13.072 LTE MacRaSucc

058762651 5124457773 2019-06-20 17:25:13.087 LTE MacRandAccessSucc
3 1

a1 651 5124457773 2019-06-20 17:25:13.770 LTE MacRachSucc

42 058762651 5124457773 2019-06-20 17:25:13.782 LTE MacRaSucc

43 058762651 5124457773 2019-06-20 17:25:13797 LTE MacRandAccessSucc

44 058762651 5124457773 2019-06-20 17:25:13801 LTE RrcConnSetupCmpl
45 059001346 5124451167 2019-06-20 17:26:02855 LTE MacRachSucc

46 -059001346 5124451167 2019-06-20 17:26:02.882 LTE MacRaSucc LTE MacRandAccessSucc

a7 050275333 5124472333 2019-06-20 17:4400.729 LTE MacRandAccessSucc

48 059275333 5124472333 2019-06-20 17:44:00.779 LTE MacRandAccessSucc

49 -059546440 5124356644 2019-06-20 17:46:21.840 LTE MacRachSucc

50 059546440 5124356644 2019-06-20 17:46:21853 LTE MacRaSucc

51 -059546440 5124356644 2019-06-20 17:46:21870 LTE MacRandAccessSucc “
Py NOANNRAR £13421K092 IN10 0 I017.AR1020C LTE MacDachSuics

Figure8: Measuremenbf 4G random access (latency A).

S ... ..Latency B=197ms

Index Date Time Direction Channel ... Message Name M A
3382 2019-06-20 17:54:52.782 MS->eNodeB UL-DCCH RRCConnectionReconfigurationComplete 0

) da

2019-06-20
3385 2019-06-20
3386 2019-06-20

17:54:52.798 >
z MS->eNodeB UL-DCCH RRCConnectionReconfigurationComplete 0
9 eNodeB->MS BCCH-B.. MasterinformationBlock 0

3387 2019-06-20 843 eNodeB->MS BCCH-D.. SysteminformationBlockTypel 0
3388 2019-06-20 17:54:52. MS->eNodeB UL-DCCH HPSUECapabilityinformation 2
3389 2019-06-20 17:54:52.927 MS->eNodeB UL-DCCH MeasurementReport 0
3390 2019-06-20 17:54:52.947 eNodeB->MS DL-DCCH RRCConnectionReconfiguration 0

3391 2019-06-20 17:54:52.951 MS->eNodeB UL-DCCH RRCConnectionReconfigurationComplete 0
3392 2019-06-20 17:54:52.990 eNodeB->MS DL-DCCH RRCConnectionReconfiguration 0
3393 2019-06-20 17:54:52.993 gNodeB-> DL-DCCH RRCConnectionRBConfiguration 0

3394 2019-06-20 17:54:52.993 gNodeB->.. DL-DCCH RRCReconfiguration 0
3395 2019-06-20 17:54:52.994 MS->gNod.. UL-DCCH RRCReconfigurationComplete 0
;i&i’ 2019-06-20 _17:54:52.995 _MS->eNodeB_UL-DCCH_RRCConnectionReconfigurationComplete 0
3397 2019-06-20 17:54:53.119 gNodeB-> BCCH-B.. MIB 0
3398 2019-06-20 17:54:53.642 eNodeB->MS DL-DCCH RRCConnectionReconfiguration 0

3399 2019-06-20 17:54:53.645 MS->eNodeB UL-DCCH RRCConnectionReconfigurationComplete 0

3400 2019-06-20 MS->eNodeB UL-DCCH MeasurementReport 0
3401 2019-06-20 7 eNodeB->MS DL-DCCH RRCConnectionReconfiguration )
2402 2N10.0A-2N 17:54:64 56N MS-~aNndaR 111 -NCCH RROCannactinnRacanfinnrationCamnlata 0 Y
< >

Figure9: Measurement of 4G bearer setup (latency B).

Figurel0: Measurement of 5G measurement (latency C).

© 2018- 2021 5GDRIVE Consortium Parties Page230f 108


































































































































































































































































