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Executive Summary

The deliverable presentsthe eNB, UE developed by EURECOM.

The document presents the deployment scenarios of the E-UTRAN, its configuration, installation and
running.

Note: While we keep the document up to date, but it is not possible all the time due to frequent

updates to our code. Gitlab wiki content takes precedence overthis document. If you find errors with
this document, please help us fixit.



1 Introduction
The EURECOM eNB is a bundle of software components that provides the eNB functions of the LTE on both

radio interface (i.e. Uu ) and core network interfaces (i.e. S1-C and S1-U).

eNB 51-C MME S6a HSS

$1-U SGW PGW SGi INTERNET

Figure 1LTE overview

1.1 Deployment scenarios
Different deployment scenarios can be considered with the EURECOM eNBand UE as follows [1]:

e Commercial UE <-> OAl eNB+ Commercial EPC

e Commercial UE <->OAleNB+ OAIEPC

e Commercial UE <->Commercial eNB +OAIl EPC

e OAIUE <-> Commercial eNB+OAI EPC (experimental)

e OAIUE <-> Commercial eNB+Commercial EPC (experimental)
e OAIUE <-> OAleNB+ Commercial EPC (experimental)

e OAIUE <->OAleNB+OAI EPC

e OAIUE <->OAleNB

Below we present few of them.

1.2 eNB without S1 interface

In this deployment, SIAP and GTP protocols are bypassed, and thus eNB exchange the IP packets with
the upperlayerthroughthe OAl network device driver called nasmesh.

To setup a radio link, you require OAI UE with the network device driver and without the NAS protocol.

One example scenario hereis LTE-u.



1.3 ENB with S1 Interface
In this deployment, eNBis built with the SIAP and GTP protocols and interacts with EPC. Different EPC
may be connected tothe OAl eNBinadditiontothe OAIEPC.

Below, we provide fewexamples with OAI EPC.

1.3.1 eNB withall-in-one OAIEPC platform

The following picture depicts a EURECOM eNB and EPC providing MME and GW functions, and interact with the
EURECOM HSS. In this deployment scenario, the S11 interface is virtual in the sense that S11 messages do not go
through the network layer but through an inter-task interface message passing middleware (ITTI).

EPC (mme_gw executable+GTP kernel module)

eNB $1-C MME S6a: HSS

$1-U SGW PGW SGi INTERNET

Figure 2 OAl eNB with all-in-one OAI EPC

The EPC can be deployed on the same hostas OAI eNB host or on its own host.

1.3.2 eNB withseparate EPC platform

Actually this deployment scenario is under development and cannot be demonstrated yet.

EPC (mme executable)

eNB $1-C MME S6a HSS

S11
EPC (sp_gw +ecutable+GTP kernel module)

$1-U SGW PGW SGi INTERNET




1.4 eNB on virtualized environments
See[2] [5].

1.4.1 Containers (LXC and Dockers)
See[2] [5].

1.4.2 KVM
See[2] [5].

2 eNB Installation
The eNB and UE software have only beentested on UBUNTU 14.04x64, and UBUNTU 14.10x64 LINUX
distributions on Intel x86 64 bits platforms, and to less extend on Debian.

In addition, low latency kernelis required. For kernel installation, please referto [3].

If you want to try another LINUX distribution, itis mandatory to have a 64 bits LINUX distribution.

2.1 eNB source code

The OpenAirinterface software can be obtained from our gitlab server. You will need aGit clientto get
the sources (on Ubuntu Linux the client can be install using the command "apt-getinstall git"). The
openair5Grepositoryiscurrently used for main developments.

Dependingon whatis recommended on the openair mailing list
https://gitlab.eurecom.fr/oai/openairinterface 5g/wikis/MailingList, you should use the develop branch.

If git is not installed on your computer, execute inashell the following command:

user@host:~sudo apt-getinstall git

Thento retrieve the source code, if you have read-only access, executein ashell the following
command:

user@host:~git clone https://gitlab.eurecom.fr/oai/openairinterface5g.git

The source codeina release directory orinthe trunk directoryis organized as follow:

e cmake_targets : Openairbuild system (latest)
e common : Common code to all layers
e openairl : Physical layersource code

e openair2 : Layer 2(MAC, RLC, RRC, PDCP) source code


https://gitlab.eurecom.fr/oai/openairinterface5g/wikis/MailingList
https://gitlab.eurecom.fr/oai/openairinterface5g.git

openair3 : Middleware code (mainly unused).

targets : Specificcode forexecutables (may contains unsupported old build

system).

Important!

In this document OPENAIR_DIRis the pathto the openairworking directory

2.2 eNB additional software
Some software installations have to be done priorto build the EURECOM eNB/UE.

In OPENAIR_DIR/cmake_targets directory, executethe following command:

user@host:~/openairinterface5g/cmake_targetsS./build_oai—I

Optionaly add: --install-optional-packages —w USRP (For USRP SpecificInstallation)

Referto Gitlab Wiki, https://gitlab.eurecom.fr/oai/openairinterface5g/wikis/OpenAirSoftwareSupport
for HW/SW requirements and updated installation instructions

This command will update the software source list of your Ubuntu installation. It will install
miscellaneous software packages.

2.3 eNB configuration
OpenAirinterface (OAl) offers configuration files for facilitating the determination of the parameters for
each component.

The top level parameters configuration for multiple eNBs is divided in 6 main sections:?

Main parameters: Configuration of the base station ID, tracking area code (TAC), and
mobile country code (MCC) and mobile network code (MNC).

PHY parameters: Configuration of the physical layer parameters (i.e., frequency, power
control, tx/rx number of antennae, tx/rx gain, hopping etc.)

SRB parameters: Configuration of special radio bearers parameters (i.e, poll
retransmission timer, reordering timer etc.)

MME parameters: Configuration of MME parameters (i.e., [IPv4/IPv6 addressing etc.)
Network interfaces: Configuration of network interfaces (i.e.,, eNB S1-U IPv4 address, eNB
S1-MME IPv4 address etc.)

log config: Configuration of logger’s level and verbosity by taking into account all the layers
and components of network (i.e., PHY, MAC,RLC, PDCP, HW etc.)

! An example of eNB configfile is located at:

https://gitlab.eurecom.fr/oai/openairinterface5g/blob/develop/targets/PROJECTS/GENERIC-LTE-

EPC/CONF/enb.band7.tm1.usrpb210.conf



https://gitlab.eurecom.fr/oai/openairinterface5g/wikis/OpenAirSoftwareSupport
https://gitlab.eurecom.fr/oai/openairinterface5g/blob/develop/targets/PROJECTS/GENERIC-LTE-EPC/CONF/enb.band7.tm1.usrpb210.conf
https://gitlab.eurecom.fr/oai/openairinterface5g/blob/develop/targets/PROJECTS/GENERIC-LTE-EPC/CONF/enb.band7.tm1.usrpb210.conf

A detailed description of the parameters that are configured is given in Annex A (eNB configuration
content). 2

Figure 3 shows the view of the build process of OAI eNB, and how configuration and binary files are
generated

Build process:
“OPENAIR_DIR/cmake_targets/
build_oai”

Kall Cmake Makefile generation ]

!

OPENAIR_DIR/cmake_targets/ OPENAIR_DIR/targets/bin/Ite-softmodem

tools/ OPENAIR:DI R/targets/bin/openair_rf.ko
build_oai options »| OPENAIR_DIR/targets/bin/Updatefw
» build_helper OPENAIR_DIR/targets/bin/init_exmimo2
A\ 4
OPENAIR_DIR/cmake_targets/Ite_build_oai/build/Makefile

OPENAIR_DIR/cmake_targets/Ite_build_oai/
CMakelists.template

OPENAIR_DIR/cmake_targets/CMakeLists.txt

OPENAIR_DIR/cmake_targets/Ite_build_oai/CMakeLists.txt

Y

i Cmake Makefile generation

\ 4 OPENAIR_DIR/targets/bin/enb.conf

+ Hardware target

+ Transmission mode (SISO, MIMO)
+ Band Selection

OPENAIR_DIR/targets/PROJECTS/GENERIC-LTE-EPC/CONF

v

Cmake variable substitution

Figure 3 OAIl eNB build process and configuration

Inputs files and parameters are on the left part of the figure, the build process is in the center part
and output configuration files are on the right side of the figure.

eNB configuration file contents are detailed in Appendix A.

Configurationfiles have to be filled prior to compilation.

2.4 eNB build and Run

openashell,andrun
- user@host:~/openairinterface5g/cmake_targetsS./build_oai—h

Different targets are availableas follows:

2 The type and the declaration of the parameters as variables can be found in the corresponding C file:

https://gitlab.eurecom.fr/oai/openairinterface5g/blob/develop/openair2/ENB _APP/enb config.c



https://gitlab.eurecom.fr/oai/openairinterface5g/blob/develop/openair2/ENB_APP/enb_config.c

24.1 EXMIMOTarget
To build (for EXMIMO):

- user@host:~/openairinterface5g/cmake_targetsS./build_oai —.eNB—w EXMIMO -x -c
To run: (for EXMIMO)

- user@host:~/openairinterface5g/targets/binS./init_exmimo2
- user@host:~/openairinterface5g/targets/binS sudo —E ./Ite-softmodem.Rel10-0 ..
../PROJECTS/GENERIC-LTE-EPC/CONF/enb.band7.tm1.exmimo2.conf-S—d

for Help

- user@host:~/openairinterface5g/targets/binSsudo —E ./Ite-softmodem.Rel10—-h

2.4.2 USRPTarget
To build:

- user@host:~/openairinterface5g/cmake_targetsS./build_oai-g—eNB—X —w USRP
Torun:

- user@host:~/openairinterface5g/targets/binSsudo—E ./Ite-softmodem.Rel10-0O ..
../PROJECTS/GENERIC-LTE-EPC/CONF/enb.band7.tm1.usrp210.conf -S—d

for Help:

- user@host:~/openairinterface5g/targets/binSsudo —E ./Ite-softmodem.Rel10-h

2.5 UE build and Run

2.5.1 EXMIMO
To build:

- user@host:~/openairinterface5g/cmake_targetsS./build_oai --eNB—UE -x -c-w EXMIMO

Note: The flag—UE builds the UE Sim Card parameters. The UE softmodem s also built when you pass —
eNB parameter.

To run:
- user@host:~/openairinterface5g/targets/binS./init_exmimo2
- user@host:~/openairinterface5g/targets/binSsudo —E ./Ite-softmodem.Rel10-U -C
2680000000 -r25 --ue-scan-carrier -d
2.5.2 USRP

To build:



- user@host:~/openairinterface5g/cmake_targetsS./build_oai-—UE—eNB -x -c -w USRP
To run:

- user@host:~/openairinterface5g/targets/binS sudo —E ./Ite-softmodem.Rel10-U -C
2680000000 -r25 --ue-scan-carrier -d

2.6 OAISIM build and Run
To build:

- user@host:~/openairinterface5g/cmake_targetsS./build_oai-x -c --oaisim
to Run:

- Withlocal S1: user@host:~/openairinterface5g/targets/binssudo—E./oaisim.Rel10—-O
../PROJECTS/GENERIC-LTE-EPC/CONF/enb.band7.generic.caisim.local_mme.conf

- WithoutS1: user@host:~/openairinterface5g/targets/bin$ sudo —E ./oaisim.Rel10-0 ../
../PROJECTS/GENERIC-LTE-EPC/CONF/enb.band7.generic.caisim.local_no_mme.conf

2.7 Test OAI
user@host:~/openairinterface5g/cmake_targetsS./build_oai-s

The test cases can run for longtime. Itis bestto run specifictests. Formore information, see
https://gitlab.eurecom.fr/oai/openairinterface 5g/wikis/OAITestSetup

3 eNB Monitoring tools

OAl provides monitoring tools such as network protocol analyzers, loggers, performan ce profilers,
timinganalyzersand command line interfaces for performing the intended measurementsand
monitoringthe network. Specifically, the supported monitoring tools are:

e OAI Soft Scope and Status can be read remotely.
e Wireshark / PCAP Interface:
o L2/L3 and S1 interface.
o Localhost or remote host access.
o Example can be found at :
e OAI Logger and dissector (called itti_analyzer):
o Remote log file retrieval
e OpenAirlnterface performance profiler: for processing time measurement.
e OpenAirlnterface timing analyzer: build the VCD
o Convert the ascii variables and function calls output to vcd format (value change
data) allowing to view the temporal function and variable changes in a vcd viewer,
such as gtkwave.
e OAl message sequence chart (MSC) : http://www.mcternan.me.uk/mscgen/.



https://gitlab.eurecom.fr/oai/openairinterface5g/wikis/OAITestSetup
http://www.mcternan.me.uk/mscgen/

e CLI interface.

The figures below depict the provided monitoring tools and their functionality via typical
measurement and packet capture examples. In addition, MSC examples are illustrated.

OAI SoftScope provides plots for received signal power, channel impulse response, channel
frequency response, channel frequency response, LLRs, throughput and 1/Q components (e.g., 4-
QAM constellation). This tool offersa complete overview of the PHY layer characteristics, an
example is shown in Figure 4.

@ & LTE UL SCOPE eNB for CC_id 0, UE 0

Signal (Time-Tomain, dB) Channel Impuls

Channel Frequency Res

PUSCH Throu
Figure 4: OAI Soft Scope: Received Signal, Channel Impulse Response, LLRs, I/Q and Throughput plots

Wiresharkis a powerful tool widely used for capturing packets, offeringintegrated sorting and filtering
options. Inadditiontolayer 3 protocol dissection, OpenAirinterface implements the Wireshark interface



for the layer 2 protocol dissection for PDCP, RLC, and MAC layer®. In Figure 5, an example illustrates
RRCConnectionReconfiguration message capture using Wireshark.
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Figure 5: Wireshark: RRCConnectionReconfiguration message capture

The itti_analyzertool can be used to analyze the exchanges between RRC<->S1AP, RRC<->PDCP, PDCP<-
>S1. Inadditiontothe protocol information, theitti_analyzeranalyses all the messages exchanged
between different protocols. It allows message filtering on pertime, channel (CCCH, DCCH, DTCH),
sender, and receiver basis allowing to monitorand follow the protocol functionalities. Figure 6 depicts
an example for RRCConnectionReconfiguration message capture usingthe itti_analyzer.




x analyzer "log"

Filters| [ @ B Messaoes [ C QO B E ke = Ao = ip: [ 127.0.01 port: [ 10006

Messages list | Terminal

MN  LTETime Message From To Ins  -1ttifisg = msg t, msg s |

1588 0.15 STAP_DOWNLINK_NAS TASK_STAP TASK_RRC_ENB 0 <D[fg:E:}ﬁggsgg;nUMSQTEXt'

1590 0.15 RRC_DL_DCCH TASK_RRC_ENB TASK_UNKNOWN ) <messages

1591 0.15 RRC_DCCH_DATA_REQ TASK_RRC_ENB  TASK_PDCP_ENB 0 el

1594 0.17 RRC_DCCH_DATA_IND TASK_PDCP_ENB  TASK_RRC_ENB 0 <rreconnectionReconfigurations

1596 0.17 RRC_UL_DCCH TASK_RRC_ENB  TASK_UNKNOWN 0 <rrc-TransactionIdentifier>@</rrc-TransactionIdentifier>

1597 0.17 S1AP_UPLINK_NAS TASK_RRC_ENB TASK_S1AP ) <criticalExtensions>

1598 0.17 S1AP_UPLINK_NAS_LOG TASK_S1AP TASK_UNKNOWN DEF <c1>

1599 0.17 SCTP_DATA_REQ TASK_S1AP TASK_SCTP 0 <rrcconnectionReconfiguration-ra>

1606 0.13 SCTP_DATA_IND TASK_SCTP TASK_S1AP DEF <dedicatedInfoNAsList>

1608 0.13 S1AP_INITIAL_CONTEXT SETUP_LOG  TASK_S1AP TASK_UNKNOWN DEF ‘DEd‘Catidé’;fgg"gz 02 07 42 02 4A 66 20 02 F8 29 60
1609 0.13 S1AP_INITIAL_CONTEXT_SETUP_REQ  TASK_S1AP TASK_RRC_ENB 0 9180 31 52 01 C1 61 69 09 88 6F 76 65 72 61 74
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1628 0.11 RRC_UL_DCCH TASK_RRC_ENB  TASK_UNKNOWN 0 </dedicatedInfoNASList>

1630 0.11 RRC_DL_CCCH TASK_RRC_ENB  TASK_UNKNOWN 0 <radlgﬁgsy‘[\;z;Dg[{giedlcateﬁ

1632 0.11 RRC_DCCH_DATA_REQ TASK_RRC_ENB  TASK_PDCP_ENB 0 <dr ;usa-mz o d;z d:
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1638 0.15 RRC_UL_DCCH TASK_RRC_ENB  TASK_UNKNOWN 0 <drb-Identity>1</drb-Identity>

1640 0.15 S1AP_UE_CAPABILITIES_IND TASK_RRC_ENB  TASK_STAP 0 <pdcp-Config>

1641 0.15 S1AP_UE_CAPABILITY_IND_LOG TASK_S1AP TASK_UNKNOWN DEF <discardTimer><infinity/></discardTiner>
1642 0.15 SCTP_DATA_REQ TASK_S1AP TASK_SCTP 0 <rlc-Um>
<pdcp-Sh-Size><len12bits/></pdcp-SN-Size>
1646 0.15 RRC_DCCH_DATA_REQ TASK_RRC_ENB  TASK_PDCP_ENB 0 </rlc-ums ]

1651 0.11 RRC_DCCH_DATA_IND TASK_PDCP_ENB  TASK_RRC_ENB 0 ‘“Eaf“gﬁ’"p;fzjmgz -

1653 0.11 RRC_UL_DCCH TASK_RRC_ENB TASK_UNKNOWN 0 </hEaggl’C;:pl’ESZ?unze

1660 0.11 S1AP_INITIAL_CONTEXT_SETUP_RESP TASK_RRC_ENB  TASK_STAP 0 </pdep-Contigs

1661 0.11 S1AP_INITIAL_CONTEXT_SETUP_LOG TASK_S1AP TASK_UNKNOWN DEF <rlc-Config>

1662 0.11 SCTP_DATA REQ TASK_S1AP TASK_SCTP 0 <un-Bi-Directional>

1669 0.13 RRC_DCCH_DATA_IND TASK_PDCP_ENB  TASK_RRC_ENB o <ul-UM-RLC>

1671 0.13 RRC_UL_DCCH TASK_RRC_ENB  TASK_UNKNOWN 0 <sn-FieldLength><sizelo/></sn-FieldLength>
1672 0.13 STAP_UPLINK_NAS TASK_RRC_ENB  TASK_STAP 0 zﬁi:”;&?
. . e s

Figure 6: ITTI analyser: RRCConnectionReconfiguration message capture

OAl providesaloggerexploited for code testing, debugging, checking protocols functionality and storing
messages information. The OAllogger can be configuredinthe eNB configuration file. The logs have the

following format:

[COMP][LOG LEVEL][FUNC][ID][FRAME NUM][CONTENT] as described below:

e COMP: represents the log component and can be S1AP, GTP, RRC, PDCP, RLC, MAC, PHY.

e LOG LEVEL: represents the level and verbosity of the logs, and can have the following values:
Emerge, Alert, Critic, Error, War, Notice, Info, Debug, Trace.

e FUNC: represents the name of the function inside which the log is called (This is an optional
block).

e ID:represents the eNB Identifier.

e FRAME NUM: represents the frame counter.

e CONTENT: shows the content of the log message.

Figure 7 shows an instance of messages exchangethatis stored in OAllogger. Thisinformationis used
for furtherstudy by the experimenters and code analysis/debugging for the developers.



igale@cigale: ~fopenair4G/common futi

cigale@cigale: ~/openair4G/common/utils/itti_analyzer X | cigale@cigale: ~/openair4G/targets/RT/USER x
</BandInfoEUTRA>
<BandInfoEUTRA>
<interFreqBandList>
<InterFregqBandInfo>
<interFreqNeedForGaps><true/></interFreqNeedForGaps>
</InterFregBandInfo>
<InterFreqBandInfo>
<interFregNeedForGaps><true/></interFreqNeedForGaps>
</InterFregBandInfo>
<InterFreqBandInfo>
<interFreqNeedForGaps><true/></interFreqNeedForGaps>
</InterFregBandInfo>
<finterFreqBandList>
</BandInfoEUTRA>
</bandListEUTRA>
</measParameters>
<featureGroupIndicators>
01011110000011011101100010000000
</featureGroupIndicators=>
<interRAT-Parameters>
</interRAT-Parameters>
</UE-EUTRA-Capability>
[RRC][I]RRCConnectionReconfiguration Encoded 813 bits (102 bytes)
[RRC][I][eNB O] Frame 2178, Logical Channel DL-DCCH, Generate RRCConnectionReconfiguration (bytes 102, UE id c7b4)
[SCTP][I][sctp_send_data] Successfully sent 45 bytes on stream 1 for assoc_id 40
[RLCI[I][FRAME ©2178][eNB][MOD @@][RNTI c7b4][SRB AM ©1] RLC_AM_DATA_REQ size 107 Bytes, NB SDU 1 current_sdu_index=6 next_sdu_index=7 conf @ mui
2

[RRC][I][FRAME ©2188][eNB][MOD @88][RNTI c7b4] Received on DCCH 1 RRC_DCCH_DATA_IND

[RLC][T][FRAME ©2188][eNB][MOD @O][RNTI c7b4] [DRB 1] rrc_rlc_add_rlc DRB

[RRC][I][eNB ©] Frame 2180 : Logical Channel UL-DCCH, Received RRCConnectionReconfigurationComplete from UE rnti c7b4, reconfiguring DRB 1/LCID 3
[RRC][I][eNB @] Frame 2180 : Logical Channel UL-DCCH, Received RRCConnectionReconfigurationComplete from UE @, reconfiguring DRB 1/LCID 3
[MAC][I][rrc_mac_config_req] [CONFIG][eNB ©/0] Configuring MAC/PHY for UE @ (c7b4)

Figure 7: OAI logger: RRCConnectionReconfigurationComplete reception

OAl offers online statistics for the status of the network (e.g., successful transmissions, errors per HARQ
perround, average throughputetc.). Figure 8depicts the ULSCH/DLSCH errors per HARQ process (8 in
LTE FDD) per round (4 is maximum). The provided statistics can be used in experimental measurements
for performance evaluation of the system.



[eNB PROC] eME 041 Frame 134: RK Gain 120 dB. I0 -37 dBm (23,00 dB
[eMB PROC] Subband 103 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 00 0000000

[eNB PROC] PERFORMAMCE PARAMETERS

[eNB PROC] Total DLSCH bits successfully transmitted 12 kbits in 135 framef(s)
[eNB PROC] Total DLSCH average system throughput O kbps

[eNB PROC] Total DLSCH successful transmissions 25 in 135 frame(s)

[NB PROC] UE 0 {c7bd) Power: (46,0) dB, Pa_PUSCH; (-91.0) dBm, Po_PUCCH (-85/-108) dBm, Po_PUCCHL (-95,-103) dBm, PUCCHL Thres -108 dBm
harq 0t IL mes 28, UL mes 10, UL rb B, delta_TF 269
harq 1y IL mcs 22, UL mcs 9. UL rb 3, delta_TF 269
harq 2¢ IL mee O, UL mes 10, UL rb 6, delta_TF 269
harqg 3; DL moe 0. UL mcs 10, UL rb 6, delta_TF 269
harq 4¢ IL mes O, UL mos 10, UL rb 6, delta_TF 269
harq 5¢ DL mcs O, UL mcs 10, UL rb 6, delta_TF 269
harq 6¢ IL mcs O, UL mes 10, UL rb 6, delta_TF 269
harq 7¢ IL mes O, UL mez 10, UL rb 6, delta_TF 1587
[eNB FROC] Wideband COI; (0,0} dB
[eNB PROC] Subband COI: OO0 00 0000000000000 00000000
[eNB PROC] DL TH 1, DL_cqi 15, OL_pmi_sirgle O
[eMB PROC] DL Subband COI: 15 151515151515 0 0 0 0 0 0
[eNB PROC] Timing advance 12 samples (3 16Ts). update -1
[NB PROC] Mode = PUSCH(3)
[eNB PROC] UE_id_mac = 0, RRC status = 4
[eNB FROC] SR received/total: 33224133 (diff 217)
[eNB PROC] ULSCH errors/attempts per harq (per round):
harg 0 1/2068 (fer 1/ .14, 141, 141
harq 13 042070 (fer 0) (0/2070, 040, 040, 0/0)
harg 2t 1/2068 (fer 0) (1/2068. 11, 171, 1/1)
harq 3; 042070 (fer 0} (042070, 040, 040, 0/0)
harg 4¢ 02070 (Fer 0) (0/2070. 040, 040, 0/0)
harq 8; 042071 (fer 0} (0/2071, 040, 00, 0/0)
harq B: 042071 (fer 0) (0/2071, 040, 00, 0/0)
harq 7; 042071 (fer 0} (0/2071, 00, 00, 0/0)
[eNB PROC] ULSCH errorsdattempts total 2416509 (2/16GEI, 2/2, 272, 2/2)1
[eNB PROC] DLSCH errorsfattempts per harq (per round):
harq 03 0419 (1940219, 0/0/0, 07040, 0/0/0)
harq 13 0/8 (B/0/6, 0/0/0, 04040, 0/0/0)
harg 2; 040 (0/040, 0/0/0, 07040, 0/040)
harq 33 040 (07040, 0/0/0, 07040, 0/0/0)
harq 4; 0/0 (07040, 07070, 07040, 0/0/0)
harq B 040 (0040, 0/0/0, 07040, 0/0/0)
harg Bt 040 (0/0/0, 0/0/0, 07040, 0/0/0)
harg 71 040 (02040, 0/0/0, 07040, 0/040)
[eNB PROC] DLSCH errorsdattempts total 0426 (0725, 040, 040, 0/0)1
[eNB PROC] DLSCH total bits from MAC: 12kbit
[eMB PROC] DLSCH total bits ack'ed: 12kbit
[eNB PROC] DLSCH Average throughput (100 framesi: Okbps
[eNB PROC] Transmission Hode 1
[eNB PROC] RE Allocation on Sub-bands: 1000000
[=NR PROCT Trtal Miumbes of Allarated PRR= = 2

Mmmmm o

oo

oo

Figure 8: OAIl online statistics

The timinganalyseris a helpful tool that tracks the execution time of each function working as a
common profilerfor performance improvement. The tool is exploited for code optimization, bottleneck
detection, and processingtime measurements. In Figure 9, a detailed track of the execution time of the
selected functionsis depicted.



RX processing subframe n (eNB_thread rx)
e trxread(l ms)
e slot_fep for slots 2n and 2n + 1
[phy_procedures_eNB_common rx ()]
e launch PRACH RX thread (subframe n)
— prach_procedures

® phy procedures_eNB.rx() (subframe n)

trx_read =|

trx_write =

trx_ts[63:0]

tra_tst[63:8]

frame number TX eNB[63:0]
frame_nunber RX_eNB[63:0]
subframe_number TX eNB[63:0] =
subframe number RX eNB[63:8] =
eNB thread retxe =

eNB_thread rxtxl =|
phy_procedures_eNb_tx=

phy _enb_sfgen =
phy_eNB_slot_fep=

phy procedures enb rx=|

phy enb prach ry =|

RAN Timing

TX processing subframe n + 4
(eNB_thread_tx)
e phy procedures_eNB_tx
e ofdmmod
e trxwrite(l ms)

Figure 9: Timing analyser [6]

OAI uses MSC forrepresenting network entities/interfaces (i.e., eNB, UE, MME, HSS, S6A etc.) and their
interactionsinadiagrammaticform. Arrows direction defines the sender/receiver and explanatory
comments are included. The examplesin Figure 10 and Figure 11 show an instance of E_UTRAN and EPC

messages exchange, respectively.



IP_UE NAS_UE RARC_UE PDCP_UE ALC_UE MAC_UE. PHY_UE PHY_ENB MAC_ENE ALC_ENB POCPENE  AROENB  SIAPENB  GIPUENS  GTPUSGW  SIAPMME  NAS_MME
T/2696 SAB AM 01] STATUS ACK SN 3

(54/00b00:00) CREATE, LJNNEL FEG ANTI 2696 inst 0 niynis 1 sbic 5 sgyw-s1y feid 1
155/0) GTPY1U_ENB GREATE TUNNEL RESP mti 2596 toid casfo0dd

(61100000:00) [FNTI 2596 SRE AM 01] CATA-REQ size 8 mui
[RNTI 2696 SRB AM 01] DATA SM 3 size 10 RF 0P 1 FI 0

{£3]00136:00) [RNTI 2605 SRE AM 01] STATUS size ACK SN 4

(64/00137:00) [ANT| 2656 SRB AM 01] DATA SN 3 siza 9 RE O P 1 F10

55100137.00) [FINT1 2686 SAB AM g1 DATA-IND siza 7
(86I[FRAME} 00137][aNB](MOD 00I(RNTI 263H[SRE 01] DATA-ND lan 2

701 15437:00) [ANTI 2525 SRB AM 01] DATA-RE 1

71100137:00) [ANTI 2696 SAB AM 01] STATUS ACK SN 4

e (72/00137.00) [FNTI 2696 SAB AM 01] DATA SN 4 size 10 AF 0P 1 FI0

[RNTI 2606 SRE AM 01] STATUS siz ACK SN 5

(74100135:00) [RNTI 2686 HEAMDHDATAISNAHHJEIRFUFWF\ﬂ

(75100138:00) [RNT) 2686 SHE AM DATA-IND siza 23
el COIRNTI 2688)SRB 01] DATA-ND lon 23

327424

(81/15498:00) [RNTI 2655 SRB AM 01] DATA-REQ siza 107 fui 2

” 2] AINTI 2696 SRB AM 01] STATUS ACK SN 8

« (83100133 .00) [ANT1 2686 SFE AM 01| DATA SN 5 siz0 108 RE § P 1F1 0
{84/00139:00) [RNTI 2696 SRE AM 01] STATUS size ACK SN 6

[ANTI 2696 SRE AM 01] DATA SN & size FF 0P 1FI 0
186/00140:00) [ANT1 2696 SAB AW g1] DATA-IND sizs

(BTIFRAME] 00140][oNB|[MOD 0O][RNTI 260K|[SRE 01) DATA-IND len2

Figure 10: MSC for E_UTRAN messages (e.g., UE Capability Enquiry, UE Capability Information, RRC Connection
Reconfiguration, RRC Connection Reconfiguration Complete etc.)
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(15/0) NAS_CONNECTION ESTABLISHMENT IND

(15[0) EMMAS _ESTABLISH REQ ua d 73001580 tac 1
(1710) MAS_AUTHENTICATION PARAM REGQ ua id 78001580 IMSI
(18[0) S5A AUTH INFO AEQ visifed pimn 208FSs 10 sync 0
le {19]0) S6A ALITH INFQ ANS TER SUCCESS

(20/0] NAS_2 10N _PARAM RSP ue ig 78001880 nb_veciors |

AJTHENTICATION PARAM_RES

0) EMMAS_SECURITY_REQ ue id 75001560
22| = S r——

EQUESTloueid
2013271424

(2410} NAS DOWNLINK DATA REQ e id 78001580 len 36

] uo_s13p i NB_uo_s1ap_idox065920 nas langth 35
{26/0) EMMREG_COMMON_PROC_ RED s id 78001580 (authenticalion)_—____

r—
{2710 upl Orinating ue stap i &N _ue_s1ap_id 0086920 na lsn 11

(2810} NAS UPLINK_DATA [ND ue id Rl
(26/0) EMMAS DATA IND ua id 78001880 len 11

(3010) EMMREG_GOMMON_PROG_CNF ue id 78001580,

(31]0) EMMAS_SECURITY_REG we ki 78001580
'::'

CNMAND = uo i
2013271424

33(0] NAS DOWNLINK DATA REQ ue o 72001580 len 13

eNB_ue_s1ap_idox065920 nas length 13
(35/0) EMMAEG_COMMON_PROC_REQue id y ntro)

(@50, atirg ue stap id 0x78001580 eNB_ua stap_id Cx0BE920 nas len 8

(3710)MAS UPLINK DATA IND ue id 0x78001580 Isn 8

(3510) EMMAS DATA IND ua id 780013680 len 8

r—

(a5]0) EMMAEG_COMMON_PROC_CNF ua id y I

(4010} NAS_PON_CONNECTIVITY REQ e id 78001580 IMSI 70001870

(41|0] S6A UPDATE LOCATION AEQ imsi
(42]0) 56A UPDATE LOCATION ANS imsi

{43]0) SGW CREATE SESSION REQUEST imsi

(44|D| SGW CREATE SESSION RESPONSE S11 MME Leid 2080377024 S11 S-GW Leid 1 S1U e 1 S1UIE 0x 1000071 ebi 6 slalus 16

{4510) NAS_PDN_CONMECTIVITY RSP scw $1u Joid 1 6bi 59¢i 8prio 1

Figure 11: MSC for EPC messages (e.g., S1AP Initial UE Message [Attach Request + PDN Connectivity
Request], Update location Request etc.)
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Annex A  eNB configuration

The eNB configuration parameters are presented here. All the parameters are divided in the following 6
main sections:

A.l Main section

Parameter

real_time String Real time compilation

eNB_ID Integer eNB identifier

cell_type String Type of the cell

eNB_name String Name of eNB

tracking_area_co String Trackingarea code (TAC)
de

mobile_country_ String Mobile country code (MCC)
code

mobile_network String Mobile network code (MNC)
_code

Table 1 eNB configuration main section

A2 Physical parameters section

Parameter

frame_type String Type of the frame (e.g, FDD,TDD)
tdd_config Integer

timer_status_prohibit Integer

tdd_config_s Integer

prefix_type String Cyclic prefix

eutra_band Integer EUTRA band (e.g, 7,13)
downlink_frequency Double Downlink frequency




uplink_frequency_offset Integer Uplink frequency offset
Nid_cell Integer Physical layer cell identity
N_RB_DL Integer Number of resource blocks (RBs) in Downlink
Nid_cell_mbsfn Integer
nb_antennas_tx Integer Number of Tx antennae
nb_antennas_rx Integer Number of Rx antennae
tx_gain Integer Tx gain
rx_gain Integer Rx gain
prach_root Integer
prach_config_index Integer Parameter that defines exactly when UE should send
RACH in frequency/time grids (Details TS36.211 Table
5.7.1-2)
prach_high_speed String
prach_zero_correlation Integer The zero correlation zone is used to
guarantee orthogonality of generated sequences. The value
depends on particular condition in the cell
prach_freq_offset Integer With this information, cell informs UE and other
neighbor cells know about which PRB is available for
RACH access
pucch_delta_shift Integer
pucch_nRB_CQI Integer Number of resource blocks for channel quality
indicator (CQI) periodic reporting
pucch_nCS_AN Integer Cyclic shift used for PUCCH1
pucch_n1_AN Integer PUCCH to be used for HARQ (Rel 10)
pdsch_referenceSignalPower Integer This defines the energy per resource element for the
reference signal usinga range from -60 to 50 dBm
pdsch_p_b Integer It is used to calculate the power difference between




PDSCH and Reference Signal. Value is from 0 to 3

pusch_n_SB Integer Number of subbands (range 1 to 4)

pusch_enable64QAM String 64QAM (enable/disable)

pusch_hoppingMode String Hopping mode can be inter-subframe, intra or inter-
subframe

pusch_hoppingOffset Integer Offset values range from 1 to 98

pusch_groupHoppingEnabled String Group hopping (enable/disable)

pusch_groupAssignment Integer Parameter that gives sequence shift pattern for group
hopping (0 to 29)

pusch_sequenceHoppingEnabled String Sequence hopping (enable/disable)

pusch_nDMRS1 Integer

phich_duration String

phich_resource String

srs_enable String

pusch_p0_Nominal Integer Impacts the calculation of PUSCH transmitpower and
applicable to non-persistent scheduling only (-126 to 24
dBm)

pusch_alpha String Impacts the calculation of PUSCH transmit power and
also scales the contribution of path loss. Possible values
are0, 0.4,0.5,0.6,0.7,0.8,0.9 and 1

pucch_p0_Nominal Integer Impacts the calculation of PUSCH transmitpower and
applicable to non-persistent scheduling only (-126 to 24
dBm)

msg3_delta_Preamble Integer Impacts the transmit power of PUSCH when
responding to random access response grant (-1 to 6dB)

pucch_deltaF_Format1l String Uplink power control parameter

pucch_deltaF_Format1b String Idem above




pucch_deltaF_Format2 String Idem above

pucch_deltaF_Format2a String Idem above

pucch_deltaF_Format2b String Idem above

rach_numberOfRA_Preambles Integer Total number of random access preambles available
for contention based random access. Since there are
maximum 64 preambles sequences available, others could
be reserved by eNB for Non-Contention based random
access. Range of this parameter is 4 to 64

rach_preamblesGroupAConfig String

rach_powerRampingStep Integer Power ramping step size with possible values of 0, 2,
4or6dB

rach_preamblelnitialReceived TargetPower Integer Preamble initial received target power with values
from-120 dBm to -90 dBm with step size of 2 dBm

rach_preambleTransMax Integer Maximum number of preambles transmissions.
Possible values are 3,4, 5,6, 7,8, 10,20, 50, 100,200

rach_raResponseWindowSize Integer Duration of RA response window. RA response
window size is in unit of subframes (2, 3,4, 5, 6,7,8,or 10
subframes)

rach_macContentionResolutionTimer Integer Mac contention resolution timer in unit of subframes

rach_maxHARQ_Msg3 Tx Integer Maximum number of HARQ retransmissions for
message 3 of RACH process (contention-based Random
access) with possible values from 1 to 8 in step of 1

pcch_default_PagingCycle Integer The default DRX cycle in idle mode in unit of radio
frames

pcch_nB String Parameter used in finding the actual paging frames
and paging occasions in RRCidle mode

bcch_modificationPeriod Coeff Integer The value (2,4,6,8) of this parameter is multiplied

with default DRX cycle (e.g, 320ms, 640ms) to generate

the BCCH modification period




ue_TimersAndConstants_t300 Integer Starts at the RRC Connection REQ transmit

ue_TimersAndConstants_t301 Integer Starts at the RRC Connection Re-establishment
REQUEST
ue_TimersAndConstants_t310 Integer Starts when UE detects PHY layer related problems

(when it receives N310 consecutive out-of-sync INDs from

lower layers)

ue_TimersAndConstants_t311 Integer Starts while initiating Connection Re-establishment

procedure

Table 2 eNB configuration subsection SRB1 parameters

A3 SRB1 parameters section

Parameter

timer_poll_retra Integer Timer for poll retransmission
nsmit

timer_reorderin Integer RLC AM reordering timer
g

timer_status_pro Integer
hibit

poll_pdu Integer

poll_byte Integer

max_retx_thresh Integer
old

Table 3 eNB configuration subsection SRB1 parameters

A4 MME parameters section

Parameter Type

ipv4 String [Pv4 address

ipvé String [Pv6 address




active String Activation (yes/no)

preference String [Pv4 or IPv6

Table 4 eNB configuration subsection MME parameters

A.5 Network interfaces section

Parameter

ENB_INTERFACE_NAME_FOR S1_ String Interface name for S1-MME (e.g, eth1)
MME
ENB_IPV4_ADDRESS_FOR_S1_M String eNB IPv4 subnet for S1-MME
ME
ENB_INTERFACE_NAME_FOR_S1 String Interface name for S1-U (e.g, eth1)
U
ENB_IPV4_ADDRESS_FOR_S1U String eNB IPv4 subnet for S1-U
ENB_PORT_FOR_S1U String eNB port for S1-U

Table 5 eNB configuration subsection Network interfaces

A.6  Log config

Parameter

global_log_level String Global logger level (e.g, emerg, alert, crit, error, warn, notice, info, debug, trace)
global_log_verbo String Global logger verbosity level (e.g, none, low, medium, high, full)

sity
hw_log_level String HW logger level (e.g, emerg, alert, crit, error, warn, notice, info, debug, trace)
hw_log_verbosit String HW logger verbosity level (e.g, none, low, medium, high, full)

y
phy_log_level String PHY logger level (e.g, emerg, alert, crit, error, warn, notice, info, debug, trace)
phy_log_verbosit String PHY logger verbosity level (e.g, none, low, medium, high, full)

y




mac_log_level String MAC logger level (e.g, emerg, alert, crit, error, warn, notice, info, debug, trace)

mac_log_verbosi String MAC logger verbosity level (e.g, none, low, medium, high, full)

ty
ric_log_level String RLC logger level (e.g, emerg, alert, crit, error, warn, notice, info, debug, trace)
ric_log_verbosit String RLC logger verbosity level (e.g, none, low, medium, high, full)

y
pdcp_log_level String PDCP logger level (e.g, emerg, alert, crit, error, warn, notice, info, debug, trace)
pdcp_log_verbos String PDCP logger verbosity level (e.g, none, low, medium, high, full)

ity
rrc_log_level String RRClogger level (e.g, emerg, alert, crit, error, warn, notice, info, debug, trace)
rrc_log_verbosit String RRClogger verbosity level (e.g, none, low, medium, high, full)

y
gtpu_log_level String GTPU logger level (e.g, emerg, alert, crit, error, warn, notice, info, debug, trace)
gtpu_log_verbosi String GTPU logger verbosity level (e.g, none, low, medium, high, full)

ty
udp_log_level String UDP logger level (e.g, emerg, alert, crit, error, warn, notice, info, debug, trace)
udp_log_verbosi String UDP logger verbosity level (e.g, none, low, medium, high, full)

ty
osa_log_level String 0SA logger level (e.g, emerg, alert, crit, error, warn, notice, info, debug, trace)
osa_log_verbosit String OSA logger verbosity level (e.g, none, low, medium, high, full)

y

Table 6 eNB configuration subsection Log config




