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For further information, see the Courseware Product License Agreement.

Objective
i)
To understand the LTE network emulation using OpenAirInterface (OAI).
ii)
To set up, configure, and implement the eNB and EPC using OAI and establish a working LTE
network using COTS UE.
iii)
To perform a simple network measurement and analyze the results.
Equipment Required
i)
LimeSDR
ii)
LTE USB dongle
iii)
Mini PC with Ubuntu and OAI installed
iv)
PC with Window installed

ME1130 Essentials of LTE and LTE-A

Lab 3 - 1/27

http://dreamcatcher.asia/cw
______________________________________________________________________
Accessories Required
i)
2 x U.FL to SMA (F) cables
ii)
2 x SMA (M) to CRC9 cables
iii)
1 x 0.5 m 3.0 USB (M) to USB (F) cable
iv)
1 x 1.5 m 3.0 USB (M) to USB (F) cable
v)
4 x 7 dB attenuators
vi)
Monitor, keyboard, and mouse
vii)
LAN cable and HDMI to monitor cable (not included)
Software Required
i)
OAI
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Pre-Lab Setup
1. Set up your training kit according to the diagram below:

Internet

Ethernet

USB 3.0

TX1_2
RX1_H

LimeSDR
Mini PC (Intel
NUC)

2. Other connections required for the hardware in this experiment will be
highlighted in the procedures.
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Introduction
What is OAI?
OpenAirInterface (OAI) [1] is an open-source 3GPP standards compliant software
implementation of LTE and LTE-Advanced (Rel 8, partial Rel 10). The transceiver
functionality (of a base station or mobile terminal) is realized via a software-defined radio
(SDR) frontend connected to a host computer. The OAI implements both the radio
access network (RAN) and the core network (CN) of the 4G LTE system. It also covers
the entire protocol stack from the physical to the networking layer. Highly realistic
emulation modes are also supported by this platform. As a result, the OAI platform can
be used for indoor/outdoor field testing or controlled/scalable evaluations with emulated
wireless links.
Currently, the source code of OAI is split into two parts:
OAI-RAN (openairinterface5g) – Implements 4G LTE eNodeB (eNB) and User
Equipment (UE)
OAI-CN (openair-cn) – Implements 4G LTE Evolved Packet Core (EPC)
(specifically, MME, xGW, and HSS)

i.
ii.

These components reside in separate repositories [2,3] and are distributed under
separate licenses.
Software
The source code of the OAI is written in C and implemented under real-time Linux
optimized for x86. At the physical layer, it provides the following features [4]:
•
•
•
•
•
•
•
•

LTE release 8.6, with a subset of Release 10
FDD and TDD configurations in 5, 10, and 20 MHz bandwidth
Transmission mode: 1 (SISO), and 2, 4, 5, and 6 (MIMO 2x2)
CQI/PMI reporting
All DL channels are supported: PSS, SSS, PBCH, PCFICH, PHICH, PDCCH,
PDSCH, PMCH
All UL channels are supported: PRACH, PUSCH, PUCCH, SRS, DRS
HARQ support (UL and DL)
Highly optimized baseband processing (including turbo decoder)

The access network (E-UTRAN) protocol stack implementation in the OAI provides:
•
•
•
•
•
•
•

LTE release 8.6 and a subset of Release 10 features
Implements the MAC, RLC, PDCP and RRC layers
Protocol service for Release 10 eMBMS (MCH, MCCH, MTCH)
Priority-based MAC scheduler with dynamic MCS selection
Fully reconfigurable protocol stack
Integrity check and encryption using the AES and Snow3G algorithms
Support of RRC measurement with measurement gap
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•
•

Standard S1AP and GTP-U interfaces to the Core Network
IPv4 and IPv6 support

Fig. 1 shows the implemented LTE software in the OAI. For the core network, the OAI
also comprises standard compliant (Rel. 9 and 10) implementations of a subset of
3GPP LTE EPC component with the Serving Gateway (S-GW), the Packet Data
Network Gateway (P-GW), the Mobility Management Entity (MME), the Home
Subscriber Server (HSS), and the Non-Access Stratum (NAS) protocols. Features of
the OAI EPC implementation include:
•
•
•
•
•

S-GW, P-GW, MME, and HSS implementations – The OAI reuses standards
compliant stacks of GTPv1u and GTPv2c application protocols from the opensource software implementation of EPC called nwEPC
NAS integrity and encryption using the AES and Snow3G algorithms
UE handling procedures: attach, authentication, service access, radio bearer
establishment
Transparent access to the IP network (no external S-GW or P-GW are
necessary) – Configurable access point name, IP range, DNS, and E-RAB QoS
IPv4 and IPv6 support

Fig. 1 OAI LTE software stack
Hardware
To perform real-world experiments and validation, an SDR radio frontend is required by
the OAI. The default SDR frontend is the ExpressMIMO2 PCIe board but other SDRs
such as USRP (Ettus Research), LimeSDR (Lime Microsystems), and BladeRF
(Nuand) are also supported. The OAI platform can be used in several different
configurations involving commercial components to varying degrees:
•
•
•
•
•
•
•

OAI UE ↔ OAI eNB + OAI EPC
OAI UE ↔ OAI eNB + Commercial EPC
OAI UE ↔ Commercial eNB + OAI EPC
OAI UE ↔ Commercial eNB + Commercial EPC
Commercial UE ↔ Commercial eNB + OAI EPC
Commercial UE ↔ OAI eNB + Commercial EPC
Commercial UE ↔ OAI eNB + OAI EPC
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Emulation
In addition to real-time operation of the OAI software LTE platform over the hardware
targets described above, the full protocol stack can also be run in emulation mode for
realistic testing and performance evaluation of new techniques at both system and link
level. Two different emulation modes are provided to realize the behavior of the
wireless medium:
1. PHY Abstraction mode that relies on a PHY abstraction unit that simulates error
events in the channel decoder;
2. A more detailed and computationally intensive Full PHY Layer mode that
involves convolution of the real PHY signal with an emulated channel in realtime.
The emulator also implements the 3GPP channel models each comprising of three
components (path loss, shadow fading, and small-scale fading) and interacts with the
mobility generator to perform different channel realizations over time with interference.
Multiple node instances can be run on a single PC with this emulation capability,
permitting large-scale and repeatable in-lab system evaluation. The emulation
capability can also be used for controlled testing of a system prototype prior to its
deployment in a real RF environment.
In this lab exercise, you will learn the steps to set up, configure, and run an SDR-based
full software implementation of an LTE network using OAI and perform real-time test of
the network using a commercial LTE UE (e.g., Huawei E3372 USB dongle).
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Task 1 – Setting Up an End-to-End LTE Network with OAI's
eNB and EPC
In this part of the lab exercise, you will learn how to setup an end-to-end LTE network
on one physical machine that runs OpenAirInterface (OAI) eNB and EPC core
(MME/SPGW/HSS) and connect a commercial off-the-shelf (COTS) UE such as an
LTE dongle to the network. At the end of this experiment, you will be able to access the
Internet from the UE. The procedure is divided into three stages:
1. Install and configure OAI eNB, EPC, and HSS on a single host. At the end of
this stage, EPC should be able to connect to HSS and eNB can connect to EPC
+ HSS.
2. Configure UE (e.g., LTE USB dongle, USIM card) and register the user on the
HSS database. At the end of this stage, UE should be able to attach and
connect to eNB.
3. Configure networking settings between eNB and UE. At the end of this stage,
they should be able to ping each other and speedtest can be run to test the
throughput.
It is assumed that the following have been completed prior to this experiment:
•
•
•

Linux kernel and CPU optimization
SDR drivers installation
OAI software installation (i.e., openairinterface5g and openair-cn)

Fig. 2 shows the components and interfaces between them in this experiment. Take
note that the eNB and MME/SPGW/HSS are running on a single/local host.
General purpose computer

S1-MME

USB

SDR

eNB

S6a

MME

HSS
127.0.0.0/8

127.0.0.20/8
127.0.0.10/8

S11 Virtual interface via ITTI
0.0.0.0/24
S1-U

S-PGW
127.0.0.30/8
eno1

EPC

SGi
Implemented in openairinterface5g
Implemented in openair-cn

Internet

Fig. 2 Logical components and interfaces in this experiment setup
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The eNB has two interfaces to MME and SPGW. S1-MME interface is the control
interface for exchanging S1 Application Protocol (S1AP) signaling messages with
MME, and S1-U is the data plane interface for data packets. Note that MME and
SPGW is a single executable in OAI, they communicate with each other via ITTI (InTer
Task Interface) queue. The HSS is a separate executable that communicates with
MME via the S6a interface.
The experiment setup is shown in Fig. 3. Connect the LimeSDR, monitor, keyboard,
and mouse to the Mini PC. The PC has the pre-installed open-source Linux distribution
Ubuntu. Make sure that the PC is connected to the Internet via an Ethernet cable.

Internet

U. FL to SMA(f) cables
2 x Attenuators (14 dB)

Ethernet
Windows PC
USB 3.0

TX1_2
RX1_H

LimeSDR
Mini PC (Intel NUC)

SMA(m) to
CRC9 cables
LTE dongle

Fig. 3 Experiment setup
Connect the LimeSDR to the LTE dongle using the SMA(m) to CRC9 cables and
attenuators. Then, connect the LTE dongle to the Windows PC using the 1.5 m USB
cable. Take note that the correct ports (TX1_2 and RX1_H) on the LimeSDR are used
in this case. Turn on the PCs.
1.1

eNB Configuration

The eNB configuration files are located in the folder:
~/openairinterface5g/targets/PROJECTS/GENERIC-LTE-EPC/CONF/

Different configuration files are available for different LTE bands, bandwidths, and
hardware requirements. For the lab procedure below, you will modify the configuration
file “enb.band7.tm1.25PRB.lmssdr.conf” to set up the eNB, which operates at Band 7
and utilizes 25 Physical Resource Blocks (PRB). The SDR used as the RF frontend is
the LimeSDR.
1. Enter the commands below to back up the current eNB configuration files at the
/home/eNB/ folder.
•
•
•

mkdir eNB
sudo cp ~/openairinterface5g/targets/PROJECTS/GENERIC-LTEEPC/CONF/enb.band7.tm1.25PRB.lmssdr.conf ~/eNB/
sudo cp ~/openairinterface5g/targets/PROJECTS/GENERIC-LTEEPC/CONF/enb.band7.tm1.50PRB.lmssdr.conf ~/eNB/
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•

sudo cp ~/openairinterface5g/targets/PROJECTS/GENERIC-LTEEPC/CONF/enb.band7.tm1.100PRB.lmssdr.conf ~/eNB/

2. Extract the file below and copy the file into the home directory of the Mini PC.
eNB_Modified.zip

3. Enter the commands below to replace the eNB configuration files for this lab
session in the /home/lte/openairinterface5g/targets/PROJECTS/GENERIC-LTEEPC/CONF/ folder.
•

cd ~/eNB_Modified; sudo cp *
~/openairinterface5g/targets/PROJECTS/GENERIC-LTE-EPC/CONF/
Note:
The modification of the eNB configuration files are shown below.
• The eNB’s name is modified as follows:
Active_eNBs = ( "eNB_LTEBox");
eNB_name = "eNB_LTEBox";
• The Mobile Country Code (MCC) and Mobile Network Code (MNC) are modified as follows:
mobile_country_code = "901";
mobile_network_code = "70";
In practice, the MCC and MNC are used for uniquely identifying a mobile subscriber’s network
in a specific country.
• As per Fig. 2 setting, the MME IP address is modified as follows:
////////// MME parameters:
mme_ip_address = ( { ipv4
= "127.0.0.20";
ipv6
= "192:168:30::17";
active
= "yes";
preference = "ipv4";
}
);
• The IP addresses of S1-MME and S1-U interfaces are modified as follows:
NETWORK_INTERFACES :
{
ENB_INTERFACE_NAME_FOR_S1_MME = "lo";
ENB_IPV4_ADDRESS_FOR_S1_MME
= "127.0.0.10/8";
ENB_INTERFACE_NAME_FOR_S1U
ENB_IPV4_ADDRESS_FOR_S1U
ENB_PORT_FOR_S1U

= "lo";
= "127.0.0.10/8";
= 2152; # Spec 2152

};

4. Enter the following command to restore the backup configuration file back to the
/home/lte/openairinterface5g/targets/PROJECTS/GENERIC-LTE-EPC/CONF/
folder after this lab session.
•
•

cd eNB
sudo cp * ~/openairinterface5g/targets/PROJECTS/GENERIC-LTE-EPC/CONF/
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1.2

EPC configuration

To configure the EPC, the configuration files (i.e., hss.conf, mme.conf, and spgw.conf)
in the folder /usr/local/etc/oai/ need to be modified accordingly.
Note:
The original EPC configuration files (acl.conf, hss.conf, hss_fd.conf, mme.conf, mme_fd.conf, and
spgw.conf) can be found in ~/openair-cn/etc/. Prior to this lab session, perform the procedures below to
back up the current EPC configuration files and replace it with the its original files.
Enter the commands below to back up the current EPC configuration files at the /home/EPC_backup/
folder.
• mkdir EPC_backup
• sudo cp /usr/local/etc/oai/hss.conf ~/EPC_backup/
• sudo cp /usr/local/etc/oai/mme.conf ~/EPC_backup/
• sudo cp /usr/local/etc/oai/spgw.conf ~/EPC_backup/
Enter the commands below to copy the original EPC configuration files from the ~/openair-cn/etc/ folder
to the /usr/local/etc/oai/ folder.
• sudo cp ~/openair-cn/etc/hss.conf /usr/local/etc/oai/hss.conf
• sudo cp ~/openair-cn/etc/mme.conf /usr/local/etc/oai/mme.conf
• sudo cp ~/openair-cn/etc/spgw.conf /usr/local/etc/oai/spgw.conf
Go to /usr/local/etc/oai/ to check the permission of the configuration files. Make sure the permission is rw-rw-r-• cd /usr/local/etc/oai/; ls -l
• chmod 664 filename (enter this command if the permission of the configuration is not as
stated.)
After this lab session, extract and copy the file below to the home folder. Replaced the modified
configuration files with the backup files.
• cd EPC_backup
• sudo cp * /usr/local/etc/oai/

Procedure
1. Go to the EPC configuration files folder:
cd /usr/local/etc/oai

2. Open the file “hss.conf” for editing:
sudo nano hss.conf

3. Change the MySQL settings as follows:
## MySQL mandatory options
MYSQL_server = "127.0.0.1";
MYSQL_user
= "root";
MYSQL_pass
= "lte";

# HSS S6a bind address

## HSS options
OPERATOR_key = “”;
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4. Exit (i.e., Ctrl+x) and save the file.
5. Open the file “mme.conf” for editing:
sudo nano mme.conf

6. Change the MCC and MNC settings to be the same as those configured for eNB:
MME:
{
REALM = “OpenAir5G.Alliance”;
…
}
GUMMEI_LIST = (
{MCC="901" ; MNC="70"; MME_GID="4" ; ME_CODE="1"; }
);
TAI_LIST = (
{MCC="901" ; MNC="70";
);

TAC = "1"; }

7. As per the requirements in Fig. 2, set the IP addresses of the network interfaces as
follows:
NETWORK_INTERFACES :
{
MME_INTERFACE_NAME_FOR_S1_MME
MME_IPV4_ADDRESS_FOR_S1_MME
MME_INTERFACE_NAME_FOR_S11_MME
MME_IPV4_ADDRESS_FOR_S11_MME
MME_PORT_FOR_S11_MME
};

=
=
=
=
=

"lo";
"127.0.0.20/8";
"lo";
"127.0.0.20/8";
2123;

8. Change the IP address of the S-GW as follows:
S-GW :
{
SGW_IPV4_ADDRESS_FOR_S11 = "127.0.0.30/8";
};

9. Exit (i.e., Ctrl+x) and save the file.
10. Open the file “spgw.conf” for editing:
sudo nano spgw.conf
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11. For S-GW configuration, change the IP addresses of the network interfaces as
follows:
NETWORK_INTERFACES :
{
SGW_INTERFACE_NAME_FOR_S11
SGW_IPV4_ADDRESS_FOR_S11
SGW_INTERFACE_NAME_FOR_S1U_S12_S4_UP
SGW_IPV4_ADDRESS_FOR_S1U_S12_S4_UP
SGW_IPV4_PORT_FOR_S1U_S12_S4_UP
SGW_INTERFACE_NAME_FOR_S5_S8_UP
SGW_IPV4_ADDRESS_FOR_S5_S8_UP
};

=
=
=
=
=
=
=

"lo";
"127.0.0.30/8";
"lo";
"127.0.0.30/8";
2152;
"none";
"0.0.0.0/24";

12. For P-GW configuration, change the IP addresses of the network interfaces as
follows:
NETWORK_INTERFACES :
{
PGW_INTERFACE_NAME_FOR_S5_S8
PGW_INTERFACE_NAME_FOR_SGI
PGW_MASQUERADE_SGI
UE_TCP_MSS_CLAMPING
};

=
=
=
=

"none";
"eno1";
"yes";
"no";

Please note that DNS addresses are set by default as “8.8.8.8” and “8.8.4.4”. This
setting may need to be modified to suit your organization’s scenario.
13. Exit (i.e., Ctrl+x) and save the file.
14. Trigger the HSS and MME certificate installation using the following commands:
cd ~/openair-cn
source oaienv
cd scripts
./check_hss_s6a_certificate /usr/local/etc/oai/freeDiameter
hss.OpenAir5G.Alliance
./check_mme_s6a_certificate /usr/local/etc/oai/freeDiameter
mme.OpenAir5G.Alliance
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15. Check the availability of the PEM files using the following command:
ls -l /usr/local/etc/oai/freeDiameter/*.pem

Outputs similar to what is shown below will be displayed on the Terminal:
-rw-rw-r--rw-rw-r--rw-rw-r--rw-rw-r--rw-rw-r--rw-rw-r--rw-rw-r--rw-rw-r--

1
1
1
1
1
1
1
1

lte
lte
lte
lte
lte
lte
lte
lte

lte 973 Mac
lte 916 Mac
lte 3093 Mac
lte 887 Mac
lte 973 Mac
lte 916 Mac
lte 3093 Mac
lte 887 Mac

18
18
18
18
18
18
18
18

23:32
23:32
23:32
23:32
23:33
23:33
23:33
23:33

/usr/local/etc/oai/freeDiameter/hss.cacert.pem
/usr/local/etc/oai/freeDiameter/hss.cakey.pem
/usr/local/etc/oai/freeDiameter/hss.cert.pem
/usr/local/etc/oai/freeDiameter/hss.key.pem
/usr/local/etc/oai/freeDiameter/mme.cacert.pem
/usr/local/etc/oai/freeDiameter/mme.cakey.pem
/usr/local/etc/oai/freeDiameter/mme.cert.pem
/usr/local/etc/oai/freeDiameter/mme.key.pem

16. Lastly, we need to load the database for the HSS. These are UE related information
to be used by MME for authentication and authorization purposes. The following
command is used:
~/openair-cn/scripts/hss_db_import 127.0.0.1 root lte oai_db ~/epc/hssdatabase/hss_db.sql

17. You should see that the oai_db database is successfully created after executing the
above command:
...
mysql: [Warning] Using a password on the command line interface can be insecure.
HSS: oai_db creation succeeded
mysql: [Warning] Using a password on the command line interface can be insecure.
HSS: oai_db import succeeded

1.3

Start the LTE Network

Procedure
1. First, on the Mini PC, open a new Terminal and run the HSS using the following command:
cd openair-cn; source oaienv; cd scripts; ./run_hss

The HSS is successfully started if the following output message is displayed after
step 2:
NOTI

'STATE_CLOSED' -> 'STATE_OPEN' 'mme.OpenAir5G.Alliance'

2. Start another new Terminal, then run the MME using the following command:
cd openair-cn; source oaienv; cd scripts; ./run_mme

If everything is fine, the Terminal will start displaying the “Statistics” of all
connections.
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3. Start a new terminal and run the SPGW using the following command:
cd openair-cn; source oaienv; cd scripts; sudo -E ./run_spgw

The SPGW is ready when the following message is observed:
Initializing SPGW-APP task interface: DONE

4. Lastly, start another new terminal and run the following commands:
sudo bash
cd openairinterface5g; source oaienv
./targets/bin/lte-softmodem.Rel14 -d -O <eNB config file> --rf-configfile ./targets/ARCH/LMSSDR/LimeSDR_above_1p8GHz_1v4.ini

Take note that <eNB config file> in the command above can be any one of the
followings:
./targets/PROJECTS/GENERIC-LTE-EPC/CONF/enb.band7.tm1.25PRB.lmssdr.conf
./targets/PROJECTS/GENERIC-LTE-EPC/CONF/enb.band7.tm1.50PRB.lmssdr.conf
./targets/PROJECTS/GENERIC-LTE-EPC/CONF/enb.band7.tm1.100PRB.lmssdr.conf

For example, the command below will start the eNB using 25 Physical Resource
Blocks (PRB):
./targets/bin/lte-softmodem.Rel14 -d -O ./targets/PROJECTS/GENERIC-LTEEPC/CONF/enb.band7.tm1.25PRB.lmssdr.conf --rf-configfile ./targets/ARCH/LMSSDR/LimeSDR_above_1p8GHz_1v4.ini

5. Some new windows will appear such as the soft scope and L1 and L2 statistics.
The soft scope enables the users to monitor the PHY layer for both eNB and UE.
This tool plots the received signal power, channel impulse response, channel
frequency response, LLRs, throughput and I/Q components (e.g., 16-QAM
constellation).
On the other hand, the PHY/MAC statistics windows display online statistics for the
status of the network such as eNB measurements (noise, signal power, etc), UE
feedback (CQI, etc.), and UL and DL HARQ statistics (e.g., ULSCH/DLSCH errors
per HARQ process (8 in LTE FDD) per round (4 is maximum)).
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1.4

Set up the LTE USB Dongle

1. Install the SIM card to the LTE USB Dongle
2. Slot in the LTE USB Dongle to your laptop or PC. An additional interface with the IP
address 192.168.8.100 appears. Open the “Command Prompt” window and enter
the command “ipconfig”. You will notice the additional interface for the LTE dongle.

Note: Run the Command Prompt as the administrator.
3. The web browser will automatically open a web page with the address 192.168.8.1.
If not, manually open the web browser and key in http://192.168.8.1. The status “No
service” indicates that the UE is not connected to the LTE network yet.

NOTE: You may need to manually run the software in the LTE dongle.
4. On the menu of the LTE dongle page and click “Settings”. Make sure “Mobile Data”
is turned on.
5. Then go to “Profile Management”, click “New Profile”, and key in the information as
shown in the following figure. Take note that the “APN” name must be “ltebox”.
Click Save and then Apply.

ME1130 Essentials of LTE and LTE-A

Lab 3 - 16/27

http://dreamcatcher.asia/cw
______________________________________________________________________

6. Go to “Network Settings”, make sure that “Support LTE networks” has been
enabled.
7. All the other settings may remain as the default.
8. Go to “Home” and you should observe that the LTE dongle is now connected to the
LTE network 90170, i.e., the LTE service you have established. Now, you should be
able to browse the Internet.

You will notice on the terminal for MME, the UE has connected successfully to the
eNB. A sample screenshot is given below:
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9. The soft scope (for UE 0) will start to show the collected uplink data such as the
received signal, constellation diagram, etc. A sample screenshot is given below:
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1.5

Network Testing and Measurement

1. You are now required to perform some simple network tests using any popular
online Internet speed test program, e.g., https://www.speedtest.net/. A sample
output for the test should produce the download and upload data rates. An example
is shown in the figure below for 25 PRBs (enb.band7.tm1.25PRB.lmssdr.conf):

2. Repeat the test 5 times and record the results in the following tables:
# PRBs
Test 1 (Mbps)
Test 2 (Mbps)
Test 3 (Mbps)
Test 4 (Mbps)
Test 5 (Mbps)
Average (Mbps)

25
50
13.14
22.55
13.28
21.19
13.18
22.49
13.45
22.57
13.31
23.25
13.27
22.41
Table 1 Download speed

100
30.06
32.40
33.55
34.68
33.28
32.79

# PRBs
Test 1 (Mbps)
Test 2 (Mbps)
Test 3 (Mbps)
Test 4 (Mbps)
Test 5 (Mbps)
Average (Mbps)

25
50
7.54
16.82
7.45
17.68
7.92
18.13
8.10
17.27
8.06
17.17
7.81
17.41
Table 2 Upload speed

100
17.87
18.25
18.17
17.04
17.65
17.80

3. In the “Stat” window, observe the Modulation and Coding Scheme (MCS) index for
the download (DL MCS) and upload (UL MCS). A sample screenshot is given
below:
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Record the observed maximum and minimum values in the table below:
# PRBs
DL MCS (max)
DL MCS (min)
UL MCS (max)
UL MCS (min)

25
27
12
20
3

50
27
8
20
4

100
28
6
20
4

Table 3 MCS
4. Open a new tab in the web browser and key in the URL
http://192.168.8.1/api/device/signal and press Enter. A sample output screenshot
captured from a web browser is shown below. These are the UE-related
measurements used for radio resource management.

Right-click on this page and select “View page source”, to display the details of the
output:
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As shown in the figure above, the useful information is RSRQ, RSRP, RSSI, and
SINR. Record the readings in the table below:
# PRBs
RSRQ
RSRP
RSSI
SINR

25
50
-9
-7
-44
-44
>=-51
>=-51
9
9
Table 4 Performance indicators

100
-5
-49
>=-51
11

5. Stop the LTE network (e.g., by closing all the Terminals on the Linux PC and restart
the PC).
6. Start the LTE network according to the steps in Section 1.3 and use the
configuration file “enb.band7.tm1.50PRB.lmssdr.conf”.
7. Perform the speed test and measurements in Step 1 to 4 for 50 PRBs and record
the results in Table 1 to 4.
8. Repeat step 5 to 7 for 100 PRBs and record the results in Table 1 to 4.
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Questions:
1. Search for the datasheet of the UE used in this experiment and determine the UE
category. According to the definition given in [5] (3GPP TS36.306, Table 4.1-1 and
table 4.1-2), determine the maximum download and upload data rate of this UE.
State the assumption(s) used for deriving these maximum rates.
The UE used in this experiment (Huawei E3372) is a Category 4 device. According
to the 3GPP TS36.306, Table 4.1-1 and Table 4.1-2 (see below), the maximum
download and upload data rates for a cat4 device are 150.752 Mbps and
51.024 Mbps respectively.

However, these maximum rates are achieved with the assumptions of 20 MHz
bandwidth, 64-QAM modulation, and 2x2 MIMO.
2. With reference to [6] (3GPP 36.213, table 7.1.7.1-1 and table 7.1.7.2.1-1), estimate
the maximum download and upload data rates for the scenario considered in this
experiment. Take note that 64-QAM is disabled for PUSCH (refer to the eNB
configuration files). State the assumption(s) used in your calculation.
In this experiment, 1x1 (or SISO) transmission is used. Table 7.1.7.1-1 below
shows the mapping between MCS (Modulation and Coding Scheme) index and
TBS (Transport Block Size) index. Assume the highest MCS index 28 (64 QAM with
the least coding), which is mapped to TBS index of 26. Table 7.1.7.2.1-1 shows the
transport block size. Therefore, the estimated maximum download data rates for 5,
10 and 20 MHz bandwidths are 18.34 Mbps, 36.70 Mbps, and 75.38 Mbps
respectively.
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Similarly, for upload, with 64-QAM disabled, we assume the highest MCS index 20,
which is mapped to the TBS index 19 (see Table 8.6.1-1 below).

The estimated maximum upload data rates for 5, 10, and 20 MHz can then be
found from Table 7.1.7.2.1-1 of [5] as 10.68, 21.38, and 43.82 Mbps, respectively.
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3. Discuss the possible reason(s) for the difference between the estimated results in
Q2 above compared to the measured results in Table 1 and 2.
# PRBs
Measured (Mbps)
Estimated (Mbps)
Difference (%)

# PRBs
Measured (Mbps)
Estimated (Mbps)
Difference (%)

25

50

13.27

100

22.41

32.80

18.34
36.70
28%
39%
Download speed

75.38
57%

25
7.81
10.68
27%

100
17.80
43.82
59%

50
17.41
21.38
19%
Upload speed

The measured data rates are lower than the estimated (max) data rates. The
difference increases when the bandwidth is higher. The possible reasons are:
• Changes in the MCS index, as indicated by the results in Table 3
• The poor signal quality produced by the SDR, especially for larger
bandwidth and higher order modulation
• The performance limitation of the PC which is serving as both eNB and
EPC
• The condition of the network (e.g., campus network and Internet) during
the measurement
4. With reference to [7], give the brief definitions for RSRP, RSRQ, RSSI, and SINR.
Find out the range and resolution for each of the indicators by referring to [8].
Based on the measured results in Table 4, briefly describe the quality of the link for
25, 50, and 100 PRBs during the measurement.
Reference signal received power (RSRP), is defined as the linear average over the
power contributions (in [W]) of the resource elements that carry cell-specific
reference signals within the considered measurement frequency bandwidth. For
RSRP determination the cell-specific reference signals R0 according to TS 36.211
shall be used.
Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(EUTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI
measurement bandwidth. The measurements in the numerator and denominator
shall be made over the same set of resource blocks.
E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear
average of the total received power (in [W]) observed only in certain OFDM
symbols of measurement subframes, in the measurement bandwidth, over N
number of resource blocks by the UE from all sources, including co-channel serving
and non-serving cells, adjacent channel interference, thermal noise etc.
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Reference signal-signal to noise and interference ratio (RS-SINR), is defined as the
linear average over the power contribution (in [W]) of the resource elements
carrying cell-specific reference signals divided by the linear average of the noise
and interference power contribution (in [W]) over the resource elements carrying
cell specific reference signals within the same frequency bandwidth. For RS-SINR
determination, the cell-specific reference signals R0 according TS 36.211 shall be
used.
According to TS 36.133, the reporting range of RSRP is defined from -140 dBm to 44 dBm with 1 dB resolution. The reporting range of RSRQ is defined from -2.5 to 19.5dB with 0.5 dB resolution. The reporting range of RSSI measurement is defined
from -100 dBm to -25 dBm with 1 dBm resolution. The reporting range of RS-SINR
measurement is defined from -23 dB to 40 dB with 0.5 dB resolution.
It is noticed that lesser the difference between RSSI and RSRP, better the RSRQ.
This is due to the fact that since RSRP is always less than RSSI, lesser difference
between RSRP and RSSI implies lesser interference which in turn leads to better
received signal quality. Hence, all the 3 indicators - RSRQ, RSRP and SINR, needs
to be as high as possible to give a good quality link. Based on the measured results
in Table 4, the best link is achieved for 50 PRBs. The link condition for 100 PRBs is
not so good due to the low received signal power (RSRP). For 25 PRBs, the
interference-plus-noise-power is slightly higher compared to that of the 50 PRBs,
probably due to higher noise caused by synchronization error and RF front-end
distortion.
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