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1 Introduction

NetSim’s LTE Library allows for full-stack, system level simulation of 4G / 4.5G LTE networks
and LTE based VANET networks. Additionally, you can connect an LTE Network with
Internetworking devices and run all the protocols supported in Internetworks. The LTE library

is based on 3GPP 36.xxx series.

NetSim’s protocol source C code shipped along with (standard / pro versions) is modular and

customizable, helping researchers design and test their own LTE protocols.
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Figure 1-1: A typical LTE Network Scenario in NetSim
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Figure 1-2: The Result dashboard and Plot window shown in NetSim after completion of
simulation.
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2 Simulation GUI

Open NetSim, Go to New Simulation - LTE/LTE-A Networks

[ NetSim Home

NetSim Professional

Network Simulation/Emulation Platform
Version 14,027 (64 Bit)

New Simulation
Your Work

Examples

Ctri=N

Cctri+0

Experiments

License Settings

Exit

Support

2.1 Create Scenario

AlteF4

Choose a Network

€l Interetworks (Base)

Features TCP, 1P, Routing, Wi-Fi, Ethenet RF
Propagation, Application Models, Network Stack,
Simulation Kernel, Animator and Plot Engine

Licensed

61 Intenet of Things

Festures WSN, RPL and 6LoWPAN with MANET
routing. loT interfaces with Intemetworks and
MANETs libraries

@ Licensed
€6 5GNR

Based on 3GPP 38 series standards. 5G NR
interfaces with Interetworks library

nsed

1@ Advanced Routing

Features VLAN, Multicast Routing: IGMP and PIM,
13 Switch, ACL and NAT, Access these features
within the properties of Switches and Routers
available in C1

Learn

@ Legacy Networks

Features Pure Aloha, Slotted Aloha, GSM and
CDMA. Legacy Networks run standalone and do
not interface with Internetworks library

@ Licensed

[l Cognitive Radio Networks

Based on 80222 standard and interfaces with
Intemetworks library

@ Licensed

@it Satellite Comm. Networks

Features Geo stationary satellite, TDMA in Ku
Band and MF-TDMA in Ka Band per DVB S2.
Interfaces with Intemetworks library

4 Licensed

[ Software Defined Networks

Based on Openflow protocol. Access this feature
within the properties of all L3 devices. SON
interfaces with all components except C2 and
i

€& Mobile Adhoc Network

Features DSR AODV, OLSR and ZRP routing
protocols, and multiple MANETs with bridge
nodes. MANETs interface with Intemetworks
library

@ Licensed

€8 LTE/LTE-A

Based on 3GPP 36 series standards. LTE/LTE-A
interfaces with Intemetworks library

@ Licensed

2 Underwater Acoustic Networks

Features underwater communication using the
acoustic PHY and Thorp propagation models
Interfaces with legacy networks for running
slotted aloha in MAC layer.

@ Licensed

#daon Network Emulator

Connect real systems running live applications to
NetSim. Interfaces with all components except
C2. Access this feature inside Application
properties.

Documentation

Figure 2-1: NetSim Home Screen

€] Wireless Sensor Networks

Based on 802154 MAC/PHY interfaces with
MANETs library

Licensed

@ Vehicular Adhoc Networks

Based on IEEE1609 Wave and IEEES02.11p with
MANET routing. VANETs interface  with
Intemetworks library and SUMO

@ Licensed

KGR TOMA Radio Networks

Features TOMA link 16, Dynamic TOMA, HF/VHE/
UHF Bands, Frequency Hopping and Crypto.
TDMA interfaces with MANETs and Intemetworks
libraries

Ad80q Advanced 5G
Features advanced 5G features including DL and
UL Interference, Block error rate (BLER) and Outer
loop link adaptation (OLLA). Access these
features within the 5G NR and LTE components.

Contact Us

Email - sales@tetcos.com
Phone - +01 767 605 4321
Website
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LTE comes with a palette of various devices like Wired & Wireless Nodes, L2 Switch & Access
Point, EPC (Evolved Packet Core) & Router, Macro Cell eNB and UE (User Equipment).

2.2

Devices Specific to NetSim LTE Library

EPC (Evolved packet core) — Provides end to end IP connectivity between NG (New

Generation) core and eNB. This is the equivalent of MME in LTE and comprises of PGW,

SGW and MME. EPC can connect to Routers in NG core which in turn can connect to

L Wi-Fi Deviee v

T2 L2 Switch

= UE (LTE UE) - User Equipment
= Macro cell eNB - Evolved NodeB
Switches, APs, Servers etc.
— ] wired Node
™) @
U . ::{: Router x
Macro cell eNB Omni Ant. UE Data Network Wirad/Wireless Links

Figure 2-2: LTE Device Palette in GUI
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a. Add a User Equipment (UE) — Click the UE icon on the toolbar and place the UE in the grid.
The UEs are always assumed to be connected to one eNB. It can never be connected to
more than one eNB, and neither can it be out-of-range of all eNBs.

b. Add an eNB — Click the eNB icon on the toolbar and place the eNB in the grid. eNBs can
also be placed inside buildings based on the network scenario created. Every eNB should
be connected to at least one UE.

c. Add an EPC - EPC is automatically placed in grid. EPC must be connected to an eNB (the
connection between eNB and EPC is handled by NetSim once user drops the eNB in GUI)
or to a Router. NetSim LTE Library currently supports only one EPC.

d. Add a Router — Click the Router icon on the toolbar, Select Router and place device in the
grid.

e. Add an L2 Switch — Click the L2 Switch icon on the toolbar and place the device in the grid.

f. Access Point — Click the Access Point icon on the toolbar and place the device in the grid.

g. Add a Wired Node and Wireless Node — Click Wired Node icon or Wireless Node icon on
the toolbar and place the devices in the grid.

h. Configure an application as follows:

i. Click on the Set Traffic tab in the top ribbon.

ii. Select any application from the list and configure the traffic between source and
destination.

iii. Specify other application parameters per your model.
2.3 Enable Packet Trace, Event Trace(Optional)

Click the Packet Trace / Event Trace icon in the Configure Reports option and check Enable
Packet Trace / Event Trace check box. For detailed help about the packet and event trace,
please refer to sections 8.4 and 8.5 in the User Manual.

Jf Create Scenario 5 Set Traffic [E}: Configure Reports | |ig Show/Hide Info

| Network Perfermance Packet Trace All Network Packets Do not log - Reinjected from Emulator Do not log hd

] |” J [/] Event Trace Dispatched to Emulator Do not log v Not Dispatched to Emulator | Do not log hd

View Results Tabular Summary Traces Emulator Logs Plots

Figure 2-3: Enable Packet Trace, Event Trace & Plots options on top ribbon

2.4 Enable protocol specific logs and plots

NetSim provides protocol-specific logs for LTE libraries, which users can enable before
running a simulation. These can be enabled by clicking on configure reports in top ribbon >

clicking on plots > choosing as desired, and running the simulation

© TETCOS LLP. All rights reserved Page 7 of 68
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ﬂ File  Options Help Network: LTE | Workspace: NETSIM_WORKSPACE | Experiment: LTE MIMO 1x1 1x1

o Create Scenario T Set Traffic [£) Configure Reports| 2B Show/Hide Info
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Plot generation is a two-step process. Initially, select ~ |
the parameter(s) you wish to plot from the list above,
Subsequently, choose the specific device, link | 3
¥ application, etc, in the plots window, which becomes | =
4 > accessible after the simulation concludes.
(752305, 471432) € (7 AuoComnect (On®) - 44— + 120%

Figure 2-4: Enabling the Network logs in LTE

Similarly, users can enable the plots for LTE Radio Measurements.

N fil:  Options  Help | Network: LTE | Workspace: sas | Experiment LTE MIMO Tx1 1x1 ® i @
X Create Scenario €y Set Traffic [E} Configure Reports %! Show/Hide Info
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g
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| SINR vs Time
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Total Lossvs Time =
Additional Loss v Time Bl
400 Beam Forming Gain vs Time.
Plot generation s a two-step process. Initally,
select the parameter(s) you wish 10 plot from
the list above. Subsequently, choose
500 the specific device, link, application, etc, in the
T plots window, which becomes accessible after
« » the simulation concludes.
11014182 103.105) € AuoComnet (Gn®) = F——— + 100%

Figure 2-5: Enabling the Plots in LTE
2.5 GUI Configuration of LTE

The LTE parameters can be accessed by right clicking on eNB or UE and selecting Interface
(LTE) Properties - Datalink and Physical Layers as shown Table 2-1.

Macro Cell eNB Properties

Interface (LTE) — Datalink Layer ‘

Parameter ype | __Range | Description

The scheduler serves equal portion to each
Scheduling Type Local Round Robin queue in circular order, handling all
processes without priority.

© TETCOS LLP. All rights reserved Page 8 of 68



EWMA Averaging
Rate

SSB Periodicity (ms)

RRC MIB Period (ms)

RRC SIB Period (ms)

PDCP Header
Compression

PDCP Discard Delay
Timer

PDCP Out of Order
Delivery

PDCP T Reordering
Timer

RLC T Status
Prohibit

Local

Local

Local

Local

Local

Local

Link Global

Link Global

Link Global

Link Global

Global

© TETCOS LLP. All rights reserved

Proportional Fair

Max Throughput

1.001 to 10000

The Range is 120 to
40960ms.

80

160

True / False

50/150/300/500/750/
1500

True / False

0-500ms

0-2400ms

Ver 14.3

Schedules proportional to the CQI of the
UEs.

Schedules to maximize the total throughput
of the network by giving scheduling priority
accordingly.

EWMA Averaging Rate (a) determines how
important the current observation is in the
calculation of the EWMA. A lower alpha
discounts older data faster thereby placing
greater relevance on your more recent data.

1
EWMA@)=<1—§>XEWMA@—1)

1
+(&)X1(O
1
0<—<1
o

This is the time interval between two UE
Measurement reports.

The UE needs to first decode MIB for it to
receive other system information. MIB is
transmitted on the DL-SCH (logical channel:
BCCH) with a periodicity of 80 ms and
variable transmission repetition periodicity
within 80 ms.

MIB packets are visible in the NetSim packet
trace post simulation under Control Packet
type.

SIB1 also contains radio resource
configuration information that is common for
all UEs. SIBL1 is transmitted on the DL-SCH
(logical channel: BCCH) with a periodicity of
80 ms and variable transmission repetition
periodicity within 80 ms. SIB1 is cell-specific
SIB1 packets can be seen in the NetSim
packet trace post simulation under Control
Packet type.

Header compression of IP data flows using
the ROHC protocol, Compresses all the
static and dynamic fields.

The discard Timer expires fora PDCP SDU,
or the successful delivery of a PDCP SDU is
confirmed by PDCP status report, the
transmitting PDCP entity shall discard the
PDCP SDU along with the corresponding
PDCP Data PDU.

Complete PDCP PDUs can be delivered out-
of-order from RLC to PDCP. RLC delivers
PDCP PDUs to PDCP after the PDU
reassembling.

This timer is used by the receiving side of an
AM RLC entity and receiving AM RLC entity
in order to detect loss of RLC PDUs at lower
layer.

This timer is used by the receiving side of an

AM RLC entity in order to prohibit
transmission of a STATUS PDU.
Page 9 of 68



RLC T Reassembly

RLC T Poll
Retransmit

RLC Poll Byte

RLC Poll PDU

RLC Max Retx
Threshold

Handover
Interruption time

Handover Margin

Time to Trigger

HARQ Mode

Link Global

Link Global

Link Global

Link Global

Link Global

Link Global

Global

Global

Local

© TETCOS LLP. All rights reserved

0-200ms

5-4000ms

1kB-40mB

p4-p65536 (in
multiples of 8)

t1, t2, t3, t4, t6, t8,
t16, t32

0-100ms

0-10dB

0-5120ms

TRUE, FALSE

Ver 14.3

This timer is used by the receiving side of an
AM RLC entity and receiving UM RLC entity
in order to detect loss of RLC PDUs at lower
layer. If t-Reassembly is running, t-
Reassembly shall not be started additionally,
i.e. only one t-Reassembly per RLC entity is
running at a given time.

This is used by the transmitting side of an
AM RLC entity in order to retransmit a poll.
This parameter is used by the transmitting
side of each AM RLC entity to trigger a poll
for every pollByte bytes.

This parameter is used by the transmitting
side of each AM RLC entity to trigger a poll
for every pollPDU PDUs.

This parameter is used by the transmitting
side of each AM RLC entity to limit the
number of retransmissions of an AMD PDU.
The handover process in NetSim is based on
event A3 i.e., the target signal strength is
offset (3 dB) higher than the source signal
strength. Handover interruption time (HIT) is
added at the time of handover command is
delivered to the UE. During this time there is
no data plane traffic flow to the UE from the
source/target.

The handover Margin is the offset in dB that
is used as part of the event A3 handover
process in NetSim. Handover is triggered
when the target signal strength exceeds the
source signal strength by the offset than the
source signal strength.

Range for Handover margin is from 0.0 to
10.0 with 3.0 as default

With Time-to-Trigger, the handover is
initiated only if the triggering requirement is
fulfilled for a time interval specified by Time-
to-Trigger (ms). This parameter can
decrease the number of unnecessary
handovers and effectively avoid Ping-Pong
effects.

3GPP defines 16 valid values for time-to-
trigger (all in milliseconds):

0, 40, 64, 80, 100, 128, 160, 256, 320, 480,
512, 640, 1024, 1280, 2560, and 5120.
Users can enter any value between 0 to
5120 in milliseconds.

Hybrid automatic repeat request (hybrid
ARQ or HARQ) is a combination of re
transmissions and error correction. The
HARQ protocol runs in the MAC and PHY
layers. In the 5G PHY, a code block group
(CBG) is transmitted over the air by the
transmitter to the receiver. If the CBG is
successfully received the receiver sends
back an ACK, else if the CBG is received in
error the receiver sends back a NACK
(negative ACK).If the transmitter receives an
ACK, it sends the next CBG. However, if the

Page 10 of 68



HARQ Retry Limit

MAX HARQ process
count

Max CBG per TB

Local

Local

Local

0-4s

2,4,6,10,12,16

2,4,6,8

Ver 14.3

transmitter receives a NACK, it re
transmits the previously transmitted CBG.
Large number packet errors can be
observed in packet trace if HARQ is turned
OFF.

HARQ Retry Limit specifies the number of
retransmissions attempts that will be made
whenever a Code Block fails due to error.

A HARQ entity is defined for each gNB-UE
pair, separately for Uplink and Downlink and
for each component carrier. The HARQ
entity handles the HARQ processes.

Max number of HARQ processes is 8 in 4G
Max number of HARQ processes is 16 in 5G
Each Transport block is split into Code
blocks (CBs) and CBs are grouped into
Code Block Groups (CBGS).

A Code Block group can have up to 2/4/6/8
CBs.

Interface (LTE) — Physical Layer

Frame Duration (ms)

Sub Frame Duration
(ms)

Subcarrier Number
Per PRB

eNB Height (m)

TX Power (dBm)

TX Antenna Count
RX Antenna Count

Duplex Mode

CA Type

CA Configuration

CA Count

Slot Type

Fixed
Fixed

Fixed

Local

Local

Local
Local

Fixed

Local

Local

Fixed

Local

© TETCOS LLP. All rights reserved

10ms

ims

12

1 - 150 meters

-40 dbm to 100 dbm

1/2/4
1/2/4

TDD/ FDD

INTER BAND CA
INTRA BAND
CONTIGUOUS CA
INTRA_BAND NON
CONTIGUOUS CA
SINGLE BAND

Depends on CA
Type

Depends on CA
Type

Mixed,
Downlink,
Uplink,

Length of the frame.
Length of the Sub-frame.

NR defines physical resource block (PRB)
where the number of subcarriers per PRB is
the same for all numerologies.

Height of the gNB/eNB in meters

By default, 10 meters

It is the signal intensity of the transmitter.
The higher the power radiated by the
transmitter's antenna the greater the
reliability of the communications system.
MIMO layer count for downlink.

MIMO layer count for uplink.

In TDD, the upstream and downstream
transmissions occur at different times and
share the same channel.

In FDD, there are different frequency bands
used uplink and downlink, The UL and DL
transmission an occur simultaneously
Carrier Aggregation (CA) is used in LTE/5G
in order to increase the bandwidth, and
thereby increase the bitrate. CA options are
intra-band (contiguous and non-contiguous)
inter-band and single band.

LTE Single Operating Band are referred
from 3GPP 36101-h60

Drop down provides the various bands
available for the selected CA type (Eg: n78,
n258, n261 etc)

Single or multiple carriers depending on the
CA _Type chosen

Mixed supports DL and UL traffic

Downlink supports only DL traffic

Uplink supports only UL traffic

Page 11 of 68



DL: UL Ratio

Frequency Range

Operating Band

F Low (MHz)
F High (MHz)

Numerology

Channel Bandwidth

(MHz)

PRB Count

Guard Band (KHz)

Subcarrier Spacing

Bandwidth PRB

Slot per Frame

Slot per Subframe

Slot Duration (us)

Cyclic Prefix

Symbol per Slot

Symbol Duration
(ms)

BWP

Local

Fixed

Fixed

Fixed

Fixed

Local

Local

Local

Local

Local

Local

Local

Local

Local

Local

Local

Local

Local

© TETCOS LLP. All rights reserved

FR1

n=0

5-20 MHz

15 kHz

180 KHz

20

2

500

Normal

7

71.43(ms)

Disable

Ver 14.3

Represents the ratio in which slots are
assigned to downlink and uplink
transmission

Frequency range for LTE is Frequency
Range 1 (FR1) that includes sub-6 GHz,
frequency bands.

The LTE operates in different operating
bands corresponding to CA configuration
respectively

Lowest frequency of the Uplink/Downlink
operating band.

Highest frequency of the Uplink/Downlink
operating band.

It is the numerology value which represents
the subcarrier spacing.

The frequency range that constitutes the
channel.

PRB stands for physical resource block. The
PRB count is determined automatically by
NetSim as per the other inputs and cannot
be edited in the GUI.

Guard band is the unused part of the radio
spectrum between radio bands, for the
purpose of preventing interference.

The LTE radio link is divided into three
dimensions: frequency, time and space. The
frequency dimension is divided into
subcarriers with 15 kHz spacing in normal
operation

Physical Resource Block Bandwidth is a
range of frequencies occupied by the radio
communication signal to carry most of PRB
energy.

Slot within a frame is depending on the slot
configuration.

Slot within a Subframe is depending on the
slot configuration.

Slot duration gets different depending on
numerology. The general tendency is that
slot duration gets shorter as subcarrier
spacing gets wider.

Cyclic prefix is used to reduce ISI(Inter
Symbol Interference), If you completely turn
off the signal during the gap, it would cause
issues for an amplifier. To reduce this issue,
we copy a part of a signal from the end and
paste it into this gap. This copied portion
prepended at the beginning is called 'Cyclic
Prefix'.

The number of OFDM symbol per slotis 7 in
normal cyclic prefix case

Symbol duration is depending on the
subcarrier spacing.

A Bandwidth Part (BWP) is a contiguous set
of physical resource blocks (PRBs) on a
given carrier. These PRBs are selected from
a contiguous subset of the common
resource blocks for given numerology (u).
This parameter was included in NetSim
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Overhead (%) per DL Local 0.01-0.99,
slot Default — 0.25
Overhead (%) per UL Local 0.01-0.99,
slot Default — 0.25

Ver 14.3

v13.1, as is reserved for future use. It
therefore currently always set as disabled.
This represents the fraction of symbols in a
slot used for control signaling. The
remaining fraction is used for data
transmission. In NetSim calculations are
done over aggregated PRBs per the formula
given below
Data PRB available

= Total PRB available

— Ceil(Total PRB available

X Overhead Fraction)
This represents the fraction of symbols in a
slot used for control signaling. The
remaining fraction is used for data
transmission. In NetSim calculations are
done over aggregated PRBs per the formula
given below
Data PRB available

= Total PRB available

— Ceil(Total PRB available

X Overhead Fraction)

ANTENNA
RX Antenna Count Local 1,24

1, 2, 4, 8, 16, 32, 64,
TX Antenna Count Local 128 in gNB

(1,2, 4, 8, 16 in UE)

The number of receive antennas

The number of transmit antennas. Power is
split equally among the transmit antennas.

PDSCH CONFIG

QAM64LOWSE,
MCS Table Local QAM64,
QAM256
X Overhead XOHO

Local

MCS (Modulation Coding Scheme) is related
to Modulation Order.

Accounts for overhead from CSI-RS,
CORESET, etc. If the xOverhead in
PDSCH-ServingCellconfig is not configured
(a value from 0), N_oh"PRB the is setto 0

PUSCH CONFIG

Transform Precoding | Local Enable
QAMG64LOWSE,

MCS Table Local QAM64,
QAM256

Transform Precoding is the first step to
create DFT-s-OFDM waveform. Transform
Precoding is to spread UL data in a special
way to reduce PAPR(Peak-to-Average
Power Ratio) of the waveform. In terms of
mathematics, Transform Precoding is just a
form of DFT(Digital Fourier Transform).
MCS (Modulation Coding Scheme) is related
to Modulation Order. This is based on 3GPP
38.214-Table 5.1.3.1-1, 5.1.3.1-2 and
5.1.3.1-3

Users must set the MCS and CQI tables in
the following combination

QAMG64: CQI Table 1

QAM 256: CQI Table 2

QAM 64 LOWSE: CQI Table 3

CSIREPORT CONFIG

QAM64LOWSE,
MCS Table Local QAM64,
QAM256

© TETCOS LLP. All rights reserved

MCS (Modulation Coding Scheme) is related
to Modulation Order. This is based on 3GPP
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38.214-Table 5.1.3.1-1, 5.1.3.1-2 and
5.1.3.1-3

Users must set the MCS and CQI tables in
the following combination

QAM64: CQI Table 1

QAM 256: CQI Table 2

QAM 64 LOWSE: CQI Table 3

Pathloss Model

Outdoor Scenario

Outdoor Scenario

Building Height

Street Width

Indoor Scenario

Indoor Office Type

LOS_NLOS Selection

LOS Probability

Shadow Fading
Model

Fading and
Beamforming

02l Building

Penetration Model

Local

Local

Local

Local

Local
Local

Fixed

Local

Fixed

Local

Local

Local

Local
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3GPPTR38.901-
7.4.1

LOG DISTANCE
NONE

Rural Macro (RMa)

Urban Macro (UMa)

Urban Micro (UMi)

5-50m
5-50m

Indoor Office

Mixed-Office
Open- Office

3GPPTR38.901-

Table 7.4.2-1
USER DEFINED

Oto1l

NONE
LOG NORMAL

NO FADING MIMO

UNIT GAIN, NO
FADING MIMO
ARRAY GAIN

None,
Low Loss Model,

None represents an ideal channel with no
pathloss.

TR 38.901_Standard Table 7.4.2-1 means
pathloss will be calculated per the formulas
in this standard

For RMa, we need to specify the Building
Height and Street Width.

Buildings can be used in the scenario. UEs
can be inside/outside buildings but eNBs
can only be outside buildings.

Buildings can be used in the scenario. UEs
can be inside/outside buildings but eNBs
can only be outside buildings.

Buildings can be used in the scenario. UEs
can be inside/outside buildings but eNBs
can only be outside buildings.

It is the height of the building in meters.

It is the width of the street in meters.

Automatically chosen by NetSim in case the
UE is within an indoor building.

The pathloss will be per the chosen option
when the UE is within a building

This choice determines how NetSim decides
if the eNB-UE communication is Line-of-
sight or Non-Line-of-Sight. In case of
USE_DEFINED the LOS probability is user
defined. Else it is standards defined.

If LOS Probability =1, the LOS mode is set
to Line-of-Sight and if the LOS Probability
=0, the LOS mode as set to Non-Line-of-
Sight. For a value in between the LOS is
determined probabilistically.

By default, value is set to 1.

Select NONE to Disable Shadowing Select
LOG_NORMAL to Enable Shadowing
Model, and the Std dev would be per 3GPP
TR38.901-Table 7.4.1-1

RAYLEIGH WITH EIGEN BEAMFORMING:
When fading and beamforming are enabled,
NetSim uses the rich scattering in the
channel to form spatial channels. The
number of spatial channels is equal to the
number of layers (in turn equal to Min (Nt,
Nr)). The beamforming gains in the spatial
channel is equal to the eigen values of the
channel covariance (wishart) matrix.

NO FADING: To disable the fading and
beamforming.

The composition of low and high loss is a
simulation parameter that should be
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Additional Loss

Model Local
Path Loss Exponent

Local
(n)
Shadowing Model Local
Standard Deviation

Local

(dB)

High Loss Model,

NONE,
MATLAB

2to 5

Constant
Log Normal

5to 12 dB

Ver 14.3

determined by the user of the channel
models and is dependent on the buildings
and the deployment scenarios.

None to disable O2I Loss.

Low-loss model is applicable to RMa.
High-loss model is applicable to UMa and
UMi.

Additional Loss model can be set to None or
MATLAB, if set to MATLAB then MATLAB
will be automatically called by NetSim during
execution.

Path loss exponent indicates the rate at
which the path loss increases with distance.
The value depends on the specific
propagation environment.

Set any value between 2 to 5.

Constant: A shadowing model is used to
represent the signal attenuation caused by
obstructions along the propagation path.
The constant shadowing model is suitable
for the scenarios without mobility where the
obstructions along the propagation paths
remain unchanged.

Log Normal: The lognormal shadowing
model is suitable for a scenario with mobility
and obstructions within the propagation
environment. In this model, the shadowing
value follows a log-normal distribution with a
user specified standard deviation. In
general, this value should be in the range of
5 to 12 dB depending on the density of
obstructions  within  the  propagation
environment.

Shadowing is caused mainly by terrain
features of the radio propagation
environment. The mathematical model for
shadowing is a log-normal distribution with
standard deviation of 5 to 12 dB.

Set any value between 5 to 12 dB.

INTERFERENCE MODEL

Downlink

Interference Model Global
Uplink Interference

Model Global
0T value (dB) Global

© TETCOS LLP. All rights reserved

NO
INTERFERENCE,
GRADED
DISTANCE BASED
WYNER MODEL,
EXACT
GEOMETRIC
MODEL

NO
INTERFERENCE,
INTERFERNEC
OVER THERMAL

Oto 20

DL interference options are No interference,
Graded Distance based Wyner model and
Exact geometric models. If no interference is
chosen then in the SINR calculations, the
values of | is set to zero. Wyner and
geometric models compute interference.
Wyner is an approximate model used by the
research community while the geometric
model is exact. Technical details of the two
models are provided in the 5G/LTE NR
manual.

NetSim uses Interference-over-thermal
(IoT), to model co-channel uplink
interference.

The Uplink IoT (dB) value is used to compute
the SINR, and Interference power based on
the following equations:

SINR (dB) = SNR(dB) — 1oT(dB)
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The interference power (dBm units), logged
in the radio measurements file will be given
as
| (dBm) =10 *log_10 ((N * (107(IOT (dB)-1))
where N is thermal noise and is equal to
k*T*B.
MCS Selection Model determines how
modulation and coding scheme is
determined in 5G and LTE.
IDEAL SHANNON The following Models are supported:
THEOREM BASED Ideal Shannon Theorem-Based Rate:

MCS Selection Model ~ Global RATE, SHANNON Spectral Efficiency is computed as

RATE WITH SpectralEfficiency = log(1+SINR)
ATTENUATION Shannon Rate with Attenuation Factor (a):
FACTOR Spectral Efficiency is computed as

SpectralEfficiency = a x log(1+SINR)
Spectral Efficiency - MCS Table is looked
up to select the MCS.

Attenuation factor (a) takes value between

Attenuation Factor Global 0.5-1 0.5 and 1 with the default value of 0.75.
Block Error Rate Model (BLER) is used to
BLER Model Global ZERO [EEEKS decide code block and transport block error

BLER ENABLE in 5G and LTE.

The Outer Loop Link Adaptation (OLLA)

technique, if enabled can improve the

channel quality estimation by adjusting the
Outer loop link Global TRUE value of SINR by an offset dependent on
adaption FALSE whether previous transmissions were
decoded successfully or not, as captured by
Hybrid Automatic Repeat Request (HARQ)
feedback
Target BLER plays an important role in 5G
link adaptation. The BLER target is usually
around 10% based on specifications but it
can be varied depending on the
characteristics of the cell.
Range: 0to 1

UE Properties

Target BLER Global 0-1

Interface 1 (LTE) — Physical Layer

UE Height (meters) Local 1to 225 Height of the UE in meters

It is the signal intensity of the transmitter.
The higher the power radiated by the

TX Power (dBM) Local -40dBM to 50dBM 2
transmitter's antenna the greater the
reliability of the communications system.

Tx Antenna Count Local 1/2 NL_meer of tran_smlt antennas. _NetS|m uses
this parameter in MIMO operations.

Rx Antenna Count Local 1/2/4 Number of receive antennas. NetSim uses

this parameter in MIMO operations.
Table 2-1: Datalink layer and Physical properties for eNB and UE
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3 Model Features

3.1 LTE Stack

| |
I I |
| PDCP |, roce |
I I I |
| RLC |ed l .| RLC |
| B |
I MAC |e I I MAC |
I I I |
| PHY PHY |
S ——— I Sp———
UE eNB

Figure 3-1: User Plane Protocol Stack
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| I | | I
I PHY P 1l PHY | |

.y L] I I
l___ __| l | N |
UE eNB EPC (PGW&SGW)

Figure 3-2: Control Plane Protocol Stack
3.2 RRC

The Radio Resource Control (RRC) protocol is used in the air interface. The major functions
of the RRC protocol include connection establishment and release functions, broadcast of
system information, radio bearer establishment, reconfiguration, and release, RRC connection
mobility procedures, paging notification and release and outer loop power control. By means

of the signaling functions, the RRC configures the user and control planes according to the
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network status and allows for Radio Resource Management strategies to be implemented. In
NetSim’'s RRC protocol includes the functionality related to connection establishment,
broadcast of system information, radio bearer establishment, reconfiguration, RRC connection
mobility procedures, paging notification.

The RRC code is available in the following C files, LTENR_RRC.c, LTENR_GNBRRC.c, and
LTENR_NAS.c (RRC connection mobility and Handover procedures).

A UE can move to RRC ldle mode from RRC connected/RRC Active or RRC Inactive state.

3.2.1System information acquisition

| UE | E-UTE AN |

Mer rerIformationBlock

Syoteminfor mationBlockTipel

Figure 3-3 : System information acquisition

The system information is divided into the Master Information Block (MIB) and System

Information Block 1.
3.2.1.1 Master Information Block (MIB)

The Master Information Block (MIB) is broadcast information transmitted periodically by the
eNodeB. UE has the information about the Physical cell ID and enable it to decode the further
information which Master Information Block, which will provides the system bandwidth, system

frame number etc.

The UE needs to first decode MIB in order for it to receive other system information. MIB is
transmitted on the DL-SCH (Logical Channel: BCCH) with a periodicity of 80 ms and variable

transmission repetition periodicity within 40 ms.
Bits and Bytes of Master information blocks:

= Logical Channel — BCCH (Broadcast common control Channel)
= Transport Channel — BCH (Broadcast Channel)

= Physical Channel — PBCH (Physical Broadcast channel)

= RLC Mode — (Transparent Mode)

© TETCOS LLP. All rights reserved Page 18 of 68



Ver 14.3

3.2.1.2 System Information Block 1 (SIB1)

SIB carries the most critical information required for the UE to access the cell e.g., random

access parameters.

SIB1 includes information regarding the availability and scheduling of other SIBs e.g. mapping
of SIBs to SI messages, periodicity, Sl-window size, etc.

SIB1 also indicates whether one or more SIBs are only provided on-demand, in which case, it

may also provide PRACH configuration needed by the UE to request for the required SI.

SIB1 also contains radio resource configuration information that is common for all UEs and
cell barring information applied to the unified access control. SIB1 is transmitted on the DL-
SCH (logical channel: BCCH) with a periodicity of 80 ms and variable transmission repetition

periodicity within 80 ms. SIB1 is a cell-specific SIB.

= Logical Channel — BCCH (Broadcast Common Control Channel)
= Transport Channel — BCH (Broadcast Channel)

= Physical Channel — PBCH (Physical Broadcast channel)

= RLC Mode — (Transparent Mode)

3.2.2 RRC connection establishment

UE EUTRAN

RRCCormectionRequest |

RRCConnectionSetigp

RRCCormectionSetupComplete.

Figure 3-4 : RRC connection establishment
RRC connection establishment starts with UE sends the RRC connection request to EUTRAN
(eNB). RRC connection setup as a response sends back from the EUTRAN to UE. The UE
sends back the RRC connection setup complete and the RRC connection is established
between UE and EUTRAN (eNB).

3.3 PDCP

The PDCP layer receives a packet (data/control) from the upper layer, executes its functions

and transmits the packet to the lower layer. PDCP layer code related files LTENR_PDCP.c.
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PDCP Entity: The PDCP entities are located in the PDCP sublayer. NetSim implements one
PDCP entity per UE by default, (though users can add more by modifying the code). The same
PDCP entity is associated with both the control and the user plane.

The PDCP functionality supported is,

= Transmit PDCP SDU- It transmits the data between RLC and higher U-Plane interface

o Sets the PDCP Sequence Number.

o Adds an RLC Header.

o Calls RLC service primitive.

= ROHC (Robust Header Compression)
o ROHC is an algorithm to compress the header of various IP packets. In case of IPv4,
the size of uncompressed IP header is 40 bytes.
= PDCP Association
o This call back function is invoked when the UE associates/dissociates from a eNB.
= Maintenance of PDCP sequence numbers (to know more check the PDCP entity structure)
= Discard Timer:

o When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP
SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the
PDCP SDU along with the corresponding PDCP Data PDU.

o Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the
transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving
PDCP entity.

= Duplicate Discard:

o PDCP maintain the sequence number, if the PDCP receives a duplicate sequence

number, it discards the PDCP SDU along with the corresponding PDCP Data PDU.

3.4 RLC

Flow of TM, UM, and AM mode between RLC upper and lower layer as shown in Figure 3-5.
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Figure 3-5: Overview Model of RLC sub layer
3.4.1TM Mode (Transparent Mode)

The operation being done in TM mode is a buffering operation. It keeps the input data for a
certain amount of time or until next input data comes in, it just discard it if it is not get

transmitted within a certain time frame.

As you see in the Figure 3-6, BCCH, PCCH, CCCH go through this type of RLC process. In
WCDMA, Voice call traffic used this RLC mode as well. This means that certain types of DTCH
(voice traffic) uses this mode in WCDMA. However it is technically possible to use TM mode
for DTCH as well. RLC TM mode code related file LTENR_RLC.c.
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Figure 3-6: Model of two transparent mode peer entities
3.4.2UM Mode (Unacknowledged Mode)
The following operation done in RLC UM transmission and reception.

RLC UM Data Flow (Transmission):
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During the RLC UM transmission, it receives the SDU (Data) from the higher layers (PDCP or
RRC) and puts the SDU into the transmission buffer. When the MAC permits the transmission,
it segments or concatenates the SDU into RLC PDU and add the RLC header to the RLC
PDU. Then the RLC SDU is then sent to the next layer (MAC layer).

RLC UM Data Flow (Reception):

The MAC layer passes the received RLC PDU to the RLC layer. RLC layer removes RLC
header from the RLC PDU, then the RLC layer assembles PDUs into the upper layer SDU and
it passes the assembled SDUs to the higher layers (PDCP or RRC).

As you see in Figure 3-7, DTCH, MTCH. MCCH use this type of RLC process. Again, this is
also a matter of choice. You can use AM or UM mode for DTCH. RLC UM mode code related
file LTENR_RLC_UM.c.

Figure 3-7: Model of two unacknowledged mode peer entities
3.4.3AM Mode (Acknowledge Mode)
The following operation done in RLC AM transmission and reception.
RLC AM Data Flow (Transmission):

At the time of RLC AM transmission, It receives the SDU (Data) from the higher layers (PDCP
or RRC) and put the SDU into the transmission buffer. When the MAC permits the
transmission, it segment or concatenate the SDU into RLC PDU and add the RLC header to
the RLC PDU and make the copy of the transmission buffer for the possible retransmission.
Then the RLC SDU sent to the next layer (MAC layer).

RLC AM Data Flow (Reception):
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The MAC layer passes the received RLC PDU to the RLC layer. RLC layer removes RLC
header from the RLC PDU. If the received RLC PDU does not have any problem, mark it as
positive ACK. Then the RLC layer assemble PDUs into the upper layer SDU and it passes the
assembled SDUs to the higher layers (PDCP or RRC). RLC AM mode code related file
LTENR_RLC_AM.c.

Figure 3-8: Model of an acknowledged mode entity
3.5 MAC Scheduler

At each eNB, the MAC Scheduler determines the PRB allocation for each carrier in a slot. The
MAC schedulers work as follows:

Round Robin - It divides the available PRBs among active flows, i.e., logical channels with
non-empty RLC queues. The MCS for each user is determined based on the received CQIs.

= Proportional fair - It allocates PRBs in proportion to the channel quality of active flows.

» Max throughput - It allocates PRBs to the active flow(s) to maximize achievable

throughput.

Note that these are MAC scheduling algorithms, and they aren't based on the QoS set in the

Application.

3.6 PHY Layer

3.6.1Physical Speed of the LTE Air Interface

One Resource Block (RB) in LTE has 12 carriers (each carrier is 15 kHz) in frequency domain

and 0.5 milliseconds (7 symbols) in time domain.
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12 carriers = 180 KHz

7 symbols = 0.5 milliseconds

Figure 3-9: Physical Speed of the LTE Air Interface
So, the total number of symbols in a Resource block =12 X7 = 84

A symbol accommodates a specific number of bits depending on the modulation scheme. The

following table lists the number of bits for different modulation schemes as shown Table 3-1.

Modulation scheme  # of bits per symbol

QPSK 2
16-QAM 4
64-QAM 6

Table 3-1: Modulation scheme vs. number of bits

The following table lists the number of Resource blocks, carriers, and the bandwidth available

for different LTE channel bandwidths as shown Table 3-2.

Channel bandwidth (MHz)

Resource blocks 25 50 75 100
Number of carriers 300 600 900 1200
Occupied bandwidth (MHz) 4.5 9 135 18

Table 3-2: Resource blocks, carriers and the bandwidth

Note: Inan LTE network, 10% of total bandwidth is used for the guard band. For example, if the channel bandwidth

is 20 MHz, then 2 MHz is used for the guard band. So, if 180 KHz has 1 RB, 18 MHz has 100 RBs.
3.6.2LTE and LTE-A Operating Bands

The following table lists the details of the LTE and LTE-A frequency bands defined by 3GPP.
NetSim uses these bands to simulate LTE-A networks.
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Note: NetSim supports both TDD and FDD.

1 1920 — 1980 2110-2170 60 190 130
2 1850 — 1910 1930 - 1990 60 80 20
3 1710 - 1785 1805 -1880 75 95 20
4 1710 -1755 2110 - 2155 45 400 355
5 824 — 849 869 — 894 25 45 20
7 2500 - 2570 2620 - 2690 70 120 50
8 880 — 915 925 — 960 35 45 10
11 1427.9 - 1447.9 1475.9 - 1495.9 20 48 28
12 699 — 716 729 — 746 18 30 12
13 777 —-787 746 — 756 10 -31 41
17 704 - 716 734 — 746 12 30 18
18 815 -830 860 — 875 15 45 30
19 830 — 845 875 —890 15 45 30
20 832 — 862 791 - 821 30 -41 71
21 1447.9 - 1462.9 1495.9 - 1510.9 15 48 89
23 2000 - 2020 2180 - 2200 20 180 160
25 1850 — 1915 1930 - 1995 65 80 15
26 814 — 849 859 — 894 30 40 10
27 807 — 824 852 — 869 17 45 28
28 703 — 748 758 — 803 45 55 10

Table 3-3: LTE and LTE-A frequency bands

3.6.2.1 LTE Single Bands

The following list of specified frequency bands of LTE single bands are referred from 3GPP
36101-h60.

Uplink (UL) operating band Downlink (DL) operating Duplex
FUL low FUL high FDL low FDL high
1 1920 MHz — 1980 MHz & 2110 MHz | - 2170 MHz FDD
2 1850 MHz —  1910MHz 1930 MHz - 1990 MHz FDD
3 1710 MHz - 1785MHz @ 1805MHz | — 1880 MHz FDD
4 1710 MHz — 1755 MHz 2110 MHz - 2155 MHz FDD
5 824 MHz — 849 MHz 869 MHz | — 894MHz FDD
6 830 MHz = 840MHz 875 MHz | - 885 MHz FDD
7 2500 MHz — 2570 MHz @ 2620 MHz | — 2690 MHz FDD
8 880 MHz — 915 MHz 925 MHz - 960 MHz FDD
9 17499 MHz | — 1784.9 1844.9 - 1879.9 FDD
10 1710 MHz - 1770 MHz 2110 MHz - 2170 MHz FDD
11 1427.9 MHz | — 1447.9 1475.9 - 1495.9 FDD
12 699 MHz — 716 MHz 729 MHz  — 746 MHz FDD
13 777 MHz — 787 MHz 746 MHz | — | 756 MHz FDD
14 788 MHz — 798 MHz 758 MHz - 768 MHz FDD
17 704 MHz — | 716 MHz 734 MHz | — 746 MHz FDD
18 815 MHz — 830 MHz 860 MHz - 875 MHz FDD
19 830 MHz — 845 MHz 875MHz | — 890 MHz FDD
20 832 MHz — 862 MHz 791 MHz - 821 MHz FDD
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21
22
23
24
25
26
27
28
30
31
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
65
66
68
70
71
72
73
74
85
87
88
103

1447.9 MHz
3410 MHz
2000 MHz

1626.5 MHz
1850 MHz
814 MHz
807 MHz
703 MHz
2305 MHz
452.5 MHz
1900 MHz
2010 MHz
1850 MHz
1930 MHz
1910 MHz
2570 MHz
1880 MHz
2300 MHz
2496 MHz
3400 MHz
3600 MHz
703 MHz
1447 MHz
5150 MHz
5855 MHz
3550 MHz
3550 MHz
1432 MHz
1427 MHz
3300 MHz

2483.5 MHz
1920 MHz
1710 MHz
698 MHz
1695 MHz
663 MHz
451 MHz
450 MHz
1427 MHz
698 MHz
410 MHz
412 MHz
787 MHz
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1462.9
3490 MHz
2020 MHz

1660.5
1915 MHz
849 MHz
824 MHz
748 MHz
2315 MHz
457.5 MHz
1920 MHz
2025 MHz
1910 MHz
1990 MHz
1930 MHz
2620 MHz
1920 MHz
2400 MHz
2690 MHz
3600 MHz
3800 MHz
803 MHz
1467 MHz
5925 MHz
5925 MHz
3700 MHz
3700 MHz
1517 MHz
1432 MHz
3400 MHz
2495 MHz
2010 MHz
1780 MHz
728 MHz
1710 MHz
698 MHz
456 MHz
455 MHz
1470 MHz
716 MHz
415 MHz
417 MHz
788 MHz

1495.9
3510 MHz
2180 MHz
1525 MHz
1930 MHz
859 MHz
852 MHz
758 MHz
2350 MHz
462.5 MHz
1900 MHz
2010 MHz
1850 MHz
1930 MHz
1910 MHz
2570 MHz
1880 MHz
2300 MHz
2496 MHz
3400 MHz
3600 MHz
703 MHz
1447 MHz
5150 MHz
5855 MHz
3550 MHz
3550 MHz
1432 MHz
1427 MHz
3300 MHz

2483.5
2110 MHz
2110 MHz
753 MHz
1995 MHz
617 MHz
461 MHz
460 MHz
1475 MHz
728 MHz
420 MHz
422 MHz
757 MHz

Table 3-4: LTE Single Bands

1510.9
3590 MHz
2200 MHz
1559 MHz
1995 MHz
894 MHz
869 MHz
803 MHz
2360 MHz
467.5 MHz
1920 MHz
2025 MHz
1910 MHz
1990 MHz
1930 MHz
2620 MHz
1920 MHz
2400 MHz
2690 MHz
3600 MHz
3800 MHz
803 MHz
1467 MHz
5925 MHz
5925 MHz
3700 MHz
3700 MHz
1517 MHz
1432 MHz
3400 MHz
2495 MHz
2200 MHz
2200 MHz
783 MHz
2020 MHz
652 MHz
466 MHz
465 MHz
1518 MHz
746 MHz
425 MHz
427 MHz
758 MHz

Ver 14.3

FDD
FDD
FDD
FDD
FDD
FDD
FDD
FDD
FDD
FDD
TDD
TDD
TDD
TDD
TDD
TDD
TDD
TDD
TDD
TDD
TDD
TDD
TDD
TDD8
TDD11
TDD
TDD16
TDD13
TDD13
TDD
TDD
FDD
FDD4
FDD
FDD10
FDD
FDD
FDD
FDD
FDD
FDD
FDD
FDD
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3.6.4LTE and LTE-A Transmission Modes

NetSim supports the following LTE Transmission modes:

Transmission Mode 1 — SISO, using a single antenna at the eNodeB. Because of Round-
robin scheduling, all applications see equal throughput.

Transmission Mode 2 — MIMO and Transmit Diversity (TxD). Sends copies of the same
information via multiple antennas. This leads to higher reliability, but the throughput
remains the same as Mode 1

Transmission Mode 3, SU — MIMO Spatial Multiplexing, Open Loop. This is used to
achieve high data rates. The data is divided and sent via various antennas. The
throughput increases.

Transmission Mode 4, MU-MIMO Spatial Multiplexing, as per the LTE standard. With a
multi-user setup, multiple antennas are used to send and receive data. The data
throughput further increases.

Transmission mode 5 — MU-MIMO, where the number of receive antennas is fixed at 2.

3.6.5 LTE and LTE-A PHY Layer Parameters

The
3-5.

following table lists the details of the parameters of the PHY layer in LTE as shown Table
Channel bandwidth (MHz) 1.4 K} 5 10 15 20
Number of Resource blocks (NRB) 6 15 25 50 75 100
Number of occupied carriers 73 181 301 601 901 1201
IFFT(TX) /FFT size (Rx) 128 256 512 1024 1536 2048
Sampling frequency (Sampling rate) 192 384 | 768 1536 23.04 | 30.72
Samples per slot 960 1920 3840 7680 @ 11520 15360
Guard Band 160 | 150 250 500 750 1000

Table 3-5: LTE and LTE-A PHY Layer Parameters

IFFT = Inverse Fast Fourier Transform and FFT = Fast Fourier Transform

3.6.6 HARQ

3.6.6.1 Introduction

We start with a brief and simplistic explanation of the HARQ mechanism.

1.

Hybrid Automatic Repeat Request (Hybrid ARQ or HARQ) is a combination of
retransmissions and error correction. The HARQ protocol runs in the MAC and PHY
layers.

In the 5G PHY, a code block group (CBG) is transmitted over the air by the transmitter to

the receiver. If the CBG is successfully received the receiver sends back an ACK,
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otherwise, if the CBG is received in error, the receiver sends back a NACK (Negative
ACK).

If the transmitter receives an ACK, it sends the next CBG. However, if the transmitter
receives a NACK, it retransmits the previously transmitted CBG.

In 5G/LTE, the incorrectly received CBG is not discarded but stored at the receiver. When
the re-transmitted CBG is received, the two CBGs are combined. This is called Hybrid
ARQ with Chase Combining (HARQ-CC).

3.6.6.2 Implementation in NetSim

1.

HARQ is implemented in 4G (Macro Cell eNB) and in 5G (Macro Cell gNB) in both
downlink and uplink.

A HARQ entity is defined for each eNB-UE pair, separately for Uplink and Downlink and
for each component carrier. The HARQ entity handles the HARQ processes.

a. The maximum number of HARQ processes is 8 in 4G.

b. The maximum number of HARQ processes is 16 in 5G.

Each HARQ process transmits one Transport Block (TB) at any time

When operating in MIMO, each layer handles a different TB. This means that one TB is
not transmitted across multiple layers.

Each TB is split into Code blocks (CBs) and Code Blocks (CBs) are grouped into Code
Block Groups (CBGSs).

At the receiver the CBGs are given to a multiplexer which combines the CBGs into a TB.
CBGs are always retransmitted at the same MCS as the first transmission. This restriction
comes from the specification of the rate matcher in the 3GPP TS 38.212 standard.

Tx Rx

~

CBG (1) [
! NO SINR;(1)

SINR{(2)

i >

s \

Figure 3-10: We see the HARQ transmission process. The transmitter sends CBG1 which is errored.

Therefore, the receiver sends a NACK. CBGL1 is then retransmitted (transmission attempt 2). The

receiver then soft combines the first and second transmissions, which is successful and hence sends

back an ACK.
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8. In HARQ-CC, every retransmission contains the same coded bits (information and coding
bits). We abstract soft combining and model it by summing (in linear scale) the SINRs of
transmitted and retransmitted CBGs. The BLER is then looked up for the combined SINR.

9. The New Data Indicator NDI flag is set to true (both in UL and DL) true for transmission of
a new TB.

10. HARQ entity is terminated during handover-triggered de-association from a eNB and re-
created at the new eNB after the handover procedure is completed.

11. HARQ retransmissions have priority over new data transmissions. Within a HARQ
process, new data transmissions are not taken up when retransmission data is in the
queue.

12. HARQ processes are multiplexed in time (slots) in a round robin fashion. For example, if

we had a case with 4 HARQ processes then:

Slot 1 — HARQ Process 1 > Success

Slot 2 — HARQ Process 2 > Success

Slot 3 — HARQ Process 3 > Error

Slot 4 — HARQ Process 4 > Success

Slot 5 — HARQ Process 1 > Success

Slot 6 — HARQ Process 2 > Success

Slot 7 — HARQ Process 3 > Retransmission Success

...and so on
3.6.6.3 Assumptions and limitations

1. The HARQ ACK/NACK is sent out-of-band by the receiver immediately after receipt (4t -
0%). This is then instantaneously and correctly received by the transmitter. The
ACK/NACKs are not logged.

2. If DL/UL transmission can occur, then reverse direction (UL/DL respectively) ACK/NACK
will be successful. Specifically, even if the UL data link is in outage, ACK/NACK

transmitted in the UL will be correctly received by the eNB.
3.6.6.4 Transmission flow

1. Packets are either segmented or combined into Transport Blocks (TBs) depending on the
packet size and the transport block size. It is the TB that needs to be transmitted over the

air.

a. Users can set the application layer packet size in NetSim GUI > Application

properties. The packet size at the MAC is the application packet size plus transport
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layer and IP layer overheads. Users can obtain the MAC layer packet size from the

packet trace.

b. The TB size is determined by the LTE and 5G NR protocol running in the MAC/PHY.
Users can obtain the TB size from the code block log file.

2. TB are then split to Code blocks (CBs). The code block size calculation and TB

segmentation is explained in section 3.6.7 Below.
3. CBs are grouped into code block groups (CBGS).

a. The max number of CBGs per TB can be set in the NetSim GUI (based on RRC
parameter MAX CBG PER TB in the NetSim GUI)

4. TBs are transmitted by transmitting CBGs, which is in turn comprises of CBs
5. BLER is applied upon CBG reception at the receiver

6. If any CBis in error, the transmitter retransmits the entire CBG to which that CB is a part

of.
7. The receiver then soft combines the first transmission and all subsequent retransmissions

a. Soft combining is modelled by adding their SINRs in the linear scale. For example, if
there were 2 retransmissions, then combined SINR is given by

CombinedSINRI* = SINRI* + SINRI* + SINRI*
8. BLER is applied on the improved (combined) SINR by tossing a biased coin
9. Ifany CBisin error, go to step 6, subject to transmit limit of 4 (retransmit limit of 3).
a. The transmit limit is user settable in NetSim, and by default is set to 4.
10. If all CBGs (in a TB) are successful, then at the receiver, the TB is sent up to the RLC
11. Else, the entire TB is dropped.
3.6.6.5 Special cases

1. Ifthere is a retransmission scheduled in a multi-layer scenario, then the scheduler cannot
retransmit data in one layer and transmit new data in another layer to the same UE. During
retransmissions, the scheduler allows other UEs to use the available resources. The
reason is: the next TB can only be sent after receiving a successful ACK or if the current
TB is dropped. Therefore, another TB (to the same UE) cannot be scheduled on the
remaining resources. For example, if Max-throughput scheduling is used, when a CBG is
received in error the NDI flag is false. When the NDI flag is false, the UE is not passed

through the scheduler function; only the CB that needs to be transmitted is Hence
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remaining PRBs left - after retransmitting the errored CBG - must be allocated to a not
Max-SINR UE. Also note that, the non-Max-SINR UE’'s CBGs may also be errored in
which case those CBGs need to be retransmitted. This above complicated factor leads to
a break down in the general belief that Max-throughput scheduler leads to Max-SINR UE
getting all throughput with other UEs getting NIL throughput.

Again, consider a multi-layer scenario with CBG errors in 2 or more layers. How many
PRBs should then be allocated for retransmissions and how many for new data from
different UEs? In such cases NetSim calculates the PRBs required for retransmission as

the max of PRBs required for retransmission in each layer.

3.6.6.6 Logging

A B c 1] E F G H 1 ] K L M N o P Q R s T U | v w X [
Time (ms] - gNBId - gNBH |- UEld - UEI - Channel - CA - Frameld - Sub - Slotid - Layerld - Processid - Re ¥ TBS - - Codef - |CBS - CBS_ | - SINR(Combined - BLE - CBG- CBl- NDI - Tra-|
: 130005 10 4 12 1 PDSCH 0 1301 1 2 1 1 888 2560AM m 968 888 43169552 0 1 1 TRUE [
13000.5 10 4 12 1 PDSCH 0 1301 1 2 2 1 888 2560AM 711 968 883 50511929 0 1 1 TRUE ¢
13000.5 10 4 12 1 PDSCH o 130 1 2 3 1 888 2560AM 1 9268 838 56.157132 o 1 1 TRUE [
13000.5 10 4 12 1 PDSCH 0 1301 1 2 4 1 888 2560AM m 968 8s3 58955028 0 1 1 TRUE ¢
130015 10 4 12 1 PUSCH 0 1301 2 2 1 1 888 2560AM m 968 888 51730194 0 1 1 TRUE ¢
13003 10 4 12 1 PDSCH 0 1301 4 1 1 1 888 2560AM 711 968 888 43169552 0 1 1 TRUE ¢
13003 10 a 12 1 PDSCH 0 1301 4 1 2 1 888 2560AM m 968 883 50511929 0 1 1 TRUE q
13003 10 4 12 1 PDSCH o 1301 4 1 3 1 888 2560AM 711 968 888 56.157132 0 1 1 TRUE C
13003 10 4 12 1 PDSCH o 1301 4 1 4 1 888 2560AM 1 968 888 58.955028 o 1 1 TRUE L]
13005.5 10 4 12 1 PDSCH o 1301 6 2 1 1 BOBO8 2560AM 711 8448 8112 43.169552 o 1 1 TRUE C
13005.5 10 4 12 1 PDSCH 0 1301 6 2 1 1 B0B08 2560AM 711 8448 8112 43169552 0 1 2 TRUE [
13005.5 10 4 12 1 PDSCH 0 1301 6 2 1 1 80808 2560AM 711 8448 8112 43169552 0 2 1 TRUE (
13005.5 10 4 12 1 PDSCH 0 1301 6 2 1 1 B0B08 2560AM 711 8448 8112 43169552 0 2 2 TRUE ¢
13005.5 10 4 12 1 PDSCH 0 1301 6 2 1 1 BOB08 2560AM 711 8448 8112 43169552 0 3 1 TRUE ¢
13005.5 10 4 12 1 PDSCH 0 1301 6 2 1 1 B0B08 2560AM 711 sa8 8112 43169552 0 4 1 TRUE [
13005.5 10 4 12 1 PDSCH 0 1301 6 2 1 1 B0B0B 2560AM 711 8448 8112 43169552 0 5 1 TRUE ¢
13005.5 10 4 12 1 PDSCH 0 1301 6 2 1 1 B0B08 2560AM 7 8448 8112 43169552 0 6 1 TRUE ¢
13005.5 10 4 12 1 PDSCH 0 1301 3 2 1 1 B0B08 2560AM 711 8448 8112 43169552 0 7 1 TRUE ¢
13005.5 10 4 12 1 PDSCH 0 1301 6 2 1 1 BOB08 2560AM 711 848 8112 43169552 0 8 1 TRUE ¢
13005.5 10 4 12 1 PDSCH 0 1301 6 2 2 1 BOB0B 2560AM 711 88 8112 50511929 0 1 1 TRUE ¢
13005.5 10 a 12 1 PDSCH 0 1301 6 2 2 1 80808 2560AM 711 8448 8112 50511929 0 1 2 TRUE [y
13005.5 10 4 12 1 PDSCH o 1301 6 2 2 1 80808 2560AM 711 8448 8112 50.511929 0 2 1 TRUE <
13005.5 10 4 12 1 PDSCH o 130 6 2 2 1 BOBO8 2560AM m 8448 8112 50.511929 o 2 2 TRUE L]
13005.5 10 4 12 1 PDSCH o 1301 6 2 2 1 BOBO8 2560AM 711 8448 8112 50.511929 o 3 1 TRUE C
13005.5 10 4 12 1 PDSCH 0 1301 6 2 2 1 80808 2560AM 711 8448 8112 50511929 0 4 1 TRUE [
13005.5 10 4 12 1 PDSCH 0 1301 6 2 2 1 BOBOB 256QAM 711 8448 B112 50511929 0 5 1 TRUE ¢

Figure 3-11: HARQ log file showing code block transmission. Here CBS_ represents the information

bits within a code block (CBS column).

Transmission attempts 1, 2, 3 and 4 are indexed as 0, 1, 2, 3. If the 4th attempt is errored,
the CBG is dropped.

Packet trace only logs “packet” flow, and does not log flow of TBs, CBGs etc. Therefore,
the packet trace logs a packet in the MAC OUT of the transmitter and subsequently if
received successfully at the MAC IN of the receiver. If the packet errored, it is also marked
in the packet trace.

Note that if a TB is in error than all the packets that were part of the TB will be marked as

error.
The transmission/re-transmission of CBs is logged in the Code Block logfile.

The remarks column would have messages for HARQ preparation and would be blank for

actual transmissions.

TBS is always logged on a per layer basis.
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7. CBGID is also on a per layer basis.

8. SINR reported in the CBG log is the post-soft combining SINR.

Time (ms] -~ gNBId |~ gNBIf ~ UEId |~ UEIf

~ |Channel ~ CA ~ Frameld v Sub - Slotld ~ Layerld v Processid - Re T TBS - Modulatior * Codel ~ CBS ~ CBS_

Ver 14.3
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HARQ entity created

HARQ entity created

HARQ entity created

HARQ entity created
1 Process number = 1, NDI = True, Transmission number = 0
1 Process number = 1, NDI = True, Transmission number = 0
1 Allocated PRBs for new data = 0
1 Allocated PRBs for new data =0
1 Process number = 1, NDI = True, Transmission number = 0
1 Process number = 1, NDI = True, Transmission number = 0
1 Allocated PRBs for new data =0
1 Allocated PRBs for new data =0
1 Process number = 1, NDI = True, Transmission number = 0
1 Process number = 1, NDI = True, Transmission number = 0
1 Allocated PRBs for new data =0
1 Allocated PRBs for new data =0
1 Process number = 1, NDI = True, Transmission number = 0
1 Process number = 1, NDI = True, Transmission number = 0
1 Allocated PRBs for new data = 0
1 Allocated PRBs for new data =0
1 Process number = 1, NDI = True, Transmission number = 0
1 Process number = 1, NDI = True, Transmission number = 0
1 Allocated PRBs for new data =0
1 Allocated PRBs for new data =0
1 Process number = 1, NDI = True, Transmission number = 0
1 Process number = 1, NDI = True, Transmission number = 0

Figure 3-12: HARQ log showing HARQ working via information provided in the Remarks columns.

3.6.6.7 HARQ turn off

There are ongoing discussions of abandoning of HARQ for the 1 ms end-to-end latency use

case of URLLC. This decision implies that the code rate had to be lowered such that a single

shot transmission, i.e., no retransmissions and no feedback, achieves the required BLER.

NetSim allows users to turn HARQ OFF via the GUI. Note that the code block log will continue

to be written. Users will notice that errored CBGs are not retransmitted if HARQ is turned OFF.

Since the CB/CBG is in error, that entire TB to which it belongs will be in error.

Users can inspect the packet trace and will see large numbers of packets errors if HARQ is

turned OFF and if the UE is seeing a high BLER.

3.6.7

1.

Segmentation of transport block into code blocks

If the transport block size is larger than 3824, a 16-bit CRC is added at the end of the

transport block, or a 24-bit CRC is added.

The transport block is divided into multiple equal-sized code blocks when the transport

block size exceeds a threshold.

For quasi-cyclic low-density parity-check code (QC-LDPC) base graph 1, the threshold

is equal to 8448.

For QC-LDPC base graph 2, the threshold is equal to 3840. In 5G NR, the maximum

code block size number is 8448.

An additional 24-bit CRC is added at the end of each code block during segmentation.
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6. A CBG can have up to 2/4/6/8 CBs.
7. The maximum transport block size - 1,277,992.

LDPC BG 1, CBS Max, (K,,) = 8448, LDPC BG 2, CBS Max, (K,,) = 3840

YES NO LDPC BG=1 CBS=22 x Zc

No
L=0 L =24
c=1 __ B
C_ch—L
l l CBS=10 x Zc
B’ = TBS B =TBS+CXL
’ ! B,

L = Extra CRC bits, ¢ = Number of Code blocks, TBS = Size of Transport block,
K' = Information bits in code block. The base matrix expansion factor Zc is calculated by
selecting minimum Zc in all sets of lifting size tables, such that: K, X Zc = K. K,, denotes the

number of information bit columns for the lifting size Zc.
3.6.8 BLER and MCS selection

NetSim GUI allows users to set the BLER, via the BLER drop-down option. This option has
two settings, and each setting in turn has different options for MCS selection. Both BLER and
MCS selection are global options and will apply to all Macro Cell eNBs and UEs in both DL

and UL in the network scenario.
1. ZeroBLER
o MCS Selection: Ideal Shannon theorem-based rate
= Spectral efficiency is calculated assuming ideal Shannon rate whereby
SpectralEfficiency = log,(1 + SINR)

= Spectral Efficiency - MCS Table 7.2.3-1 (4-bit CQI Table) of standard 36.213 is
looked up to select the MCS.

= Data is transmitted at this MCS with zero BLER
o MCS Selection: Shannon rate with attenuation factor

= Spectral efficiency is calculated per the following expression provided in TR 36.942:
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SpectralEfficiency = a X log,(1 + SINR)

*» ¢ is the attenuation factor and generally 0.5 < a < 1.00. Default: 0.75 Spectral
Efficiency - MCS Table 7.2.3-1 (4-bit CQI Table) of standard 36.213 is looked up to
select the MCS.

= Data is transmitted at this MCS with zero BLER
2. BLER Enable: Within this, users can set outer loop link adaptation (OLLA) to True or False

o OLLA False: The MCS is chosen in the same way as described in the Zero BLER case.
Data is, however, transmitted at the chosen MCS, with BLER. The BLER is looked up
from NetSim’s proprietary BLER-MCS-SINR curves.

o OLLA True: In this case, the user needs to set a target BLER (t-BLER), for example
10%. Based upon the set t-BLER an initial MCS is estimated. Subsequently, the MCS is
dynamically adjusted based on an outer-loop link adaptation algorithm that uses HARQ
ACK-NACK messages. Note that the t-BLER is based on initial transmission and not

after a re-transmission.
3.6.9PHY measurements

All PHY measurements, downlink and uplink, are done on the actual transmitted data on the
data channel. The measurements are not done using the control channels.

The measurements are wideband i.e., a single value of channel state that is deemed
representative of all RBs in use. This assumes that the PHY layer that the channel is flat across
all the RBs. Such an assumption ensures acceptable accuracy for a system level simulation

while keeping the computational complexity manageable.

The SNR in downlink (received by a UE from a eNB/gNB) and in the uplink (received by an
eNB/gNB from a UE). The SNR is calculated at every slot and thereafter the SNR gets
averaged after every "Average SNR Window" time frame to go forward and compute the AMC

(Modulation & coding) information, and for each carrier as:

= SNR = Received power / Thermal Noise.
= Interference from other UEs / eNBs are not considered.
= The received power is transmit power less propagation loss.

= The MCS values are chosen based on the received SNR.
3.6.10 Carrier Aggregation

Carrier aggregation is a feature in LTE-A that increases bandwidth and bitrate. An aggregated

carrier is known as a component carrier (CC). The component carrier can have a bandwidth
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of 1.4, 3, 5, 10, 15 or 20 MHz and a maximum of five component carriers can be aggregated.
So, the maximum aggregated bandwidth is 100 MHz.

Carrier aggregation can be used: Frequency Division Duplex (FDD) and Time Division Duplex
(TDD). The following figure illustrates the use of FDD.

R8/R9

LTE-Advanced

R8/R9

max 5 CC, maxl 100 MHz

Component Carrier, CC in—_)&“ fo

CCBW; 14, 3,5, 10, 15, 20 MHz

> >

Same DL and UL allocoation. Different DL and UL allocoation.

Figure 3-13: lllustrates the Carrier aggregation

FDD can use different number of component carriers in the Downlink (DL) and Uplink (UL).
But, the number of UL component carriers must always be equal to or lower than the number
of DL component carriers. Also, the individual component carriers can use different
bandwidths.

TDD uses the same number of component carriers with identical bandwidths for DL and UL.
3.6.10.1 CA Configurations

CA can be configured into intra-band (contiguous and non-contiguous) and inter-band non-
contiguous. Intra-band contiguous and inter-band combinations, that aggregate two

Component Carriers (CCs) in downlink, are specified from Release 10.

The Intra-band contiguous CA configuration refers to contiguous carriers aggregated in the

same operating band.

The Intra-band non-contiguous CA configuration refers to non-contiguous carriers aggregated

in the same operating band.

The Inter-band CA configuration refers to aggregation of component carriers in different
operating bands, where the carriers aggregated in each band can be contiguous or non-

contiguous.

The following figure illustrates the CA configurations.
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Intra-band, contiguous g f
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Intra-band, non-contiguous - . ;
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Inter-band, non-contiguous . . v‘._;
LTE-Advanced is?n& 1 S B:ar;d 2

Figure 3-14: lllustrates the CA configurations

3.6.10.2 CA Bandwidth Classes

The following table lists the details of the Carrier Aggregation Bandwidth classes in terms of

the total number of Resource blocks used by the CC.

For example, Bandwidth class A specifies NRB,agg <= 100. This means that the Number of
the aggregated RBs within the fully allocated Aggregated Channel bandwidth (NRB,agg)
should be less than 100 and the aggregated Tx Bandwidth for class A cannot exceed 20 MHz,
and limits to 1 CC in the band.

NOTE: NetSim currently supports CA Bandwidth classes A, B and C only.

Aggregated Transmission Bandwidth  paximum number

Maximum Tx of CC
A N <= 100 20 1
B 25 <N <= 20 2
C 100 < N <= 40 2
D 200 < N <= 60 3
E 300 <N <= 80 4
F 400 < N <= 100 5
| 700 <N <= 160 8

Table 3-6: CA Bandwidth classes

3.6.10.3 CA Configuration Naming Conventions

To understand the naming conventions in a CA configuration and the bandwidth combination
set usage, let us see the CA_1C configuration. This CA configuration states that the UE can
operate on Band 1, with two continuous CCs and with a maximum of 200 RBs. The bandwidth
combination set states that the allocation of those 200 RBs can be either 75 RBs on both CCs
or 100RBs on both CCs.

© TETCOS LLP. All rights reserved Page 36 of 68



Ver 14.3

Contiguous Non-contiguous Non-comiguous
Intraband CA Interband CA Intraband CA
E-UTRA Band number
N—
CA_1C CA_1A-5A CA_25A-25A
Supported CA b.sqmdcg:s Supported CA bandmdth class
bandwidth class per E-UTRA Band per non-condguous mtraband CA sub-block

Figure 3-15: CA Configuration Naming Conventions
For more information about Carrier Aggregation, see

https://www.3qgpp.org/technologies/keywords-acronyms/101-carrier-aggregation-explained.

3.6.10.4 CA Configuration Table (based on TR 36 716 01-01)

Carrier aggregation can be configured in the Macro cell eNB's Physical layer properties.
Following are the various configuration options that are available as shown Table 3-7 and
Table 3-8.

FDD Bands:

CA Configuration Table

Frequenc Uplink | Uplink | Downli | Downli
CA Configuration | ¢, unt Ch Ty R?sm - / Low High | nk Low | nk High
e MHz MHz MHz MHz

INTER_BAND_CA

CAL DL, 1920, 1980, 2110, 2170,
SQEaE g e cazuL, Rt 1710 1785 1805 1880

CA2 DL

CA1 UL,

CA1 DL, 1710, | 1785, 1805, 1880,
CA_3A_TA 2 caz uL | R 2500 2570 2620 | 2690

CA2 DL

CA1_UL,

CA1 DL, 1710, 1785, 1805, 1880,
(G ie A0k 2 caouL, ™t 832 862 791 821

CA2 DL

CA1L UL,

CAL DL, 1710, | 1785, 1805, 1880,
CA_3A_28A 2 cazuL, TR 703 748 758 803

CA2 DL

CAL_UL,

CAL DL, 1710, 1785, 1805, 1880,
GRL 8 B 2 cazuL, RL 880 915 925 960

CA2 DL

CA1L UL, 2500, 2570, | 2620, | 2690,
CA_TA_20A 2 caipL R 832 862 791 821
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CA2_ UL,

CA2 DL

CAL UL,

CA1 DL, 2500, 2570, 2620, 2690,
S I A 2 caz UL, i 703 748 758 803

CA2 DL

CAL UL,

CAL DL, 703, 748, 758, 803,
CA_28A_32A 2 cazuL, ™t 1452 1496 1452 1496

CA2 DL

CAL UL,

gﬁ;—a'{' 1920, 1980, 2110, 2170,
CA_1A 3A_7A 3 Sho-or FRI 1710, 1785, 1805, 1880,

ST 2500 2570 2620 2690

CA3 DL

CAL UL,

gﬁ;—at’ 1710, 1785, 1805, 1880,
CA_3A_7A_20A 3 b ER1 2500, | 2570, | 2620, | 2690,
o CA2 DL, 832 862 791 821

CA3_UL,

CA3 DL

INTRA_BAND_CONTIGUOUS_CA

CAL UL,

CAL DL, 1920, 1980, 2110, | 2170,
CA_LC 2 caouL, ™t 1920 1980 2110 2170

CA2 DL

CAL UL,

CA1 DL, 1850, 1910, 1930, 1990,
CaRcs 2 caouL, FRL 1850 1910 1930 1990

CA2 DL

CAL UL,

CA1 DL 1710, 1785, 1805, 1880,
CA_3B 2 caz uL, R 1710 1785 1805 1880

CA2 DL

CAL UL,

CA1 DL, 1710, 1785, 1805, 1880,
S EC 2 caouL, ™t 1710 1785 1805 1880

CA2 DL

CAL UL,

CA1 DL, 824, 849, 869, 894,
CA_SB 2 caouL, ™t 824 849 869 894

CA2 DL

CA1 UL,

CA1 DL, 2500, 2570, 2620, 2690,
A 2 caz uL, | 2500 2570 2620 2690

CA2 DL

CAL UL,

CA1 DL 2500, | 2570, 2620, 2690,
CA_IC 2 caz UL, RL 2500 2570 2620 2690

CA2 DL

CAL UL,

CA1 DL, 880, 915, 925, 960,
S 2 caouL, ™ 880 915 925 960

CA2 DL

CAL UL,

CA1 DL, 699, 716, 729, 746,
CA_12B 2 cazuL, FRL 699 716 | 729 746

CA2 DL
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CA1L UL,

CA1 DL, 807, 824, 852, 869,
S i) z caou, R 807 824 852 869

CA2 DL

CAL UL,

CA1 DL, 703, 748, | 758, 803,
CA_28C 2 cazuL, PRI 703 748 758 803

CA2 DL

CAL UL,

CA1 DL, 1710, 1780, 2110, 2200,
S B8 2 cazuL, RL 1710 1780 2110 2200

CA2 DL

CAL UL,

CA1 DL, 1710, 1780, 2110, | 2200,
CA_B6C 2 cazuL, ™t 1710 1780 | 2110 2200

CA2 DL

CA1 UL,

CA1 DL, 1710, 1780, 2110, 2200,
G (8D 2 caouL, FRL 1710 1780 2110 2200

CA2 DL

CA1 UL,

CA1 DL, 1695, 1710, 1995, 2020,
CA_70C 2 cazuL, PRI 1695 1710 1995 2020

CA2 DL

INTRA_BAND_NONCONTIGUOUS_CA

CAL UL,

CA1 DL 1920, 1980, 2110, | 2170,
CA_LA_1A 2 cazuL, ™! 1920 1980 2110 2170

CA2 DL

CA1 UL,

CA1 DL 1850, 1910, 1930, 1990,
SR 2 caz uL, | 1850 1910 1930 1990

CA2 DL

CAL UL,

CA1 DL, 1710, 1785, 1805, 1880,
CA_3A_3A 2 cazuL, PRI 1710 1785 1805 1880

CA2 DL

CA1 UL,

CA1 DL, 1710, 1755, 2110, 2155,
S LA 2 caz_uL, Rl 1710 1755 2110 2155

CA2 DL

CAL UL,

CA1 DL 824, 849, 869, 894,
CA_SA_SA 2 caz UL, L 824 849 869 894

CA2 DL

CAL UL,

CA1 DL, 2500, 2570, 2620, 2690,
CA A T 2 cazuL, FRL 2500 2570 2620 2690

CA2 DL

CA1 UL,

CA1 DL, 699, 716, | 729, 746,
CA_12A_12A 2 cazuL, PRI 699 716 729 746

CA2 DL

CA1 UL,

CA1 DL, 2000, 2020, 2180, 2200,
SR 28R 28 2 caz UL L 2000 2020 2180 2200

CA2 DL
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CAL_UL,

CA1_DL, 1850, 1915, 1930, 1995,
CA_Z5A_25A 2 caz_u, Tt 1850 1915 1930 1995

CA2_DL

CAL_UL,

CALDL, 1710, 1780, 2110, 2200,
CA_66A_G6A 2 cazuL, R 1710 1780 2110 2200

CA2_DL

CAL_UL,

CALDL, 1710, 1780, 2110, 2200,
CA_B6A_66B 2 caz_u, L 1710 1780 2110 2200

CA2 DL

CAL_UL,

CA1_DL, 1710, 1780, 2110, 2200,
CA_B6A_b6C 2 cazuL, R 1710 1780 2110 2200

CA2_DL

CAL_UL,

VTS 1850, 1915, 1930, 1995,
CA_25A_25A 25A 3 ool | FRI 1850, 1915, 1930, 1995,

s oL 1850 1915 1930 1995

CA3_DL

CAL_UL,

S 1710, 1780, 2110, 2200,
CA_66A_66A_66A 3 bl FRI 1710, 1780, 2110, 2200,

Az oL 1710 1780 2110 2200

CA3_DL
BAND_1 1 CA1 FR1 1920 1980 2110 2170
BAND_2 1 CcA1 FR1 1850 1910 1930 1990
BAND_3 1 CcA1 FR1 1710 1785 1805 1880
BAND_4 1 CcA1 FR1 1710 1755 2110 2155
BAND_5 1 CAL FR1 824 849 869 894
BAND_6 1 CAL FR1 830 840 875 885
BAND_7 1 CAL FR1 2500 2570 2620 2690
BAND_8 1 CAL FR1 880 915 925 960
BAND_9 1 CAL FR1 17499 17849 18449 18799
BAND_10 1 CAL FR1 1710 1770 2110 2170
BAND_11 1 CcA1 FR1 1427.9  1447.9 14759 14959
BAND_12 1 CAL FR1 699 716 729 746
BAND_13 1 CAL FR1 777 787 746 756
BAND_14 1 CAL FR1 788 798 758 768
BAND_17 1 CcA1 FR1 704 716 734 746
BAND_18 1 CAL FR1 815 830 860 875
BAND_19 1 CcA1 FR1 830 845 875 890
BAND_20 1 CcA1 FR1 82 82 791 821
BAND_21 1 CcA1 FR1 1447.9 14629 14959  1510.9
BAND_22 1 CcA1 FR1 3410 3490 3510 3590
BAND_23 1 CcA1 FR1 2000 2020 2180 2200
BAND_24 1 CcA1 FR1 16265 16605 1525 1559
BAND_25 1 CcA1 FR1 1850 1915 1930 1995
BAND_26 1 CcA1 FR1 814 849 859 894
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BAND_27 1 CAl FR1 807 824 852 869
BAND_28 1 CAl FR1 703 748 758 803
BAND_30 1 CAl FR1 2305 2315 2350 2360
BAND_31 1 CAl FR1 452.5 457.5 462.5 467.5
BAND_65 1 CAl FR1 1920 2010 2110 2200
BAND_66 1 CAl FR1 1710 1780 2110 2200
BAND_68 1 CAl1 FR1 698 728 753 783
BAND_70 1 CAl FR1 1695 1710 1995 2020
BAND_ 71 1 CAl1 FR1 663 698 617 652
BAND_72 1 CAl FR1 451 456 461 466
BAND_73 1 CAl1 FR1 450 455 460 465
BAND_74 1 CAl FR1 1427 1470 1475 1518
BAND_85 1 CAl1 FR1 698 716 728 746
BAND_87 1 CAl FR1 410 415 420 425
BAND_88 1 CAl FR1 412 417 422 427
Table 3-7: CA Configuration Table for FDD bands
TDD Bands:
Uplink
CA Configuration CoCl'JAnt CA Type Fr(;(;lrj]er;cy Low
9 (MHz)
INTER_BAND_CA
3550, 3700,
DL_2A-48A_UL_2A-48A BCSO 2 CA1l, CA2 FR1 3550 3700
3550, 3700,
DL_2A-48A-48A UL_2A-48A BCSO 2 CA1l, CA2 FR1 3550 3700
3550, 3700,
DL_2A-48A-48C_UL_2A-48A BCSO 2 CA1,CA2 FR1 3550 g
3550, 3700,
DL_2A-48C_UL_2A-48A_BCSO 2 CA1l, CA2 FR1 3550 3700
3550, 3700,
DL_2A-48D_UL_2A-48A_BCSO 2 CA1l, CA2 FR1 3550 3700
3550, 3700,
DL_2A-48A-48D_UL_2A-48A BCSO 2 CA1l, CA2 FR1 3550 3700
3550, 3700,
DL_2A-48E_UL_2A-48A_BCSO 2 CA1l, CA2 FR1 3550 3700
3550, 3700,
DL_2A-48A-48E_UL_2A-48A BCSO 2 CA1l, CA2 FR1 3550 3700
INTRA_BAND_CONTIGUOUS_CA
2496, 2690,
CA_3DL_41D_3UL_41D_BCSO 3 gﬁé' CA2 | FR1 2496, 2690,
2496 2690
2496, 2690,
CALl, CA2, 2496, 2690,
CA_4DL_41E_3UL_41D _BCSO 4 CA3 o4 | FRL 2496 2690,
2496 2690
2496, 2690,
CAl, CA2, 2496, 2690,
CA_5DL_41F 3UL_41D_BCSO0 5 CA3,CA4, FR1 2496, 2690,
CA5 2496, 2690,
2496 2690
3550, 3700,
2DL_48C_2UL_48C_BCSO0 2 CA1l, CA2 FR1 3550 3700
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3550, | 3700,
3DL_48D_2UL_48C_BCSO0 3 gﬁé’ CA2 | ER1 3550, 3700,
3550 3700
3550, 3700,
CA1, CA2, 3550, 3700
ADL_48E_2UL_48C_BCS0 4 s g FRI S e
3550 3700
3550, 3700,
CA_48A_48B 2 CAL, CA2  FRI1 3930, | 3r00
3550, 3700,
CA_48B_48B 2 CAL,CA2  FRI1 3530, | 3700
3550, 3700,
CA_48B_48C 2 CAL, CA2 FRI1 3930, | 3r00
3550, 3700,
CA_48B_48D 2 CA1,CA2  FRI1 350 | 3700
3550, 3700,
CA_48B_48E 2 CA1,CA2  FR1 3930, | 300
INTRA_BAND_NONCONTIGUOUS_CA
3400, 3600,
CA_2DL_42A-42A_1UL_BCS1 2 CA1,CA2  FR1 Ja00. |30
3400, 3600,
CA_3DL 42A-42C_2UL_42C_BCS1 3 AL CAZ Ry 3400, | 3600,
3400 3600
3400, 3600,
CAL, CA2, 3400, 3600,
CA 4DL_42C-42C_2UL_42C_BCS1 4 oy oy FRI S e
3400 3600
3550, 3700,
3DL_48A-48C_2UL_48C_BCSO 3 SALCAZ pRy 3550, 3700,
3550 3700
3550, 3700,
CA1, CA2, 3550, 3700
ADL_48C-48C_2UL_48C_BCS0 4 hs Cay PRI o | 3m00
3550 3700
SINGLE_BAND

BAND_33 1 CAl FR1 1900 1920
BAND_34 1 CAl FR1 2010 2025
BAND_35 1 CAl FR1 1850 1910
BAND_36 1 CAl FR1 1930 | 1990
BAND_37 1 CAl FR1 1910 1930
BAND_38 1 CAl FR1 2570 2620
BAND_39 1 CAl FR1 1880 1920
BAND_40 1 CAl FR1 2300 2400
BAND_41 1 CAl FR1 2496 2690
BAND_42 1 CAl FR1 3400 | 3600
BAND_43 1 CAl FR1 3600 3800

BAND_44 1 CAl FR1 703 803
BAND_45 1 CAl FR1 1447 1467
BAND_46 1 CAl FR1 5150 5925
BAND_47 1 CcAl FR1 5855 5925
BAND_48 1 CAl FR1 3550 3700
BAND_49 1 CAl FR1 3550 3700
BAND_50 1 CAl FR1 1432 1517
BAND_51 1 CAl FR1 1427 1432
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BAND_52 1 CAl FR1 3300 3400
BAND_53 1 CAl FR1 2483.5 2495

Table 3-8: CA Configuration Table for TDD bands
3.6.11 Downlink Interference Model
3.6.11.1 Configuration

Downlink Interference Model can be configured in the eNB’s LTE interface properties under
Interference model section of Physical Layer as shown below:

¥ Macro cell eNB Omni Ant._2 Properties - O X B00

A O &\ @\
" AN @ =2 5

CA Count 2

Component Carrier 1
Component Carrier 2
Antenna

PDSCH Configuration

v v v v V

PUSCH Configuration
& CSI Report Configuration
Channel Model

v

4 Interference Model

Downlink Interference Model NO_INTERFERENCE =

NO_INTERFERENCE
GRADED_DISTANCE_BASED_WYNER_MODEL

Unlink Interference Madel

EXACT_GEOMETRIC_MODEL

Figure 3-16: eNB >Interface (LTE) >Physical layer properties
Downlink Interference Model is set to NO INTERFERENCE by default.
3.6.11.2 Graded distance-based Wyner model

The Wyner model is widely used to model and analyze cellular networks due to its simplicity

and analytical tractability. In this model:

¢ Only interference from (two) adjacent cells is considered.
e Random user locations and path loss variations are ignored.
e The interference intensity from each neighboring base station (BS) is characterized by
a single fixed parameter 0 < a < 1).
o The channel gain between BS and its home user is 1 and the intercell
interference intensity is a.

o Thus, a user sees a constant interference irrespective of its location.
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These three simplifications lose a lot of information. We alter the Wyner model to address

these flaws by:

Considering interference from arbitrary number of BSs.

Factoring in the user location. The UEs distance from the interfering BS is an obvious
factor that determines the interference intensity since the amount of interference
caused depends on the signal attenuation with distance, the path loss law. Since the
Wyner model uses relative interference, the ratio of a UEs distance from serving and
interfering BSs is used as one of the interference parameters.

Using a graded interference intensity model, whereby a UE will see a different value of

a at different locations, thereby modelling the effect of interference more accurately.

3.6.11.2.1Technical description

We model DL interference from any number of interfering BSs. Let BS; be the serving
BS to UEy. Let BS; be any other BS (j # i). Then the distance between UE) and BS;

is denoted as Dggj{, while the distance between UE and BS; is denoted as Dggi.

BS; BS;
J _ i
(DUEK DUEK)

A UE sees interference if — s is within a user defined threshold (for example,
UEg
BS;
. .. Dyg, BS; BS;
20%). This ratio is also equal to 1——s- When Dy;. <D, , we see that 0 <
] K K
DUEK
BS; BS;
(DUEK_DUEK) . BS; BS; . BS;
~— s, < 1. The ratio is 0 when Dyg =D, andis 1 when Dy = 0. When
DUEK

Dgg;'( = Dgg{ the UE is equidistant from both BS i.e., at the cell edge. When Dgg;'( =0,

the UE is at the centre of the serving BS, BS;.

Users at the cell-edge will see out of cell interference; as the user moves closer to the
cell centre, it sees lesser interference.

We call this user defined threshold as differential distance ratio threshold and denote
it by DDR,,,. The DDR threshold is used to define K thresholds, which are in turn used

to determine the out of cell interference experienced by UE,, as explained below. First,

B

we bin the DDR;,, conditional on DUgj{ <D’

vE, INto K steps, as follows:

BSj BS;
(DUEK - DUEK) < (DDRth) ‘1

0< BS; X
UEk
BSj BS;
(%) X 1 < (DUEK B DUEK) < (DDRth) % 2
K - DBSf K
UEk
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BS; BS;
DDR¢y, (DUEK - DUEK) DDR;y,
_ — <
( K )X(K D= BS; << K )
UEg
BS; BS;
DDRy, (Dye, — Doat)
—x )fs 55,
DUEK

e Where DDRyy,, is a user input varying from 0.00 to 1.00 (default is 0.1 or 10%).
e K: the number of steps, is a user input varying from 1 to 4 (default is 1).

e The relative interference for each of these steps would be I,, (0 <n < K) where K is
the number of steps and n represents each individual step (n = p if the pt" inequality
in the above is satisfied, counting the first inequality as the zeroth inequality).

o We specify the interference power relative to the power received from BS;. Therefore,
given the value of I, interference power is calculated as the received power from BS;

(excluding beamforming gain) less I,,. Thus
InterferencePowerfromBS; (dB) = ReceivedPowerfromBS;(dBm) — I,{(dB)
Therefore, we have I}, (dB) = Pg;.,in,(dBm) — Pfi.r fering (dBm). This is equivalent to

BS
Interfering

. P . . .
the Wyner model with « = —57— in the linear scale; however, note that in our

serving
interference model, @« depends on the UE’s location, because I,, depends on the
distance.
e This interference powers (linear) from all interfering BSs are added to the noise power

(in linear scale) and then

Received power from BS; + BeamFormingGain
NoisePower + Y. InterferencePower

SINR =

e Each I, is auserinput. It is subject to the limits 0 < I,, < 20 dB. NetSim will enforce the
sanity check 20 > Iy > Ix_, = .. = I, = 0. Here Ik is the relative interference seen
when the UE is near BS; and I is the relative interference seen when the UE is nearly
equidistant from its two nearest BSs (and hence far from BS;).

¢ Inanideal case, when the user is at the cell edge, the received power from BS; will be
roughly equal to the received power from BS; (since it is equidistant from the two BSs),
and so SINRceygage Will necessarily be less than 0 dB.

o As the UE moves away from the cell edge and towards BS;, the received power from

BS; increases and that from BS; decreases, and so the SINR improves. For this reason,
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we have the limits on I,, as 0dB < I,, < 20dB. If the user sets I,, to a large value, it

will be equivalent to having no inter-cell interference.

BS; BS: st B5;
Dugy Py, Dyg,,—Dye
UE UE K A
<—KBS/_K>=°'4° — <B—s, =0.20
Pueg X A\ 4 Dyeg
—~ \ \ W _— R
A ] = N\ . S »
o %\ | A BS; BS; NN N
N\ \ i 2
: celEsge \N| || /7 (DUEK = DUEK) \
/ Interference | \‘\,‘ \ " '
/ ]3 4” 1‘ \| \
\ ! “ ‘.“/ Handover \
| () I - *i—‘\’ "Y Interference () \
() . A s
| S | e G
{ 8 ‘ !
\ gNBl | ; I‘ b/ gNB] /
! I —r—(’,f 4 ‘
fv /'1 ll/ \ v
\ V|
/ /J’ [ 1] /
/-j:/' [ ™ P
T - ,v" | & — —
BS; BS; g S S
J i k J !
Dyg,—D D, -D
_UEg "UEg | - UEg ~PuEk | _
( BS =030 ——— KBS- K | = 0.10
D, ) BSi
UEg il

Figure 3-17: Interference zones are the regions within the four curves and the cell boundary of gNB;.
This example is for a case involving just 2 BSs with DDR = 0.4 and K = 4. The four curves are

BSj _nBSi
therefore the equations where ("E"B—SJUE") is equal to E =0.1, % =0.2 % = 0.3, and % = 0.4. The

UER

handover interference region is also shown.

BS; BS:
D J )
e In case “EKB—S]”") > DDR;y, the out of cell interference seen at the UE is set to Ix.

Dygy
The default value of I is 0, i.e., cell centre users do not see any out of cell interference.
The default values of I, fork = 1,2,...,K — 1 is 10 dB.

e In NetSim, handover is triggered when the signal strength from BS; is offset (3dB by
default) higher than signal strength from BS;. A handover is not triggered when UE}, is

equidistant from both BSs but only when it is slightly nearer to BS;. Therefore, the short

. BS: BS; . . .. . .
time when DU? > DUE’ is a special case requiring a different interference power. We
K K

term this interference as “Handover interference” and is a separate user input.

Handover interference is denoted as /_; and —3dB < I_; < 0dB.
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3.6.11.4 Exact Geometric Model

NetSim supports various 3GPP propagation models. These models are used to calculate the
pathloss between every BS (eNB) and UE. One the parameters in the pathloss equations is
the distance between the BS and the UE. Some of the other user settable parameters used in
the 3GPP models are (i) Centre frequency (chosen from the band selected) (ii) Rural or Urban
environments (iii) UE-BS channel is in LOS or NLOS (iv) Shadow-fading in the UE-BS channel

(v) Indoor or outdoor UE location, etc., are also supported in NetSim.

Let BS; be the serving BS to UE},. Let BS; be any other BS (j # i). UE, communicates with
BS; while all other BSs (j # i) act as interferers.

The distance between UE, and BS; is denoted as ijg;{, while the distance between UE and

BS; is denoted as Dggi. The power of the interfering signal from any BS; at any UE), depends

on (i) the transmit power of the interfering BS and (ii) pathloss between the interfering BS and

the UE. It can therefore be expressed as

BSj

— pBS;
Iyg. = PP —PL

where PBSi is the transmit power of BS;, PL?,;"R represents the 3GPP model based pathloss

between BS; and UEj. This pathloss is dependent on Dggi and the channel between BS; and

UE}. The interference powers (linear) from all interfering BSs (i.e., apart from the serving BS)

are added to the noise power (in linear scale) and we get the expression

Received power from BS; + BeamFormingGain
S

INR =
S UEg I
Ep

NoisePower + Y; 15

The Wyner model is approximate but is computationally faster; the geometric model is precise

but computationally slower due to the calculations involved.
3.6.11.5 Interference modeling in OFDM in NetSim

NetSim doesn’t model the allocation of specific subcarriers to individual users. The aggregate

resources are divided among the UEs per UEs’ requirements and the scheduling algorithm.

e Thereceived power at UE), from BS;, with transmit power P; is given (in the linear scale)

. P,
iz~ (s
k BS;
PLUEk

o I{k or the interference in linear scale at a UE), (associated with BS;) from BS;

as .
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e To normalize the power should we further multiply by the ratio given below
Iy = % I, % <%>
RBotal
e Assumptions:
Al. The above formula assumes the interference seen by UE, is proportional to the
number of RBs allotted to UE),
A2. Fast fading is not accounted for in the interference calculations since it would require
too much computational time, given that it needs to be re-calculated every
coherence time.

e The total noise seen will be
lot
k X T x RBjg,

slot

. RB
* The signal power Pj,;! x < "E")

RBSS
Therefore,
lot
BS; RByE,
fur, <RB§!,251 pBsi
SINR = — k '
. RBSlot k slot j
slot J UEj XT X RB + X I
k X T X RBUEk + Z_] Ilk X <%> total J Tik

3.6.11.5.1Interference in MIMO

e If UEy is receiving from BS; in multiple layers, the interference power Il’k is the same

for all layers.
BS;
Pyp X AL
SINR, = kslot j
k XT X RBipig + Xj I,

Where L represents a MIMO layer.

¢ Note that neither the noise nor the interference is divided by the layer count, because

the combining vector has unit norm.
3.6.11.5.2Limitations

e The interference formula assumes that all interfering BSs transmit data in that slot.
e Calculations must be performed for each slot. Enabling interference in the Ul will slow

down the simulation.
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3.7 Data rate calculation

For NR(New Radio), the approximate data rate for a given number of aggregated carriers in a
band or band combination is computed as follows.

] .
NBW(])J—[ 212

Data rate (in Mbps) = 1076 - Z ij;yers : ;{3 O Rk .PRBT. (1 - 0oHWD)

j=1 s
Where:

e Jisthe number of aggregated component carriers in a band or band combination.
e  Rmax =948/1024

For the j-th CC,

e v(D is the maximum number of supported layers given by higher layer parameter

Layers

maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer
parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-
LayersNonCB-PUSCH for uplink.

o le') is the maximum supported modulation order given by higher layer parameter
supportedModulationOrderDL ~ for downlink and higher layer parameter

supportedModulationOrderUL for uplink.

e fJis the scaling factor given by higher layer parameter scalingFactor and can take the

values 1.
e uis the numerology (value is always 0)

o T is the average OFDM symbol duration in a subframe for numerology u, i.e. T} =

1073

——. Note that normal cyclic prefix is assumed.
14%2H

o NEWUH s the maximum RB allocation in bandwidth BW ) with numerology u

0HWis the overhead and takes the following values.

e 0.14, for frequency range for DL
e 0.08, for frequency range for UL

NOTE: For a cell operating with SUL (Supplementary Uplink), only one of the UL or SUL carriers (the one with the

higher data rate) is counted.
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3.8.1LTE Packet trace

Ver 14.3

The LTE packet trace file includes a column for the field CONTROL PACKET TYPE. This field
contains information about control and data packets, It includes control packets related to RRC
connections (RRC MIB, RRC SIB1, RRC SETUP REQUEST, RRC SETUP COMPLETE, RRC
SETUP), UE MEASUREMENT REPORT, and STATUSPDU.

PACKET_ID| ¥ |SEGMENT _ID| v | PACKET_TYPE v

CONTROL PACKET TYPE/APP NAME v

SOURCE_ID| ¥ | DESTINATION_ID| ~ | MAC_LAYER_ARRIVAL_TIME(US)| v | PHY

0 N/A
0 N/A
0 N/A
0 N/A
0 N/A
0 N/A
0 N/A
0 N/A
0 N/A
0 N/A
0 N/A
0 N/A
0 N/A
0 N/A
0 N/A
0 N/A

10

10

10

10

10

10

0 N/A

Control_Packet
Control_Packet
Control_Packet
Control_Packet
Control_Packet
Control_Packet
Control_Packet
Control_Packet
Control_Packet
Control_Packet
Control_Packet
Control_Packet
Control_Packet
Control_Packet
Control_Packet
Control_Packet

0 CBR

0 CBR

0 CBR

0 CBR

0 CBR

0 CBR
Control_Packet

RRC_MIB

RRC_MIB

RRC_SIB1

RRC_SIB1

RRC_MIB

RRC_MIB

RRC_SI

RRC_SI
RRC_SETUP_REQUEST
RRC_SETUP_REQUEST
RRC_SETUP
RRC_SETUP
RRC_SETUP_COMPLETE
RRC_SETUP_COMPLETE
UE_MEASUREMENT_REPORT
UE_MEASUREMENT_REPORT
Appl_CBR

Appl_CBR

Appl_CBR

Appl_CBR
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STATUSPDU

ENB-1 Broadcast-0 80000
ENB-1 Broadcast-0 80000
ENB-1 Broadcast-0 160000
ENB-1 Broadcast-0 160000
ENB-1 Broadcast-0 160000
ENB-1 Broadcast-0 160000
ENB-1 UE-2 159999.5
ENB-1 UE-3 159999.5
UE-2 ENB-1 161999.5
UE-3 ENB-1 161999.5
ENB-1 UE-2 162999.5
ENB-1 UE-3 162999.5
UE-2 ENB-1 163999.5
UE-3 ENB-1 163999.5
UE-2 ENB-1 164999.5
UE-3 ENB-1 164999.5
UE-2 UE-3 180000
UE-2 UE-3 180000
UE-2 UE-3 180000
UE-2 UE-3 180000
UE-2 UE-3 180000
UE-2 UE-3 180000
ENB-1 UE-2 185999.5

3.8.2Limitations

Figure 3-18: Packet trace

NetSim’s LTE module has been developed as a special case of the 5G NR library operating

in the FR1 band with u = 0. As a result, some 5G NR output metrics, such as the SDAP metrics,

may appear in the LTE results. These can be ignored.

3.9 Radio measurements log file

NetSim’s LTENR Radio Measurements CSV log file records path loss, shadow fading loss,

received power, SNR, Interference Power, SINR, MCS, CQI, and Beamforming gain.

The LTENR Radio Measurements log can be enabled by clicking on “Configure Reports” in

the top ribbon > Plots > Select LTENR Radio Measurements Log under Network Logs as

shown below.
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ﬁ File Options Help | Network: LTE | Workspace: NETSIM_WORKSPACE | Experiment: LTE Handaver

X Create Scenario 23 Set Traffic [Z) Configure Reports | & Show/Hide Info

| Network Performance [¥] Packet Trace All Network Packets Log - Reinjected from Emulator  Log -

a g
=
il F= z
[[] Event Trace Dispatched to Emulator  Log *  Not Dispatched to Emulator | Log - =
View Results Tabular Summary Traces Emulator Logs Plots Mobility Viewer
N
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 L C »
o L L L ! L 1 L L L Q
a
4 Network Logs |
=]
1000 - Select Al 2
s
+| LTENR Radio Measurements Log
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1
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3000 g
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=
4000 5
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5000 device, link, application, etc, in the plots window, = 3
T which becomes accessible after the simulation =@
4 » concludes.
{287,866, 1460.101} £ P AdoComect (On®) — b———— + 100%

Figure 3-19: Enabling LTENR Radio Measurement log.

The LTENR Radio Measurement Log.csv file will contain the following information:

e Time in Milliseconds

e gNB/eNB Name

o UE Name

¢ Distance between the gNB/eNB and the UE in meters
e Association Status (True/False)

e Carrier ID (CC ID)

e Channel Type (PDSCH/PUSCH/SSB)

e MIMO Layer ID

e Transmitter Power in dBm

e LoS State

e Total Loss in dB

e Pathloss in dB

¢ Shadow Fading Loss in dB

¢ Additional loss dB

¢ Received Power in dBm

e SNRindB

e SINRindB

e 02l (Outdoor to indoor) penetration loss in dBm
¢ Interference Power in dBm

e Beamforming gain in dB
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The log file can be accessed from the Simulations Results Window under the logs as shown

below.

Simulation Results

X

View Network

Export Results

= Application Metrics

= Link Metrics 1
. 12
I__ Plots
l & Logs
= Plots
33 Traces

[3 Packet Capture

‘ﬂ Saved Plots

Additional Metrics

0 )
0 0
0 0

Application Performance

Throughput vs Time

Link Performance

Throughput vs Time

Click on the desired plot. Then in the plots module, choose the desired application, link, device, etc, to visualize.

LTENR Radio Measurements

SNR vs Time

536

536

Opens Plots Module

Log

S

Records various network parameters at predefined time intervals into a csv file.

Application_Packet_Log.csv

Link_Packet_Log.csv

Opens in MS Excel

Figure 3-20:LTENR Radio Measurement Log file highlighted in the Results window.

@ Avosae @o) B D~ 0 T LTENR Radio Measurements Lo.. v O Search Nidhi mariswamy . Q - fa] X
File  Home Insert Pagelayout Formulas Data Review \View Help Table Design O Comments
F22 v i fiv 1 v

A B = D s B G H | J K L M -

1 Time(ms) - gNBoreNB Name ~ UE Name - Di: (m)| ~ |i i * CCID ~ Band - Channel - LayerID - Tx Power(dBm) - LoS State - TotalLoss(dB) - PathLoss(dB) - E.
2 41 MACRO CELL ENB OMNIANT_4 UE_S 1581.13883 FALSE 1 42 SSB N/A 40 LOS 125.034066 125.034066 P
B 41 MACRO CELL ENB OMNIANT_4 UE_7 4272.001873 FALSE 1 42 S5B N/A 40 LOS 142.300307 142.300307
4 41 MACRO CELL ENB OMNIANT_6 UE_S 3807.886553 FALSE il 42 SSB N/A 40 LOS 140.302419 140.302419 b
5 41 MACRO CELL ENB OMNIANT_6 UE_7 1500 FALSE 1 42 SSB N/A 40 LOS 124.118944 124.118944
6 81 MACRO CELL ENB OMNIANT_4 UE_S 1581.13883 FALSE il 42 SSB N/A 40 LOS 125.034066 125.034066 P
i 81 MACRO CELL ENB OMNIANT_4 UE_7 4272.001873 FALSE 1 42 SSB N/A 40 LOS 142.300307 142.300307
8 81 MACRO CELL ENB OMNIANT_6 UE_S 3807.886553 FALSE 1 42 sSB N/A 40 LOS 140.302419 140.302419 ¢
9 81 MACRO CELL ENB OMNIANT_6 UE_7 1500 FALSE 1 42 SSB N/A 40 LOS 124.118944 124.118944
10 81 MACRO CELL ENB OMNIANT_4 UE_S 1581.13883 TRUE 1 42 PDSCH 1 36.9897 LOS 125.034066 125.034066 1
1 81 MACRO CELL ENB OMNIANT_4 UE 5 1581.13883 TRUE 1 42 PDSCH 2 36.9897 LOS 125.034066 125.034066 P
12 81 MACRO CELL ENB OMNIANT_4 UE S 1581.13883 TRUE 1 42 PUSCH 1 23 LOS 125.034066 125.034066 1
13 81 MACRO CELL ENB OMNIANT_4 UE_S 1581.13883 TRUE 1 42 SSB N/A 40 LOS 125.034066 125.034066 b
14 81 MACRO CELL ENB OMNIANT_6 UE 7 1500 TRUE 1 42 PDSCH 1 36.9897 LOS 124.118944 124.118944
15 81 MACRO CELL ENB OMNIANT_6 UE_7 1500 TRUE 1 42 PDSCH 2 36.9897 LOS 124.118944 124.118944
16 81 MACRO CELL ENB OMNIANT_6 UE_7 1500 TRUE 1 42 PUSCH 1 23 Los 124.118944 124.118944
17 81 MACRO CELL ENB OMNIANT_6 UE_7 1500 TRUE 1 42 SSB N/A 40 LOS 124.118944 124118944 ¢
18 81 MACRO CELL ENB OMNIANT_4 UE_S 1581.13883 TRUE 1 42 PDSCH 1 36.9897 LOS 125.034066 125.034066 }
19 81 MACRO CELL ENB OMNIANT_4 UE_5 1581.13883 TRUE 1 42 PDSCH 2 36.9897 LOS 125.034066 125.034066
20 81 MACRO CELL ENB OMNIANT 4 UE_S 1581.13883 TRUE 1 42 PUSCH 1 23 LOS 125.034066 125.034066 P
21 81 MACRO CELL ENB OMNIANT 6 UE 7 1500 TRUE 1 42 PDSCH 1 36.9897 LOS 124.118944 124.118944
22 81 MACRO CELL ENB OMNIANT_6 UE7 1500 TRUE 1 42 PDSCH 2 36.9897 LOS 124.118944 124.118944 b
23 81 MACRO CELL ENB OMNIANT_6 UE 7 1500 TRUE 1 42 PUSCH 1 23 LOS 124.118944 124.118944
24 81.5 MACRO CELL ENB OMNIANT_4 UE_S 1581.13883 TRUE 1 42 PDSCH 1 36.9897 LOS 125.034066 125.034066 P

25 81.5 MACRO CELL ENB OMNIANT_4 UE_5 1581.13883 TRUE 1 42 PDSCH 2 36.9897 LOS 125.034066 125.034066 I -
< > LTENR_Radio_Measurements_Log  piyot Table(Custom) + A »

Figure 3-21: LTENR Radio Measurement Log.csv file
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Implementation details and Assumptions:

The PDSCH channel corresponds to the downlink.
The PUSCH channel corresponds to the uplink.
The SSB channel corresponds to the control channel.

Parameters associated with PDSCH and PUSCH channels are logged at every

slot only for associated gNB-UE pairs.

Parameters associated with SSB channel are logged once during initialization

and subsequently during each mobility event.

Initially only SSB channel entries will be found in the log since gNB-UE

association takes time.

The SSB control channel transmission is over a single layer. Analog
beamforming gain is logged for this channel and is used for SSB received power

computation.

Interference is not modelled for the SSB channel and hence SINR and
Interference Power parameters are not logged.

The SNR computed for SSB channel is used for control decisions such as
Association and Handover. It is not used to calculate the MCS/CQI Index which
is used to determine PDSCH/PUSCH rate.

3.10 Radio resource allocation log file

NetSim’s 5G Radio Resource Allocation CSV log file records information related to physical

resource block allocation such as the Total PRBs, Slot Start Time (ms), Slot End, Bits Per
PRB, Buffer Fill, Allocated PRBs, etc.

The LTENR Resource Allocation log can be enabled by clicking on configure reports in top

ribbon > Logs > Select LTENR Resource Allocation as shown below.
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25 Show/Hide Info
All Network Packets Log

Dispatched to Emulator  Log

- Reinjected from Emulator Log

- Not Dispatched to Emulator | Log

View Results Tabular Summary Traces Emulator Logs Plots Mobility Viewer
PR
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0 L | L L ! L L I L - =
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4 Network Logs
9
1000 A Select Al 13
=
LTENR Radio Measurements Log —
6
2000 A + | LTENR Resource Allacation Log s
=
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parameter(s) you wish to plot from the list above.
5000 Subsequently, choose the specific device, link, application, 3
¥ etc, in the plots window, which becomes accessible after @
4 » the simulation concludes.

Figure 3-22: Enabling LTENR Resource Allocation log.
The LTE Radio Resource Allocation.csv file will contain the following information:

e gNBID

e Component Carrier ID
e SlotID

¢ Slot

e Total PRBs

¢ Slot Start Time(ms)
e Slot End Time(ms)
e UEID

¢ BitsPerPRB

o BufferFill(B)

e Rank

¢ Allocated PRBs

e Past Performance

The log file can be accessed from the Simulations Results Window under the Logs as

shown below.
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[ simulation Results = (=] X
X L]
View Network Export Results Additional Metrics

= Application Metrics

= Link Metrics

|| Plots
Plots

Logs Click on the desired plot. Then in the plots module, choose the desired application, link. device, etc, to visualize.

Toaces Application Performance Link Performance LTENR Radio Measurements

—_— Throughput vs Time Throughput vs Time SNR vs Time

) Packet Capture

[ Saved Plots : o

‘8 )

Logs
Records various network parameters at predefined time intervals into a csv file.

Application_Packet_Log.csv Link_Packet_Log.csv LTENR_Radio_Measurem.. LTENR_Radio_Resource_A.

J
Figure 3-23: LTENR Radio Resource Allocation Log file highlighted in the Results window.
File Home  Insert  Pagelayout  Formulas  Data  Review  View  Help  Table Design I Comments & Share

21 - b3 11 v

A B C D E F G H | J K L M N o E
1 [gNBID | ~|cCID |v|SlotID |~ |slot |~ Total PRBs|~ |Slot Start Time(ms)| v |Slot End Time(ms)| * |UEID | - |BitsPerPRB| v BufferFill(B) ~ |Allocated PRBs v Rank |~ |Past Performance (PF)| ™
2 7 1 1 Uplink 25 166 167 8 1408 0 o 2 o
3 7 2 1 Downlink 52 166 167 8 1408 1] 0 2 0
4 7 1 1 Downlink 25 167 168 8 1408 1] 0 2 o
5 7 2 1 Downlink 52 167 168 8 1408 4] 0 3 0
6 7 1 1 uplink 25 168 169 8 1408 o o 3 o
7 7 2 1 Downlink 52 168 169 8 1408 o 0 4 0
8 7 1 1 Downlink 25 169 170 8 1408 1] 0 3 o
9 7 2 1 Downlink 52 169 170 8 1408 1] 0 5 0
10 7 1 1 Uplink 25 170 171 8 1408 o o 4 o
n 7 2 1 Downlink 52 170 171 8 1408 o] 0 6 0
12 7 1 1 Downlink 25 171 172 8 1408 1] o 4 )
13 7 2 1 Downlink 52 171 172 8 1408 1] 0 7 0
14 7 1 1 Uplink 25 172 173 8 1408 1] 0 5 o
15 7 2 1 Downlink 52 172 173 8 1408 4] 0 8 0
16 7 1 1 Downlink 25 173 174 8 1408 o o 5 o
17 7 2 1 Downlink 52 173 174 8 1408 o 0 9 0
18 7 1 1 Uplink 25 174 175 8 1408 0 o 6 0
19 7 2 1 Downlink 52 174 175 8 1408 1] 0 10 0
20 7 1 1 Downlink 25 175 176 8 1408 o 0 [ o
21 7 2 1 Downlink 52 175 176 8 1408 4] 0| ll. 0
22 7 1 1 uplink 25 176 177 8 1408 1] o 7 )
23 7 2 1 Downlink 52 176 177 8 1408 0 0 12 0
24 7 1 1 Downlink 25 177 178 8 1408 1] 0 7 o
25 7 2 1 Downlink 52 177 178 8 1408 4] 0 13 0
26 7 1 1 Uplink 25 178 179 8 1408 o o 8 o

27 7 2 1 Downlink 52 178 179 8 1408 o 0 14 0 E

LTENR Radio_Resource_Allocation | Pivot Table(Custom) ® A1 1 ™

Figure 3-24: LTENR Radio Resource Allocation Log.csv file.
Implementation details and assumptions:

¢ In the case of scheduling algorithms such as Max Throughput when all PRB’s are
allocated to one UE, the entries for the other UEs for which allocation did not happen
is not written to the log file.

e Rank is a metric used for resource allocation.
3.11 Handover Log file

The NetSim Handover Log records events occurring during a handover. This includes the
timestamp, UE ID, serving cell ID, target cell ID, Serving SSB SNR (dB), Target SSB SNR
(dB), and Remarks (the time at which handover initiation and handover offset were met) when
the TTT parameter is enabled. This log can be used to identify handover attempts and analyze

the impact of TTT on handovers.
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The LTENR Handover Log can be enabled by clicking on Configure Reports in the top ribbon

> Plots > Select LTENR Handover Log under Network Logs, as shown below.

D3 Set Traffic | [} Configure Reports | %5 Show/Hide Info

X Create Scenario
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Plot generation is a two-step process. Initially, select the
parameter(s) you wish to plot from the list above.
Subsequently, choose the specific device, link, application,
etc. in the plots window, which becomes accessible after
the simulation concludes.

sion3 m woneanddy

Figure 3-25: Enabling LTENR Handover Log

The LTE Handover Log.csv file will contain the following information:

e Time in microseconds
e UEID

e Serving cell

e Target cell

e Serving SSB SNR (dB)
e Target SSB SNR (dB)

e Remarks

The log file can be accessed from the Simulations Results Window under the log file drop

down in the left pane.
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[ simulation Results - g X
X '
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Click on the desired plot. Then in the plots module, choose the desired application, link, device, etc, to visualize.
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Opens Plots Module
Logs
Records various network parameters at predefined time intervals into a csv fil.

Application_Packet_Log.csv Link_Packet_Log.csv LTENR_Handover_Log.csv LTENR_Radio_Measurem...

Figure 3-26: LTENR Handover Log.csv file highlighted in the Results window.
@ Auvtosave @ or) v (Y (TENR_Handover_Log.csv ~ £ search

File Home Insert  Page Layout Formulas Data Review View Developer Help

. . W - - — - =: 1 m o~ -
[ A \_Aptos Narrow ~[11 V_l AN = | % |_Ger1era\ v.| ﬁ % / i Inse
& - A I Delete ~ -
B I U~ . & A = = = &= 5= - g ~ % ] eug ig Conditional Formatas  Cell
= - = - - - - — — | = = . i Formatting~ Table~  Styles~ @ Format ~ Fe |
Clipboard ] Font ] Alignment ] MNumber ] Styles Cells
D9 v i Jx
A B C D E F G H
1 Time{ms) v UEId |~ ServingCell - |Target Cell ~ |Serving SSB SNR(dB)| ~ | Target SSB SNR(dB)| ~ |Remarks
2 4500.5 UE_S MACRO CELL ENB OMNI ANT_4 MACRO CELL ENB OMNI ANT_6 9.471538 15.128579 Handover Initiated
3 12000.5 UE_5 MACRO CELL ENB OMNI ANT_& MACRO CELL ENB OMNI ANT 4 9.471538 15.128579 Handover Injitiated

4

Figure 3-27: LTENR Handover Log.csv file

3.12 Code Block Log file

NetSim’s Code Block Log records parameters associated with Code Block Segmentation,
such as Process ID, TB Size, Modulation, Code Rate, CBS, BLER, CBG ID, and more, along

with remarks on events associated with HARQ and PRB allocation events. This log is useful

for understanding the BLER model and Code Block Segmentation in 5G.

The LTENR Code Block Log can be enabled by clicking on Configure Reports in the top ribbon

> Plots > Select Code Block Log under Network Logs, as shown below.
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Figure 3-28: Enabling LTENR Code Block Log

The LTE_CodeBlock_Log.csv file will contain the following information:

e Time in milliseconds

e gNB/eNB ID

¢ gNB/eNB I/F (Interface)

e UEID
o UE I/F (Interface)

¢ Channel Type (PDSCH/PUSCH)

e Carrier ID (CC ID)
e Frame ID

e Subframe ID

e Slot ID

e Layer ID

e Process ID

e Remarks

e Transport Block Size

e Modulation
e Code Rate
e Code Blocks
e SINR

e BLER

e CBGID

e CBID

e NDI
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e Transmission Number

e Status

The log file can be accessed from the Simulations Results Window

down in the left pane.
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under the Logs drop

[ Simulation Results = s
X o
View Network Export Results Additional Metrics
= Application Metrics - St
12 0 0 ] 0 0
= Link Metrics
1+ Plots
Plots
& Logs Click on the desired plot. Then in the plots module, choose the desired application, link, device, etc., to visualize
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8 N
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Opens in A cel
A

Figure 3-29: LTENR CodeBlock Log.csv file highlighted in the Results window.

Time (ms)| ~ | gNB/eNB ID| = | gNB/eNB I/F| = | UEID

« |UEIfF | | Channel| v | CCID

| Frame ID| v | SubFrame ID| « |Slot ID | * | Layer ID| = | Process ID)| +

160999 7 4
161 7 4
161 7 4
161 7 4
161 7 4
162 7 4
162 7 4
162 7 4
162 7 4

162.999 7 4

162999 7 4
163 7 4
163 7 4
163 7 4
163 7 4
164 7 4
164 7 4
164 7 4
164 7 4

Figure 3-30: LTENR CodeBlock Log.csv file.

3.13 OLLA Log file

00 G0 D0 G0 00 0O GO GO DO GO DO G0 GO GO GO GO 0O GO GO

1

1/PDSCH
1 PDSCH
1/PDSCH
1 PDSCH
1/PUSCH
1 PUSCH
1/PDSCH
1 PDSCH
1

1/PDSCH
1 PDSCH
1/PDSCH
1 PDSCH
1/PUSCH
1 PUSCH
1/PDSCH
1 PDSCH

1

(=N =T N N Nl - =R R - N =]

===

1

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

17

o

P P

MW M W e e e e LW W W MM

1 0 N/A

1 0 1
1 0 1
1 0 1
1 0 1
1 0 1
1 0 1
1 0 1
1 ] 1
1 0 N/A

1 0 N/A

1 0 1
1 0 1
1 0 1
1 0 1
1 0 1
1 0 1
1 0 1
1 0 1

NetSim’s OLLA Log records parameters associated with Outer Loop Link Adaptation (OLLA)
such as CQI with and without OLLA, PHY SINR, SINR Delta, Virtual SINR, etc. This log can

be used to understand OLLA mechanisms in 5G.

The LTENR OLLA log can be enabled by clicking on configure reports in top ribbon > Plots >

Select OLLA log under Network Logs, as shown below.
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Figure 3-31: Enabling LTENR OLLA Log.
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Plot generation is a two-step process. Initially, select the
parameter(s) you wish to plot from the list above.
Subsequently, choose the specific device, link, application, 3
etc. in the plots window, which becomes accessible after &

the simulation concludes.

The LTENR_OLLA_Log.csv file will contain the following information:

e Time

e eNB/gNB Name

e UE Name

e Carrier ID

e Layer ID

e Frame ID

e Sub-Frame ID

e SlotID

e Channel

e Phy SINR in dB

e SINR Delta in dB
e Virtual SINR in dB
e CQIl without OLLA
e CQI with OLLA

The log file can be accessed from the Simulations Results Window under the Logs drop

down in the left pane.
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Records various network parameters at predefined time intervals into a csv file.

Application_Packet_Log.csv Link_Packet_Log.csv LTENR_CodeBlock_Log.csv LTENR_OLLA_Log.csv LTENR_Radio_Measurem...

Opens in MS Excel

Figure 3-32: LTENR OLLA Log.csv file highlighted in the Results window.

| ~|eNB/gNB Name |~ | UE Name[ ~ | carrier ID[~ | Layer ID[~ | Frame 1d[ = | sub-Frame Id[ ~ | slot Id [~ | Channel [~ | Phy [~ ]sinR [+ |virtual [~ | cai without OLLA| - | Qi with oLLA[ - |
80.5 MACRO CELLENB CUE_5 1 1 9 1 1 PDSCH 137.807356 o 137.807356 15 15
80.5 MACRO CELLENB CUE_S 1 2 9 1 1 PDSCH 137.807356 0 137.807356 15 15
80.5 MACRO CELLENB CUE 5 1 1 3 1 1 PUSCH 123.817656 [ 123.817656 15 15
80.5 MACRO CELLENB CUE 5 2 1 3 1 1 PDSCH 137.807356 0 137.807356 15 15
80.5 MACRO CELLENB CUE_5 2 2 9 1 1 PDSCH 137.807356 o 137.807356 15 15
0.5 MACRO CELLENE CUE_S 2 1 s 1 1 PUSCH 122.817656 0 123.817656 15 15
80.5 MACRO CELLENB CUE 5 3 1 3 1 1 PDSCH 137.807356 [ 137.807356 15 15
80.5 MACRO CELLENB CUE 5 3 2 3 1 1 PDSCH 137.807356 0 137.807356 15 15
80.5 MACRO CELLENB CUE_S 3 1 9 1 1 PUSCH 123.817656 [ 123.817656 15 15
80.5 MACRO CELLENE CUE S a 1 ] 1 1 PDSCH 137.807356 0 137.807356 15 15
80.5 MACRO CELL ENB CUE_5 a 2 9 1 1 PDSCH 137.807356 [ 137.807356 15 15
80.5 MACRO CELLENB CUE_5 4 1 9 1 1 PUSCH 123.817656 0 123.817656 15 15
80.5 MACRO CELLENB CUE_6 1 1 9 1 1 PDSCH 137.807356 [ 137.807356 15 15
80.5 MACRO CELLENE CUE 6 1 2 ] 1 1 PDSCH 137.807356 0 137.807356 15 15
80.5 MACRO CELL ENB CUE_6 1 1 9 1 1 PUSCH 123.817656 [ 123.817656 15 15
80.5 MACRO CELLENB CUE_6 2 1 9 1 1 PDSCH 137.807356 0 137.807356 15 15
80.5 MACRO CELLENB CUE_6 2 2 9 1 1 PDSCH 137.807356 [ 137.807356 15 15

Figure 3-33: : LTENR OLLA Log.csv file.
3.14 Enable detailed logs in LTENR

A detailed 4G NR log can be enabled by a user, by going to the file LTE_NR.h, and then
uncommenting the #define LTENR_LOG and #define LTENR_LOG_DEV.

Edit View Git Project Build Debug Test Analze Tools Extensions Window Help Signin 2 - B8 x
B-ESBE| D~ - [Release | [t -| B Local Windows Debugger - [> - BB | 51 _% s | 4y & LiveShare &

&
(Global Scope) + adlo-sa ® ,
28 cifpragma region HEADER_FILES_AND_WARNING_REMOVAL - -
% sinclude "List.h" Search Solution Explorer (Ctrl+;) Al
30 #pragma warning ( disable : 4898 ) 4= [ Solution 'NetSim’ (30 of 30 projects) =
3 #pragma warning ( disable : 4100 ) b Ioha
32 #pragma warning ( disable : 4189 ) 3 0DV
33 #pragma warning ( disable : 42ud ) » Application
N spragma endregion b P
35
36 c#ifdef __eplusplus = vt
- . T b [ Cellulor
38 tendif i RE
39 " I
4e  Eifpragma region LOG_MACRO b
42  [Jq#ifdef LTENR_LOG b
u3 #define LTENR_LOG_DEV v
4y =//#define LTENR_PROPAGATION_LOG >
us //#define LTENR_PDCP_LOG
us //tdefine LTENR_RLC_LOG 4
u7 //#ifdef LTENR_RLC_LOG 4
ug //#tdefine LTENR_RLC_BUFFERSTATUSREPORTING_LOG J
u9 //#define LTENR_RLC_TRANSMISSIONSTATUSNOTIFICATION_LOG b o0 References
58 #endif b @) External Dependencies
s1 [ |#endif LTENR_LOG b [@ LTENRc
52 #pragma_endregion > B ENRA
:3 N ron TYPEDEFS b LTENR_AMCTable.c
Ei#pragma region
55 // Typedef's that are referenced in multiple headers file i g ﬁ:'ﬁmszﬂ"'““
56 typedef struct stru LTENR_AssociatedUEPhyInfo LTENR_ASSOCIATEDUEPHYINFO, * ptrLTENR_ASSOCIATEDUEPHYINF( il
57 typedef struct stru_LTENR_GNEPHY LTENR_GNBPHY, * ptrLTENR_GNBPHY; b [A) LTENR AntenneModel.c
58 #ipragma endregion //TYPEDEFS b [ LTENR AntennaModel.h
59 3 LTENR Association.c
60 Eli#tpragma region DEVICE_TYPE ¥ b [ LTENR Bufferh
100%  ~|& @ Noissues found 4 b Lm51  Chi1  TABS CRLF L[ |TENR CadeRle hd

N Addto Source Control « [ Select Repository « [0

Figure 3-34: Enable LTE_NR log file in visual studio
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Then rebuild the code and run the simulation.

00 Fie Edt View Gt Project Buld Debuy Tet Anshze Tools [Extensions Window Help | Search (Cri-C) P| Netsim Signin B — x
@-0|iE-sB8E - P Local Windows Debugger ~ [> ¢ - | B3| 51 = I - |4 Liveshare A7

.
LTENR_RadioMeasurements.c ITENRA" & 3 g £ Build
(Global Scope) I Rebuild |
#pragma endregion E Clean
4
View »
j-=1
Fiifdef __cplusplus B Analyze and Code Cleanup »
#endif Project Only »
Retarget Projects
F#pragna region LOG_MACRO ] 5 .
I |#define LTENR_LOG 1 cope to This
3 New Solution Explorer View
D#ifdef LTENR_LOG
N ¥ Build Depend 3
[| | #define LTENR_LOG_DEV s it
=1//#define LTENR_PROPAGATION_LOG . Add »
1 ;;:ZE?"E gixg,gsgéolg?swmmm,me Ba Class Wizard.. Ctrle Shift X
efine _PDCP_ *
[| | //#define LTENR_RADIO_RESOURCE_ALLOCATION_LOG B Manage NuGet Packages...
//4define LTENR_MACMULTIPLEX_HARQ_LOG @ Set as Startup Project
//4define LTENR_RLC_LOG I o ,
//#ifdef LTENR_RLC_LOG 3 eoug
//4define LTENR_RLC_BUFFERSTATUSREPORTING_LOG i & Cut Ctrl+X
//4define LTENR_RLC_TRANSMISSIONSTATUSNOTIFICATION_LOG Paste Ctrley
#endif // LTENR_LOG i -
#pragma endregion X Remove Del
. =l Rename F2
“@ " Bne s o T e et | ] e

Figure 3-35: Rebuild 5G Project

The log file will be available under Log Files menu in the left panel of the Results Window.

[ simulation Results - x
X o
View Network Export Results
= Application Metrics Entto-end parfermance o sgBRCAon: unring sErc e et
77 Link Metrics App. 1D App. Name Ste. ID Dest.ID  Gen Rate (Mbps. Thput.(Mbps)  Delay (us) Jitter (us) Pkts. Gen. Pkts. Recd.  Payload Gen. (B) Payload Recd. ()
2 piot 1 Appl CBR 5 3 90.000000 40319360 275259733586 299038899 7106 3452 11250760 5039920
L, Plots
- packet €
= Packet Capture Phts. T'd. Phts. Err'd. Phts. Collided
Link ID Bytes TWd.(8)  Payload Twd. (B) | Overhead Tx'd. (B)
fie .. Data Control Data Control Data Control
i3 Saved Plots
Al 23090 2 2 0 0 0 34556404 33673840 464964
Additional Metrics 1 7685 0 6 0 0 0 11435280 11211340 223340
& Custom Plots : 0 o o o u e B d u
3 7609 2 13 0 0 o 11456240 11221560 234680
4 7706 [} 7 o 0 o 11666384 11240540 426344
Plots

Clicc on the desired piot Then in the plats Macusa, cnoo5s th esired sppication. ink, device, ate. t0 VERUIEZ.

No Data Available.
Opens Ploss Module

Logs

Qpens in MS Excel

Figure 3-36: Results Window
Among the various values noted in the log file are the CQI and MCS information. For example,

a user may see the following log file:
CQIl Table

15 256QAM 948 7.406300
MCS Table

27 256QAM 8 948.000000 7.406300

The CQI information is according to the 38-214 Table 5.2.2.1-2, 5.2.2.1-3, 5.2.2.1-4. And in

the above example:
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e CQI Index: 15

e Modulation: 256QAM

¢ Code Rate x [1024]: 948
o Efficiency: 7.406300

The MCS information is according to the 38-214 Table 5.1.3.1-1, 5.1.3.1-2, 5.1.3.1-3. And in

the above example:

e MCS Index:27

Modulation: 256QAM

Modulation Order: 8

Target code Rate x [1024]: 948.000000
Spectral efficiency: 7.406300
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4 Featured Examples

NetSim contains some example configuration files to simulate and understand how LTE and
LTE-A work.

To simulate these examples, click Examples > LTE and LTE-A in the NetSim Home Screen.

You can change the default values of the parameters in these examples and see how they
impact the LTE and LTE-A network.

4.1 LTE MIMO

You simulate the example configuration for MIMO in an LTE network’s energy model to
understand the impact of SISO and MIMO transmission modes on the throughput of the

applications transferred in SISO and MIMO transmission modes.

The LTE network you model from the example configuration file meets the following

specifications:

= A network with 1 Macro cell eNB, 1 EPC, 1 UE, 1 router, 1 wired node, and 1 unicast
application running on the wired node.

= Set transport protocol to UDP in Application icon present in the top ribbon/toolbar.
NetSim uses the following defaults for this example:

= Each one the unicast applications transmit data at a constant bit-rate from wired Node 5
to the UE.

= The simulation runs for 2 seconds.
To simulate the example for SISO and MIMO in an LTE network in NetSim:

Open NetSim and Select Examples > LTE and LTE-A > LTE MIMO then click on the tile in
the middle panel to load the example as shown in below screenshot Figure 4-1.
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[ NetSim Home - X

NetSim Professional
Network Simulation/Emulation Platform
Version 14.2.8 (64 Bit)

New Simulation Ctri+N  Example Simulations LTEMIMO Results
Your Work Ctd+0 Internetworks In this example, we vary the transmit and receiver antenna count in LTE eNBs and UEs and
Jaine Advanced Routing observe the difference in network throughput for different MIMO settings - 1x1, 2x2, 4x1, and
amples i
Mobile Adhoc Networks 232 configuestions:
Experiments I Software Defined Networks LTE MIMO 1x1 1x1 LTE MIMO 2x2 2x2
IOT-WSN i
I Cognitive Radio Networks eNB properties eNB properties
[« 1TE and LTE-A T antenna count: 1 Te antenna count: 2
LTE MIMO Rx antenna count: 1 Rx antenna count: 2
T 3 VANETs UE properties UE properties
Tx antenna count: 1 Tx antenna count: 2
Satekite Communication Rx antenna count: 1 Rx antenna count: 2
5GNR Max uplink speed (Mbps): 1000 Max uplink speed (Mbps): 1000
TDMA Radio Networks Max downlink speed (Mbps): 1000 | | Max downlink speed (Mbps): 1000

Underwater Acoustic Network

LTE MIMO dx1 2x4

NB properties
Tx antenna count: 4

License Settings Rx antenna count: 1
UE properties

Exit AitsF4 Tx antenna count: 2

Rx antenna count: 4
Max uplink speed (Mbps): 1000
Max downlink speed (Mbps): 1000

o e

Ready to simulate scenarios to understand the working of the different technology libraries in NetSim. Expand and click on the file name to display simulation examples. Then click on a tile in the middle panel to load the
simulation. Click on the book icon on the left (Example panel to view .

Support Leam Documentation Contact Us

Email - sales@tetcos.com
e Phone - +91 767 605 4321

Website : wwtetcos.co

Figure 4-1: List of scenarios for the example of LTE MIMO

The following network diagram illustrates what the NetSim Ul displays when you open the
example configuration file as shown Figure 4-2.
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Figure 4-2: Network set up for studying the LTE MIMO

1. NetSim sets all wired link speeds to 1000 Mbps by default. To do so:
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a. Click on the wired link between the eNB and the EPC and expand the right-side property
panel. The Link properties pop-up window appears.

b. NetSim specifies a value of 1000 in the Max Uplink Speed (Mbps) and Max Downlink
Speed (Mbps) fields, with the Uplink BER and Downlink BER set to 0.0000001.

c. Repeat steps (a) to (c) for the wired links between the EPC , router and the wired node.

2. See that by default, NetSim has created unicast applications and specified some default

settings. To do so:

a. Click on the Set Traffic tab and set CBR application with Source ID as 5.and Destination
ID as 3 with 90 Mbps Generation Rate (Packet Size: 1460, Inter Arrival Time: 129.78us)

b. Set the start time to 1s.

L ll App1_CBR Properties — O %

“ANO =W

4 Application
Application Method UNICAST
Application Type CBR
Application ID 1
Application Name App1_CBR
Source Count 1
Source ID 5 -

Destination Count 1

Destination ID 3 v
Start Time (s) 1

End Time (s) 100000
Encryption NONE v

Figure 4-3: Application properties Window

3. Go to eNB properties - Interface 2 (LTE) > PHYSICAL LAYER.

Component Carrier 1
DL: UL Ratio 4:1
Bandwidth 5 MHz
Component Carrier 2
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DL: UL Ratio 4:1
Bandwidth 10 MHz
Antenna
TX Antenna Count 1 For Both eNB and UE
RX Antenna Count 1 For Both eNB and UE
Channel Model
Pathloss Model 3GPPTR38.901-7.4.1
Outdoor Scenario Rural macro
LOS NLOS Selection User defined
LOS Probability 1
Shadow Fading Model None
Fading and Beamforming No fading MIMO array gain

Table 4-1: eNB >Interface 2 (LTE) >Physical layer properties

4. Simulate the LTE MIMO. To do so:
a. Click the Run icon located on the toolbar. The Run Simulation pop-up window appears.
b. Retain the default settings in the Simulation Configuration tab (Simulation time = 2
Sec).
c. Click Run.

Results and Discussion
After NetSim simulates the LTE MIMO, NetSim displays the Simulation results window.

To interpret the results, check the values of the throughputs in the Application Metrics Table

window. You will see the following throughout values for Application 1 is 40.89 Mbps.

Application Metrics

End-to-end performance of applications running scross the network

App. ID App. Name Src. ID Dest. ID Gen. Rate (Mbps, Thput. (Mbps) Delay (ps) Jitter (us) Pkts. Gen. Pkts. Recd. Payload Gen. (B) Payload Recd. (B}
1 Appl1_CBR 5 3 90.000000 40891680 272124616327 206.669274 7706 3501 11250760 5111460

Figure 4-4: Application Metrics Table in Result window

The Application Throughput (Mbps) column in the table lists the throughput values for

different Tx Antennas Count and Rx Antennas Count configurations.

Number of Tx and Rx Antennas Application Throughput

eNB (1-Tx 1-Rx), UE (1-Tx 1-Rx) 41.41
eNB (2-Tx 2-Rx), UE (2-Tx 2-Rx) 82.79
eNB (4-Tx 1-Rx), UE (2-Tx 4-Rx) 89.60

Table 4-2: Results Comparison

Plot
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Application Throughput for Different MIMO Configurations

80 -

60 1

40 4

Application Throughput (Mbps)

20 A

o
LTE MIMO 1#1 1*1 LTE MIMO 2#2 2*2 LTE MIMO 4*1 2*4
Tx and Rx Antenna counts for eNB and UE

Figure 4-5:Tx and Rx Antenna counts for eNB and UE vs Throughput

Note: The throughput values may vary depending on the position of the nodes when using different Tx
Antennas Count and Rx Antennas Count configurations.

5 Reference Documents

[2] 3GPP 36 series specifications for Long Term Evolution Networks.

[3] 3GPP TS 36.300 (Rel 10) Section 19.2.2.5
6 Latest FAQs

You can refer to the up-to-date FAQs about NetSim’s LTE library at
https://tetcos.freshdesk.com/support/solutions/folders/14000107855
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