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Accelerate 5G R&D
using NetSim
A White Paper

NetSim is the industry’s leading 5G NR simulation tool trusted by 400+ organizations across 25+
countries.
NetSim is used by:
1. Mobile network operators and regulators for assessing feasibility of 5G deployments
2. Equipment manufacturers for evaluating changes to protocols and technologies
3. Defense and space organizations
4. Universities / Research institutions conducting R & D in 5G NR
NetSim is used for:
1. Testing and demonstrating designs
2. Analyzing throughput, latency, data rates, power, bandwidths … etc.
3. Optimizing protocol performance
4. Assess live application performance by connecting real equipment to NetSim
NetSim’s new 5G library features full stack, end-to-end, packet level simulation of 5G mmWave
networks. The GUI features drag-and-drop with right-click-properties functionality for scenario

Accelerate 5G R&D using NetSim

Page 1 of 14

White Paper

creation. The output of the simulation is available as an appealing Results Dashboard with tables
and graphs. NetSim ships with protocol source C code which can be modified by users to write their
own algorithms.
NetSim features an extensive set of technology libraries covering 5G, IoT, Wi-Fi, Vehicular networks
Satcom, Zigbee, MANET, Internetworks and more.

1. NetSim 5G library - Introduction
The 5G library is based on Rel 15 / 3GPP 38.xxx series.
•

NetSim 5G library models all layers of the protocol stack as well as applications running over
the network. This 5G library is architected to connect to the base component of NetSim (and in
turn to other components) which provides functionalities such as TCP/IP stack protocols,
Wireless protocols, Routing algorithms, Mobility, Output Metrics, Animation, Traces etc.

•

NetSim allows for end-to-end connections between UEs and cloud servers over IP. The 5G
network can be connected to the core using the device “EPC”. Any regular NetSim application
(FTP, Voice, Video, etc.) working over TCP/UDP can be simulated.

Figure 1: 5G Network Scenario in NetSim

•

The lowest quantum used for resource allocation in 5G NR is one Resource block (RB). This
fine grain granularity enables accurate scheduling of packets.
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•

NetSim can scale up to 100’s of UEs and gNBs. At this scale it becomes impossible to model
the Radio interface at a granularity of one symbol, due to the computational complexity. In fact,
it is for this reason that link-level simulators are limited to a single gNB and one or few UEs.

•

IP packets arriving from upper layers are segmented by the RLC entity into RLC DUs. The
Radio resource management functions work with these RLC SDUs. At the receive side the RLC
SDUs are concatenated into IP packets.

•

It is possible to configure different gNBs with different carrier frequencies and different system
bandwidths.

2. Simulation Results and Output Files
•

The results of a simulation run are presented in a unified dashboard for convenient analysis.
The graphical displays are application throughputs, link throughputs, buffer occupancy and
TCP congestion windows. The tabular presentation includes end-to-end delays, jitter, errors,
packets generated / received / collided, route tables, TCP Acks, retransmissions etc.

•

Results are organized per interface, per device, per application and per link. In addition,
summary metrics are aggregated and presented system-wide (network-level). Information in
the trace files contain individual packet flow and individual event execution. Protocol log files
records a myriad of information pertaining to protocol operation necessary for in-depth analysis
and debugging.

Figure 2: NetSim’s 5G NR results dashboard and the plots window
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•

NetSim provides the feature to play and record animations to the user. Packet animation
enables users to watch traffic flow through the network for in-depth visualization and analysis.

Figure 3: Visualization using Packet Animator and Packet Trace

•

NetSim allows users to generate trace files which provide detailed packet information useful for
performance validation, statistical analysis and custom code de-bugging. Packet Trace logs a
set of chosen parameters for every packet as it flows through the network such as arrival times,
queuing times, departure times, payload, overhead, errors, collisions etc

•

The event trace records every single event along with associated information such as time
stamp, event ID, event type etc. in a text file or .csv file which can be stored at a user defined
location

3. PHY Layer
•

Supported transmission numerologies 𝜇 = 0, 1 for FR 1 and 𝜇 = 1, 2, 3 for FR 2

•

CQI-MCS and MCS-TBS

•

Uplink and downlink physical channel

•

Frame structure and physical resources

•

Modulation – BPSK, QPSK, 16QAM, 64QAM, 256QAM

•

Physical shared channel in uplink and downlink

3.1 3GPP TR38.900 Channel Model Options in NetSim
Environment
•

Rural Macrocell

Accelerate 5G R&D using NetSim

Page 4 of 14

White Paper

•

Urban Macrocell

•

Urban Microcell

•

Indoor Office – Mixed office, Open
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Figure 4: mmWave Indoor Propagation Models

3.2 PHY Implementation
NetSim can scale to simulating networks with 100s of UEs, gNBs, routers, switches, etc. In order to
achieve a scalable simulation, that can execute in reasonable time on desktop level computers, in
all networking technologies the details of the physical layer techniques have been abstracted up to
the point that bit-error probabilities can be obtained, from which packet error probabilities are
obtained.
NetSim has taken the design decision to replace these by idealized, symbol level models, where the
statistics of the effective stochastic channel gains, and the statistics of the effective stochastic noise
and interference are modelled, in an idealized setting. Such models then permit the calculation of
the required bit error rates, and thereby code block error rates, etc.
The 5G PHY transmits a MAC PDU from sender to receiver as follows:
•

The transport block size in NetSim is as per the MAC procedure for TBS determination
standardized in TS 38.214 Section 5.1.3.2 (DL) and 6.1.4.2 (UL).
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•

An approximate estimate of the TBS per carrier is
𝑟𝑏
𝑛𝑖𝑛𝑓𝑜 = 𝑅 × log 2 𝑄 × 𝜈 × 𝑛𝑠𝑐
× 𝑛𝑠𝑦𝑚𝑏𝑜𝑙 × 𝑁𝑃𝑅𝐵 × (1 − 𝑂𝐻)

•

𝑟𝑏
Where 𝑅 is the code rate, 𝑄 is the modulation order, 𝜈 is the number of MIMO layers, 𝑛𝑠𝑐
is the

number of sub carriers per resource block, 𝑛𝑠𝑦𝑚𝑏𝑜𝑙 is the number of symbols per slot, 𝑁𝑃𝑅𝐵 is
the number of PRBs and 𝑂𝐻 is the overheads specified in the standard.
•

Users would be sharing the same RF bandwidth but would be using different modulation
schemes and thus obtaining different bit rates. As the devices involved in the communication
move around, the radio channel between them also keeps changing.

•

The received SNR is determined from pathloss calculated per the 3GPP’s stochastic
propagation models. The models provide signal attenuation as an output. Several parameters
are used in the model, including the distance between the transmitter and the receiver.

•

A CQI is computed for all the symbols in one TB, based on the SNR calculated on the data
channels (DL and UL). The SNR calculation is done at the start of the simulation, and then at
every instant a UE moves. In calculating SNR, the noise power is obtained from 𝑁 = 𝑘 × 𝑇 × 𝐵.

•

Based on the SNR, the Adaptive Modulation and Coding (AMC) functionality determines the
values of 𝑄, the modulation order, and 𝑅, the code rate, in the TBS formula. The SNR is
computed on a per UE level for UL and DL.

•

The available PHY resource is shared dynamically between the users, with the resource
allocation being dynamically adjusted per user demands and channel conditions. The MAC
Scheduler determines the data (how much to and from, which UE and gNB) that is to be
transmitted, from the higher layer RLC buffer, in units of Physical Resource Blocks (PRBs). It
is transmitted at a rate determined using 𝑅, code rate and 𝑄, modulation order of the UE – gNB
channel.
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4. Featured Examples and Results
NetSim features ready to simulate ‘template’ scenarios to understand the working of the 5G library.

4.1 Distance vs. Throughput for FR1 and FR2

Figure 5: Comparison between FR1 and FR2 simulation results in NetSim

Users can notice how the FR2 supports very high throughputs (> 4 Gbps in this scenario) but this
drop by 75% within 200m. FR1 on the other hands supports lower rate (≈ 100𝑠 of Mbps) but is able
to provide much large coverage.

4.2 Impact of MAC Scheduling algorithms on throughput, in a Multi UE scenario

Figure 6: Network topology for analyzing the MAC Scheduling algos, note that the UEs are at a distance of 1:2:3

We first run the scenario with each of the UEs downloading a single application in standalone basis.
This gives the maximum achievable rate per node. The results are below
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Table 1.
Distance from

Application

Throughput

gNB (m)

ID

(Mbps)

300

1

763.98

600

2

379.98

900

3

135.02

Table 1: UE throughputs if they were run standalone (without the other UEs downloading data)

We then run the same simulation with all the three UEs simultaneously downloading data
Throughput (Mbps)
Scheduling

Application 1

Application 2

Application 3

Aggregate

Round Robin

254.44

126.56

45.06

426.06

Proportional Fair

715.31

41.91

0.00

757.22

Max Throughput

763.80

0.00

0.00

763.80

Fair Scheduling

84.98

84.94

85.15

255.07

Table 2: UDP download throughputs for different scheduling algorithms when all three 3 UEs simultaneously
downloading data

The PHY rate is decided based on the SNR. A UE closer to the gNB will get a higher date rate than
a UE further away. In this example the distances from the gNB are such that UE3_Distance >
UE2_Distance > UE1_Distance.
In Round Robin PRBs are allocated equally among all three nodes. However, throughputs are in the
order UE1 > UE2 > UE3 because of their distances from the gNB. The individual throughputs seen
1

by each of the UEs is exactly of the throughput as shown in
3

Table 2.
In proportional fair scheduling the resource allocation is such that nearer UEs get proportionally
higher allocation (based on CQI) when compared to further away UEs. In Max throughput scheduling
the PRBs are allocated such that the system gets the maximum download throughput.
Fair scheduling provides strict fairness, and this results in all applications seeing equal throughput.
The value of 84.98 Mbps can be verified to satisfy the strictly fair scheduling conditions:
𝛼1 × 763.98 = 84.98
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𝛼2 × 379.98 = 84.98
(1 − 𝛼1 − 𝛼2 ) × 135.02 = 84.98
Where 𝛼1 is the fraction of time used to serve UE1 (application 1), and 𝛼2 is the fraction of time used
to serve UE2 (application 2), and (1 − 𝛼1 − 𝛼2 ) is the time used to serve UE3 (application 3).

4.3 gNB Cell Radius for different data rates

Figure 7: Cell Radius Network Topology with 1 UE, 1gNB, 1 EPC and 1 Wired Node

Cell Radius (m)

PHY Rate (Mbps). Downlink

≈1500 Mbps Downlink
100
1637.07
220

1504.38

240

1348.34

≈1000 Mbps Downlink
280

1193.58

320

1105.16

340

972.48

≈500 Mbps Downlink
460

603.62

520

513.92

560

415.81

Table 3: Distance vs. Link rates for 3.5 GHz n78 urban gNB cell
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4.4 Use Case: Impact of numerology on throughput and latency of a 5G NR scenario
where a gNB is connected to phones, cameras, and sensors
Network Scenario: To model a real-world scenario, we base our simulation on the setup shown in
Figure 8. At a high level, the link between the gNB and the EPC that represents the Core Network
(CN) is made with a point-to-point 10 Gb/s link, without propagation delay. The Radio Area Network
(RAN) is served by 1 gNB, in which different UEs share the connectivity. We have 25 smartphones,
6 sensors, 3 IP cameras. The bandwidth 100MHz, with LOS conditions and Round Robin MAC
Scheduler. The position of the devices in the reference scenario depicted is quasi-random.

Figure 8: Network scenario with 25 smartphones, 6 sensors and 3 cameras communicating with respective cloud
servers

Average Throughput vs Numerology
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Figure 9: Camera Uplink, and Sensor Uplink Avg
throughput vs. Numerology (µ)
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Avg. Delay (ms)
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Figure 11: Camera Uplink, and Sensor Uplink Latency vs. Numerology

For UDP applications the 𝜇 does not impact the throughput. However, higher 𝜇 leads to an obviously
lower delay. The variation of delay vs. 𝜇 is as follows as shown below Table 4.
Avg Delay

Avg Delay

(Camera)

(Sensor)

𝝁=𝟎

1.809 ms

2.254 ms

𝝁=𝟏

0.903 ms

1.504 ms

𝝁=𝟐

0.452 ms

0.754 ms

Table 4: Variation of delay vs. 𝜇 for Camera and Sensors

The TCP throughput is inversely proportional to round trip time. Therefore, for applications running
over TCP the throughput increases with higher numerology. This is because higher 𝜇 leads to
reduced round-trip (end-to-end) times.

4.5 3GPP Use case involving handover of 50 mobile UEs
This use case analyzes the latency and throughput for a dense urban transport scenario involving
50 mobile UEs experiencing handovers with a traffic volume per subscriber of DL 10 Mbps. All 50
UEs are initially attached to gNB1. They then move east and when the SNR of gNB2 is offset higher
than SNR from gNB1 (per Event A3), the UEs are handed over to gNB2. The Figure 12 shows the
scenario and the output results. On the bottom left, the UDP packet latency over time is shown. A
dramatic increase in latency is seen during handover. On the bottom right, one can see that the
Application throughput drops during handover and then increases again
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Figure 12: 3GPP use case with 50 mobiles moving from one gNB towards another. Also shown are UDP latency
and Application Throughput

5. Writing your own 5G algorithms
NetSim’s protocol source C code shipped along with is modular and customizable to help
researchers to design and test their own 5G protocols.

6. 5G Emulation: Hardware in the loop
NetSim provides an interface for connecting real network equipment or software applications to
NetSim simulator. Live traffic is injected into the simulated network model from an external IP source.
Real packets are converted
into simulated packets within Modeler where they experience real delays and errors. By leveraging
this technology, network designers can visually assess application performance over any network
infrastructure model.
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Figure 13: Lab set-up for testing real video over a virtual 5G network in NetSim in emulation mode
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7. Customers
Trusted by 400+ organizations across 25+ countries

8. About us
NetSim is a trusted name in the field of network simulation and emulation. Our customers benefit
from our 15+ years of experience in the field of network simulation.
NetSim is used by educational institutions, commercial enterprises, research organizations and
defence organizations for network design, protocol analysis, military communications, and network
R&D.
For more details on the NetSim 5G library please visit https://tetcos.com/5g.html
To get your evaluation copy of NetSim, please contact us:
Web: https://tetcos.com/contactus.php
Email: sales@tetcos.com
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