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ABSTRACT 

 

5G Network has many important properties, including increased bandwidth, increased 

data throughput, high reliability, high network density, and low latency. This thesis 

concentrate on the low latency attribute of the 5G Standalone (SA) mode and 5G Non-

Standalone (NSA) mode. 

One of the most critical considerations in 5G is to have low latency network for various 

delay-sensitive applications, such as remote diagnostics and surgery in healthcare, self-

driven cars, industrial factory automation, and live audio productions in the music 

industry. Therefore, 5G employs various retransmission algorithms and techniques to 

meet the low latency standards, a new frame structure with multiple subcarrier spacing 

(SCS) and time slots, and a new cloud-native core. 

For the low latency measurements, a test setup is built. A video is sent from the 5G 

User Equipment (UE) to the multimedia server  deployed in the University of Oulu 5G 

test Network (5GTN) edge server. The University of Oulu 5GTN is operating both in NSA 

and SA modes. Delay is measured both for the downlink and the uplink direction with 

Qosium tool. When calculating millisecond-level transmission delays, clock 

synchronization is essential. Therefore, Precision Time Protocol daemon (PTPd) service 

is initiated on both the sending and receiving machines. 

The tests comply with the specifications developed at the University of Oulu 5GTN for 

both the SA and the NSA mode. When the delay measurement findings were compared 

between the two deployment modes, it was observed that the comparison was not 

appropriate. The primary reason for this is that in the 5GTN, the NSA and the SA have 

entirely different data routing paths and configurations. Additionally, the author did not 

have sufficient resources to make the required architectural changes.  
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1 INTRODUCTION 

In recent years, mobile technology has evolved to quite an extent. The advances in mobile 

phone Generations began in the 1980s with analog radio signals called 1G, i.e., the First 

Generation of Mobile Communication. It was used to provide voice calls only [1]. 

1G was later replaced with the 2nd Generation of Mobile Communication (2G), which uses 

digital signals instead of analog. In this 2nd Generation, Multimedia Message Service (MMS) 

and Short Message Service (SMS) were introduced. It had improved spectral efficiency and a 

high data rate for voice and data services [1]. 

The Next Generation, the 3rd Generation of Mobile Communication (3G), had many 

advantages; it provided increased speed and supported various data services over its 

predecessors. The transmission rate, bandwidth, and voice quality significantly improved, 

prioritizing video calls, conferences, and live streaming services. Although after introducing 

3G, one could go through many improvements, this technology also has a few disadvantages. 

The 3G network is much more expensive from an infrastructure perspective. The telecom 

service providers also need to bear an increased cost for their license and agreements compared 

to the 2G network [1]. 

The Next Generation, the Fourth Generation of Mobile Communication (4G), provides a 

higher peak data rate of 100 Mbps to 1 Gbps. In Long Term Evolution (LTE) system, efficient 

modulation techniques and bandwidth management is done to get better throughput over its 

predecessors [1]. 

Table 1 represents the comparative analysis of different Mobile Communication Generations 

from 1G to 5G [1]. 

 

Table 1. Comparison of Different Generations Attributes 

Parameters 1G 2G 3G 4G 5G 

Implementation 

Year 

1980s 1990s 2000 2010 2020 

Theoretical Peak 

Data Rate 

2.4 Kbps 64 Kbps (2G) 

 

115 Kbps 

(2.5G) 

 

384 Kbps 

(2.75G) 

2 Mbps (3G) 

 

Downlink 8 –10 

Mbps (3.5G 

using HSDPA) 

 

Uplink 5.8 

Mbps (3.75G 

using HSUPA 

 

Downlink 169 

Mbps, Uplink 

23 Mbps (3.9G 

using HSPA+) 

 

1 Gbps (4G) 

 

Downlink 

100 Mbps, 

Uplink 50 

Mbps (LTE) 

 

Downlink 

75 Mbps, 

Uplink 25 

Mbps 

(WiMAX) 

10-20 

Gbps 

Standards AMPS 

NMT 

TACS 

GSM (2G) 

GPRS (2.5G) 

EDGE (2.75G) 

WCDMA/ 

UMTS (3G) 

LTE 

WiMAX 

 

IMT-

2020 

proposa

ls 
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Channel Access 

Method 

Frequency 

Division 

Multiple 

Access 

(FDMA) 

Time-division 

Multiple 

Access 

(TDMA) 

FDMA, 

TDMA, 

CDMA (Code 

Division 

Multiple 

Access) 

Orthogonal 

Frequency 

Division 

Multiple 

Access 

(OFDMA) 

GFDM 

(Genera

lized 

Freque

ncy 

Divisio

n 

Multipl

exing), 

FBMC 

(Filter 

Bank 

Multica

rrier), 

UFMC 

(Univer

sal 

filtered 

Multica

rrier) 

(candid

ates) 

 

Switching 

Techniques 

Circuit-

Switching 

Circuit-

Switching and 

Packet-

Switching 

Circuit-

Switching and 

Packet-

Switching 

Packet-

Switching 

Packet-

Switchi

ng 

Frequency 824-894 

MHz 

850-1900 MHz 1.8-2.5 GHz 2-8 GHz 3 GHz 

– 300 

GHz 

Services Voice only Digital voice, 

SMS (Short 

Message 

Service), MMS 

(Multimedia 

Messaging 

Service) 

Video calls, live 

streaming, 

video 

conferencing, 

navigational 

map, 3D 

gaming and 

mobile 

television  

Mobile 

Television, 

High 

Definition 

Television 

(HDTV), 

Video chat, 

Multimedia 

and Live 

Streaming 

Augme

nted 

Reality,

Industri

al 

Automa

tion 

and 

Mission

-critical 

applicat

ions 
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Table 1 shows that the requirement for faster data speeds in 3G led to the development of 

High-Speed Downlink Packet Access (HSDPA) and High-Speed Uplink Packet Access 

(HSUPA), and finally from HSPA led to the development of HSPA+ [1]. 

The varied standards utilized in the successive Generations are also shown in Table 1. 

Advanced Mobile Phone System (AMPS), Nordic Mobile Telephone (NMT), and Total Access 

Communication System (TACS) are 1G standards. The Global System for Mobile 

Communication (GSM) was the standard used in 2G, which evolved into General Packet Radio 

Service (GPRS) and Enhanced Data Rate for GSM Evolution (EDGE). Wideband Code 

Multiple Access (WCDMA) and Universal Mobile Telecommunication System (UMTS) are 

3G standards. In contrast, Long Term Evolution (LTE) and World-Wide Interoperability for 

Microwave Access (WIMAX) are the two major technologies in 4G. Millimetre-wave is a 

significant technology in 5G [1]. 

Ericsson estimated that between 2021 and 2027, there will be an overall increase in data 

traffic generated by smartphones, including smartphone traffic and overall mobile data traffic 

for all devices. Therefore, 5G will play an essential role in overcoming this massive data traffic. 

It provides improved bandwidth capabilities and frequency spectrum over its predecessors. 

Mobile traffic is estimated to increase about 4.4 times in the next five years, from 65 EB per 

month in 2021 to around 288 EB per month in 2027 [2]. This overall increase assumption in 

data traffic can be seen in Figure 1 where mobile data traffic is anticipated to increase almost 

57 times by 2027 compared to 2014 [3].  By 2027, Ericsson estimates that 5G will account for 

62% of all mobile data [2]. 
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Figure 1. Global Mobile Data Traffic (EB per month). 

 

 

To meet the 5G requirements, the Third Generation Partnership Project (3GPP) has 

introduced 5G New Radio (NR) and 5G core in Release 15, Release 16, and beyond, which is 

capable of providing high data rates, ultra-low latency, enhanced reliability, increased 

availability, and massive network capacity [4]. 

Figure 2 shows the time plan for the NR evolution [4]. Therefore, Release 16 marks the start 

of the NR evolution, and it continues to Release 17 and onwards. As the ability to provide low-

latency communication is one of 5G most essential capabilities, the above-highlighted releases 

in 5G will significantly extend its usefulness to a broad range of new delay-sensitive 

applications and use cases in both public service and industry [4]. 

 

 
Figure 2. Time plan for NR evolution. 
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This thesis assesses delays in a live 5G cellular network at the University of Oulu. The 

University of Oulu 5G test network (5GTN) is operating both in the Non-Standalone (NSA) 

and the Standalone (SA) mode, and delays are measured in the current configuration within 

both the deployment modes. Qosium is a tool used in the measurement of delay. 

Firstly, an overview of 5G architecture, key enablers, deployment scenarios, and use cases 

are presented. After that, latency in a cellular network is discussed. Finally, experiments are 

carried out, and latency-related outcomes are measured and examined. 
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2 5G NETWORK OVERVIEW 

According to a forecast produced by Nokia Communication, the volume of data that cellular 

communication technologies carry would increase by 10,000 times between 2020 and 2030. 

Because of this massive volume of data traffic, 5G  is operating on a higher frequency spectrum. 

A summary of the 5G communication key requirement is provided in Figure 3 [5]. 

 

 
Figure 3. 5G communication key requirement. 

 

 

2.1 5G Network Generic Services 

As shown below in Figure 4, the 3GPP has divided the 5G Network Generic Service into three 

categories [6][7]. 

 

1. Enhanced Mobile Broadband (eMBB),  

2. Massive Machine Type Communication (mMTC),  

3. Ultra-Reliable Low Latency Communication (URLLC).  
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Figure 4. 5G Communication Network Generic Services. 

 

 

2.1.1 Enhanced Mobile Broadband (eMBB) 

Enhanced Mobile Broadband (eMBB) is a 5G communication service that addresses the 

demand to maximize the data rates while maintaining a packet error rate (PER) of low in the 

order of  10−3. The peak data rate offered by 5G in the downlink is 20 Gbps. The uplink is up 

to 10 Gbps while maintaining a reasonable user-experienced downlink data rate of 100 Mbps 

and uplink data rate of 50 Mbps. Furthermore, the control plane and the user plane latency 

objective are 10ms and 4ms, respectively. Many applications, including augmented reality 

(AR), virtual reality (VR), video streaming, as well as multimedia content such as high-

definition (HD) video, require this service [6][7]. 

 

2.1.2 Massive Machine Type Communication (mMTC) 

Massive Machine Type Communication (mMTC) is machine-centric communication that will 

include millions of networked devices connected. Many applications, such as  smart meters, 

smart agriculture, and smart homes require the use of a high number of connected devices 

delivering sensitive data consistently while maintaining a PER of low in the order of 10−1 . 

Furthermore, the control plane and the user plane latency objective are 10ms and 1ms, 

respectively [6][7]. 

 

2.1.3 Ultra-Reliable Low Latency Communication (URLLC) 

Many applications such as industrial automation, remote surgery, and autonomous vehicle, 

require Ultra-Reliable Low Latency Communication (URLLC), a 5G communication service. 

URLLC has a strict reliability requirement of 99.999% and a latency requirement of 10ms and 

1ms for the control and user plane, respectively. The packet error rate (PER) is typically 

maintained in order 10−5 [6][7]. 

Table 2 represents the importance of ultra-low latency and high reliability in future 

communication networks [8]. 
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  Table 2. Importance of low latency and enhanced reliability requirement 

 

Industry 

 

Application 

 

Reliability and low latency 

importance 

 

 

 

 

Telemedicine 

 

 

 

Patient diagnosis and 

remote surgery. 

 

A robot could be used to do 

remote surgery or diagnose a 

patient from a distance. In 

such instances, the data sent 

as a robot’s command must 

be highly reliable; even a 

minor delay could put the 

patient’s life in danger. 

 

 

 

Entertainment 

 

 

Online gaming, live event 

broadcast, and live sporting 

events. 

 

Users want to be informed 

about current happenings 

around the globe and real-

time entertainment. For 

example, Delay may be 

highly frustrating for gamers 

when playing online. 

 

 

 

 

Transport 

 

 

 

 Self-driving autos, traffic 

control. 

 

Example could be Google’s 

self-driven car. The 

importance of low 

latency/high reliability in 

such initiatives is obvious. 

 

 

 

 

Industrial Automation 

 

 

 

Control systems, power grid 

management, robot-assisted 

assembly lines. 

 

To enhance reliability and 

productivity, industries such 

as manufacturing, 

agriculture and education 

have turned to automation. 

For example, an automated 

vehicle assembly line must 

have low latency and 

excellent reliability to avoid 

damage to automotive parts 

during assembly. 
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2.2 5G New Radio (NR) 

 

5G New Radio (NR) is built on the following three ideas [7][9]. 

 

1. Flexibility: To accommodate a wide range of carrier frequencies, deployment types, 

and use cases, flexible architecture is required. The components of the NR physical 

layer are flexible. For example, the frame structure of 5G is designed in a flexible 

way to have multiple numerologies incorporated to ensure flexible transmission time 

intervals (TTI). 

2. Forward Compatibility: Forward compatibility is important for New Radio (NR) 

since it must support diverse applications, many of which haven’t been defined yet. 

Although forward compatibility is tough to ensure but based on earlier Generation 

development, NR was created with the idea of forwarding compatibility.  

3. Ultra-lean design: Cellular networks send out certain signals such as synchronization 

and reference signals at regular intervals. Signals must only be sent through the 

network when necessary, and ultra-lean design is vital in eliminating these 

continuously transmitted signals, thereby allowing for improved network energy 

performance, reduced interference, and faster data rates. 

 

Figure 5 gives an overview of NR design principles [9]. 

 

 
Figure 5. 5G NR design principle. 

 

 

2.2.1 5G New Radio Deployment Options 

The two 5G NR deployment options are NSA and SA. Suppose the only goal is to deliver high-

speed connectivity via 5G devices. In that case, NSA option is preferable, as an existing 4G 

architecture is also in use, and there is no need to deploy end-to-end 5G. So, it’s a cost-effective 

way of using 5G services. Whereas, if the goal is to develop new services, such as the smart 
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city and smart factories, then end-to-end 5G deployment is essential, so the SA option is 

preferable [10]. 

 

2.2.1.1 Non-Standalone Architecture (NSA) 

The key concept of NSA mode is highlighted below  

 

 LTE is required for mobility management and control plane communication in NSA 

mode [10]. 

 In NSA mode, 5G supports user plane functionality [12]. 

 5G NSA mode supports low latency. Idle-to-Active procedure and handover 

interruption time are used to determine this latency [11]. 

 The idle-to-active procedure in NSA is larger. This is because NSA user equipment 

(UE) connects to the NR with additional signalling protocols. Also, the handover 

interruption time is larger as both LTE and NR cell changes are required for handover 

[11]. 

 In NSA mode, both uplink and downlink data can be delivered via NR or by adopting 

an uplink path switching technique. In the case of data transfer via NR only, coverage 

is the same for both NSA and SA. Whereas, with uplink path switching, NSA has 

better coverage than SA [11]. 

 Core Network is 4G Evolved packet core (EPC) in NSA. There are four main 

components to the EPC. This includes PDN Gateway (PGW), Serving Gateway 

(SGW), Home Subscriber Server (HSS), and Mobility Management Entity (MME). 

The SGW manages user Plane (UP) data, whereas the MME handles Control Plane 

(CP) functions. The HSS deals with UE authentication. The EPC is linked to external 

IP networks via the PGW [12]. 

 

NSA architecture is shown in Figure 6 [12]. 

 

 
Figure 6. NSA Architecture. 
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2.2.1.2 Stand-Alone Architecture (SA) 

The key concept of SA mode is highlighted below  

 

 In SA, control signalling is no more dependent on LTE [12]. 

 5G SA mode supports ultra-low latency. Idle-to-Active procedure and handover 

interruption time are used to determine this latency [11]. 

 The idle-to-active procedure in SA is less than the NSA because SA user equipment 

(UE) connects to the NR without additional signalling protocols. Also, the handover 

interruption time is lower as only NR cell changes are required for handover [11]. 

 The NSA and SA have equal coverage without uplink path switching. If uplink path 

switching is used in the NSA, the SA’s coverage will be less than the NSA’s. 

However, to overcome the coverage degradation, if any, coverage improvement 

techniques such as carrier aggregation can be utilized [11].  

 Network slicing functionality is supported here. Network slicing aims to create 

logically divided several end-to-end virtual networks within a common physical 

infrastructure [11]. 

 Service-based architecture (SBA) 5G core has been developed in SA mode to 

improve network efficiency and flexibility. The elements of SBA are defined as 

network functions (NF). NFs make their services available to any network function 

that is allowed to access them via a common interface. Network repository functions 

(NRF) enable each network function to discover the services that other network 

functions provide [12].  

 In SA, the 5G Core’s Service Based Architecture is a design that separates User Plane 

(UP) and Control Plane (CP) functionalities [12]. 

 Due to higher speeds, ultra-low latency, reduced interference, and better efficiency, 

SA mode is much more useful in applications such as smart cities and smart factories 

[7]. 

 

SA architecture is shown in Figure 7 [12]. 

 

 
Figure 7. SA Architecture. 
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2.2.2 New Radio Frequency Spectrum 

The 3GPP guidelines state that 5G New Radio (NR) can operate in two frequency ranges: 

Frequency Range 1 (FR1) and Frequency Range 2 (FR2), as shown in Table 3 [13]. 

 

   Table 3. New Radio Frequency ranges 

 

Name 

 

Range 

 

FR1 

 

410 MHz – 7125 MHz 

 

FR2 

 

24.25 GHz – 52.60 GHz 

 

Frequency ranges are categorized into three bands, i.e., low, mid-band, and high [14]. 

 

a. Low Band: The low band refers to less than 2 GHz spectrum. It has the following 

characteristics.  

 Wide Coverage. 

 Low available bandwidth. 

 

b. Mid Band: The term mid-band refers to a spectrum of 2 to 6 GHz, with 5G mid-band 

deployments typically falling between 2 and 4 GHz. It has the following characteristics. 

 Large bandwidth. 

 Higher capacity than the low band. 

 

c. High Band: The high band refers to a greater than 6 GHz spectrum. It has the following 

characteristics over its predecessors.  

 Much Higher Bandwidth. 

 Much higher capacity than the other two bands. 

 Provides high-speed data rates. 

 

 

2.3 Delays in Live Cellular Network 

Delay-related parameters in general and The University of Oulu’s 5G test network are discussed 

next. 

 

2.3.1 Latency  

In any mobile communication network, latency has been characterized as 

 

1. User Plane Latency: That’s the time it takes for data to travel from the Base Station 

(BTS) to the User Equipment (UE). It comprises of transmission (τ1) of data, the 

Hybrid Automatic Repeat Request (HARQ) (τ2) of data, and the retransmission (τ3) 

of data between the two entities. For eMBB services, the latency of 4ms, while for 

URLLC, just 1ms is the required performance factor. The transmission process can 

be described as follow [16]. 
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                                          𝜏 = 𝜏1 + 𝑝(𝜏2 + 𝜏3)                                              (1) 

 

The probability of retransmission is represented by 𝑝. Figure 8 shows the user plane 

latency [16]. 

 

 
Figure 8. User Plane Latency. 

 

2. Control Plane Latency: That’s the time it takes for user equipment (UE) to switch 

from idle (battery saving) mode to connected (continuous data transfer) mode [17]. 

3. End-to-End Latency: Over-the-air transmission, queuing, processing/computing, and 

retransmission delay contribute to E2E latency [17]. 

 

As shown in Figure 9, the one-way transmission time is calculated as a sum of Tradio, 

Tbackhaul, and Tcore and Ttransport. These parameters are further highlighted below [18]. 

 

 
Figure 9. End-to-End delay of packet transmission. 

 

 Tradio: That’s the time it takes for packets to travel between a BTS and UE. It is 

primarily related to physical layer communication [18]. Radio latency is dependent on 

the following important factors, as shown in Table 4 [19]. 

 

 

 

 



 

 

21 

 Table 4. Radio Latency key parameters 

Step Description 

i UE processing delay 

ii Frame alignment 

iii Slot duration 

iv HARQ retransmission 

v gNB processing delay 

 

Considering this user plane latency to be downlink, the above parameters are elaborated 

further below. 

 

1. gNB Tx processing delay: The period between when data arrives and when a packet is 

generated [19]. 

2. Alignment delay corresponds to the time between being ready to transmit and 

transmitting [19]. 

3. Slot duration: It is the duration of air interface transmission [19]. 5G New Radio frame 

structure is flexibly designed to reduce the latency to a minimum value. NR and LTE 

numerology is that NR allows for a variety of subcarrier spacing (SCS) options, but 

LTE only allows for one type of subcarrier spacing, i.e., 15 kHz. Numerology (µ) has a 

range of values from 0 to 4. As the numerology increases, more slots become accessible, 

with a short duration; therefore, the number of symbols transferred in a given period 

increases [20]. 

In 5GTN, we are using SCS of 15 kHz (µ=0) for NSA and 30 kHz (µ=1) for SA, 

highlighted below. 

            µ = 0: With µ = 0, following are the configurations, also shown in Figure 10 [21]. 

a. Sub Carrier Spacing (SCS) = 15.2µ KHz = 15.20 KHz = 15 KHz 

b. Slot duration is 1/2µms = 1/20ms = 1ms 

c. Number of Slots per Subframe =  2µ = 20 = 1 slots per subframe 

d. OFDM symbol duration = 1/(14.2µ) = 1/(14.20) = 0.07142ms 

 

 
Figure 10. Frame Structure with numerology µ = 0 (SCS = 15 KHz). 
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µ = 1: With µ = 1, following are the configurations, also shown in Figure 11 [21]. 

e. Sub Carrier Spacing (SCS) = 15.2µ KHz = 15.21 KHz = 30 KHz 

f. Slot duration is 1/2µms = 1/21ms = 0.5ms 

g. Number of Slots per Subframe =  2µ = 21 = 2 slots per subframe 

h. OFDM symbol duration = 1/(14.2µ) = 1/(14.21) = 0.0375ms 

 

 
   Figure 11. Frame Structure with numerology µ = 1 (SCS = 30 KHz). 

 

4. Hybrid Automatic Repeat Request (HARQ): Retransmissions in NR are managed using 

the HARQ protocol. If the receiver identifies an incorrect packet, it asks for a resend. 

As the packet that was unable to be decoded owing to an error still contains some data, 

the erroneous packet is kept in the receiver’s buffer memory. As a result, when the 

retransmitted packet is received, the error correction code combines it with previous 

packets stored in the receiver buffer memory to create a single packet, improving 

decoding performance. This complete technique is known as HARQ with soft 

combining. HARQ is a stop-and-wait (SAW) protocol for multiple processes. While 

one communication is being corrected, the protocol will enable other transmissions to 

continue in parallel. The new radio employs an asynchronous HARQ protocol in uplink 

and downlink, which varies from LTE’s synchronous protocol, requiring the UE to 

respond with an acknowledgement or non-acknowledgement after 3ms of receiving the 

downlink data. To maximize the flexibility required for URLLC services, the reported 

timing in NR is not defined [22]. 

5. UE Rx processing delay: It is the period between receiving the Physical Downlink 

Shared Control Channel (PDSCH) and decoding the data [19]. 

 

 Tbackhaul: Here, backhaul describes the process of connecting a BTS to the main 

network, i.e., the core network, and Tbackhaul describes the amount of time it takes 

to build this connection. Copper wires, microwave or optical fibers are commonly 

used to connect the core network and the BTS. In general, the microwave has shorter 

latency than optical fiber [18]. 

 Tcore: That’s the time taken by the core network to process data. Mobility 

management entity (MME), serving GPRS support node (SGSN), Software-Defined 

Networking (SDN), and Network Function Virtualization (NFV) are some of the 

primary network entities that contribute to it [18]. 

 Ttransport: That’s the time it takes for data to travel between the core network and 

the Internet/cloud [18]. 
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2.3.2 5GTN Deployment 

The University of Oulu 5GTN is deployed both in the NSA and SA mode. 

The University of Oulu 5GTN NSA operates at 3.5 GHz in the mid-band of the radio 

spectrum. It is connected to 4G and 5G BTS and uses the commercially available Evolved 

Packet Core (EPC). The channel bandwidth is 60 MHz, while the subcarrier spacing is 15 kHz, 

and the Time division duplex (TDD) is used. 

Figure 12 shows the 5GTN operating in the NSA mode [15]. 

 

 
Figure 12. 5GTN NSA mode. 

 

The University of Oulu 5GTN SA operates at 3.5 GHz in the mid-band of the radio spectrum. 

It is connected to 5G BTS, and an open-source core network is used as a 5G Core (5GC) 

network. The channel bandwidth is 60 MHz, while the subcarrier spacing is 30 kHz, and Time 

Division Duplex (TDD) is used. 

Figure 13 shows the 5GTN operating in the SA mode [15]. 

 

 
Figure 13. 5GTN SA mode 
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Since both SA and NSA in 5GTN are using TDD mode, a brief comparison of Frequency 

Division Duplex (FDD) and Time Division Duplex (TDD) is highlighted below in Table 5 [23]. 

 

 Table 5. FDD vs TDD Comparison 

 

FDD 

 

TDD 

 

Frequency-Division Duplex (FDD) 

technology is used. 

 

Time-Division Duplex (TDD) technology is 

used. 

 

There is a requirement for paired spectrum 

in FDD. 

 

There is no requirement for paired spectrum 

in TDD. 

 

FDD Supports Full Duplex 

communication. 

 

TDD Supports Half Duplex Communication. 

 

Dynamic reallocation of the bandwidth is 

not possible using FDD. 

 

With TDD, load balancing is possible by 

dynamic reallocation of the bandwidth. 

 

FDD allows one-to-one relation between 

the uplink and the downlink subframes. 

 

TDD does not allow one-to-one relation 

between the uplink and the downlink 

subframes. 

 

Expensive hardware costs in FDD 

systems. 

 

Cost-effective hardware in TDD systems. 

 

FDD utilizes the spectrum less efficiently 

compared to TDD. 

 

TDD utilizes the spectrum more efficiently 

compared to FDD. 

 

Two interference-free channels are 

required for FDD. 

 

One interference-free channel is required for 

TDD. 

 

As the traffic in both directions remains 

the same throughout, FDD is better suited 

for applications such as voice calls. 

 

Compared to FDD, TDD is more effective at 

reallocating traffic such as the Internet or 

other data-centric services. 

 

In the case of FDD, both UL and DL spectrum are transmitting and receiving simultaneously. 

Whereas in the case of TDD, simultaneous transmissions are not possible. This will cause TDD 

to have an increase in latency compared to FDD [23]. 
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2.3.3 Edge Computing 

The network architecture of Mobile Communication Generations up to 4G network relied on 

centralized servers, i.e., the cloud servers. The ability to process and store data quickly are the 

two key drivers for edge computing. Edge computing solutions are essential for real-time 

services such as multimedia streaming, Augmented Reality (AR), Virtual Reality (VR), and 

multiple other applications such as autonomous driving [24]. 

Some of the other key benefits related to edge computing are [25]. 

 

 Privacy: The edge server could provide improved user data privacy compared to the 

cloud server. The biggest concern in employing cloud resources is transferring data from 

the local device to the cloud over multiple network hops, allowing hackers to access 

critical data readily.  

 Latency: Compared to the traditional cloud servers, the edge server provides an 

improved latency performance. Delay increases as the physical distance between the 

origin and end nodes increases. Therefore, for delay-sensitive applications, cloud 

computing is not preferable. However, one of the critical aspects of operating a low 

latency application can be fulfilled by bringing the services close to the end-users.  

 Data confidentiality: When using cloud computing, the user does not have complete 

control over their data, whereas, in edge computing, the user is mainly in charge of its 

information as the processing and storage are done close to them. 

 Bandwidth: The overall volume of data traffic going to and from centralized servers is 

lowered by keeping more data on the network edge, reducing the overall bandwidth 

needs for the entire system. 

 Proximity: If communication and information sharing are done between the local nodes, 

it is more efficient than using the traditional cloud servers located far away. 

 Improved application performance: Compared to the Cloud servers, improved 

application performance is achieved in edge computing because the application is now 

handled and controlled on the network edge. 

 Cost-effective: By lowering the quantity of data transferred back and forth to the cloud, 

Edge computing can reduce expenses. 

 

A summary of cloud and edge computing characteristics is also highlighted in Table 6 [26]. 

 

 Table 6. Comparison of Edge and Cloud computing 

Characteristics Cloud Edge 

Latency High Low 

Bandwidth utilization High Very low 

Response time High Low 

Storage High Low 

Sever overhead Very High Very Low 

Energy consumption High Low 

Network congestion Very High Low 

Scalability Medium High 

QoS and QoE Medium High 
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The below general Figure 14 and Figure 15 of 5GTN further elaborate on the difference 

between the edge and the cloud servers [15]. 

 

 
Figure 14. Edge server location. 

 

 

 
Figure 15. Cloud server location. 

 

Figure 14 and Figure 15 show that compared to the cloud server, the edge server is located 

near the core and BTS, so data storing and processing is faster on edge than in the cloud; thus, 

reducing latency. 
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3 IMPLEMENTATION 

A test setup is created during the implementation phase of delay measurements to ensure that 

both uplink and downlink delays are measured. First, a 5G UE is used to send a video file to 

the NGINX (an open-source multimedia server for streaming purposes), installed at the edge 

server of the University of Oulu 5GTN, operating in both NSA and SA modes and then the 

stream is received from it.  

 

3.1 Tools for Delay Measurement 

The following are essential software used for delay measurement purposes: Qosium, Precision 

time protocol daemon (PTPd), open broadcast software (OBS), and NGINX. 

 

3.1.1 Kaitotek’s Qosium 

The transmission delay is calculated by using Qosium software. Qosium is a passive Quality of 

Experience (QoE) and Quality of Service (QoS) software for evaluating and monitoring 

performance in real-time. Because of its passive behaviour, the measured application is unaware 

of the measurement and is not disrupted [27]. 

The user’s satisfaction with the application/service is measured by the Quality of Experience 

(QoE). Whereas, Quality of service (QoS) refers to an entire connection performance. Among 

numerous QoS measurable statistics, delay measurement can not be measured until clock 

synchronization is achieved [27]. 

End-to-end measurements are possible with the Qosium software. Qosium supports real-

time measurements and it also save the measurement results for further analysis. Qosium does 

not limit the number of measured applications nor the network technologies over which the 

measurement is done [27]. 

 Qosium can support both the two-point measurement and single-point measurement. The 

QoS statistics are mainly measured between two points in a network. We also use a two-point 

setup to measure network delays. Qosium takes a one-second measurement of the data and then 

averages the findings to acquire a significant value. Qosium includes Qosium probes and 

Qosium scope [27]. 

 

3.1.1.1 Qosium Probe 

Qosium Probe is a measuring agent that may be installed in network parts that need to be 

evaluated. It provides a registration feature that assists in finding available measurement 

devices [27]. 

Probe, where installed, mainly works in the background as a system service, and the license 

is required for the Qosium Probe to run. In an idle mode, i.e., without any ongoing 

measurement, it uses a negligible amount of resources from the host device. It can be pre-

installed on the devices. In an active mode, i.e., ongoing measurement, the resources it takes 

depend on the number of packet flows. And when numerous simultaneous measurements are 

taking place, they all contribute to Qosium Probe’s total load [27]. 

Qosium probe is compatible with a wide range of servers, embedded systems, and operating 

systems, including Windows7 and newer, Ubuntu, macOS, Android, Raspbian Buster, 

FreeBSD, and OpenWrt [27]. 
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 Single-point and two-point measurements are done using one Qosium probe and two 

Qosium probes. In this work, a two-point measurement is performed. While sending the video, 

Qosium probes are installed on both the sending device, i.e., UE, and the receiving device, i.e., 

the edge server in 5GTN. While receiving the video, Qosium probes are installed on both the 

sending device, i.e., the Edge server in 5GTN, and the receiving device, i.e., the UE. Hence, the 

probe is installed on Android and Linux for sending and receiving the videos, as highlighted 

below [27]. 

 

a. Android: The Android phone must have the root permissions to use the Qosium probe. 

b. Linux: Once the Debian package is downloaded and installed in the terminal, we can use 

the “systemctl start/stop/status QosiumProbe” command to start, stop or check the status 

of the probe.  

 

3.1.1.2 Qosium Scope 

Qosium Scope is a measurement controller, which means it does not perform measurements but 

instead commands probes to do so. The Qosium scope is installed on the standard PC as a 

desktop application without additional hardware installation. It is available on Windows, Linux, 

and macOS operating systems. Here, in delay measurements, Scope is installed on Windows 

PC. Its installation and launching process is similar to that of other windows applications [27]. 

In 5GTN, as the two-point measurement is performed and once the probes are active on both 

ends, measurements are made, monitored, and parameterized using the Qosium Scope. For this 

two-point measurement, Qosium also offers some health checks. For example, a warning 

message appears on the status bar if the clocks of the sending and the receiving devices are not 

synchronized or if the Qosium observes specific issues in the primary/secondary measurement 

points [27]. 

Qosium scope has many options for configuring measurements. The measurement data can 

be represented in various ways, such as Meters, graphs, bars, and numerical forms are all 

available. All measurement findings can be saved to a file that can be imported back into Scope 

or rapidly transferred to other analysis software. The Figure 16 shows the interface of Qosium 

Scope [27]. 
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Figure 16. Qosium Scope interface. 

 

3.1.2 Precision Time Protocol Daemon (PTPd) 

In delay measurements, Qosium is mainly dependent on the system clock synchronization 

between the two measuring points. There are two most common protocols used for this clock 

synchronization, i.e., Network Time Protocol (NTP) and Precision Time Protocol Daemon 

(PTPd). NTP allows reaching an accuracy up to a few milliseconds, whereas, with PTPd, 

accuracy up to a microsecond level is achieved. So, for clock synchronization, PTPd is used 

here in our experiments for the delay measurements [28]. 

Precision Time Protocol Daemon (PTPd) is an Ethernet or IP-based protocol where clocks 

are synchronized via a Master/Slave distribution system on a group of network devices. The 

Master is the entity distributing time to slaves. The slave is a remote device that synchronizes 

with the Master. PTP time stamping is particularly precise because it employs hardware time 

stamping rather than software, and PTP equipment is dedicated to keeping the devices 

synchronized. When calculating transmission delays, clock synchronization is essential. For the 

synchronization between the clocks, PTPd service is built on both the sending and the receiving 

machines. The PTPd clock has a microsecond resolution, which enhances the accuracy of these 

measurements [28]. 

Because Linux has improved clock resolution and accuracy than Windows. It was installed 

and utilized on all devices where probes were installed. This is because Windows clock 

resolution is low and drifts in some direction, increasing measurement error. Setting the PTPd 

master is done at the edge server, whereas setting the PTPd slave is done at the UE [15]. 
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3.1.3 Open Broadcast Software (OBS) 

The video from the UE to the NGINX is sent using Open Broadcast Software (OBS), which is 

a recording and live-streaming software package that is free and open-source. OBS is a software 

tool for real-time source and system capture, scene composition, encoding, recording, and 

broadcasting. OBS is available for different operating systems, including Windows, Linux, and 

macOS. Once installed, the corresponding streaming server IP and the streaming key are 

provided. Then the video and audio bitrate is selected accordingly. Also, the resolution and 

frame per second (fps) values are adjusted according to the requirements. Once all the relevant 

settings are done, streaming is started [29][30]. 

 

3.1.4 NGINX 

It is an open-source software used for multimedia purposes, primarily for stream protocol 

modification and streaming server operations. Stream from the UE to the NGINX is sent as 

Real-Time Messaging Protocol (RTMP) stream. NGINX handles conversion from RTMP to 

HTTP (Hypertext Transfer Protocol) Live Stream (HLS), viewed at the receiving UE [15]. 

Although NGINX installation can be done in multiple ways, its installation was done on one 

of the edge servers running a Linux application for these delay measurements [15]. 

 

3.2 Test Setup 

An overview of the test setup for both NSA and the SA mode is mentioned below. 

 

3.2.1  NSA Test Setup 

For the delay measurements in the NSA test setup, the following equipment is used in 5GTN 

core network [15]. 

 

 5GTN Core Network. 

 5G One Plus Android Phone. 

 Termux, Linux environment app for android phone. 

 Open Broadcaster Software (OBS) with a video Bandwidth of 700kbps. 

 Edge Server that was running Ubuntu Linux and with NGINX installed on it. 

 Qosium Probes in phone and edge server. 

 Windows PC, with Qosium Scope. 

 PTPd in phone and edge server. 

 4G and 5G BTS. 

 Commercially available EPC. 

 Video LAN Client (VLC). 

 

Figure 17 shows the NSA test setup for the uplink where data is sent to the NGINX from the 

5G phone [15]. 
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Figure 17. A generic overview of test setup NSA for the uplink scenario. 

 

 

Data received at the NGINX during uplink is now sent back to the UE for the downlink, as 

shown in Figure 18 [15]. 

 

 
Figure 18. A generic overview of test setup NSA for downlink scenario. 

 

The video is sent from the 5G phone to NGINX using Open Broadcast Software (OBS) and 

then received from it in the complete NSA setup of delay measurements. The 5G phone and the 

edge server are equipped with Qosium probes and PTPd. The Qosium scope, which displays 

and measures the delay, is installed on a Windows PC connected via ethernet connection to the 

5GTN. The uplink and downlink delay values are measured and recorded for the NSA test 

scenario [15]. 
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Figure 19 below shows the end-to-end NSA setup [15]. 

 

 
Figure 19. End-to-End NSA Setup. 

 

3.2.2 SA Test Setup 

The following equipment is used for the delay measurements in the SA test setup [15]. 

 

 5GTN core. 

 5G One Plus Android Phone. 

 Termux, Linux environment app for android phone. 

 Open Broadcast Software (OBS) with a video bandwidth of 700kbps. 

 Edge Server that was running Ubuntu Linux and with NGINX installed on it. 

 Qosium Probes in phone and edge server. 

 Windows PC, with Qosium Scope. 

 PTPd in phone and edge server. 

 5G BTS. 

 5G Core. 

 Video LAN Client (VLC). 

 

Figure 20 shows the SA test setup for the uplink where data is sent from the 5G phone to the 

NGINX [15]. 
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Figure 20. A generic overview of test setup SA for an uplink scenario. 

 

Data received at the NGINX during uplink is now sent back to the UE for the downlink, as 

shown in Figure 21 [15]. 

 

  
Figure 21. A generic overview of test setup SA for downlink scenario. 

 

The video is sent from the 5G phone to NGINX using Open Broadcast Software (OBS) and 

then received from it in the complete SA setup of delay measurements. The 5G phone and the 

edge server are equipped with Qosium probes and PTPd. The Qosium scope, which displays 

and measures the delay, is installed on a Windows PC connected via ethernet connection to the 
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5GTN. The uplink and downlink delay values are measured and recorded for the SA test 

scenario as shown below in Figure 22 [15]. 

 

  
Figure 22. End-to-End SA Setup. 
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4 MEASUREMENTS AND RESULTS 

 

4.1 NSA Uplink 

The below test steps are performed while measuring the uplink delays in the University of Oulu 

5GTN for NSA mode [15]. 

 

1. 5G Phone is turned on. 

2. Check the availability of the 5G network in NSA mode. 

3. Qosium probe is turned to be active in 5G phone. 

4. Qosium probe is turned to be active in the Edge server. 

5. Settings in the OBS are done, and the stream’s bandwidth is limited to 700 kb/s. 

6. The duration of the stream is not limited and is kept to an indefinite value. 

7. A Precision time protocol daemon (PTPd) is configured for clock synchronization. 

8. The setting of the PTPd master is done at the edge server. 

9. The setting of the PTPd slave is done on the 5G phone. 

10. Start sending the video from the OBS once clocks are synchronized. 

11. From OBS, it must be verified that NGINX is receiving the stream. 

12. Start the Qosium Scope. 

13. Select delay in the Qosium scope. 

14. The measurement is done initially for 1min. 

15. Measurement values are recorded and displayed. 

16. Stop the measurement. 

17. Store the measurement results with the filename Delay_UL_5G_1min_NSA. 

18. The measurement results are stored in CSV format. 

19. Measurements are repeated 3-4 times. 

20. Then the measurement is done for 5min. 

21. Measurement values are recorded and displayed. 

22. Stop the measurement. 

23. Store the measurement results with the filename Delay_UL_5G_5min_NSA. 

24. The measurement results are stored in CSV format. 

25. Measurements are repeated 3-4 times. 

 

The measurement results of 1 min and 5 min for NSA Uplink are shown in Figure 23 and 

Figure 24 below. 
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Figure 23. NSA Uplink 1 min: 10.04ms. 

 

 
Figure 24. NSA Uplink 5 min: 9.95ms. 



 

 

37 

4.2 NSA Downlink 

Below test steps are performed while measuring the Downlink delays in the University of Oulu 

5GTN for NSA mode [15]. 

 

1. 5G Phone is powered on. 

2. Check the availability of the 5G network in NSA mode. 

3. Qosium probe is turned to be active in 5G phone. 

4. Qosium probe is turned to be active in the Edge server. 

5. A Precision time protocol daemon (PTPd) is configured for clock synchronization. 

6. The setting of the PTPd master is done at the edge server. 

7. The setting of the PTPd slave is done on the 5G phone. 

8. Once clocks are synchronized, the video received at the NGINX in uplink is now 

sent to the 5G UE in the downlink. 

9. Verify from VideoLAN Client (VLC) that the stream is visible. 

10. Start the Qosium Scope. 

11. Select delay in the Qosium scope. 

12. The measurement is done initially for 1min. 

13. Measurement values are recorded and displayed. 

14. Stop the measurement. 

15. Store the measurement results with the filename Delay_DL_5G_1min_NSA 

16. The measurement results are stored in CSV format. 

17. Measurements are repeated 3-4 times. 

18. Then the measurement is done for 5min. 

19. Measurement values are recorded and displayed. 

20. Stop the measurement. 

21. Store the measurement results with the filename Delay_DL_5G_5min_NSA  

22. The measurement results are stored in CSV format. 

23. Measurements are repeated 3-4 times. 

 

The measurement results of 1 min and 5 min for NSA Downlink are shown in Figure 25 and 

Figure 26, respectively. 
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Figure 25. NSA Downlink 1 min: 36.9ms. 

 

 

 
Figure 26. NSA Downlink 5 min: 37.3ms. 

 



 

 

39 

4.3 SA Uplink 

The below steps are performed while measuring the Uplink delays in the University of Oulu 

5GTN for SA mode [15]. 

 

1. 5G Phone is powered on. 

2. Check the availability of the 5G network in SA mode. 

3. Qosium probe is turned to be active in 5G phone. 

4. The Qosium probe is turned to be active in the edge server. 

5. Settings in the OBS are done, and the stream’s bandwidth is limited to 700kb/s. 

6. The duration of the stream is not limited and is kept to an indefinite value. 

7. A Precision time protocol daemon (PTPd) is configured for clock synchronization. 

8. The setting of the PTPd master is done at the edge server. 

9. The setting of the PTPd slave is done on the 5G phone. 

10. Start sending the video from the OBS once clocks are synchronized. 

11. From OBS, it must be verified that NGINX is receiving the stream. 

12. Start the Qosium Scope. 

13. Select delay in the Qosium scope. 

14. The measurement is done initially for 1min. 

15. Measurement values are recorded and displayed. 

16. Stop the measurement. 

17. Store the measurement results with the filename 

Delay_UL_Measurement_5G_1min_SA. 

18. The measurement results are stored in CSV format. 

19. Measurements are repeated 3-4 times. 

20. Then the measurement is done for 5min. 

21. Measurement values are recorded and displayed. 

22. Stop the measurement. 

23. Store the measurement results with the filename 

Delay_UL_Measurement_5G_5min_SA 

24. The measurement results are stored in CSV format. 

25. Measurements are repeated 3-4 times. 

 

The 1 min and 5 min measurement results for SA Uplink are shown in Figure 27 and Figure 

28, respectively. 
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Figure 27. SA Uplink 1 min: 12.15ms. 

 

 
Figure 28. SA Uplink 5 min: 11.58ms. 
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4.4 SA Downlink 

The below test steps are performed while measuring the downlink delays in the University of 

Oulu 5GTN for SA mode [15]. 

 

1. 5G Phone is powered on. 

2. Check the availability of the 5G network in SA mode. 

3. Qosium probe is turned to be active in 5G phone. 

4. Qosium probe is turned to be active in the Edge server. 

5. A Precision time protocol daemon (PTPd) is configured for clock synchronization. 

6. The setting of the PTPd master is done at the edge server. 

7. The setting of the PTPd slave is done on the 5G phone. 

8. Once clocks are synchronized, the video received at the NGINX in uplink is now 

sent to the 5G UE in the downlink. 

9. Verify from VideoLAN Client (VLC) that the stream is visible 

10. Start the Qosium Scope. 

11. Select delay in the Qosium scope. 

12. The measurement is done initially for 1min. 

13. Measurement values are recorded and displayed. 

14. Stop the measurement. 

15.  Store the measurement results with the filename Delay_DL_5G_1min_SA 

16. The measurement results are stored in CSV format. 

17. Measurements are repeated 3-4 times. 

18. Then the measurement is done for 5min. 

19. Measurement values are recorded and displayed. 

20. Stop the measurement. 

21. Store the measurement results with the filename Delay_DL_5G_5min_SA  

22. The measurement results are stored in CSV format. 

23. Measurements are repeated 3-4 times. 

 

The 1 min and 5 min measurement results for SA Downlink are shown in Figure 29 and 

Figure 30. 
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Figure 29. SA Downlink 1 min: 6.76ms. 

 

 
Figure 30. SA Downlink 5 min: 6.81ms. 
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4.5 Results & Analysis 

Firstly, experiments are carried out with NSA in an uplink scenario, i.e., sending the video to 

the NGINX. The uplink delay observed during 1 min and 5 min measurements are 10.04ms and 

9.95ms, respectively. In addition, some control messages are flowing in the opposite direction. 

Therefore, clock synchronization is suitable for these NSA uplink measurements. 

Secondly, experiments are carried out with NSA in a downlink scenario, i.e., receiving the 

video from the NGINX. The downlink delay observed during 1 min and 5 min measurements 

are 36.9ms and 37.3ms, respectively. Some control messages are flowing in the opposite 

direction. Clock synchronization is okay here, but the NSA Dl delay results are high. Therefore, 

the results are not appropriate.  

Subsequent experiments are carried out with SA in the uplink scenario, i.e., sending the 

video to the NGINX. The uplink delay observed during 1 min and 5 min measurements are 

12.15ms and 11.58ms, respectively. Some control messages are flowing in the opposite 

direction. Delay results are appropriate for SA uplink measurements.  

Finally, experiments are carried out with SA in a downlink scenario, i.e., receiving the video 

from the NGINX. The downlink delay observed during 1 min and 5 min measurements are 

6.76ms and 6.81ms, respectively. No control messages are visible in the SA DL. From the 

measurements themselves, it is difficult to say regarding the non-visibility of control messages, 

as no control messages were seen transmitted. 

Table 7 and Table 8 further illustrates the NSA and SA uplink and downlink measurement 

results. 

  

Table 7. NSA uplink and downlink measurement Results 

 

 

NSA 

 

1 min Uplink 

(ms) 

 

5 min Uplink 

(ms) 

 

1 min 

Downlink (ms) 

 

5 min 

Downlink 

(ms) 

 

10.04 

 

9.95 

 

36.9 

 

37.3 

 

Table 8. SA uplink and downlink measurement Results 

 

 

SA 

 

1 min Uplink 

(ms) 

 

5 min Uplink 

(ms) 

 

1 min 

Downlink (ms) 

 

5 min 

Downlink (ms) 

 

12.15 

 

11.58 

 

6.76 

 

6.81 

 

Table 7  and Table 8 demonstrates that there is not much difference in the delays recorded 

for 1 minute and 5 minutes. As a result, whether the measurement is done for 1 minute, 5 

minutes, or more, the findings for the delay measurements will be very similar as long as the 

network and clock synchronization between the sending and the receiving devices are working 

well.  
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The major purpose of the delay measurement tests was to compare the outcomes of 5G SA 

and NSA deployment types. This comparison is highlighted in Table 9. 

 

   Table 9. SA vs NSA Comparison 

 

Measurement 

 

SA (ms) 

 

NSA (ms) 

 

SA Difference to 

NSA (ms) 

1 min Uplink 12.15 10.04 +2.11 

5 min Uplink 11.58 9.95 +1.63 

1 min Downlink 6.76 36.9 -30.14 

5 min Downlink 6.81 37.3 -30.49 

 

Table 9 shows that NSA has better measurement results in the uplink than SA, and SA has 

better results in the downlink than NSA. It can be seen that the NSA latency in the downlink is 

over four times that of the SA. However, it is essential for the delay measurements comparison 

that the data routing path from the sending to receiving devices is nearly identical for both the 

SA and NSA. Therefore, the number of network nodes, their placement, kind, and 

configurations must all be very similar to have the best comparison. 

The following are some of the primary network elements of 5GTN that should have been 

considered while measuring delays. 

 

a) Core: The core and its location are major causes of the different data routing paths 

between NSA and SA. In SA, the core used is the 5G core, and it is directly connected 

to a switch in 5GTN and is maintained by the University of Oulu. Whereas in NSA, the 

commercially available core is connected via a router to 5GTN and is not maintained 

by the University of Oulu.  

b) NGINX: NGINX location is another critical factor in this setup of delay measurement. 

The edge server containing NGINX is connected to the same switch as the 5GTN 

(containing the 5GC) for the SA. Therefore, the edge server and 5GC are both using the 

same subnets in SA. In NSA, both the edge server and commercially available core use 

different subnets. 

c) BTS: The BTS used for NSA mode is not the same as that for SA mode. The BTS and 

its corresponding configurations must also be similar in an ideal measurement scenario. 

Some basic configuration patterns impacting the latency and needing to be the same for 

any comparison between the SA and NSA are highlighted below. 

 

 Uplink to Downlink Slot Ratio: Parameters related to UL/DL slot patterns. They 

describe how often and when in time there are UL, DL, and Special slots. 

Latencies may vary due to different timing between UL and DL switching with 

different slot patterns. However, as the video bandwidth in experiments is set to 

a low value of 700kbps, this factor may have a minimal impact on the delays. 

 SCS: There are different latencies for different numerologies. Those differences 

are due to different slot durations. It has an impact on the physical layer. 
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4.5.1 NSA Uplink vs SA Uplink 

From Table 9, it is visible that the delay measurement results are appropriate for both NSA 

uplink and SA uplink scenarios. However, a direct comparison is not reasonable due to the 

architectural differences of two deployment modes. 

The difference between the NSA uplink and SA uplink for 1min measurement is +2.11ms. 

In contrast, the difference in the case of 5 min measurements is around +1.63ms.  

This difference observed in the uplink measurements for NSA and SA is relatively small. 

The core in NSA is commercially available, whereas, in SA, the 5G core is not commercially 

available. This is one of the significant differences along with NGINX location for NSA uplink 

and SA uplink measurements. 

 

4.5.2 NSA Downlink vs SA Downlink 

From Table 9, it is visible that the delay measurements results are not appropriate for NSA 

downlink compared to SA downlink scenarios. So, the overall comparison is not appropriate at 

all. Although SA downlink results seem to be appropriate, NSA downlink is of much higher 

value. In NSA downlink measurements, the delay is observed on the high end to 37.3ms because 

delay differences were observed in the measured jitter.  

Qosium takes a one-sec measurement of the data and then averages the findings to get the result. 

Therefore, in one sec measurement,  even a couple of packets having high delay will impact 

directly on the overall average value.The difference is also visible in Figure 31 and Figure 32, 

where a comparison is made between the good and the bad results. The bad results corresponds 

to the NSA downlink as high delay differences are observed in the measured jitter, compared 

to the results of NSA uplink measurements. These measurement results in the NSA downlink 

impact the overall latency and throughput. 

 

 
Figure 31. NSA DL delay(max) vs NSA UL delay (max). 
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Figure 32. NSA DL jitter (max) vs NSA UL Jitter (max). 

 

During a one-second interval, the maximum value of ‘Delay (max)’ is observed as 

1771.423ms. The number of samples for this period is 83. Therefore, for this one-second 

measurement, even if we consider 1 sample to be as high as 1771.423ms from the 83 samples 

and the remaining 82 samples to be an average value from NSA uplink delays, i.e., around 

10ms, it will impact the overall average as follows 

 

                                       𝐷𝑒𝑙𝑎𝑦 = (82 × 10 + 1771.423)/83 = 31. 22𝑚𝑠                          (2)                          

 

Whereas, in the measurements, during a one-second interval, the minimum value of ‘Delay 

(max)’ is observed as 345.286ms. The number of samples for this period is 89. 

Therefore, for this one-sec measurement, even if we consider 1 sample  

to be as high as 345.286ms from the 89 samples and the remaining 88 samples to be an 

average value from NSA uplink delays, i.e., around 10ms, it will impact the overall average. 

 

                                        𝐷𝑒𝑙𝑎𝑦 = (88 × 10 + 345.286)/89 = 13.77𝑚𝑠                            (3)                                               

 

Here we consider only one sample from a one-second measurement to have a high delay. 

However, there can be more than one such sample, so the overall average is significantly 

impacted while measuring 1min and 5 min. 

 

4.6 Conclusions 

The thesis aimed to measure and compare the delays for 5G SA and 5G NSA deployment types. 

The findings of the delay measurements for the uplink in both SA and NSA are appropriate 

and somewhat around the typical range of about 10ms. When comparing these two 

measurements, SA should ideally have lower latency than NSA, but this result was not obtained 

due to the different configuration setups for the two deployment modes. 

When it comes to downlink, SA measurement results are acceptable when compared to those 

of the NSA and are within the range of 10ms. In contrast, NSA is shown to have high delay 

values of about 37ms. Based on how the measurements were performed, the comparison of 
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these two measurements was inappropriate. In the NSA downlink, delay differences were 

observed in the measured jitter and it directly impacted the overall results. Qosium performs a 

one-second measurement of the data and then averages the results to get an outcome. This 

means that if we have many packets, even if a few of them have a very high delay, it will directly 

impact the overall average value.  

Ideally, to compare the results of both deployment modes, i.e., SA and NSA, the network 

element’s deployment and configurations must be almost identical. The total number of nodes 

and the data routing path must be the same for the best comparison.  
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5 DISCUSSION 

This thesis is a continuation of Antti Pauanne’s masters’ thesis work on latency measurements. 

The goal was to analyze the influence of edge server utilization on delay compared to the 

internet cloud. The 5G network was set up in NSA mode for this purpose. 

However, this thesis compares the delay measurements between the 5G SA and 5G NSA 

deployment modes. The tools used to measure the delays were identical to those previously 

utilized. However, this time, instead of using a 5G Mediatek modem, we used a 5G One Plus 

phone, and to use the Qosium Probes, the phone was rooted. Once the test setup was built for 

video streaming and measuring its corresponding delay, measurements were performed. 

Firstly, NSA measurements were performed for 1 min and 5 min respectively. Both 1 min 

and 5 min measurements were repeated 4 times. From each of the four available measurement 

sets, the best one was selected. Then the average of the best measurement set is taken and 

generated as an output. 

For the NSA measurements, although the uplink channel is narrower than the downlink 

channel, uplink measurement results are still reasonable compared to the downlink 

measurement results. The NSA downlink measurements showed a relatively large delay when 

compared to the NSA uplink measurements because, for NSA downlink, delay differences are 

observed in the measured jitter. As Qosium displays the average results with one-second 

resolution, even if we have just one sample with high delay, it will affect the overall average. 

Secondly, SA measurements were performed for 1 min and 5 min respectively. Both 1 min 

and 5 min measurements were repeated 4 times. From each of the four available measurement 

sets, the best one was selected. Then the average of the best measurement set is taken and 

generated as an output. 

For the SA measurements, both uplink and downlink results are promising. However, as 

more bandwidth is utilized in the downlink than the uplink, downlink delay measurement results 

are lowered compared to the uplink measurement results.   

EPC is commercially available for NSA, whereas the 5G core is not commercially available 

for SA. To compare the two deployment modes, the location of the multimedia server is also 

important. The edge server with the multimedia server in 5GTN is connected to the same switch 

as 5GC. Both server and 5GC were using the same subnet in SA measurements. In NSA, 4G 

EPC and server were using different subnets.  

Unfortunately, the author did not have enough resources to compensate the architectural 

differences of SA and NSA to produce comparable results for a comprehensive latency analysis. 

In the future measurements, it would be better to have the same configurations for both SA and 

NSA BTS. Also, the Nginx location should be such that if one setup uses the same subnet for 

core and server, the other setup must also use the same subnets.  
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