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Abstract—the paper presents the modern communication technology in wireless network, LTE and 

WiMAX. The system architectures between LTE and WiMAX network will be shown. In addition, a 

comparison of the system architecture and the air interface of these two networks will be discussed. The 

paper further concludes with discussion of these two aspects and gives the short look into the future 4G 

networks. 
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I. INTRODUCTION 

With the development of high-speed mobile broadband access technology, there are two emerging 

technologies: Long Term Evolution (LTE), which is developed by 3rd Generation Partnership Project 

(3GPP) and WiMAX, standardized by the Institute of Electrical and Electronics Engineers (IEEE). Both 

of them have similar goals, specifically to provide high data rate wireless network connection for cell 

phones, laptops, and other electronic devices. Nevertheless, the system architecture of these two is 

different, so that the scope of applications, network services, market positions differ. 

During November 2004, 3GPP launched the LTE project, which focuses on enhancing Universal 

Terrestrial Radio Access (UTRA) and optimizing 3GPP’s radio access architecture in order to compete 

with WiMAX. [1] In this standard, LTE is referred as the Evolved Packet System (EPS), purely IP based, 

which divided into two parts: the Evolved Packet Core (EPC) and the Enhanced-UMTS Terrestrial Radio 

Access Network (E-UTRAN). However, LTE is also described as 3.9G as the first release of LTE did not 

fulfill ITU’s requirements for 4G, such as the peak data rates up to 1 Gb/s. 

WiMAX (worldwide interoperability for microwave access) was created by the WiMAX Forum based 

upon the IEEE, 802.16 standard. WiMAX can provide high data rate wireless Internet access and 

telephony services for the users. The forum describes WiMAX as "a standards-based technology enabling 

the delivery of last mile wireless broadband access as an alternative to cable and DSL". [2] 

While LTE has focused on the needs of the current mobile operators, WiMAX is more suitable for 

companies, who want to have a wireless network to access the Internet. Since the goal of these two 

technologies is similar, they have to share the market with each other. It is essential to find the similarities 

and differences in these two technologies. In this paper we will mainly focus on the architectures. 

II. THE EVOLUTION OF 4G NETWORKS 

Mobile and wireless technology have become more and more widely used and deployed. There has been 

an increasing number of subscribers and the subscribers’ need for mobile and wireless services, range 

from voice service extended to multimedia services, such as VoIP and Instant Messaging. Today people 

wish to access the Internet from nearly everywhere. Many of these services need high data rate mobile 

wireless network to support them. In order to meet the subscribers` demands, new technologies should be 

introduced and existing improved. Therefore, in March 2008, International Mobile Telecommunications 

Advanced (IMT-Advanced) under by the International Telecommunications Union-Radio 
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communications sector (ITU-R) advocated the standard of 4G networks with 100Mb/s for high mobility 

communication and 1 Gb/s for low mobility communication to fulfill these demands.[3] Nowadays, there 

are two emerging 4G network systems: LTE and WiMAX. 

A. The evolution of the standardization of LTE 

The 3GPP is the standardization group, which shapes next generation cellular systems evolved from 

GSM. As early as the end of 2004, 3GPP had initialized LTE standardization, and in March 2009, 

released version 8, which including FDD and TDD mode. [4] This marked the completion of 

standardization of LTE. In release 8, LTE has two parts: EPC and E-UTRAN. These are based upon an 

evolution from WCDMA with HSPA/HSPA+ features. This release optimizes the UTRAN network 

architecture and splits the functionality of RAN nodes in LTE. It introduces uses new transmission 

schemes related to the radio interface’s physical layer, specifically Orthogonal Frequency-Division 

Multiple Access (OFDMA) for the downlink. It also introduces Single Carrier – Frequency Division 

Multiple Access (SC-FDMA) for the uplink and advanced multi-antenna technologies, Multiple Input 

Multiple Output (MIMO). The peak data rate of LTE is up to 100 Mb/s within a 20 MHz downlink 

spectrum allocation and 50 Mb/s within a 20MHz uplink spectrum allocation. [5] Therefore, with the 

introduction of OFDM, MIMO, and an all-IP network, LTE enhances system and service performance 

and manifests a high transmission rate, low system delay, and efficient utilization of the frequency 

spectrum. Although release 8 of LTE is often branded as 4G by mobile operators, it does not fulfill the 

requirements of IMT- Advanced. Therefore, release 9 has provided some enhancements to LTE and 

achieve to achieve there 4G requires. This system is referred to as LTE-Advanced. In June 2010 it passed 

the assessment of ITU and became one of the official 4G technology of IMT-Advanced. [6] 

B. The evolution of the standardization of WiMAX 

A workgroup was created by IEEE in 1999, focusing on a standard for broadband 

for Wireless Metropolitan Area Networks, within the IEEE-802 LAN/MAN Standards Committee. [7] 

WiMAX is based on IEEE802.16. WiMAX is the commercial name given to this standard by the 

WiMAX Forum industry alliance. This forum promotes and certifies compatibility and interoperability of 

relevant products. The IEEE 802.16-d (also as 802.16-2004) standard is used for fixed wireless networks, 

such as indoor WiMAX routers with omnidirectional antennas. Such networks require a few of base 

stations and a central sever can store the subscriber’s data information for authentication of the subscriber 

and control to access to the network. Although this standard provides a method to use the high data rate in 

a wireless environment, the subscribers in one WiMAX network cannot handover to another WiMAX 

network. In order to realize mobility, the IEEE 802.16-e (also as 802.16-2005) standard enhances this 

feature. Mobile WiMAX (IEEE 802.16-e) uses all-IP backbone networks with OFDMA both for the 

downlink and the uplink of the radio interface’s physical layer. The theoretical peak data rate of WiMAX 

is 75 Mb/s for the downlink and 30 Mb/s for the uplink. Like LTE, WiMAX also intends to have a place 

in IMT-Advanced. IEEE 802.16-m, known as Mobile WiMAX Release 2, provides an advanced air 

interface with data rates of 100 Mbit/s mobile and 1 Gb/s fixed access. This standard also supports MIMO, 

which had been used in LTE technology and even IEEE 802.11 wireless local area networks. 

LTE-Advanced and WiMAX 2.0 have been accorded the official designation network system for 

fulfilling the requirement of IMT-Advanced, although ITU extended the term 4G to WiMAX, LTE, 

and HSPA+. [8] Increasing the bandwidth of 4G networks enables a high data transfer rate. The 

subscribers can make video calls and IP telephony, play on-line games, and watch online movies. 

Additionally, 4G networks provide greater mobility for subscribers compared with Wi-Fi, which limits 

the users to hotspots.  

III. SYSTEM ARCHITECTURE 

LTE and WiMAX system architectures are optimized for packet data in order to support the increasing 

amounts of data traffic. Compared with existing wide area cellular system’s architectures, they provide 



improved respond times and both of these are all-IP backbone. These new system architectures benefit not 

only the subscribers but also the mobile wireless operators. For instance, LTE simplifies the system 

architecture so that the mobile wireless operators pay lower prices for the cost of relevant equipment. 

A. System architecture of LTE 

The increasing transmission bandwidth of current 3G networks is limited. In 2005, 3GPP launched a 

wireless system, which is based only on packet-switched networks. There were two study projects in this 

research field.  One is the LTE project, which studied the design of a new radio network and air interface 

architecture. The second  is the Service Architecture Evolution (SAE) project, which focused on the 

design of new core network architecture. [9] Afterwards, these two projects were combined into a single 

project, called the Evolved Packet System (EPS) program. The EPS architecture is depicted in Figure 1.  

EPS consists of the access network (E-UTRAN) and the core network (EPC). [11] We have seen that 

there are some elements and interfaces in this architecture. Each element is connected by interfaces as 

shown in Figure 1. The elements of E-UTRAN and EPC networks will be detailed discuss in the next 

session.  

 

Figure 1. EPS architecture [10] 

As can be seen in Figure 2, E-UTRAN network consists only of Enhanced NodeB (eNodeB) at the 

network sites. Compared with 3G radio access network, the radio network is simpler. The RNC, 3G radio 

access network, has been removed. Some functions of the RNC are partly handled by the eNodeB, such as 

admission control, mobility control, and resources block, while other functions of the RNC handled by 

the EPC, such as operations and maintenance. eNodeBs are logically connected to each other via the X2 

interface. This interface is mainly used to support the handover of User Equipment (UE) from one station 

to another station. eNodeBs connect to the EPC via the S1 interface. The S1 interface supports a many-to-

many relation between the gateways and eNodeBs. 



 

Figure 2. LTE with E-UTRAN [12] 

 Figure 3 shows a simplified version of the EPC network since a few of the elements are not included, 

such as the Policy Control and Charging Rules Function (PCRF). As shown in Figure 3, the gateway from 

E-UTRAN splits into two logical entities, that is, the Mobility Management Entity (MME) and the 

Serving Gateway (S-GW).  The MME is the control plane entity, which controls high level operations of 

the mobile by means of signaling messages and interaction with the Home Subscriber Server (HSS). The 

S-GW is the user data plane entity, which forwards IP packets from the UE to the internet via Packet Data 

Network Gateway (P-GW). The S1 interface connects eNodeB to MME/S-GW. As the S1 interface is 

both for user data and signaling data, this interface splits into two sets: S1-U is used to transfer user data 

from the air interface to S-GW and S1-MME is used to exchange control messaging between UE and 

MME. Other elements in the EPC network, such as the HSS, which a central database which contains the 

information about subscribers or the P-GW, which communicates with the internet via the SGi interface. 

Besides, S-GW connects to the P-GW via the S5/S8 interface.  

 

Figure 3. LTE with EPC network [12] 

The distribution of LTE functionality is illustrated in Figure 4. The UE is connected via an eNodeB 

and then to the MME. The MME provides IP addresses and encryption parameters to the UE via the 

eNodeB. The MME is responsible for Bearer Control and Security. Meanwhile, The S-GW is responsible 

for mobility anchoring during handover and the P-GW performs the UE IP allocation and packet filtering.  



 

Figure 4. LTE functionally distribution [12] 

 

B. System architecture of WiMAX 

The IEEE 802.16 standard only defines the PHY and MAC layers, an end-to-end architecture can be 

seen necessary in order to enable fast growth in manufactured quantities, market shares and internetwork 

interoperability. Therefore, the WiMAX Forum developed an end-to-end network reference model 

architecture based on all-IP based protocol structure, which enables inherent redundancy and scalability. 

Since this all-IP architecture accommodates the use of a several of low-cost and high bandwidth wireline 

or wireless backhaul interconnectivity. There are two work groups from the WiMAX Forum organization 

to define the architecture. [13] One is the Network Working Group (NWG), which creates the network 

specifications; another is the Service Provider Working Group (SPWG), which helps to define 

requirements and priorities. A set of documents was released to specify the standard. The stage 2 

documents describe the network reference model and reference points shown in Figure 5.  

 

Figure 5. WiMAX network reference model [14] 

The Network Reference Model (NRM) is a logical representation of the network architecture. The 

NRM consists functional entities, reference points and actors. Specifically, there are three functional 



entities: mobile station (MS), access service network (ASN), and connectivity service network (CSN). 

These three functional entities are connected by reference points from R1 to R5. The MS is a mobile 

device, which connects the subscriber to a WiMAX network. The ASN provides access network 

functionality. Each ASN is connected to others via reference point R4, which is fulfilled by Network 

Access Provider (NAP). The NAP is a business actor, which is connected to another business actor, called 

the Network Service Provider (NSP). The function of the NSP is to provide IP connectivity and WiMAX 

services to the subscribers with established Service Level Agreements (SLA). On one hand, The CSN 

provides WiMAX services to the subscribers via one or several ASNs in NAP. On the other hand, the 

CSN also can provide WiMAX services with Application Service Providers (ASP) or direct connectivity 

to the Internet. Meanwhile, the subscribers can receive the WiMAX service by Home ASP or Visited ASP, 

with whom Home ASP has a roaming agreement. The ASN reference model and CSN reference model 

will be described in more detail in the following.   

An ASN reference model consists of several base stations (BSs) connected to multiple ASN gateways 

(ASN-GWs), as shown in Figure 6. The ASN provides a radio access channel to connect the WiMAX 

subscribers to the WiMAX network system. Specially, the ASN provides Layer 2 connectivity to the 

WiMAX subscribers, Radio Resource Management, paging and location management, relay functions to 

the CSN for establishing Layer 3 connectivity with WiMAX subscribers, tunneling of data and signaling 

between the ASN and the CSN via R3, and the preferred NAP/NSP discovery and selection. The ASN-

GW is connected to the BS, the CSN, and external ASN-GW via the reference points R6, R3, and R4 

respectively. 

 

Figure 6. WiMAX with ASN reference model [14] 

The BS is a logical entity, which implements the IEEE 802.16 standard. [15] The WiMAX Forum has 

added new functionality to the BS so that the BS handles the scheduling of users and signaling message 

exchange with ASN-GW via R6. Meanwhile, R8 is connected between BSs, which exchange control 

messages in order to provide fast and seamless handover. The ASN-GW is a logical entity that performs 

mobility, acts as a proxy mobile IP client, AAA Client, paging control, paging, and security. The ASN-

GW is connected to CSN via the R3 to support the control plane like AAA, policy enforcement and 

bearer plane functions such as tunneling the user data. Moreover, R4 is connected to between ASN-GWs 

to comprise a set of control and bearer planes for interconnection and interoperability. 

The CSN is a set of network functions that provide IP connectivity to the subscribers. The function of 

CSN includes QoS management, user connection authorization and Layer 3 access, mobility support 

based on Mobile IP, tunneling, WiMAX subscriber billing and services. [15] In order to fulfill these 



functions, NSP should deploy the equipment like routers, AAA proxy/servers, user databases, 

interworking gateways for integration and firewalls for security. As can be seen in figure 5, the CSN and 

MS have a logical reference point R2 to provide authentication, service authorization, IP configuration, 

and mobility management. Besides, the ASN and the CSN have a logical reference point R3 to share the 

control plane message and user data plane via tunneling. R5 is connected to between CSNs in the home 

NSP and in the visited NSP to exchange a set of control and user plane methods (roaming across multiple 

NSPs).  

The LTE functionality distribution is described, as described above. Figure 7 shows a simplified 

WiMAX functionality distribution of the entities. The MS/SS and ASN are connected via the reference 

point R1, and the reference point R3 is connected between the ASN and the CSN. The reference points 

R1, R3 and R6 carry control and management to support paging/session management, security, QoS, 

AAA and carry the user data from MS/SS to the Internet via ASN and CSN.  

 

Figure 7. WiMAX functionally distribution [16] 

 

IV. COMPARISON BETWEEN LTE AND WIMAX 

In the previous sessions, the paper has discussed about the system architecture of LTE and WiMAX. In 

this session, the paper will first identify the similarities and differences on the system-level of these two 

systems and then simply compare the air interface standard of these two different wireless network 

systems. 

A. System-level of LTE and WiMAX 

According to the system architecture of LTE and WiMAX, we find that the system architecture of 

these two wireless networks is quite similar, that is, using all-IP packet networks. The system architecture 



of these two systems can be functionally separate into three parts: eNodeB and BS, MME/S-GW and 

ASN-GW, PDN-GW and HA. 

In eNodeB and BS part, the function of eNodeB and BS is similar. Both of them are entities, which 

ensure the subscriber can communicate with the wireless network. They handle the Radio Resource 

Management on the control plane, authentication, setting up connections, allocating resources and 

performing functions. Besides, they also provide an interface into the packet network. IP tunnel is used 

for routing user plane traffic to an access gateway in both systems. The biggest difference about the air 

interface standard will be discussed later. 

In MME/S-GW and ASN-GW part, the functionality of ASN-GW in WiMAX network is provided by 

the combination with two entities from LTE network, MME and S-GW. ASN-GW in WiMAX network 

and MME/S-GW network can be seen as the set of functionalities that provide radio access to the 

subscribers. The main task of both provides the mobility management for eNodeB/BS, security functions, 

QoS functions and paging. The significant difference in LTE and WiMAX network is that one entity 

handles the control plane traffic and another one considers with the user plane traffic, which is, MME 

only handles the control plane traffic and S-GW just is responsible for the user plane traffic in LTE 

network. However, there is no definition about the control plane traffic and the user plane traffic so that 

ASN-GW handles both of plane traffic in WiMAX network. Besides, the protocol between BS and 

gateways in LTE and WiMAX network is also different. In LTE network, the GPRS Tunneling Protocol 

(GTP) is used between BS and S–GW and the S1AP or SCTP is used between BS and MME. In the 

WiMAX network, it uses GRE/UDP as the tunneling protocol and UDP for control plane transport. [17] 

Finally, the definition of entity in LTE network can provide the interface for the traditional 3G network 

(WCDMA), but WiMAX is making efforts to fulfill this function. 

In PDN-GW and HA part, the function of PDN-GW and HA is similar. Both of them provide mobility 

between the Access Gateways. In LTE network, there are two alternatives protocol for S5 interface, that 

is, GTP, which is mentioned before, and Proxy MIPv6 (PMIPv6). Mobile IPv4 (MIPv4), which is the new 

defined protocol is used for the R3 interface in WiMAX R1.0. In most instances, the ASN-GW performs 

Proxy MIP (PMIP). [18] 

Both LTE network and WiMAX network only support packet switching with all-IP network. All-IP 

network is a great evolution compared with the traditional communication network, such as 2G and 3G 

including the circuit switched domain. Besides, the subscribers can use the high data rates network for 

chatting, watching the online video and even playing the online games without caring about the limitation 

of mobility in LTE or WiMAX network.  

B. Air interface  

Although the functionality of system architecture between LTE and WiMAX network is similar, the 

air interface standard is quite different on these two technologies. This paper only compares six aspects of 

air interface standard in Table 1.  

There are three similar aspects in LTE and WiMAX networks. Both LTE and WiMAX network 

support FDD and TDD mode in radio access modes, although the earlier version of WiMAX only support 

TDD mode. Besides, cellular operators prefer to choose the FDD mode since most of current cellular 

systems basing on FDD mode so that it is easier to migrate to LTE network. That is also one of the 

reasons why the following version of WiMAX supports the FDD mode. Besides, a combination of 

various modulation schemes is used in both these two systems in order to adapt different demand, such as 

high throughput. Moreover, the MIMO technology is used. WiMAX network defines 2x2 MIMO. In LTE 

network, the downlink supports the antenna configuration up to 4x4 MIMO. 

 

 



Table 1. Comparison of air interface standard 

ASPECTS LTE WIMAX 

FREQUENCY BANDS 800 MHz to 2.62 GHz 2.5 to 11 GHz (fixed WiMAX) 

2 to 6 GHz (mobile WiMAX) 

RADIO ACCESS MODES FDD TDD FDD TDD (earlier version only supports TDD) 

MODULATION DL:QPSK 16QAM 64QAM 

UL:QPSK 16QAM 64QAM (optional) 

DL: BPSK (optional for OFDMA-PHY) QPSK 

16QAM 64QAM 

UL: BPSK QPSK 16QAM 64QAM(optional) 

PEAK DATA RATES 

 

DL: 100 to 324.6 Mbps 

UL: 50 to 86.4 Mbps 

DL: 75 Mbps 

UL: 25 Mbps 

MULTIPLE ACCESS 

TECHNOLOGY 

DL: OFDMA 

UL: SC-FDMA 

DL: OFDMA 

UL: OFDMA 

MULTIPLE ANTENNA 

TECHNIQUES 

DL: 2X2 MIMO 4X4 MIMO 

UL: 2X2 MIMO 

DL: 2X2 MIMO 

UL: 2X2 MIMO 

 

Table 1 also provides the difference of air interface standard in another three aspects. Firstly, the 

frequency bands are quite different between LTE and WiMAX network. The current cellular operator can 

use LTE technology basing on existing frequency bands in order to solve the issue about frequency bands 

confusion in 3G networks. Secondly, the peak data rates in LTE network is expected better than that of in 

WiMAX network, which depends on the multiple antenna configuration and modulation scheme. Thirdly, 

in term of multiple access technology, LTE and WiMAX use OFDMA in their downlink transmission. 

Through using this technology, the subscribers can acquire higher data rates in the downlink transmission. 

However, LTE deploys SC-FDMA in uplink transmission while WiMAX still uses OFDMA for its uplink 

transmission. The main purpose of deploying SC-FDMA is to improve the battery life of subscriber 

devices by reducing the PAPR on the uplink. It also improves the network performance of the cell edge. 

V. CONCLUSION  

We conclude that the system architecture of LTE and WiMAX network is quite similar in functionality. 

They both consist of radio access network and core network so that the subscribers can communicate with 

the Internet via these parts. Both systems are based on an all-IP network design. This architecture reduces 

the complexity of the network, offers the benefit of faster handover. Also, in order to improve the 

performance, many technologies are used in air interface standard, such as OPDMA, SC-FDMA, Smart 

Antenna Techniques, FDD, and TDD. Different technologies are deployed in the various systems, 

according to the definitions by 3GPP and WiMAX Forum.  

From a market perspective, WiMAX 802.16-e was two years earlier than LTE. [19] WiMAX provides a 

solution to allow the subscribers to access the high data rates wireless network. So that operators will 

deploy these networks for grabbing market share. Although the deployment of LTE is late, the 

development of it is reasonably fast. Apart from the technical consideration, LTE is the natural upgrade 

path from 2G and 3G networks. That means the telecom operators can easily migrate their current 

network system to 4G standard network without investing large amount of additional funds. According to 

the report from Value Partners management consulting, 163 LTE networks were in commercial use in 67 

countries around the world by the end of 2012 and the number of the subscribers has exceeded 70 million. 

[20] LTE makes a significant impact on the mobile wireless networking landscape. In order to break the 

ice, the WiMAX Forum announced a partnership with the Global TD-LTE Initiative (GTI) aimed to 

guarantee WiMAX Advanced is fully compatible with TD-LTE during Mobile World Congress in 

Barcelona, Spain, 2014. [21] The WiMAX operators can upgrade to TD-LTE or WiMAX Advanced.  



The combination of these two systems is really necessary. The implementation of WiMAX and LTE on a 

single chip can take full advantage of each technology. For instance, the world’s first dual 

4G WiMAX + LTE single-chip was created by Sequans Communications. [22] With the strategic 

collaboration between WiMAX Forum and GTI, the battle of 4G network has changed from WiMAX vs. 

LTE to FDD-LTE vs. TD-LTE. 
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