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Abstract
 The architecture of Wi-Fi and Wi-Max technologies was studied for the purpose to deduce which is better. The comparison was based on the coverage, bandwidth, hardware, security, and wireless channels. After considering different aspects it was concluded that both technologies have their places, no one is better than other. The application scenario will determine where to use what.
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Introduction
 Generally broadband wireless access networks are providing better capacity and bandwidth. In remote and difficult areas where wired networks are not effective solution, wireless networking has offered us an alternative solution for such problem of communication and information access. Wireless technology has evolved the peoples to share information and communicate by overpowering issues linked with distance and location. Broadband wireless access is replacing cable modems and DSL lines.
 WiMAX and Wi-Fi are both wireless based networking protocol but difference in in their implementation and use. Wi-Fi was developed to provide connectivity to handheld devices indoor. On the other hand WiMAX was developed to replace DSL last mile connectivity providing higher bandwidth connectivity.
 Wi-Fi (IEEE 802.11)
 Wi-Fi stands for wireless fidelity. Most of WLANs (Wireless LANs) now a days are using Wi-Fi so this has become a synonym for WLANSs. Wi-Fi is a popular technology which allows any electronic device to exchange and transfer data wirelessly over the network giving rise to high speed internet connections. Any device which is Wi-Fi enabled (like personal computers, video game consoles, Smartphone, tablet etc.) can connect to a network resource like the internet through a wireless network access point. [1] These access points are providing 20 miters indoor coverage and larger range in outdoor environments. This is achieved by using multiple overlapping access points. However with all such features, Wi-Fi also suffers from certain shortcomings. Wi-Fi has a shortcoming that it is less secure as compared to wired networking technologies this is because attacker does not need to connect to network physically. Web pages that are transmitted on Wi-Fi without encryption can easily be read by an attacker. To avoid these security problems Wi-Fi has some security mechanisms. These include encryption techniques like WEP, WPA, and WPA2. The WEP was an early security mechanism which was proved vulnerable to attackers. WPA and WPA2 were developed later to provide more secure communication.
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Standards
 There are three well known 802.11 wireless family standard widely used today.
 2.1.1 The IEEE 802.11b
 Original 802.11 standard defines features and services provided by 802.11b standard. Only physical layer is modified in 802.11b standard to enhance bandwidth and error free connectivity. 802.11b standard added 5.5 Mbps and 11 Mbps bandwidth based on modification in physical layer to the Wireless LANs. 802.11b standard does not use Frequency Hopping since it cannot support higher data rates, instead it uses Direct Sequence Spread Spectrum (DSSS). 802.11b due to this change in spread spectrum use is compatible with 1 Mbps and 2 Mbps 802.11 DSSS but is not compatible with FHSS systems using 1 Mbps and 2 Mbps 802.11. Original 802.11 standard uses encoded named Barker sequence to send data all over the air. Barker sequence uses 11-bit chipping.
 Each data bit 1 or 0 is represented by 11-Chip sequence which is converted to waveform called symbol which is transmitted in air. It uses Binary Phase Shift Keying BPSK in which symbols are transmitted at a 1 MSps (1 million symbols per second).
 In the case of 2 Mbps, a more sophisticated implementation called Quadrature Phase Shift Keying (QPSK) is used; it doubles the data rate available in BPSK, via improved efficiency in the use of the radio bandwidth. To increase the data rate in the 802.11b standard, advanced coding techniques are employed.
 802.11b specifies Complementary Code Keying (CCK) instead of using the two 11-bit Barker sequences, which consists of a set of 64 8-bit code words. As a set, these code words have unique mathematical properties which enable to detect and correct errors mathematically. And interference can be reduced.[2]
 The 5.5 Mbps rate uses CCK to encode 4 bits per carrier, while the 11 Mbps rate encodes 8 bits per carrier. Both speeds use QPSK as the modulation technique and signal at 1.375 MSps. This is how the higher data rates are obtained. To support very noisy environments as well as extended range, 802.11b WLANs use dynamic rate shifting, allowing data rates to be automatically adjusted to compensate for the changing nature of the radio channel. Ideally, users connect at the full 11 Mbps rate.[3]
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2.1.2 The IEEE 802.11a
 802.11a standard provides much better bandwidth than 802.11b, it uses eight simultaneous channels with a 54Mbps maximum data rate operates in the 5GHz frequency range. 802.11a uses Orthogonal Frequency Division Multiplexing (OFDM), a new encoding scheme that offers benefits over spread spectrum in channel availability and data rate. Channel availability is significant because the more independent channels that are available, the more scalable the wireless network becomes. 802.11a uses OFDM to define a total of 8 non-overlapping 20 MHz channels across the 2 lower bands. By comparison, 802.11b uses 3 non-overlapping channels.
 All wireless LANs use unlicensed spectrum; therefore they're prone to interference and transmission errors. To reduce errors, both types of 802.11 automatically reduce the Physical layer data rate. IEEE 802.11b has three lower data rates (5.5, 2, and 1Mbit/sec), and 802.11a has seven (48, 36, 24, 18, 12, 9, and 6Mbits/sec). Higher (and more) data rates aren't 802.11a's only advantage. It also uses a higher frequency band, 5GHz, which is both wider and less crowded than the 2.4GHz band that 802.11b shares with cordless phones, microwave ovens, and Bluetooth devices.
 The wider band means that more radio channels can coexist without interference. Each radio channel corresponds to a separate network, or a switched segment on the same network. One big disadvantage is that it is not directly compatible with 802.11b, and requires new bridging products that can support both types of networks. Other clear disadvantages are that 802.11a is only available in half the bandwidth in Japan (for a maximum of four channels), and it isn't approved for use in Europe, where HiperLAN2 is the standard. [4]
 2.1.3 The IEEE 802.11g
 The use of different frequencies in 802.11a and 802.11b make it impossible to communicate with one another. To solve this problem the IEEE developed 802.11g, which is compatible with older systems and extended the speed and range of 802.11b.
 802.11g based Wi-Fi implementation works in 2.4 GHz frequency, but uses a minimum of two modes (both mandatory) with two optional.
 The main advantage of 802.11g is that this standard is fully compatibility with 802.11b hence making it possible for 802.11b devices to be compatible with 802.11g devices worldwide. And this also comparable with 802.11a offers faster data rates. However the number of channels available is not increased, because channels are a function of bandwidth, not radio signal modulation - and on that score, 802.11a wins with its eight channels, compared to the three channels available with either 802.11b or 802.11g. Another disadvantage of 802.11g is that it also works in the 2.4 GHz band and so due to interference it will never be as fast as 802.11a.
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Architecture
 2.2.1 Physical Layer
 The 802.11 originally defines three physical layers, two of them are spread-spectrum radio based and one is based on diffuse infrared specification.
 These radio based standard use 2.4 GHz frequency band. These three frequency bands are standardized internationally.
 802.11 standard based products does not require special user training for end users and also no need of license is required to use these. This standard provide minimal interference, boost throughput, and increase reliability.
 802.11 wireless standard developed originally uses frequency hopping spread spectrum (FHSS) or direct sequence spread spectrum (DSSS) to provide data rates of 1 Mbps and 2 Mbps.
 Frequency hopping spread spectrum is based on simple radio communication design but provides bandwidth of no more than 2 Mbps. Federal Communications Commission USA (FCC) regulations restrict this limitation to use sub channel bandwidth to 1MHz.
 These regulations force FHSS systems to spread their usage across the entire 2.4 GHz band, meaning they must hop often, which leads to a high amount of hopping overhead. In contrast, the direct sequence signaling technique divides the 2.4 GHz band into 14 22-MHz channels. Adjacent channels overlap one another partially, with three of the 14 being completely non-overlapping. Data is sent across one of these 22 MHz channels without hopping to other channels.
 To overcome noise in communication this standard uses a special technique called chipping. The basic idea is that each bit transmitted is replicated which provides great error checking and correction capabilities. So the need for retransmission is minimized and network performance is increased.
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2.2.2 Data Link Layer
 The data link layer has two sub parts Logical Link Control (LLC) Media Access Control (MAC).
 802.2 logical link control layer uses 48 bit physical addresses as does Ethernet. This feature allows easy bridging of wired and wireless networks and MAC addresses are preserved in communication.In 802.11 standard like 802.3 the sender senses the shared medium to check if some communication is going on before sending its data. This technique is called Carrier Sense Multiple Access with Collision Detection (CSMA/CD) protocol. This is default used protocol in Ethernet based local area networks. It regulates how Ethernet stations establish access to the wire and how they detect and handle collisions that occur when two or more devices try to simultaneously communicate over the LAN.
 In an 802.11 WLAN, collision detection is not possible due to what is known as the “near/far” problem: to detect a collision, a station must be able to transmit and listen at the same time, but in radio systems the transmission drowns out the ability of the station to “hear” a collision. To account for this difference, 802.11 use a slightly modified protocol known as Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) or the Distributed Coordination Function (DCF). CSMA/CA attempts to avoid collisions by using explicit packet acknowledgment (ACK), which means an ACK packet is sent by the receiving station to confirm that the data packet arrived intact.
 CSMA/CA works as follows. A station wishing to transmit senses the air, and, if no activity is detected, the station waits an additional, randomly selected period of time and then transmits if the medium is still free. If the packet is received intact, the receiving station issues an ACK frame that, once successfully received by the sender, completes the process. If the ACK frame is not detected by the sending station, either because the original data packet was not received intact or the ACK was not received intact, a collision is assumed to have occurred and the data packet is transmitted again after waiting another random amount of time. CSMA/CA thus provides a way of sharing access over the air. This explicit ACK mechanism also handles interference and other radio related problems very effectively. However, it does add some overhead to 802.11 that 802.3 does not have, so that an 802.11 LAN will always have slower performance than an equivalent Ethernet LAN.
 Another MAC-layer problem specific to wireless is the “hidden node” issue, in which two stations on opposite sides of an access point can both “hear” activity from an access point, but not from each other, usually due to distance or an obstruction. To solve this problem, 802.11 specify an optional Request to Send/Clear to Send (RTS/CTS) protocol at the MAC layer. When
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this feature is in use, a sending station transmits an RTS and waits for the access point to reply with CTS. Since all stations in the network can hear the access point, the CTS causes them to delay any intended transmissions, allowing the sending station to transmit and receive a packet acknowledgment without any chance of collision. Since RTS/CTS adds additional overhead to the network by temporarily reserving the medium, it is typically used only on the largest-sized packets, for which retransmission would be expensive from a bandwidth standpoint.
 Finally, the 802.11 MAC layer provides for two other robustness features: CRC checksum and packet fragmentation. Each packet has a CRC checksum calculated and attached to ensure that the data was not corrupted in transit. This is different from Ethernet, where higher-level protocols such as TCP handle error checking. Packet fragmentation allows large packets to be broken into smaller units when sent over the air, which is useful in very congested environments or when interference is a factor, since larger packets have a better chance of being corrupted. This technique reduces the need for retransmission in many cases and thus improves overall wireless network performance. The MAC layer is responsible for reassembling fragments received, rendering the process transparent to higher level protocols.
 Time-bounded data such as voice and video is supported in the 802.11 MAC specification through the Point Coordination Function (PCF). As opposed to the DCF, where control is distributed to all stations, in PCF mode a single access point controls access to the media. If a BSS is set up with PCF enabled, time is spliced between the system being in PCF mode and in DCF (CSMA/CA) mode. During the periods when the system is in PCF mode, the access point will poll each station for data, and after a given time move on to the next station. No station is allowed to transmit unless it is polled, and stations receive data from the access point only when they are polled. Since PCF gives every station a turn to transmit in a predetermined fashion, a maximum latency is guaranteed. A downside to PCF is that it is not particularly scalable, in that a single point needs to have control of media access and must poll all stations, which can be ineffective in large networks.
 Wi-Fi Advantages
 It uses unlicensed radio spectrum and does not require regulatory approval for individual deployers.
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It allows local area networks (LANs) to be setup with cabling. The can reduce associated costs of network connection and expansions. Places where cables cannot be run, such as outdoor areas and historical buildings can use wireless LANs.
 It products are extensively available in the market. There are different brands of access points and user's network interfaces are able to inter-operate at a very basic service level.
 Prices are considerably lower as competition amongst vendors' increases. It networks can support roaming. This allows mobile users with laptop computer to be
 able to move from one access point to another. Numerous access points and network interfaces support various degrees of encryption to
 protect traffic from interception.
 Wi-Fi disadvantages
 The use of Wi-Fi 2.4 GHz band does not require a license in most countries provided that is stays below limit of 100mW and one accepts interference from other sources; including interference which causes the users devices to no longer function.
 The spectrum assignments and operational limitations are not consistent worldwide. Power consumption is fairly high compared to some other standards, making the battery
 life and heat a concern to some users. Wi-Fi uses the unlicensed 2.4GHz spectrum, which often crowded with other devices
 such as Bluetooth, microwave ovens, cordless phones, or video sender devices, and among many others. This may cause degradation in performance.
 Wi-Fi networks have limited range. A typical Wi-Fi home router might have a range of 45m (150ft) indoors and 90m (300ft) outdoors. Ranges may also vary as Wi-Fi is no exception to the physics of radio wave propagation with frequency band.
 The most common wireless encryption standard, wired equivalent privacy or WEP has been shown to be breakable even when it has been correctly configured.
 Access points could be used to steal personal and confidential information transmitted from Wi-Fi consumers.
 Intervention of a closed or encrypted access point with other open access points on the same or a nearby channel can prevent access to the open access points by others in the area. It poses a high problem in high-density areas such as large apartment blocks where many residents are operating Wi-Fi access points.
 Inter-operability issues between brands or deviations can cause limited connection or lower output speeds.
 WiMAX (IEEE 802.16)
 WiMAX stands for “World Interoperability for Microwave Access”. It is a standard typically based on global interoperability including ETSI HIPERMAN, IEEE 802.16d-2004 for fixed, and
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802.16e for mobile high-speed data. WiMAX is gaining popularity as a technology which delivers carrier-class, high speed wireless broadband at a much lower cost while covering large distance than Wi-Fi. It has been designed to be a cost effective way to deliver broadband over a large area. It is intended to handle high-quality voice, data and video services while offering a high QoS.
 WiMAX operates in between 10 and 66 GHz Line of Sight (LOS) at a range up to 50 km (30 miles) and 2 to 11GHz non Line-of-Sight (NLOS) typically up to 6 - 10 km (4 - 6 miles) for fixed customer premises equipment (CPE). Both the fixed and mobile standards include the licensed (2.5, 3.5, and 10.5 GHz) and unlicensed (2.4 and 5.8 GHz) frequency spectrum. However, the frequency range for the fixed standard covers 2 to 11 GHz while the mobile standard covers below 6 GHz. Depending on the frequency band, it can be Frequency Division Duplex (FDD) or Time Division Duplex (TDD) configuration. The data rates for the fixed standard will support up to 75 Mbps per subscriber in 20 MHz of spectrum, but typical data rates will be 20 to 30 Mbps. The mobile applications will support 30 Mbps per subscriber, in 10 MHz of spectrum, but typical data rates will be 3 - 5 Mbps.
 Applications of fixed WiMAX (802.16-2004) include wireless E1 enterprise backhaul and residential ‘last mile’ broadband access, while applications for mobile WiMAX (802.16e) include nomadic and mobile consumer wireless DSL service. Other WiMAX applications include: connecting Wi-Fi hotspots with each other and to other parts of the Internet; providing a wireless alternative to cable and DSL for last mile (last km) broadband access. On flexibility, WiMAX can be deployed in any terrain across all geographical areas.
 WiMAX Technology
 WiMAX is a technology based on the IEEE 802.16 specifications to enable the delivery of last-mile wireless broadband access as an alternative to cable and DSL. The design of WiMAX network is based on the following major principles:
 Spectrum: able to be deployed in both licensed and unlicensed spectra. Topology: supports different Radio Access Network (RAN) topologies. Interworking: independent RAN architecture to enable seamless integration and
 interworking with WiFi, 3GPP and 3GPP2 networks and existing IP operator core network.
 IP connectivity: supports a mix of IPv4 and IPv6 network interconnects in clients and application servers.
 Mobility management: possibility to extend the fixed access to mobility and broadband multimedia services delivery.
 WiMAX has defined two MAC system profiles the basic ATM and the basic IP. They have also defined two primary PHY system profiles, the 25 MHz-wide channel for use in (US
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deployments) the 10.66 GHz range, and the 28 MHz wide channel for use in (European deployments) the 10.66 GHz range.
 The WiMAX technical working group is defining MAC and PHY system profiles for IEEE 802.16a and HiperMan standards. The MAC profile includes an IP-based version for both wireless MAN (licensed) and wireless HUMAN. IEEE Standard 802.16 was designed to evolve as a set of air interfaces standards for WMAN based on a common MAC protocol but with physical layer specifications dependent on the spectrum of use and the associated regulations.
 The WiMAX framework is based on several core principles: Support for different RAN topologies: well-defined interfaces to enable 802.16 RAN
 architecture independence while enabling seamless integration and interworking with WiFi, 3GPP3 and 3GPP2 networks.
 Leverage and open: IETF-defined IP technologies to build scalable all-IP 802.16 access networks using common off the shelf (COTS) equipment.
 Support for IPv4 and IPv6 clients and application servers: recommending use of IPv6 in the infrastructure.
 Functional extensibility: to support future migration to full mobility and delivery of rich broadband multimedia.
 Architecture
 The IEEE 802.16e-2005 standard provides the air interface for WiMAX but does not define the full end-to-end WiMAX network. The WiMAX Forum's Network Working Group (NWG) is responsible for developing the end-to-end network requirements, architecture, and protocols for WiMAX, using IEEE 802.16e-2005 as the air interface.
 The WiMAX NWG has developed a network reference model to serve as an architecture framework for WiMAX deployments and to ensure interoperability among various WiMAX equipment and operators. The network reference model envisions unified network architecture for supporting fixed, nomadic, and mobile deployments and is based on an IP service model. Below is simplified illustration of IP-based WiMAX network architecture. The overall network may be logically divided into three parts:
 Mobile Stations (MS): used by the end user to access the network. The access service network (ASN): This comprises one or more base stations and one or
 more ASN gateways that form the radio access network at the edge. Connectivity service network (CSN): This provides IP connectivity and all the IP core
 network functions.The network reference model developed by the WiMAX Forum NWG defines a number of
 functional entities and interfaces between those entities. Fig below shows some of the more important functional entities.
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Base station (BS): The BS is responsible for providing the air interface to the MS. Additional functions that may be part of the BS are micro mobility management functions, such as handoff triggering and tunnel establishment, radio resource management, QoS policy enforcement, traffic classification, DHCP (Dynamic Host Control Protocol) proxy, key management, session management, and multicast group management.
 Access service network gateway (ASN-GW): The ASN gateway typically acts as a layer 2 traffic aggregation points within an ASN. Additional functions that may be part of the ASN gateway include intra-ASN location management and paging, radio resource management, and admission control, caching of subscriber profiles, and encryption keys, AAA client functionality, establishment, and management of mobility tunnel with base stations, QoS and policy enforcement, foreign agent functionality for mobile IP, and routing to the selected CSN.
 Connectivity service network (CSN): The CSN provides connectivity to the Internet, ASP, other public networks, and corporate networks. The CSN is owned by the NSP and includes AAA servers that support authentication for the devices, users, and specific services. The CSN also provides per user policy management of QoS and security. The CSN is also responsible for IP address management, support for roaming between different NSPs, location management between ASNs, and mobility and roaming between ASNs.
 Figure 1
 The WiMAX architecture framework allows for the flexible decomposition and/or combination of functional entities when building the physical entities. For example, the ASN may be decomposed into base station transceivers (BST), base station controllers (BSC), and an ASNGW analogous to the GSM model of BTS, BSC, and Serving GPRS Support Node (SGSN).
 Physical Layer
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The WiMAX physical layer is based on orthogonal frequency division multiplexing. OFDM is the transmission scheme of choice to enable high-speed data, video, and multimedia communications and is used by a variety of commercial broadband systems, including DSL, Wi-Fi, Digital Video Broadcast-Handheld (DVB-H), and MediaFLO, besides WiMAX.
 OFDM is an elegant and efficient scheme for high data rate transmission in a non-line-of-sight or multipath radio environment.
 Adaptive Modulation and Coding in WiMAX:
 WiMAX supports a variety of modulation and coding schemes and allows for the scheme to change on a burst-by-burst basis per link, depending on channel conditions. Using the channel quality feedback indicator, the mobile can provide the base station with feedback on the downlink channel quality. For the uplink, the base station can estimate the channel quality, based on the received signal quality.
 WiMAX Advantages
 Innovate more rapidly because there exists a standards-based stable platform upon which to rapidly add new capabilities.
 No longer need to develop every piece of the end-to-end solution. A common platform which drives down the cost of equipment and accelerates
 price/performance improvements unachievable with proprietary approaches. Generate revenue by filling broadband access gaps. Quickly provision T1 / E1 level and "on demand" high margin broadband services. Reduce the dollar risk associated with deployment as equipment will be less expensive
 due to economies of scale. No longer be locked into a single vendor since base stations will interoperate with
 multiple vendors' CPEs. More broadband access choices, especially in areas where there are gaps: worldwide
 urban centers where building access is difficult; in suburban areas where the subscriber is too far from the central office; and in rural and low population density areas where infrastructure is poor.
 More choices for broadband access will create competition, which will result in lower monthly subscription prices.
 Wi-Fi and WiMAX: Comparison
 WiMAX is different from Wi-Fi in many respects. In fact, Wi-Fi can operate at distances as great as WiMAX but there are two reasons why it doesn't. One of the reasons is that radios operating in the unlicensed frequencies are not allowed to be as powerful as those operated with licenses; and from convention, less power means less distance. These regulations are based on
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the dated assumption that devices can't regulate themselves but the assumption may be correct over great enough distances. The second reason as to why Wi-Fi access points don't serve as wide an area as WiMAX access points do is the common engineering belief that the problem of everybody shouting at once, even if it's surmountable in a classroom, would be catastrophic in a larger arena.
 The Wi-Fi MAC layer uses contention access. This causes users to compete for data throughput to the access point. Wi-Fi even has problems with interference, and throughput and that is why triple play (voice, data, and video) technologies cannot be hosted on traditional Wi-Fi. In contrast, 802.16 use a scheduling algorithm. This algorithm allows the user to only compete once for the access point. This gives WiMAX inherent advantages in throughput, latency, spectral efficiency, and advanced antenna support. From the technical point of view, it can be seen that both of these two wireless technologies are not basically addressed at the same market but are very complementary. Wi-Fi is basically an implementation of wireless local area network within a short range like a small building, a college or an institutional campus.
 WiMAX on the other hand is a metropolitan technology whose objective is to interconnect houses, buildings or even hot spots to allow communication between them and with other networks. Although not being targeted on the same use, more recently WiMAX technology has several advantages compared to Wi-Fi. Such as: a better reflection tolerance; a better penetration of obstacles; and an increased in the number of interconnections (a few hundreds of equipment rather than some tens of equipment for Wi-Fi). It’s obvious that the WiMAX standard goal is not to replace Wi-Fi in its applications but rather to supplement it in order to form a wireless network web. Despite the similarity in equipment cost, WiMAX technology requires a costly infrastructure in contrast to Wi-Fi which can easily be installed using low cost access points. These two wireless technologies have common components in their operations with a major difference in the communication range.
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Figure 2 Wi-Fi and WiMAX Comparison
 Conclusion
 WiMAX and Wi-Fi both have their uses. Both of these technologies have their importance. For outdoor and long distance coverage WiMax is a better option because it provides better coverage as compared to Wi-Fi but for indoor use Wi-Fi is the choice. We cannot say that one technology dominates other. As both of these have their merits. These technologies should not be thought as competitive technologies as they have diverse applications. In future as need for remote connectivity is increasing the Wi-Max will have more scope in nomadic areas where as Wi-Fi will be used for indoor connectivity.
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