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Abstract

In the new standards for WLAN security, many choices exist for the authentication process. In this
paper, we list eight desired properties of WLAN authentication protocols, survey eight recent authenti-
cation protocols, and analyze the protocols according to the desired properties.

1 Introduction

When security experts exposed flaws in Wired Equivalent Privacy (WEP) [4, 9, 18, 33, 36], the built-in
security protocol for Wireless Local Area Networks (WLANs), many researchers and vendors proposed new
security solutions to replace WEP. WEP’s weaknesses include a lack of protection against malicious tamper-
ing of messages, incorrect usage of an encryption algorithm, and a replayable authentication method (that is,
an eavesdropper can sniff a valid user’s authentication and replay it to gain the access to the network). The
WiFi alliance, the international association of wireless device manufacturers, responded to these weaknesses
with WiFi Protected Access (WPA), a new industry standard for WLAN security. IEEE has also finalized a
draft of IEEE 802.11i, also known as Robust Security Network (RSN) or WPA2, which is specially designed
to address WEP’s weaknesses.

One significant difference between these new standards and WEP is that the new standards separate the
user authentication process from the message protection process [14, pp. 107-108]. In the authentication
process, an entity proves that it is eligible to join the network.! The authority that decides whether one
can access the network is called the Authentication Server (AS). An entity that asks to join the network
by initiating the authentication process has many names in the literature: “User,” “Client,” “Supplicant,”
or “Authenticating Peer”. In this paper, we use the term client to describe this entity. Message protection
ensures that, once the client joins the network, it can communicate without risks such as interception and
modification of messages.

In WEP, all clients of the network share a secret key called the WEP key, which the clients use for both
the authentication process and the message protection process. The WEP authentication process is simply
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official position of the U.S. Department of Homeland Security.

UIn this sense, the WLAN authentication process involves two parts—authentication and authorization. Authentication verifies
one’s identity, and authorization verifies whether the authenticated entity has the right to access the network.



encrypting a challenge from the AS the same way the client encrypts his messages in the message protection
process. In this model, the WEP key shared by many clients is hard to change because it requires changing
the key stored in the mobile devices of all clients. On the other hand, in WPA and IEEE 802.11i, the clients
do not share the same key for authentication and message protection: a client obtains the secret key to use for
the message-protection process from a separate authentication process, in which it uses credentials unique
to itself. Thus, the separation of authentication and message protection allows dynamic key management,
making WPA and IEEE 802.11i more scalable than WEP.

The separation of the authentication process and message protection process allows many existing au-
thentication protocols for wired LANs to be implemented also for WPA and IEEE 802.11i. Given the
number of authentication protocols that can be used with these new standards, it may be hard to make the
appropriate choice that will work best for a specific WLAN. For this reason, we summarize eight desired
properties of WLAN authentication in this paper and survey the authentication protocols that can be used
with WPA and IEEE 802.11i. To limit the scope of the paper, we focus only on the authentication protocols
for the infrastructure mode of WLANS, in which the mobile device sends all its communications to the
access point, which acts as a layer-2? bridge between the wired and wireless network.

We organize the rest of the paper as follows. In Section 2, we provide the background needed to un-
derstand the authentication process in WPA and IEEE 802.11i. In Section 3, we outline and discuss desired
properties of the WLAN authentication process. In Section 4, we survey recently proposed authentication
protocols and evaluate them according to the properties described in Section 3. In Section 5, we draw con-
clusions about which of these WLAN authentication protocols may be the most effective in WLANSs and
discuss future research topics.

2 WPA and IEEE 802.11i

In this section, we present a more complete picture of how the client is authenticated in WLANs. We
introduce another entity, the Access Point (AP), also generally known as a Network Access Server (NAS),
and the protocol that clients use to communicate with APs during the authentication process—the Extensible
Authentication Protocol (EAP).

The authentication process of WPA and IEEE 802.11i adopted the three-entity model of IEEE 802.1x.
IEEE 802.1x is the port-based access control protocol that was originally designed for the Point-to-Point
Protocol (PPP), such as modem connections and wired LANs (see [24] for details). The three entities are
the client, the AS, and the NAS (or in the case of WLANS, the AP).? Figure 1 informally describes the
relationship among these three entities. As shown in the figure, the AS resides in the network, and the client,
who initially does not have access to the network, is connected to the NAS. The NAS is the entity that
initially blocks the client’s access to the network and also serves as a broker between the client and the AS
during the authentication process. Thus, the NAS acts as a “security guard” for the network, allowing only
those who are successfully authenticated by the AS, which makes the access decisions. In WLANSs, the AP
and wireless links replace the NAS and modem connections, as shown in Figure 1(b). Although there have
been some changes made in 802.1x to allow the WLANSs to adopt port-based access control, the relationship
among the three entities remains the same.

The three entities use EAP [7] to communicate during the authentication process. EAP has four message

2Layer 2 refers to the data link layer according to the 7-layer hierarchy of the Open System Interconnection (OSI) model.
3The client and NAS are not the IEEE 802.1x terminology. IEEE 802.1x calls the client the supplicant and the NAS the
authenticator [24].
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Figure 1: The relationship among the client, the NAS (or the AP), and the AS in 802.1x and WLANSs. Note that in
WLAN the AP and the wireless link replace 802.1x’s NAS and modem connections; otherwise, they are the same.
The switch in the AP denotes that the AP controls the client’s access. The AP also brokers the authentication process
between the client and the AS. Only the AS can make the final decision whether the client is admitted to the network.
Once the AS makes the decision, it notifies the AP of the decision, and the AP acts accordingly to control the client’s
access to the network.

types: Request, Respond, Success, Failure. EAP can encapsulate other authentication protocols,
such as TLS and SRP (defined in Section 4), in its Request and Respond messages. The AS uses the
Success or Failure message to notify the AP whether the client authentication was successful.

The way EAP messages are used portrays the AP’s role in WPA and 802.11i. Figure 2 shows the EAP
message flow. Recall the security guard example. Like the security guard, the AP is not aware of the
authentication process in detail. It cares only about the AS’s decision whether to grant the client the access
to the network. Thus, the AP simply passes along the EAP Request messages from the AS to the client,
and EAP Response messages from the client to the AS. The contents of these messages are not important
to the AP. Meanwhile, the AP listens for the EAP Success or Failure message from the AS. If the
AS sends the Success message, the AP admits the client into the network; if the AS sends the Failure
message, the AP leaves the client disconnected from the network.

One type of Request and Response message is noteworthy: the type Ident ity, which is used in
the beginning of the authentication process (see Figure 2). The Request-Identityand Response-Identity
messages precede other Request and Response messages. The AP requests the identity of the new
client; the client responds with his identity; and the AP forwards the response to the AS. Only after that






