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1 Overview of Multi-Radio Power Conservation Management
1.1 Purpose
This document establishes the scenarios, analysis and requirements for 802.21 Multi-Radio Power conservation Management (MRPM) and will be used as the first step towards developing a solution.  The report intends to express what we know about the problem at this stage.
1.2 Assumptions
The Mobile node (MN) is assumed to be multi-mode node with support for more than one interface type between which a handover can take place. The interfaces can be of the following types:
· IEEE 802.xx based wireless interfaces such as:
· 802.11

· 802.15
· 802.16
In the future other 802 based wireless interfaces such as 802.20 may also be supported. Wired interfaces like 802.3 will also be considered.
· Other wireless interfaces as defined by Cellular standards from groups such as:
· 3GPP

· 3GPP2
· WiMAX

· A single 802.11 interface going across ESSs is also in scope.
The Multi-Radio Power conservation Management shall be addressed between any of the two 802 interfaces defined above or between any 802 interface and any other non-802 (cellular) interface defined above.
The purpose of MRPM is to enhance user experience of mobile devices by supporting seamless handover between heterogeneous networks. A higher layer mobility protocol such as Mobile IP shall be supported for handover and seamless session continuity. This does not preclude the standard from being used to optimize handovers for other mobility protocols.
Security algorithms or security protocols shall not be defined in the specification. It is expected that security protocols of individual networks will not be compromised as a result of power management.
2 Definitions

We assume the definitions of network detection, selection, seamless handover and service continuity from 802.21.
2.1 Power Management
The process by which a mobile terminal saves power by way of managing its wireless interfaces. 
2.2 Paging
The process by which a mobile terminal is searched given the latest location update information from the mobile terminal.

2.3 Location Update
The process which determines when it is necessary for the mobile terminal to report its location. Location updates are usually done based on the paging areas, i.e. the mobile terminal updates its location when its paging area changes.
2.4 Paging Area
A group of cells is called a paging area or paging group.
2.5 Paging Channel
Paging channel is a signaling channel. The mobile terminal in dormant mode monitors periodically the paging channel for both system parameters and paging requests.

2.6 Traffic Channel

Traffic channel is to carry user traffic (control and data) when the mobile terminal is in active mode. A dormant mode mobile has no traffic channel assigned.

2.7 Paging Delay

The delay calculated from the time a call termination request arrives at the base station (BS) until the time a reply is received by the BS from the mobile containing its cell location.

2.8 Dormant Mode

A mobile terminal in dormant mode is not assigned to any traffic channels. Instead it wakes up periodically to check the paging channel for messages. Dormant mode, sleep mode or idle mode can be used interchangeably. 
3 Power Management in Single-Radio Systems

This section presents an overview of power management in single-radio systems. Various types of user sessions need to be considered such as data, voice and short message system (SMS) sessions.
3.1 WiMAX and 802.16
Mobile terminal can be in sleep mode which is different than the idle mode. In sleep mode the mobile terminal stays connected to a BS but also can remain absent for certain pre-negotiated intervals from the BS air interface.
In idle mode mobile station (MS) is not registered at a specific BS. BSs are divided into paging groups. MS can initiate the idle mode by signaling to the BS. MS performs location updates when MS detects a change in paging group. MS detects the change in the paging group identifier PG_ID which is transmitted by the preferred BS during the MS Paging Listening interval. 
MS returns to active mode by performing a network re-entry. During the Listening Interval, the MS will basically synchronize to its Preferred BS in time to listen to the MOB_PAG_ADV messages that the BS sends out on the Broadcast Connection ID (CID) or Idle Mode Multicast CID. The BS Broadcast Paging message includes an Action Code directing each MS to perform network re-entry.
3.2 3GPP/2
We will consider CDMA 2000 systems in some detail. The operation is similar in 3GPP systems. 
In CDMA 2000, the paging channel is divided into 80ms slots. The mobile terminal monitors the channel periodically in a period of time called a cycle. The mobile is assigned a particular slot in a cycle based on its IMSI (International Mobile Station Identifier) and the cycle is set to 32 or 64 slots, a duration of 2.56 or 5.12 seconds. BS knows each mobile’s IMSI and it can infer when a mobile is due to wake up and hold the messages for the mobile until then.

When a call (data, voice, SMS) arrives, a call termination request is sent to the mobile. When the mobile is in active mode, its location (cell) is known and the call termination request message is sent to this cell. When the mobile is in dormant mode, the mobile needs to be paged. There are many paging schemes: broadcast paging is the most popular technique. In broadcast paging,   a paging message to all the cells in the paging area in which the mobile was. 
Profile-based paging sends the paging message to a set of cells derived from the mobility profile of the mobile terminal. If no reply is received by the BS, then a regular broadcast paging is carried out.

In broadcast paging, if a mobile is successfully located with the first page, the expected paging delay is half of a paging cycle, namely 2.56 seconds. Otherwise, each additional page adds 5.12 seconds to the paging delay.
3.3 802.11
On 802.11 links, the concept corresponding to the dormant mode is called the power save (PS) mode. PS mode is for layer 2 inactivity periods which could happen even in between two IP packet receptions. A dormant mode mobile node is normally in PS mode as well except when exchanging control frames, e.g. for layer 2 handoff. Mobile nodes operating in PS mode periodically listen to every k’th beacon, with k being the Listen Interval (a parameter of each MN connected to an IEEE 802.11 Access Point (AP)) whose value is sent by MN to the AP at each (re)association request.

Broadcast/multicast frame delivery in 802.11 is done after receiving the delivery traffic indication message (DTIM) beacons. Usually every third beacon is a DTIM beacon. Active mobiles are able to receive broadcast/ multicast frames. However, PS mode mobiles need not wake up every DTIM period. There is a parameter, ReceiveDTIMs and if set then the mobile wakes up in PS mode to receive every DTIM. If this parameter is not set then the PS mode mobile only wakes up at every ListenInterval beacon periods. It wakes up every ListenInterval number of beacons and transmits a PS-Poll packet to receive buffered data if data is available. If no data is available, it can go to sleep right away.
 IP packet delivery in layer 2 follows the subnet router, i.e. the AR issuing a broadcast ARP request in IP version 4 or a multicast neighbor solicitation in IP version 6. AP delivers these messages only after DTIM periods and if the mobile node in PS mode should be able to wake up and provide its medium access control (MAC) address and then receive the packet.
802.11v is currently working on an improved power save mode called sleep mode. The mobile node will be allowed to remain idle in sleep mode until traffic that matches the mobile node’s filter pattern comes to the access point. The access point wakes up the mobile node by sending consecutive beacons with the corresponding TIM bit is set. Mobile node sends PS-Poll frame to receive the message. As such, the sleep mode emulates paging channel in cellular networks.
4 Analysis

Currently single-radio systems achieve savings in power using the techniques described in Section 3. When the mobile node has multiple interfaces then it becomes possible to turn off the interface rather than keeping the interface in idle/sleep mode and use another interface instead. This section presents an analysis of turning off the interfaces based on the published research work.
4.1 Turning off Network Interfaces

The fact that network interfaces can consume a significant fraction of the power budget of PDAs, handheld devices and cell phones has been recognized as early as 1997. Turning off the network interface has also been proposed and evaluated first in 1997 [8]. 
In a Web access application, there are times the network interface is being used for HTTP connections and then there are times where no connections are active, i.e. the user is busy thinking. A good power saving strategy is to turn off the network interface after the user has been in a think phase for more than a certain amount of time (called the attention span). It has been shown that increasing attention spans lead to significant reductions in energy costs with no user-visible increase in latency. Here, sleep to wake-up transition delay plays an important role in the latency. If the sleep to wake-up transition of the interface is large, shorter attention span causes a user visible latency. For larger attention spans, however, the latency to retrieve the web page dominates. Sleep to wake-up transition of the interface is small for 802.11. In cellular interfaces this period could take up to 5 seconds.
4.2 Wake on Wireless

Battery usage on a handheld device can be reduced by powering off the device and its wireless network card when the device is not being used. The network interface is powered on when a call is received. Wake on wireless is based on using an always-on lower-power radio as a second interface on the device. The lower-power radio on the device is used to receive wakeup messages when a call comes. When a wakeup message is received the lower-power radio turns on the device and higher-power interface, e.g. 802.11b which enables the call to proceed. The lower-power radio is not used for any other purpose.
Wake on wireless resulted in an improvement of 115% standby battery life-time of the handheld device, even if 802.11 interface was used in power save mode. The improvement is much higher if 802.11 interface is used in the active mode. For a typical user with 82 minutes/day use, the gains translate into an improvement of over 40% higher battery life-time [7]. 
4.3 Using Multiple Radios

In wake on wireless, the lower-power radio is used as paging channel to only wake up the higher-power interface. However, it is also possible to use all interfaces to receive data. Recently, it has been investigated for the device to automatically switch between multiple radio interfaces, powering off one and powering on the other interface. 802.11 as higher-power radio and Bluetooth (802.15.1) as lower-power radio have been used. Higher-power interface is switched off when there is too much unused bandwidth available and the lower-bandwidth radio is used (switch down). When there is too little bandwidth available in lower-power radio channel, the higher-power radio is power on and the lower-power radio could be turned off or it could be kept powered on (switch up).
One of the best switching policies uses the measured bandwidth at the time of switch-up as the switch- down threshold. This policy dynamically captures the available channel capacity, implicitly taking into account the actual channel characteristics, such as range or interference. This dynamic capability prevents the system from either unnecessarily keeping higher-power radio active when the lower-power channel would be sufficient, or erroneously switching back to lower-power radio only to find the channel is still congested. The policy does assume that the channel characteristics do not change significantly during the switch-up state: a shortcoming that may potentially place the system in sub-optimal configurations.

Multiple radio usage is evaluated experimentally by using different traffic benchmark suites like Web, file transfer, streamed video, etc. The results indicate that the dynamic switching policy can reduce energy consumption of the wireless interface by 75%, without significantly increasing the overall delay [9]. 
4.4 Comparative Analysis of Scenarios 6.1 and 6.4
Assume that MS has three radios: WiMAX (radio i) 3GPP (radio j) and WLAN (radio k) as in Scenarios 6.1 and 6.4 below. Power consumed in active and idle mode of each of these radios is given in the first and second row of Table 1. The numbers are based on the fact that cellular interfaces (WiMAX and 3GPP) consume less power than WLAN and are not based on any manufacturer’s data. Assume 3 calls/hr of 3 mins each [10]. From this we can derive:

Active time=9mins/hr = 9/60 = 15%
With 15% active mode operation, we can calculate total power consumed by each radio as given in Row 3 of Table 1. The total power consumption if single radio power management is used can be calculated as the total of the consumptions of each radio as given in Row 4 of Table 1.

In Scenario 6.1, MRPM will keep WLAN (radio k) active and will wake up WiMAX radio (radio i) using WLAN radio (radio k). The total power consumption in this case can be calculated as in Row 5 of Table 1. WLAN interface power consumption is based on 15% in active mode and 85% in idle mode. The other two interface power consumption is calculated based on 15% in active and 85 % in power off mode. From Row 5 of Table 1 we conclude that Scenario 6.1 offers a savings of 11% compared with single radio power management.
In Scenario 6.4, MRPM will keep WiMAX radio active and will wake up WLAN radio using WiMAX radio. The total power consumption in this case can be calculated as in Row 6 of Table 1. The calculation is similar to the calculation for Scenario 6.1. From Row 6 of Table 1 we conclude that Scenario 6.4 offers a savings of 40% compared with single radio power management.

	
	WLAN
	WiMAX
	3GPP

	Power consumed in Active Mode
	 0.80 W
	0.5 W
	0.5 W

	Power consumed in Idle Mode as % of that consumed in Active Mode
	25%
	15%
	15%

	With 15% Active Mode operation, Total power consumed 
	0.15*0.80 + 0.85*0.25*0.80 = 0.29
	0.15*0.5 + 0.85*0.15*0.5 = 0.139
	0.15*0.5 + 0.85*0.15*0.5 = 0.139

	Power consumed with Single radio PM
	0.290 + 0.139 + 0.139 = 0.568

	Power consumed with WLAN in Active and Low power modes and WiMAX/3GPP in Active and shut modes.
	0.290 + 0.15*0.5 + 0.15*0.5 = 0.440   (saving = 0.128 = 11%)

	Power consumed with WiMAX in Active and Low power modes and WLAN/3GPP in Active and shut modes.
	0.15*0.80 + 0.139 + 0.15*0.5 = 0.330 (saving = 0.238 = ~40%)


Table 1. Power Consumption Analysis for a 3-radio MS
Thus considerable power savings can be achieved by using multi-radio PM as opposed to just single radio PM (11%). The best savings are achieved (40%) by putting the highest idle mode power consuming radio in shut state and using the other lower idle mode power consuming radios more frequently.
5 Architecture
Key architectural elements of MRPM solution include MRPM Enabled MIH Function, MRPM Enabled Information Server (MRPM-IS), MRPM Paging Agent (MRPM-PA) and MRPM Paging Coordinator (MRPM-PC). These architectural elements are illustrated in Figure 1.

Each radio that MS has needs to employ Multi-Radio Power Management Enabled Paging Agents. MRPM-PAs correspond to the base stations in cellular networks. In each single radio system, a Multi-Radio Power Management Enabled Paging Coordinator (MRPM-PC) is assumed. MRPM-PC is an IP layer entity. All of these entities including MS may need to interact with a Multi-Radio Power Management Enabled Information Server which will be an extension of MIH IS.
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Figure 1.  MRPM Architecture

5.1 Multi-Radio Power Management Enabled Media Independent Handover (MIH) Function
The MIH Function resides just below the IP layer and is uniform across bearer types. The MIH Function can use inputs from layer 2 such as trigger events, hints, access to information about different networks and can help in the handover decision making process. MIH Function would also include inputs based on user policy and configuration that shall affect the handover process. 
MRPM-Enabled MIHF will be an extension of MIHF defined in 802.21. 802.21 defines three services: Event, Command and Information services. MRPM will define extensions to these three services. Such an entity will be called MRPM-Enabled MIHF. MRPM Enabled MIHF reference model is shown in Figure.2. Note that 802.3 is included into the reference model because 802.21 includes it but from radio power management point of view, the choice between any wired interface and wireless radio is obviously to use the wired interface with any radio interface turned off.  
Generally, a network interface with low power consumption or active state is utilized for power management for the multi-radio terminal. MIHF extensions to support the Multi-Radio Power Management Application are as follows:

5.1.1 MIH Information Service extension

MIH user requests and responds the policy and configuration information for MRPM. Therefore, this service needs new information elements. 

5.1.2 MIH Event Service extension

Event Services provide the change of power state from each interface, such as sleep mode, idle mode, active mode or powered-off mode and informs paging for another interface. 

5.1.3 MIH Command Service extension

MIH user sends the command for MRPM to the selected interface and the command for power mode change to the called interface (i.e. idle mode to active mode).
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Figure 2.  MRPM Reference Model

5.2 Multi-Radio Power Management Enabled Information Service
802.21 provides an Information Service that provides detailed information about various networks that can assist in network discovery and selection. The information service is accessible from any network. 
MRPM Enabled IS shall support the following static information elements in the information service. 
· Parameters for an inactive interface
· Other power management related information
5.3 Multi-Radio Power Management Enabled Paging Agent

MRPM-PA is a base station/ access point that is MRPM-enabled. It is able to run MIHF that is MRPM enabled. Such a base station/ AP is able to support all power management operations for multi-radio mobile terminals.
5.4 Multi-Radio Power Management Enabled Paging Coordinator

MRPM-PC is a paging server/ coordinator. MRPM-PC is an IP layer entity in charge of MRPM-PAs. MRPM-PC is able to support all power management related operations for multi-radio mobile terminals. 
6 MRPM Scenarios
The standard shall facilitate power management services within any network environment for multi-radio mobile terminals. In the case of cellular networks this includes interface with single-radio paging systems.
MRPM shall effectively cope with all types of scenarios defined to exploit multiple radios in favor of signaling optimizations both on the air interface and in the network.. Some of these scenarios can be as follows:

· Paging on active interface. 

· Location update on active interface.

· Idle mode signaling for multiple interfaces
· Other scenarios.
The specification may not impose any restrictions or assumptions on how a service provider might deploy or operate a particular network.

Various 802.xx wireless networks as well as different cellular networks can lead to several power management related optimization scenarios. The primary scenarios that shall be supported by MRPM are listed below. However the standard shall not be restricted to these scenarios only.

6.1 Paging On Active Interface
Mobile terminal is browsing the Internet on the Wi-Fi interface, the user gets a Voice over IP (VoIP) call on the WiMAX interface, WiMAX network needs to page the user.
· MRPM-PCs coordinate the signaling
· Paging announce message is sent on Wi-Fi interface to turn on WiMAX interface from MRPM-PC to MRPM-PA
· MRPM-PA sends the paging message to the mobile terminal effectively waking it up.
See Figure 3.
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Figure 3. Scenario 1: Paging On Active Interface
6.2 Location Update on Active Interface
The mobile terminal has Wi-Fi interface active and Wimax interface is idle. Mobile terminal uses its Wi-Fi interface to update its location for Wimax radio.

The following steps occur:
· Mobile terminal sends location update request to MRPM-PA on Wi-Fi interface
· MRPM-PA on Wi-Fi sends it to MRPM-PC for Wimax
· Reverse message flow for the location update response back to the mobile terminal.
See Figure 4.
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Figure 4. Scenario 2: Location Update on Active Interface

6.3 Idle Mode Signaling for Multiple Interfaces

Multiple radios need to be switched off to the idle mode. Mobile terminals Wi-Fi, Wimax and 3GPP interfaces use Wi-Fi interface to signal the idle mode on all the interfaces.
· Mobile terminal sends idle mode entry request for all interfaces to MRPM-PA on Wi-Fi interface

· MRPM-PA on Wi-Fi sends it to MRPM-PC for Wi-Fi. 

· MRPM-PC for WiFi sends idle mode entry request messages to MRPM-PCs for the other interfaces.

· Replies get collected at MRPM-PC for WiFi.

· MRPM-PC for WiFi sends idle mode entry response to the MRPM-PA.

· MRPM-PA sends idle mode entry response to the mobile terminal.

See Figure 5.


[image: image5.emf]MS

IM_entry for r_i, r_j, r_k 

(sent on radio r_i)

MRPM 

PCr_k

IM_entryforM

Sonr_i,r_j,

r_k(sentonradior_

i)

IM_entryforMS

IM_entry for MS

1

2

3

4

IM_

entry_RSPforMS

(pagingpara

metersforr_j)

IM_entry_RSP for MS (contains paging params for r_k)

5

6

IM_entry_RSP for MS

(paging params for r_i,j,k)

7

IM_entry_RSPfor

M

S(pagingparamsfor

r_

i,j,k)

8

MRPM 

PCr_j

MRPM 

PCr_i

MRPM 

PAr_i

MS Enter/Exit Idle Mode 

Request/Response

MRPM PA Enter/Exit 

Idle Mode 

Request/Response


Figure 5. Idle Mode Signaling for Multiple Interfaces

6.4 Wake up WiFi interface via WiMax Paging
Alice has a hand-held dual mode MN which can access internet and receive VoIP call via technologies including WiFi and WiMAX. At work, the network operator provides her both WiFi and WiMAX access.  If there is no incoming traffic for 2 minutes, Alice’s dual mode MN goes to sleep state for power saving. Considering the power consumption of WiFi in idle state is much higher than the power consumption of WiMAX in idle state, the dual mode MN turns off the WiFi radio, enters idle mode for the WiMAX radio, and listens for paging messages via WiMAX radio. Note, even though the WiFi radio is shut, Alice is still registered on the network to receive SIP calls on WiFi.

If there is an incoming call for Alice, the multi-radio Paging controller will page Alice via WiMAX radio. Once the WiMAX radio receives the paging message, WiMAX radio will wake up the MN device, and MN device wakes up the Wi-Fi radio. The Wi-Fi radio will then associate with network infrastructure to receive the incoming call. 

This use case presents the benefit of utilizing WiMAX paging functionality for Wi-Fi power saving since no paging supported in IEEE 802.11 radio. According to the current 802.11 Standard, Wi-Fi radio has to perform frequent handovers among access points while traversing across multiple PoAs. Converting to WiMAX  results in power savings at the MN.

6.5 Parameters Configuration of Idle Interface

A mobile node with a Wi-Fi interface and a cellular interface may place the Wi-Fi interface in a power saving mode and rely only on its cellular connection.  However, the user still wishes to use Wi-Fi interface when there is an incoming IP video call.  Other unimportant traffic such as location-based push messages (eg advertisements, sales alert, etc), should be filtered away and not received on the Wi-Fi interface. To do so, the mobile node needs to set up wake-up triggers, traffic filters, etc for the Wi-Fi interface.  The mobile node also needs to retrieve association information for the Wi-Fi interface, such as BSS max idle timeout, FBMS descriptors, etc.  One way to minimize power drain on the Wi-Fi interface is for the mobile node to configure/retrieve parameters using the active cellular interface.  In this use case, the mobile node will communicate with the PoS for Wi-Fi interface via the PoS for cellular interface.
7 Functional/Technical Requirements

Technical requirements for multi-radio power management can be classified as MIH User requirements and MIH Service requirements.
7.1 MIH User requirements:

7.1.1 The overall power consumption of the multi-radio terminal shall be minimized as much as possible.

7.1.2 It shall provide a way to identify the power state of multi-radio interfaces.

7.1.3 It shall provide a way to select which network interface to utilize for paging and location update in multi-radio environment.

7.1.4 It shall provide a way to control the power state of network interface under considering the power consumption of multi-radio terminal.
7.2 MIH service requirements:
7.2.1 It shall provide a way to query the policy and configuration information for multi-radio power management.
7.2.2 It shall define Information Elements to manage the multi-radio power management information.

7.2.3 It shall provide a way to identify the power state of multi-radio interfaces.

7.2.4 It shall provide a way to query the power state of the multi-radio interface.

7.2.5 It shall provide a way to select the network interface utilized for paging and location update.

7.2.6 It shall provide a way to control the power state of multi-radio interfaces.
7.2.7 It shall provide a way to communicate among remote MIHF to perform multi-radio paging and location update.

7.3 Functional Requirements

7.3.1  Signaling Gains

MRPM shall provide signaling gains on the air interface compared with single radio systems. MRPM also shall provide signaling gains in the network.

7.3.2 Power Gains

The standard shall reduce the power consumption on the mobile terminal compared with single-radio systems.
· The power gains from paging on the active interface

· The power gains on the location updates on the active interface

· Power gains on the idle mode signaling of various interfaces using a single interface.

7.3.3 Quality of Service (QoS)

The standard shall provide a means for obtaining QoS information of each network involved in the handover process. The QoS attributes of the source system shall be translated into normalized link-layer QoS attributes of the target system across disparate media access technologies. This shall allow the migrating session to sustain its QoS attributes during and after the handover. 

As an example, translation will be required if users on an 802.11e WLAN system, handover sessions with 8 priority levels to a WiMax system supporting 4 priority levels.  The standard shall provide the means for obtaining the admission control decision so that proper matching can be made. During handovers, if the target network is unable to support the QoS levels of the serving network, the handover policy may not preclude the degradation of the QoS level of the session in the new network for the purpose of maintaining session continuity.
7.3.4 Network Discovery

The standard shall provide services to the higher layers to help with network detection. The standard shall allow a mobile terminal to optimize detection of a useable attachment to a network above the LLC through reliable MAC and PHY indications (events). These events may also trigger the handover process based on the results of network discovery. 
7.3.5 Information Discovery

The standard shall provide services to obtain information needed during idle mode operation. These services shall include mechanisms to obtain detailed information about each interface parameters of the mobile station. When the operators' policy allows, the mobile node shall be able to use mechanism provided by the standard to retrieve information associated with an interface in idle mode using an existing active connection of another interface.
7.3.6 Security

The standard shall provide a means to securely signal idle mode entry/exit, paging request and location update requests. The messages will have regular and secure versions. These messages may be obtained from the existing single-radio messages by certain extensions that will be defined in the standard.
7.3.7 Power Management

The standard shall support effective device power management by employing battery efficient network scanning procedures.  Wherever applicable the standard shall select network scanning opportunities to coincide with scheduled wake times to minimize the expended power by switching between the active and power save modes of operation for the wireless media employed. When the operators' policy allows, the mobile node shall be able to use mechanism provided by the standard to configure parameters associated with an interface in idle mode using an existing active connection of another interface.
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8.2 Glossary
3G





Third Generation

3GPP



3G Partnership Project

3GPP2



3G Partnership Project 2

AAA



Authentication, Authorization, and Accounting

AKA
   

Authentication and Key Agreement

AP





Access Point
AT





Access Terminal
ATM           Asynchronous Transfer Mode

BS





Base Station

BSSID   


Basic Service Set IDentifier
CDMA


Code Division Multiple Access

DES




Data Encryption Standard

ESS        

Extended Service Set
EAP




Extensible Authentication Protocol

EIA




Electronic Industries Association

ESP




Encapsulating Security Payload

ETSI




European Telecommunications Standards Institute
GPRS



General Packet Radio Service

GSM



Global System for Mobile Communication
IEEE



Institute of Electrical and Electronics Engineers

IETF




Internet Engineering Task Force

IP





Internet Protocol

ISP




Internet Service Provider

ITU




International Telecommunications Union

L1                Physical Layer (PHY)

L2


         Medium Access Control (MAC)

LAN




Local Area Network

LLC            
Logical Link Control

LSAP          Link Service Access Point
MAC



Medium Access Control

MIH
           Media Independent Handover
MIHO        
Media Independent Handover
MIHS        
Media Independent Handover Services
MIP




Mobile IP

MLME        MAC layer management entity

MN




Mobile Node

MT

   

Mobile Terminal

PHY            Physical Layer

PLME         PHY layer management entity            

PPP




Point-to-Point Protocol

QoS



   Quality of Service

RFC




Request for Comment

RLP




Radio Link Protocol

RNC




Radio Network Controller

SA





Security Association

SAP             Service Access Point

SME



   Station Management Entity
SSID



Session Specific IDentifier

TCP




Transmission Control Protocol

UDP




User Datagram Protocol

UMTS



Universal Mobile Telecommunications System

WECA


Wireless Equivalent Compatibility Alliance

WEP




Wired Equivalent Privacy

WISP



Wireless Internet Service Provider

WISPr



Wireless Internet Service Provider roaming

WLAN


Wireless Local Area Network

WSP




Wireless Service Provider
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