a2 United States Patent
Todd et al.

US007436790B2

US 7,436,790 B2
Oct. 14, 2008

(10) Patent No.:
(45) Date of Patent:

(54) WIRELESS ACCESS POINT METHODS AND
APPARATUS FOR REDUCED POWER
CONSUMPTION AND COST

(75) Inventors: Terence D. Todd, Hamilton (CA);
Dongmei Zhao, Hamilton (CA);
Vytautas Robertas Kezys, Ancaster
(CA)

(73) Assignee: Research In Motion Limited, Waterloo,
Ontario (CA)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 600 days.

(21) Appl. No.: 11/088,433

(22) Filed: Mar. 24, 2005
(65) Prior Publication Data
US 2005/0249137 Al Nov. 10, 2005

Related U.S. Application Data
(60) Provisional application No. 60/556,445, filed on Mar.

25, 2004.
(51) Imt.ClL

G08C 17/00 (2006.01)
(52) US.CL .o 370/311; 455/574
(58) Field of Classification Search ................. 370/311;

455/572, 574
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5,940,771 A *
2004/0023679 Al

8/1999 Gollnick et al. ............. 455/517
2/2004 Shoobridge

2004/0253996 Al  12/2004 Chen et al.
FOREIGN PATENT DOCUMENTS
EP 1473951 A2 11/2004
OTHER PUBLICATIONS

European Search Report for PCT Application #PCT/CA2005/
000447, Jul. 26, 2005.

* cited by examiner

Primary Examiner—Temica M Beamer
(74) Attorney, Agent, or Firm—John J. Oskorep, Esq.

(57) ABSTRACT

In one illustrative technique, a contention-free period indica-
tion is communicated by a wireless access point (AP) (e.g. a
battery-powered AP) to a plurality of mobile communication
devices within a beacon of a superframe. The contention-free
period indication identifies a duration of a contention-free
period within which the mobile devices must refrain from
communicating through the AP. During each contention
period subframe of each superframe, information is commu-
nicated to and/or from the mobile devices through a wireless
transceiver of the AP. During each power conservation sub-
frame of each superframe, the wireless transceiver is placed
into a power conservation mode which is at least part of the
contention-free period. Alternatively, or in combination with
the wireless transceiver being placed in the power conserva-
tion mode, information for the mobile devices may be com-
municated to and/or from another AP within each relay sub-
frame of each superframe which is at least part of the
contention-free period. Advantageously, power consumption
may be reduced in the AP and/or a single radio interface may
be utilized in the AP for communications. The durations of
the power conservation subframe and the other subframes
may be variably adjusted to tradeoff power savings with a
real-time capacity requirement of the AP.

52 Claims, 5 Drawing Sheets
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WIRELESS ACCESS POINT METHODS AND
APPARATUS FOR REDUCED POWER
CONSUMPTION AND COST

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to U.S. provisional
patent application entitled “Mechanism For Improved Relay-
ing Performance And Reduced Power Consumption In IEEE
802.11 Wireless Access Points™ having Ser. No. 60/556,445
and a filing date of 25 Mar. 2004, which is hereby incorpo-
rated by reference herein.

BACKGROUND

1. Field of the Technology

The present application relates generally to wireless com-
munication networks and devices, such as IEEE 802.11-com-
pliant wireless local area networks (WL ANs) and devices.

2. Description of the Related Art

Institute of Electrical and Electronics Engineers (IEEE)
802.11 Wireless Local Area Network (WLAN) compliant
devices, such as 802.11a, 802.11b, 802.11g, dual-band, etc.
devices, are becoming increasingly popular. Such IEEE
802.11-based WL AN are undergoing a massive deployment
which will continue throughout the next decade. Locations
that offer 802.11 WL AN connectivity are often referred to as
“hotspots,” where access points (APs) are utilized to provide
wireless connections with mobile communication devices.

In these environments, Extended Service Set (ESS) mesh
networking may provide the AP interconnection needed to
backhaul traffic in and out of these hotspots and perform
mesh-like traffic relaying. Solar and battery-powered wire-
less APs are becoming a reality in these environments as well.
Thus, an 802.11 WLAN solution which accommodates ESS
mesh networks and is applicable to battery-powered APs,
such as those which operate under solar power, would be
useful.

Some additional background and discussion regarding
such wireless technologies are provided in the following pub-
lications: [1] T. Adachi and M. Nakagawa, “Capacity Analy-
sis For A Hybrid Indoor Mobile Communication System
Using Cellular and Adhoc Modes,” The 11¢4 IEEE Interna-
tional Symposium on Personal, Indoor and Mobile Radio
Communications (PIMRC”2000), volume 2, pages 767-771,
2000; [2] X. Wu, S H. G. Chan, and B. Mukherjee. Madf, “A
Novel Approach To Add An Adhoc Overlay On A Fixed
Cellular Infrastructure,” IEEE Wireless Communications and
Networking Conference (WCNC’2000), volume 2, pages 549-
554, 2000; [3] C. Qiao and H. Wu. Icar, “An Integrated Cel-
Iular And Adhoc Relay System,” Ninth International Confer-
ence on Computer Communications and Networks, pages
154-161, 2000; [4] Y D. Lin andY C. Hsu, “Multihop Cellu-
lar: A New Architecture For Wireless Communications,”
IEEE INFOCOM 2000, volume 3, pages 1273-1282, 2000;
[5] B. S. Manoj R. Ananthapadmanabha and C. S. R Murthy,
“Multihop Cellular Networks: The Architecture And Routing
Protocols,” 12th IEEE International Symposium on Personal,
Indoor and Mobile Radio Communications, volume 2, pages
G78-G82, 2001; [6] T. Rouse, 1. Band, and S. McLaughlin,
“Capacity And Power Investigation Of Opportunity Driver
Multiple Access (ODMA) Networks In TDD-CDMA Based
Systems,” I[EEE International Conference on Communica-
tions, 2002; [7] G. N. Aggelou and R. Tafazolli, “On The
Relaying Capability Of Next Generation GSM Cellular Net-
works,” IEEE Personal Communications, pages 40-47, Feb-
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ruary 2001; [8] M. J. Miller, W. D. List, and N. H. Vaidya, “A
Hybrid Network Implementation To Extend Infrastructure
Reach,” Technical report, University of Illinois, January
2003; [9] R. S. Chang, W.Y. Chen, and Y. F. Wen, “Hybrid
Wireless Network Protocols,” IEEE Transactions on Vehicu-
lar Technology, 52(4):1099-1109, July 2003; [10] J. H. Yap,
X.Yang, S. GhaheriNiri, and R. Tafazolli, “Position Assisted
Relaying And Handover In Hybrid Ad Hoc WCDMA Cellu-
lar System,” 13tk IEEE International Symposium on Per-
sonal, Indoor, and Mobile Radio Communications
(PIMRC’2002), Lisbon, Portugal., pages 2194-2198, Sep-
tember 2002; [11]Y D. Lin, Y C Hsu, K W. Oyang, T C. Tsai,
and D S. Yang. “Multihop Wireless IEEE 802.11 LANs: A
Prototype Implementation,” /EEE International Conference
on Communications (ICC"99), volume 3, pages 1568-1572,
1999; and [12] IEEE Standards Department, /EEE Draft
Standard Wireless LAN. IEEE Press, 1996.

The state of the art reflects much activity that considers the
inclusion of multihop relaying into wireless infrastructure
networks. A variety of systems have been considered, and
these systems often differ on the basis of whether the mobiles
have multiple air interfaces, whether multihop infrastructure
is present, and whether WL AN and/or cellular is being con-
sidered. See generally documents [1], [2], [3], [4], [5], [6],
[7], and [8]. The system defined in document [1] uses multi-
hop networking to enable communications whenever nodes
are within range without use of the cellular infrastructure.
This is also the objective in document [9] but, to maintain
simplicity, a maximum of two ad hoc hops may be used
between the end stations. In mobile assisted data forwarding
(MADF) in document [2], special forwarding channels are
allocated from resources used by the existing cellular net-
work. These channels are then used for relaying traffic
between cells. The approach in ICAR of document [3] is
similar to this approach, but utilizes special preinstalled mul-
tihop relay stations to move traffic between cells. The multi-
hop cellular system incorporates multihop relaying into the
cellular network using the same air interface as that used by
the cellular base stations (BSs) as in documents [4] and [5].
This concept is similar to the opportunity driven multiple
access (ODMA) system proposed in document [6] and the
system described in document [7]. In document [10], a
mechanism referred to as “position assisted relaying” was
proposed for WCDMA cellular networks with dual mode
stations. In this scheme, a nearby station may relay transmis-
sions for another when that station’s cellular link becomes
unusable. Finally, in document [8], a design is presented for
achieving range extension using mobile station based multi-
hop networking.

What are needed are techniques which may be used in
IEEE 802.11 WLANS to enable wireless APs to reduce their
power consumption (i.e. achieve improved power savings)
and/or to perform multi-channel traffic relaying using a single
radio interface.

SUMMARY

In one illustrative embodiment of the present application, a
contention-free period indication is communicated by a wire-
less access point (AP) to a plurality of mobile communication
devices within a beacon of a superframe. The contention-free
period indication identifies a duration of a contention-free
period within which the mobile devices must refrain from
communicating through the AP. During a contention period
subframe of the superframe, information is communicated to
and/or from the mobile devices through a wireless transceiver
of the AP. During a power conservation subframe of the
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superframe, the wireless transceiver of the AP is placed into a
power conservation mode which is at least part of the conten-
tion-free period during which the mobile devices must refrain
from communicating through the AP. In the power conserva-
tion mode, the wireless transceiver and other suitable sub-
systems (e.g. associated processors) of the AP are powered
down or placed in a low power state. Alternatively, or in
combination with the wireless transceiver being placed into
the power conservation mode, information for the mobile
devices may be communicated to and/or from another AP
within a relay subframe of the superframe which is at least
part of the contention-free period during which the mobile
devices must refrain from communicating through the AP.
Advantageously, power consumption may be reduced in the
AP and/or a single radio interface in the AP may be utilized
for communications.

The durations of the power conservation subframe and
other subframes may be fixed during operation or, alterna-
tively, variably adjusted to tradeoft power savings with an
offered capacity of the AP. The offered capacity of the AP may
be the minimum capacity through which to facilitate commu-
nications for the mobile devices currently being served.

Thus, in another illustrative embodiment of the present
application, an offered capacity for facilitating communica-
tions for a plurality of mobile communication devices
through the wireless AP is determined or selected. A commu-
nication duration (e.g. for a contention period and/or relay
subframe) and a power conservation duration (e.g. for a
power conservation subframe) for the AP are determined
based on the selected capacity. The communication duration
has a predefined relationship to the offered capacity such that,
as the offered capacity increases, the communication duration
increases. The power conservation duration also has a pre-
defined relationship to the offered capacity such that, as the
offered capacity increases, the power conservation duration
decreases. Information for the mobile communication
devices is communicated through the AP with use of a wire-
less transceiver within each communication subframe of each
superframe for a plurality of superframes, where each com-
munication subframe has the communication duration. On
the other hand, the wireless transceiver is placed into a power
conservation mode within each power conservation subframe
of each superframe of the plurality of superframes, where
each power conservation subframe has the power conserva-
tion duration. In one scenario, the steps of selecting the
offered capacity and determining the subframe durations are
performed prior to setup and operation of the AP. In another
scenario, one or more processors of the AP are operative to
perform either or both steps of selecting the offered capacity
and determining the subframe durations. In this latter sce-
nario, the durations of the subframes may be variably
adjusted during operation of the AP to tradeoff power savings
with the real-time capacity requirement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top down illustrative representation of the struc-
ture of'a wireless communication network or an 802.11-based
wireless local area network (WL AN) having wireless access
points (APs) of the present application;

FIG. 2 is an exemplary schematic block diagram of a
mobile communication device (e.g. a mobile station) which
operates in the 802.11-based WLAN of FIG. 1;

FIG. 3 is an exemplary schematic block diagram of an
802.11 wireless AP which operates in the 802.11-based
WLAN of FIG. 1;
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FIG. 4 is a format of a typical superframe utilized for
communications in the 802.11-based WLAN of FIG. 1,
where the superframe has a beacon, a power conservation
subframe, a relay subframe, and a contention period sub-
frame; and

FIG. 5 is a flowchart describing a method of operating the
AP of FIGS. 1 and 3.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In one illustrative embodiment of the present application, a
contention-free period indication is communicated by a wire-
less access point (AP) to a plurality of mobile communication
devices within each beacon. The contention-free period indi-
cation identifies a duration of a contention-free period within
which the mobile devices must refrain from communicating
through the AP. During a contention period subframe of the
superframe, information is communicated to and/or from the
mobile devices through a wireless transceiver of the AP. Dur-
ing a power conservation subframe of the superframe, the
wireless transceiver of the AP is placed into a power conser-
vation mode which is at least part of the contention-free
period during which the mobile devices must refrain from
communicating through the AP. In the power conservation
mode, the wireless transceiver and other suitable subsystems
(e.g. associated processors) of the AP are powered down or
placed in a power conservation state. Alternatively, or in
combination with the wireless transceiver being placed into
the power conservation mode, information for the mobile
devices may be communicated to and/or from another AP
within a relay subframe of the superframe which is at least
part of the contention-free period during which the mobile
devices must refrain from communicating through the AP.
Advantageously, power consumption may be reduced in the
AP and/or a single radio interface in the AP may be utilized
for communications. The durations of the power conservation
subframe and other subframes may be fixed during operation
or, alternatively, variably adjusted to tradeoff power savings
with an offered capacity of the AP. The offered capacity of the
AP may be the minimum capacity through which to facilitate
communications for the mobile devices currently being
served. Thus, in another illustrative embodiment of the
present application, an offered capacity for facilitating com-
munications for a plurality of mobile communication devices
through the wireless AP is determined or selected. A commu-
nication duration (e.g. for a contention period and/or relay
subframe) and a power conservation duration (e.g. for a
power conservation subframe) for the AP are determined
based on the selected capacity. The communication duration
has a predefined relationship to the offered capacity such that,
as the offered capacity increases, the communication duration
increases. The power conservation duration also has a pre-
defined relationship to the offered capacity such that, as the
offered capacity increases, the power conservation duration
decreases. Information for the mobile communication
devices is communicated through the AP with use of a wire-
less transceiver within each communication subframe of each
superframe for a plurality of superframes, where each com-
munication subframe has the communication duration. On
the other hand, the wireless transceiver is placed into a power
conservation mode within each power conservation subframe
of each superframe of the plurality of superframes, where
each power conservation subframe has the power conserva-
tion duration. In one scenario, the steps of selecting the
offered capacity and determining the subframe durations are
performed prior to setup and operation of the AP. In another
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scenario, one or more processors of the AP are operative to
perform either or both steps of selecting the offered capacity
and determining the subframe durations. In this latter sce-
nario, the durations of the subframes may be variably
adjusted during operation of the AP to tradeoff power savings
with the real-time capacity requirement.

In the past decade there has been a huge proliferation of
wireless local area networks (WL ANs) which are operative in
accordance with Institute of Electrical and Electronics Engi-
neers (IEEE) 802.11 standards. As IEEE 802.11 connectivity
becomes more ubiquitous, multihop communications will be
increasingly utilized for range extension and coverage
enhancement. In battery or solar powered implementations,
power savings in the wireless access points (APs) is an impor-
tant objective.

An IEEE 802.11-based wireless AP of the preferred
embodiment is intended for use in multihop battery and solar/
battery powered applications. These types of wireless APs
have many practical applications and can be deployed inex-
pensively and very quickly to provide both outdoor and
indoor coverage enhancement in environments such as cam-
puses, building complexes, and other fast deployment sce-
narios. In an outdoor campus scenario, for example, very little
traffic would normally be carried during the night and an AP
design according to the present application can reduce the
design and operating costs for these types of situations. The
wireless AP of the preferred embodiment is also backward-
compatible to a wide range of legacy IEEE 802.11 end sta-
tions and existing wired access points. Special techniques are
utilized to achieve such compatibility and are described
herein.

As indicated in the Background section, what are needed
are techniques that can be used in IEEE 802.11 WLANS to
enable wireless APs to significantly reduce their power con-
sumption (i.e. achieve improved power savings) and/or to
permit the wireless AP to perform multi-channel traffic relay-
ing with use of a single radio interface. In the present appli-
cation, a mechanism where both of these functions can be
achieved in the presence of existing legacy IEEE 802.11 end
stations (STAs) is provided.

Specifically, these objectives may be accomplished by
advertising a contention-free (CF) period in beacons that are
periodically transmitted by the wireless AP even though con-
ventional CF stations are not present. Advertising a CF period
serves to block legacy end stations from using the radio chan-
nel, since the advertised CF period sets the network allocation
vectors (NAVs) in the end stations. This blocking permits the
wireless AP to either enter a power conservation mode for all
or part of the CF period, and/or tune its radio to a different
IEEE 802.11 radio channel for the purpose of performing
traffic relaying with another AP.

The originally-intended purpose (i.e. the IEEE 802.11
indicated purpose) for advertising a CF period in the beacons
is to block stations from accessing the channel during the time
that the AP (acting as an IEEE 802.11 point coordinator) polls
CF-Pollable stations on the same channel. This originally-
intended mechanism disables stations from attempting trans-
mission with their normal distributed coordination function
(DCF) transmission mechanism. The present techniques uti-
lize this blocking mechanism to enable both power savings
for the wireless AP and traffic relaying on a different channel
with a single radio implementation. In the latter case, the
present techniques can significantly improve the capacity of
an access network without incurring the cost of a dual-radio
design in the wireless APs.

Thus, the present techniques may provide single-radio,
multi-channel traffic relaying in the presence of legacy IEEE
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6

802.11 end stations. Otherwise, an AP might perform traffic
relaying using a single-channel, single-radio AP implemen-
tation. This would create a performance bottleneck and a
large portion of the radio channel capacity would be wasted.
It is also less desirable to perform traffic relaying using a
multi-channel, dual-radio AP implementation. That approach
results in a more expensive and complex ESS mesh AP
design. Another advantage of the present techniques is that
power consumption is reduced, and this may be used to
reduce the size and cost of battery and/or solar-power oper-
ated APs. There are currently no existing mechanisms that can
be used to accomplish this in the presence of legacy end
stations.

In FIG. 1, an IEEE 802.11 WLAN of a communication
system 100 is shown as providing a conventional AP 110 with
a wired infrastructure connection 112 to a local area network
(LAN) and to the Internet. A plurality of wireless APs 102 of
the present application, such as a wireless AP 106, have also
been installed in communication system 100. These wireless
APs 102 serve to provide coverage extension and/or intercon-
nection in their respective wireless coverage areas. Although
four wireless APs 102 are shown in the drawing, any suitable
number of wireless APs may be configured in the network.
Wireless APs 102 are adapted to perform dual channel mul-
tihop relaying and, at the same time, accommodate conven-
tional IEEE 802.11 end stations or mobile stations (MSs) 104
without any necessary protocol modifications being made to
the MSs 104. Wireless APs 102 are also adapted to associate
with a conventional IEEE 802.11-based wired AP 110. Wire-
less APs 102 may operate using limited power reserves, as is
the case for battery and solar/battery powered wireless APs.

Referring now to FIG. 2, electrical components of a typical
mobile station (MS) 202 (one type of mobile communication
device) which operates with APs and wireless APs 102 of the
present application (FIGS. 1 and 3) will be described. Mobile
station 202 is preferably a two-way communication device
having at least voice and advanced data communication capa-
bilities, including the capability to communicate with other
computer systems. Depending on the functionality provided
by mobile station 202, it may be referred to as a data messag-
ing device, a two-way pager, a cellular telephone with data
messaging capabilities, a wireless Internet appliance, or a
data communication device (with or without telephony capa-
bilities).

As shown in FIG. 2, mobile station 202 is adapted to
wirelessly communicate with AP 190 which may be a wire-
less AP of the present application. For communication with
AP 190, mobile station 202 utilizes communication sub-
system 211. Depending on the type of device, mobile station
202 may also be adapted to wirelessly communicate with
other systems such as cellular telecommunication systems.
With such configuration, mobile station 202 may be referred
to as a “dual mode” mobile station. Although mobile station
202 may have separate and independent subsystems for these
purposes, at least some portions or components of these oth-
erwise different subsystems may be shared where possible.

Communication subsystem 211 includes a receiver 212, a
transmitter 214, and associated components, such as one or
more (preferably embedded or internal) antenna elements
216 and 218, local oscillators (L.Os) 213, and a processing
module such as a baseband (BB) and media access control
(MAC) processing module 220. As will be apparent to those
skilled in the field of communications, the particular design of
communication subsystem 211 depends on the communica-
tion network in which mobile station 202 is intended to oper-
ate. In the present application, communication subsystem 211



























