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(57) Abstract: An apparatus and a method for implementing a paging mechanism in a wireless LAN, for example, a wireless LAN
according to the Hiperlan 2 Technical Specification, for allowing a base station, or an access point, to page a mobile terminal that
is not connected with, or associated with, the access point. The present paging mechanism is implemented by transmitting a broad-
cast channel message (400) that includes an indication that a paging message (410) is included in the current data frame, a second
broadcast channel message that includes the information specific to the paging message, and a third broadcast channel message that
include information regarding the location of the second broadcast channel message in the data frame. In response to the broadcast
channel message indicating the presence of the paging request, the mobile terminal acquires the second and third broadcast channel
messages and determines whether the paging request is intended for the mobile terminal.
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METHOD AND APPARATUS FOR PAGING A MOBILE TERMINAL

IN A WIRELESS LAN

The present invention relates to an apparatus and a method for providing
paging capability in a wireless LAN that allows a base station, or an access point, to
send paging message to a mobile terminal that is not currently associated with, or

connected to, the base station.

Backaground of the Invention.

Recently, wireless LAN technologies, such as IEEE 802.11 or ETSI Hiperlan 2,
have been developed that may be used in conjunction with existing networks,
including mobile networks, i.e., 3G or 2G, to provide various services. The wireless
LAN services provide the advantages of faster data speeds, generally on the order of
about ten times faster than those provided by a 3G network, but are much more
limited in the area of coverage and the number of users that can be connected to the
base station. It is envisioned that a mobile terminal user would transition from a
mobile telephony network to a wireless LAN upon entering a coverage area of the
wireless LAN, and transition to the mobile telephony network upon leaving the
coverage area of the wireless LAN. In order to facilitate the interconnection between
the services provided by the mobile networks and the wireless LANSs, it is desirable
that the wireless LANs provide the same services expected from a 3G network.

One such important feature of a mobile network, such as a 3G network; is the
ability to page a mobile terminal, that is, the ability for the core network to page the
mobile terminal that is not currently connected to the access network. A mobile
network is essentially made up of a radio access network and a core network. A
mobile terminal has a relationship with the core network through the radio access
network. That is; a mobile terminal needs to be connected to the radio access
network in order to communicate with the core network. During periods when the
mobile terminal is not required to be directly communicating with the core network the
mobile terminal may enter an IDLE mode to save radio resources and to conserve
power. In such a mode, the mobile terminal is not connected with the access
network. If the core network needs to communicate with the mobile terminal, then the
core network requests that the radio access network page the mobile terminal. The
paging mechanism is generally implemented within the radio interface between the

mobile terminal and the base station. The paging process comprises initiating a
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downlink broadcast from the network to the mobile terminal that requests that the

mobile terminal connect to the radio access network. The mobile terminal determines
the presence of the downlink broadcast, and in response, develops a connection with
radio access network to communicate with the core network. In this manner, a
mobile terminal does not need to be permanently connected to the radio access
network, and thus, consume resources of the access network.

However, such paging capability is not available between a mobile terminal
and a base station in current wireless LANSs, for example a wireless LAN based on
the Hiperlan 2 Technical Specification. In current wireless LAN arrangements, the
mobile terminal must be permanently connected to the base station, or "access
point,” in order for the mobile terminal to detect a downlink message. However,
having a mobile terminal permanently connected to the access point requires that
resources be provisioned for that mobile terminal. In a Hiperlan 2 network,
connection to the access point requires that a MAC ID addressed be reserved for that
mobile terminal. However, the number of MAC ID addresses available for a specific
access point is generally limited. In a Hiperlan 2 network, the number of addresses is
limited to less than 250. Therefore, a problem may arise in the availability of network
resources if the total number of mobile terminal that desire to be connected to a
particular access point, or receive downlinks through the particular access point,
exceeds 250.

Some wireless LAN arrangements, including Hiperlan 2 may allow a mobile
terminal to enter a SLEEP mode, wherein the mobi[e terminal goes to a low power
mode without losing data. In such a mode, the mobile terminal wakes up at specific
intervals negotiated with the access point to check whether any pending messages
have been buffered for the mobile terminal. If there is a pending message, the
mobile terminal leaves the SLEEP mode and enters an ACTIVE mode to receive and
process the pending message. However, the SLEEP mode is not suitable for
implementing a paging mechanism between the base station and the mobile terminal
because the mobile terminal must still connect to the base station when checking for
buffered messages. The mobile terminal is still seen by the access point as a
connected device, even while the mobile terminal is in the SLEEP mode. Therefore,
a MAC ID must be allocated and some resources must be provisioned for that mobile
terminal. This means that the total number of mobile terminals that can be

connected, or periodically receive downlink messages remains the same.
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Another potential method of implementing a paging mechanism between an

access point and a mobile terminal might be for the mobile terminal to actually
disconnect from the access point and periodically connect to the access point in order
to check with the corresponding convergence layer to determine whether downlink
messages are pending. However, this requires the mobile terminal to initiate the
association procedure each time it connects with the access point, which is power
consuming. Furthermore, if all mobile terminals need to be periodically associated
just for paging polling purposes, the procedure is radio resource and MAC ID
consuming, whereas only one device may be affected by the paging.

Therefore, there is a need for an apparatus and a method for implementing a
paging mechanism between an access point and a mobile terminal in a wireless LAN
that does not require the mobile terminals to be permanently connected to, or to

periodically associate with, an access point.

Brief Summary of the Invention

In accordance with the principles of the present invention, there is provided an
apparatus and a method for implementing a paging mechanism between an access
point and a mobile terminal that is not associated with, or connected to, the access
point.

According to the present invention, a paging request is transmitted by an
access point using a combination of a broadcast channel that is transmitted with
every radio, or data, frame and indicates the presence of a paging request, and a
second broadcast channel that includes the actual data associated with the paging
request. The broadcast channel information, or message, and the second broadcast
channel information, or message, can be received by the mobile terminal while
disassociated from the access point. The second broadcast channel information
includes, for example, the source identity format, the target identity format, the source
identity, and the target identity. The second broadcast channel information may be in
the form of a transport broadcast control message that is transmitted as necessary.

A third broadcast channel, which provides information regarding the location of the
second broadcast channel within the data frame, may be included in the radio frame.

According to the present invention, a mobile terminal that is disassociated from
the access point is configured to check, periodically if desired, the broadcast channel
to determine the presence of a paging request. If the presence of a paging request is

indicated, the mobile terminal checks the second broadcast channel to determine
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whether the paging request is intended for the mobile terminal. If so, the mobile

terminal goes into a wake-up mode and associates with the access point to
communicate with the core network. In another embodiment, the mobile terminal
checks the third broadcast channel in response to an indication of a paging request,
to receive the second broadcast channel.

In an exemplary embodiment, the paging mechanism is implemented in a
wireless LAN that complies with the Hiperlan 2 Technical Specification. Specifically,
the indication of a paging request is transmitted in a flag within a BCCH message,
and the RBCH carries the data specific to the paging request. The FCCH Mmessage
in the data frame provides the location of the associated RBCH message within the
data frame. The associated RBCH is carried in a LCH and includes various
information, including the source identity extension format, the target identity format,

the source identity extension, and the target identity.

Brief Description of the Drawings

The invention is described with reference to the figures, wherein:

Figure 1 illustrates a block schematic diagram of a communications system
that includes a plurality of wireless LANs for practicing the paging technique of the
present invention:

Figure 2 illustrates the terminal stack according to the Hiperlan 2 Technical
Specification;

Figure 3 illustrates the basic MAC frame according to the Hiperlan 2 Technical
Specification; and

Figure 4 illustrates the format of a RBCH message adapted for implementing a

paging mechanism according to the present invention.

Detailed Description

The present invention provides an apparatus and a method for implementing a
paging feature in an access network such as a wireless LAN, and in particular, a
wireless LAN according to ETSI/BRAN/HIPERLAN2 specifications. The paging
procedure provides a method for a mobile terminal, after a first connection, to be
disconnected from the access network and still be attached to the network via an
upper layer entity. The upper layer entity can then request, through a paging
message, that the mobile terminal initiate a connection through the access network

as necessary.
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FIGURE 1 depicts a block schematic diagram of a communications system 10

that includes at least one, and preferably, a plurality of radio access networks,
illustratively depicted by radio access networks 111 and 11,. The radio access
networks 114 and 11, each enable at least one mobile terminal user, and preferably a
plurality of users (e.g., users 124, 12, and 123) to access an external data network 14
such as the Internet or the like. In a preferred embodiment, each user 12, utilizes a
lap top computer to access a corresponding one of the networks 114 and 11, while
each user 12; utilizes a Personal Data Assistant and each user 125 utilizes a wireless
communications appliance such as wireless telephone. Other users can utilize other
types of communications appliances.

Each of the radio access networks 114 and 11; includes at least one, and
preferably, a plurality of access points (APs), illustratively illustrated by APs 184-18,,
via which each of the mobile terminal users 124, 12, and 125 accesses a wireless
LAN 20 within each access network. In the illustrated embodiment, each AP, such as
AP 184, includes a wireless transceiver (not shown) for exchanging radio frequency
signals with a radio transceiver (not shown) within the communications appliance
employed by each user. Each of the APs 184-18,4 in each of the radio access
networks 114 and 11, employs at least one well-known wireless data exchange
protocol such as the Hiperlan 2 radio interface standard.

After completing a data communications session with the wireless LAN 20
within a radio access network, such as radio access network 114, a mobile user, such
as user 123 can choose to enter a SLEEP mode to reduce the consumption of
internal (i.e., battery) resources while still retaining a connection with its associated
AP (i.e., AP 183). Despite being in the SLEEP mode, the mobile terminal user 125
remains associated with the AP 183 in the radio abcess network and consumes an
address and other resources to remain known to the network.

In accordance with the present principles, a mobile terminal user, such as user
183, upon completing a data communications session, can enter an idle mode
whereby the user reduces its internal (battery) resources and disassociates itself from
its corresponding AP, (i.e., AP 183). In this way, the mobile terminal user 183, upon
entering an idle mode, no longer consumes an address within the AP 183, thus
precluding the ability of the AP to track the user. Upon receiving traffic destined for
the mobile terminal 183 currently in an idle mode, the AP 185 must in some way

initiate a reconnection.
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In accordance with the present principles, there is provided a technique for

implementing a paging capability in a radio access network, such as the radio access
networks 114 and 115, which may utilize the Hiperlan 2 radio interface standard, to
signal a disassociated mobile user to initiate a connection with the network. For
example, the mobile terminal user can lack an association with the radio access
network because the user has entered the above-described idle mode. Indeed, the
mobile terminal user can lack an association with the radio access network because
the user has never had any connection at all with the network.

The network stack in a Hiperlan 2 environment is illustrated in Fig. 2, wherein
the Hiperlan 2 Technical Specifications describe the PHY and Data Link Control
("DLC ") layers 200 and 202 and the core network specific convergence layer 204.
The convergence layer 204 offers service to and interfaces with the higher layers.
The convergence layer is an adaptation layer between the network layer and the link
layer. A convergence layer entity within the access point may broadcast data to the
peer entity with the mobile terminal. Several convergence layers may co-exist with
the mobile terminal and the access point. The PHY layer 200 provides the basic data
transport functions. The DLC layer 202 provides for the error control (EC) function,
the medium access control (MAC) function and the radio link control (RLC) function.

Hiperlan 2 sets forth various logical channels managed by the DLC layer 202.
The following are broadcast channels that transport general information and can be
used to carry a specific paging message in accordance with the invention:

BCCH (Broadcast Channel): this channel conveys general information about
the whole cell, which comprises the radio space covered by an access point);

RBCH (Radio Broadcast Channel): this channel is used to transport broadcast
control messages generated by the RLC layer. The RLC is a sub-layer within the
DLC that transports messages relative to the attachment of the mobile terminal with
the access point; and

UBCH (User Broadcast Channel): this channel is used to broadcast data from
the convergence layer, which is the entity located above the DLC layer.

The format of a MAC frame according to Hiperlan 2 is shown in Figure 3.
Each MAC frame 300 has a duration of 2 ms and consists of a sequence of phases.
The BCCH channel is transmitted in each frame 300 during the BC- phase 302. The
RBCH is transmitted only when necessary during DL-phase 304. The SLEEP mode
is implemented using the BCCH. A mobile terminal wakes up regularly in order to

check the BCCH according to a period negotiated with the access point. If the
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access point has a pending message for a particular mobile terminal, a dedicated flag

is set in the BCCH. The mobile terminal is required to check the FCCH (Frame
control Channel) channel that contains indication about pending downlink data. The
FCCH channel includes information regarding the remaining portions of the MAC
frame and is transmitted during BC- phase 302.

Although the BCCH may be used to trigger a wake up procedure in the mobile
terminal, it is not desirable to use the BCCH in implementing a paging mechanism.
The size of the BCCH packet is fixed and very limited in size. Further, the use of the
BCCH to implement a paging mechanism may preclude its use in the SLEEP mode
and prevent backward compatibility.

In accordance with the principles of the present invention, a paging indication
is carried within a RBCH associated with the BCCH message. The RBCH is a
logical channel that is mapped by the DLC over a transport channel. Two transport
channels, namely the Long Channel (LCH) and Short Channel (SCH) may be used to
carry the RBCH. The LCH is 54 bytes long and the SCH is 9 bytes. In the present
invention, the LCH is utilized to carry the paging message due to the larger size. The
paging message may be implemented using the SCH, but due to the limited size, the
paging message may need to be reduced or transmitted over several message
cycles. The format of a LCH for implementing the paging mechanism is illustrated in
Figure 4.

LCH paging indication 400 carries the following information. Target identity
field 420 includes the identification of the mobile terminal being paged. Since the
paging mechanism is used when the mobile terminal is not connected to the access
point, the identity of the device is an identity managed by an upper layer
(convergence layer). The identity may be any suitable, unique identifier associated
with the mobile terminal, including, but not limited to, device identification number,
subscriber number, and URL. The format of the identity is known at this level. The
interpretation of this field depends on the source identity. Source identity field 418
provides the identity of the entity that has triggered the paging procedure.

LCH PDU type field 402, Sequence number field 404, Extension type field 408,
RLC LCH PDU type field 410 and CRC field 422 represent the LCH header, the
RBCH logical channel header and the RLC header.

Extension type field 408 indicates whether the RLC message is part of the
basic RLC protocol or part of some extensions already defined for the home and the

business environments. This proposal may be incorporated within the basic RLC as
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well as any extension. A potential new extension could be public network since one

application that will use the paging mechanism is Hiperlan 2 as an access network for
a mobile network. RLC LCH PDU type field 410 includes an available number
reserved for the RLC ACF (Association Control Function). The list of numbers is
available in the Hiperlan 2 Technical Specification.

The source identity format field 416 and target identity format field 417 include
information that depends on the convergence layer (source identity CL ID field 414).
These fields may indicate a number of bytes (from 0 to 48) or a way the
corresponding address is formatted. The source identity field 418 and the target
identity field 420 are coded according to the format specified in the source identity
format field 416 and the target identity format field 417.

The steps for implementing the paging procedure is now described. The
mobile terminal may be paged even though it has never been associated with the
corresponding access point. The mobile terminal wakes up periodically and checks
the BCCH to detect whether RBCH information is present. If a paging request is to
be broadcasted, the access point generates the paging request and consecutively
repeats the request according to a proprietary period. If an association is performed
between the mobile terminal and the access point the following applies. During the
association procedure, the mobile terminal may exchange with the access point
various information about the capabilities of the mobile terminal. The association
phase may also be used to negotiate a paging group between the mobile terminal
and the access point. The paging group corresponds to a sleeping group defined in
the Hiperlan 2 Technical Specification. The use of a sleeping group allows the
mobile terminal and the access point to define the cycles between which the mobile
terminal checks the BCCH, in other words the periodicity for checking the BCCH by
the mobile terminal. Once the sleeping group is defined, the mobile terminal is then
only required to check the BCCH message at predetermined intervals rather than
checking every BBCH message, thereby reducing power consumption in the mobile
terminal. The paging mechanism according to the terminal may optionally utilize the
paging group technique to advantageously reduce power consumption by the mobile
terminal. Upon completion of the association procedure, the mobile terminal may be
disconnected, either explicitly or implicitly, from the access point and begin checking
the BCCH messages according to the negotiated paging period.

When a request to page the mobile terminal is received by the convergence

layer, the convergence layer delivers a set of required information to the DLC using a
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page request. In this regard, the access point generates and transmits a BCCH

message with a flag indicating the presence of the RBCH having the appropriate
paging information. The access point also generates and transmits in the data frame
a RBCH message having the necessary paging information. The necessary
information includes: paging cause, source identity CL ID, source identity format,
target identity format, source identity, and the target identity. The access point then
transmits the paging indication, according to the paging groups if set, until the mobile
terminal attempts to connect to the access point. The number of cycles attempted
before stopping the paging procedure is a configuration parameter of the access
point.

In response to the flag in the BCCH, the mobile terminal checks the FCCH
message to determine the transport channel location (time slot) of the RBCH. The
mobile terminal then acquires and decodes the RLC LCH PDU type field 410 to
determine whether a paging indication is present. If a paging indication is present,
the mobile terminal then checks the remaining fields as follows: the source identity
CL ID field 414 is checked to determine whether the paging indication came from a
convergence layer supported by the mobile terminal, if so, target identity 420 is
checked to determine whether the paging message is intended for that mobile
terminal, if so, the source identity field 418 is checked to determine the paging
source, and then the mobile terminal initiates an association procedure to establish,
or reestablish a connection with the access point.

After the mobile terminal associates with the access point in response to the
paging indication, the convergence layer in the access point sends a paging stop
message to the DLC layer requesting the DLC to stop broadcasting the associated
paging request message. If there is no response from a mobile terminal after a
predetermined period of time, the DLC may send a paging response message to the
convergence layer indicating the failure of the paging attempt.

In the case of a handover, the mobile terminal changes the attachment point
from one access point to another. In that case, the mobile terminal may initiate an
association procedure with the new access point in order to renegotiate the paging
period. Thereafter, the paging mechanism may be utilized between the mobile
terminal and the new access point.

The foregoing describes an apparatus and a method for implementing a
paging technique for a mobile terminal that is not currently associated with, or

connected to, an access point in a wireless LAN. Since the mobile terminal is not
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required to be permanently connected to the access point, the mobile terminal does

not consume access point resources, such as the MAC ID, and thus, potentially
allows a larger number of devices to be connected to the access point than otherwise
would be possible.

Numerous modifications to and alternative embodiments of the present
invention will be apparent to those skilled in the art in view of the foregoing
description. Accordingly, this description is to be construed as illustrative only and is
for the purpose of teaching those skilled in the art the best mode of carrying out the
invention. Details of the structure may be varied substantially without departing from
the spirit of the invention and the exclusive use of all modifications, which come

within the scope of the appended claims, is reserved.
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Claims

We claim:

1. A method for paging a mobile terminal that is disassociated from an access
point in a wireless LAN, comprising the steps of:

receiving a paging request from a convergehce layer;

generating in a link control layer a broadcast channel message including data
indicative of the presence of the paging request;

generating in the link control layer a second broadcast channel message
having data representative of the paging request; and

transmitting the broadcast channel message and the second broadcast

channel message within a data frame.

2. The method according to claim 1, further comprising the step of:

generating in the link control layer a third broadcast channel message having
data associated with the structure of the data frame and information regarding the
second broadcast channel message, wherein

the transmitting step comprises transmitting the broadcast channel message,
the second broadcast channel message, and the third broadcast channel message in

the data frame.

3. The method according to claim 2, wherein the third broadcast channel
message includes data indicative of the position of the second broadcast channel in

the data frame.

4. The method according to claim 2, wherein the wireless LAN comprises a
wireless LAN that complies with the Hiperlan 2 Technical Specification, the broadcast
channel message corresponds to a BCCH message, the second broadcast channel
corresponds to a RBCH message, and the third broadcast channel corresponds to a

FCCH message.

5. The method according to claim 4, wherein the RBCH is carried in a LCH.
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6. The method according to claim 5, wherein the RBCH includes a target

identity format field, a target identity field, a source identity extension format field, and

a source identity extension field.

7. The method according to claim 1, further comprising the steps of:

negotiating, with the mobile terminal, a periodic interval for checking the
broadcast channel message; and

transmitting the broadcast channel message and the second broadcast
channel message only during the intervals that correspond with the negotiated

periodic intervals.

8. The method according to claim 7, wherein the negotiated periodic interval is

associated with a selected one of a plurality of paging groups.

9. The method according to claim 8, wherein the second broadcast channel
message includes a target identity format field, a source identity extension format

field, and a source identity extension field.

10. A network access point for transmitting a paging request to a mobile
terminal that is not currently associated with the network access point, comprising:

receiving means coupled to a core network for receiving a paging request;

a link control layer for generating a first broadcast channel message having
data indicative of the presence of the paging request, the link control layer also
generating a second broadcast channel message having data representative of the
paging request;

transmitting means coupled to the link control layer for transmitting the first
broadcast channel message and the second broadcast channel message in a data

frame.

11. The network access point according to claim 10, wherein

the link control layer generates a third broadcast channel message having
data indicative of the location of the second broadcast channel message within the
data frame, and the transmitting means transmits the broadcast channel, the second

broadcast channel and the third broadcast channel'in the data frame.
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12. The network access point according to claim 11, wherein

the transmitting means transmits the data frame in accordance with Hiperlan 2
the broadcast channel message corresponds to a BCCH message, the second
broadcast channel message corresponds to a RBCH message, and the third

broadcast channel message corresponds to a FCCH message.

13. The network access point according to claim 12, wherein

the transmitting means transmits the RBCH in a LCH.

14. The network access point according to claim 10, wherein the transmitting

means transmits the paging request during predetermined intervals defined by a
paging group of a target device.

15. A method for controlling a mobile terminal device that is currently
disassociated with an access point in a wireless LAN, comprising the steps of:

checking a broadcast channel message transmitted by the access point for
data indicative of a second broadcast channel message in the data frame;

detecting, in response to data indicative of the second broadcast channel
message, the second broadcast channel message and determining whether the
message includes a paging request;

determining whether the paging request is intended for the mobile terminal
device; and

initiating an association procedure to establish a connection with the access
point and transmitting a response to the paging request, in response to the

determination that the paging request is intended for the mobile terminal device.

16. The method according to claim 15, further comprising the steps of:

detecting a third broadcast channel message having data indicative of the
location of the second broadcast channel message in the data frame, and acquiring
the second broadcast channel message in response to the third broadcast channel

message.

17. The method according to claim 16, wherein the mobile terminal operates

in accordance with Hiperlan 2 Technical Specification, and
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the checking step comprises checking a BCCH message, and the detecting

steps comprise detecting a RBCH message and a FCCH message.

18. The method according to claim 15, further comprising the step of:

associating with the access point to negotiate a paging group, the paging
group being associated with a predetermined period interval for receiving paging
requests, and thereafter disassociating from the access point and checking the

broadcast channel message only during the time intervals associated with the paging

group.
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