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Description
METHODS AND SYSTEMS FOR PROVIDING WIRELESS LOCAL AREA

NETWORK-BASE TRANSCEIVER STATION (W LAN-BTS) GATEWAY
Priority Claim
This application claims the benefit of U.S. Provisional Patent Application
No. 60/498,418, filed August 28, 2003, the disclosure of which is incorporated
herein by reference in its entirety.
Technical Field

The present invention relates to methods and systems for providing

improved access to base station subsystems in mobile communications

networks. More particularly, the present invention relates to methods and
systems for providing a WLAN-BTS gateway.
Background Art

In mobile communications networks, the air interface is the interface

i

between a mobile handset and a base transceiver station. For voice telephone
calls, typical air interface protocols use frequency division multiple access
(FDMA), code division multiple access (CDMA), or time division multiple access
(TDMA) to provide multiple channels between the BTS and the mobile
handsets. In GSM networks, a combination of TDMA and FDMA is used.

One problem with conventional mobile communications networks is that
the voice and control signals may be weakened inside of structures, such as
buildings, due to poor frequency penetration, scattering, fading, or other
undesirable signal effects. As a result, when a mobile user desires to use his
or her handset within a structure, access to the network will be either
impossible or of very poor quality.

WLAN protocols, such as the |IEEE 802.11x family of protocols, are
increasingly being used to provide broadband Internet access inside of
buildings. For example 802.11 access points are commonly used within
homes, offices, hotels, airports, and coffee shops to provide wireless
broadband Internet access to users inside of the buildings. While WLAN

protocols are increasingly being used to provide wireless data access within
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structures, these protocols are not typically used to provide voice network
access, such as mobile voice communications network access, within
structures.

Current attempts to use WLAN and air interface protocols in the same
equipment utilize WLAN and air interface protocols independently to provide
broadband voice and data access. For example, WLAN and GSM transceivers
have been used independently to allow private user equipment to connect to a
public cellular network and a broadband data connection. However, there is
currently no known solution that seamlessly combines WLAN protocols with air
interface protocols to provide improved voice communications access to the
telephone network.

Accordingly, in light of the shortcomings associated with conventional
mobile communications networks and the availability WLAN protocols, there
exists a need for improved methods and systems for using WLAN and air
interface protocols in combination to provide improved voice communications
access to the telephone network.

Disclosure of the Invention

According to one aspect, the present invention includes a method for
transparently initiating and terminating calls with a mobile handset using a
WLAN-BTS air interface gateway. The method includes registering a mobile
handset with a WLAN-BTS gateway. When the handset initiates or receives a
call, layer 3 air interface protocol signaling originating from the handset may be
carried over the WLAN to the gateway. The gateway may forward air interface
signaling to a BTS over the air interface. The gateway may learn the control
channel used to carry the signaling from the signaling messages themselves or
from a separate message from the handset. Once the gateway learns the
assigned control channel, the gateway can listen for incoming messages from
the BTS and forward those messages to the handset over the WLAN.
Messages to and from the handset for a specific channel may be identified
using the MAC address of the handset.



WO 2005/032155 PCT/US2004/028138

10

15

20

25

30

-3-

Because the layer 3 air interface protocol signaling is controlled by the
handset, the gateway design can be simplified in that the gateway remains
transparent to the BTS, and the handset can function independently of the
gateway when making non-WLAN air interface connections. In addition, when
the handset moves outside of the areas served by the WLAN and into an area
served by the air interface, the handset may automatically switch from the
WLAN protocol to the air interface protocol and continue a call that was
previously carried over the WLAN. This is possible because the handset has
all of the channel information required to implement a layer 1 and 2 air interface
connection with the BTS. Similarly, when the handset moves from an area
served by the air interface to an area served by the WLAN (provided that the
handset has previously registered with the gateway), the handset may
automatically switch to the WLAN protocol and continue a call that was
previously carried over the air interface. In this case, the handset may send a
message to the gateway informing the gateway of the control and traffic
channels allocated to the call. The gateway may then intercept the signaling
and voice stream and forward the signaling and voice stream to and from the
handset over the WLAN.

Once the call setup signaling is complete, an air interface traffic channel
exists between the gateway and the BTS. At the gateway, an incoming voice
or media stream associated with the call is intercepted and converted from the
air interface protocol to a WLAN protocol. The gateway forwards the incoming
voice or media stream to the handset via the WLAN protocol. At the gateway,
the outgoing voice or media stream associated with the call is converted to the
air interface protocol. Because the gateway converts between the WLAN and
air interface protocol and operates transparently to a base station system, calls
to and from a mobile handset can be completed, even in areas of low signal
strength.

Accordingly, it is an object of the invention to provide a method for
transparently initiating and terminating voice calls with a mobile handset using a
WLAN-BTS gateway.
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It is another object of the invention to provide a WLAN-BTS air interface
gateway that operates transparently to a BTS and allows completion of callsto
and from a mobile handset in areas of low signal strength.

Some of the objects of the invention having been stated hereinabove,
and which are addressed in whole or in part by the present invention, other
objects will become evident as the description proceeds when taken in
connection with the accompanying drawings as best described hereinbelow.

Brief Description of the Drawings

Preferred embodiments of the invention will now be explained with
réference to the accompanying drawings of which:

Figure 1 is a schematic diagram illustrating overall operation of a WLAN-
BTS gateway according to an embodiment of the present invention;

Figure 2 is a protocol layering diagram illustrating exemplary protocol
layers implemented by entities communicating via a WLAN-BTS gateway
according to an embodiment of the present invention;

Figure 3 is a flow chart illustrating exemplary steps for establishing a call
using a WLAN-BTS gateway according to an embodiment of the present
invention;

Figures 4A-4D are a message flow diagram illustrating exemplary WLAN
and air interface signaling used to establish a mobile-originating voice call using
a WLAN-BTS gateway according to an embodiment of the present invention;

Figures 5A-5D are a message flow diagramillustrating exemplary WLAN
and air interface signaling associated with establishing a mobile-terminating
voice call using a WLAN-BTS gateway according to an embodiment of the
present invention;

Figure 6 is a block diagram illustrating an exemplary -architecture for a
WLAN-BTS gateway according to an embodiment of the present invention; and

Figure 7 is a block diagram illustrating an exemplary architecture for a
WLAN- and air-interface-capable handset according to an embodiment of the

present invention.
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Detailed Description of the Invention

As stated above, one potential use for the methods and systems
described herein is to establish calls originating from a mobile handset when
the mobile handset is an area of weak signal strength through the normal air
interface protocol used by the base station but in an area where WLAN access
is available. Figure 1 illustrates an exemplary operating environment for a
WLAN-BTS gateway according to an embodiment of the present invention.
Referring to Figure 1, a mobile handset 100 may encounter weak signal
strength from base transceiver station 102 when mobile handset 100 is inside
of a building 104. Building 104 may be any type of building, such as a hotel, an
office, a residence, or any other type of structure or area that may reduce
mobile telephone signal quality. Handset 100 may include a standard air
interface protocol stack for communicating with base transceiver station 102.
For example, handset 100 may include a GSM protocol stack, an 1S-41
protocol stack, or both. Handset 100 may also include a WLAN protocol stack
for communicating with WLAN-BTS gateway 106. According to an important
aspect of the invention, handset 100 is preferably capable of initiating and
terminating layer 3 air interface protocol signaling over a WLAN. Providing a
handset that performs layer 3 signaling over a WLAN simplifies gateway
design, increases gateway transparency to the BTS, and facilitates movement
between WLAN coverage areas and air interface coverage areas without loss
of existing traffic channel connections. For example, if handset 100 establishes
an air interface traffic channel between gateway 106 and BTS 102 using air
interface signaling that handset 100 initiates and terminates, handset 100 will
be aware of the channel being used. As a result, when handset 100 leaves
building 104, handset 100 can seamlessly switch from the WLAN to the
allocated traffic channel over the air interface.

WLAN-BTS gateway 106 may include an air interface protocol stack for
communicating with BTS 102 via a standard air interface. The standard air

interface protocol stack may include an 1S-41 protocol stack, a GSM protocol
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stack, or both. In order to communicate with handset 100, gateway 106 may
include a WLAN protocol stack.

Figure 2 illustrates the communicating entities of Figure 1 in more detail
and their respective protocol stacks. In addition, Figure 2 also includes other
signaling entities in a mobile communications network. Referring to Figure 2,
WLAN- and air-interface-capable handset 100 includes a protocol stack 200
that includes a WLAN portion 202 and an air interface control portion 204.
WLAN portion 202 includes and physical datalink layers for sending and
receiving data over a WLAN link. In the illustrated example, these layers
include a physical media dependent (PMD) sublayer, a physical layer
convergence procedure (PLCP) sublayer, a medium access control (MAC)
layer, and a logical link control (LLC) layer. The function of WLAN layers 202 is
to provide transport of air interface signaling and bearer data to gateway 106
via a WLAN protocol. These layers may be implemented using any suitable
WLAN protocol, including 802.11x, where x equals a, b, or g, 802.16x, or other
suitable WLAN protocol.

Air interface control portion 204 includes a radio resource (RR)
management layer, a mobility management (MM) layer, and a call control (CC)
layer. The purpose of the layers in stack portion 204 is to communicate with
BTS 106 and establish control and traffic channels. According to the present
embodiment, these layers are preferably not implemented at gateway 106.
That is, in this embodiment, gateway 106 simply passes messages from these
layers to the corresponding layers at BTS 102. Message flows implemented by
these layers will be described in detail below.

Gateway 106 implements a composite protocol stack 206 inclvuding a
WLAN portion 208, a cellular (e.g. GSM) air interface portion 210, and a
WLAN-BTS gateway portion 212. WLAN portion 208 corresponds to WLAN
portion 202 in protocol stack 200 of handset 100. That is, WLAN portion 208
may implement any of the above-referenced WLAN protocols corresponding to

the protocol implemented by handset 100. GSM portion 210 may implement
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GSM air interface protocols such as LAPD,, and a TDMA/FDMA physical layer
protocol. WLAN-BTS gateway layer 212 translates messages from the
protocols represented by WLAN portion 208 and the protocols represented by
GSM portion 210. .

Because WLAN-BTS gateway 106 is capable of transparently sending
and receiving radio resource management information to and from BTS 102,
BTS 102 may implement a standard GSM (or other air interface) protocol stack
214. In the illustrated example, protocol stack 214 includes an interface portion
216 and an Ay;s interface portion 218. Air interface portion 216 includes layers
that correspond to air interface portion 210 of WLAN-BTS gateway 106 and the
air interface portion 204 of WLAN capable phone 100. Ay interface 218
includes signaling channels for communicating with base station controller
(BSC) 220. In the illustrated example, these layers include a PSTN layer, a
LAPD layer, and an L1 layer.

Base station controller 220 may control multiple base transceiver
stations 102 for allocation of signaling channels among handsets and
handovers between base transceiver stations. Base station controller 220 may
also implement SS7 signaling protocols for communicating with mobile
switching cI:enter (MSC) 222 over the A interface. In the illustrated example,
base station controller 220 implements a protocol stack 224 that includes BTS
signaling portion 226 having an L1 layer, a LAPD layer, and an RR, BTSM
layer. Protocol stack 224 also includes A link portion 228 including various
signaling layers for communicating with MSC 222. In the illustrated example,
these layers include a message transfer part level 1 (MTP1) layer, an MTP2
layer, an MTP3 layer, and a signaling connection control part (SCCP) layer.
MTP 1 and 2 layers perform physical and datalink layer functions for SS7
network signaling. The MTP3 layer performs MTP level 3 functions, such as
message routing. The SCCP layer provides a routing mechanism for higher
level protocols, such as transaction capabilities application part (TCAP), mobile

application part (MAP), and base station subsystem application part (BSSAP)
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using information stored in the SCCP portion of the message. This information
can include point codes and global title addresses.

MSC 222 performs switching office functions for the mobile
communications network. MSC 222 includes a protocol stack 230. Protocol
stack 230 includes a call setup signaling portion 232 and a BSC signaling
portion 234. Call setup signaling portion 232 includes various layers for
sending call setup signaling messages to other entities in a mobile
communications network. In the illustrated example, the most important layer
associated with call setup is the Q.931 and ISUP layer. The Q.931 and ISUP
layer originates Q.931 or ISUP setup signaling messages to establish and
terminate calls with other endpoints. The TCAP/MAP layer performs signaling
functions for accessing mobile communications databases, such as HLRs and
VLRs to obtain mobile subscription information. The SCCP and MTP 1-3
layers perform the same functions as those described with regard to protocol
stack 224.

Figure 3 is a flow chart illustrating exemplary over:all steps for originating
a call from a WLAN-capable handset using a WLAN-BTS air interface gateway
according to an embodiment of the present invention. Referring to Figure 3, in
step 300, the WLAN capable handset is registered with a WLAN-BTS air
interface gateway. This step may be performed by the mobile service provider
at the time the handset is created or issued to a mobile subscriber.
Alternatively, this step may be performed when the subscriber enters an
establishment that has a WLAN-BTS gateway. For example, when a
subscriber checks into a hotel, the subscriber may register his handset with the
WLAN-BTS air interface gateway during check in. Exemplary information that
may be provided to the WLAN-BTS air interface gateway during registration
may include the MSISDN number associated with the mobile subscriber, the
IMSI, and any encryption keys used to encrypt and decrypt signaling
information sent over the air interface. Registration may be performed

automatically by a WLAN capable handset. Alternatively, registration may be



WO 2005/032155 PCT/US2004/028138

10

15

20

25

30

-9-

implemented by having the user insert his or her SIM card in a corresponding
reader associated with the WLAN-BTS air interface gateway.

After registration, when a subscriber desires to initiate a call, the handset
signals the BTS via the gateway to establish the new call. Such signaling
involves obtaining air interface control and traffic channels from the BTS.
Exemplary signaling messages for obtaining the control and traffic channels
over the air interface will be described in detail below. In step 303, the gateway
learns the control channel for the call. This step is necessary so that the
gateway can intercept messages from the BTS for the call over the air
interface. This step may be performed by analyzing the response to channel
request transmitted over a randomly allocated control channel by the gateway
on behalf of the handset.

Once the gateway learns the control channel, in step 304, the gateway
translates signaling messages between WLAN and air interface physical and
data link layer protocols. Referring back to Figure 2, this step may be
performed by translating between the layers indicated by protocol stack portion
208 and protocol stack portion 210 in protocol stack 206. The gateway
preferably sends the signaling messages to the BTS via the air interface and to
the handset via the WLAN interface. Because the gateway translates signaling
from the WLAN protocols to the air interface protocols, the gateway and the
conversion are transparent to the BTS.

In step 306, the gateway learns the traffic channel for the call. This step
is performed so that the gateway will know the channel on which it should listen

“for the incoming voice stream associated with the call initiated by the WLAN

capable handset. This step may be performed by having the handset send a
signaling message to the gateway informing the gateway of the allocated
channel and the call identifier. The signaling message may be sent using any
suitable protocol capable of carrying data using an underlying WLAN protocol.
In one exemplary implementation, the signaling protocol used to carry the

information may include TCP/IP. Alternatively, the gateway may learn the
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traffic channel from the channel assignment message from the BTS. On the
WLAN interface, the gateway may identify incoming control and traffic packets
from the handset using the MAC address of the handset.

Once the gateway learns the traffic channel, in step 308, the gateway
intercepts the incoming voice or media stream from the BTS, converts the voice
or media stream to a WLAN protocol, and forwards the voice or media stream
to the handset. In step 310, the gateway intercepts the outgoing voice or
media stream from the handset, converts the voice or media stream to the air
interface protocol, and forwards the voice or media stream to the BTS. Steps
308 and 310 may be performed continuously for the duration of the call.
Accordingly, in step 312, the gateway determines whether the call has ended.
If the call has not ended, steps 308 and 310 are repeated. If the call has
ended, control proceeds to step 314 where the handset signals the BTS that
the call has ended. In step 316, the BTS dealloacates air interface resources
associated with the call. In step 318, the gateway learns that the call has
ended. This step may be performed by programming the handset to inform the
gateway outside of the air interface signaling or having the gateway listen for
the appropriate signals over the air interface. [n step 320, the gateway
deallocates WLAN and air interface resources.

Thus, using the steps illustrated in Figure 3, a call can be established
with a WLAN-capable handset using the WLAN and air interface protocols in a
manner that is transparent to the BTS. Providing such transparency reduces
the need for additional equipment or functionality to be provided in the BTS.
The BTS is simply required to implement normal air interface procedures.

In order to avoid collisions on the WLAN interface, handset 100 and
gateway 106 may implement carrier sense multiple access — collision
avoidance procedures (CSMA/CA). In CSMA/CA, as soon as a node receives
a packet that is to be sent, it checks to be sure the channel is clear (no other
node is transmitting at the time). If the channel is clear, then the packet is sent.

If the channel is not clear, the node waits for a randomly chosen period of time,
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and then checks again to see if the channel is clear. This period of time is
called the backoff factor, and is counted down by a backoff counter. If the
channel is clear when the backoff counter reaches zero, the node transmits the
packet. If the channel is not clear when the backoff counter reaches zero, the
backoff factor is set again, and the process is repeated. These procedures
may be used by both gateway 106 and handset 100 to avoid collisions on the
WLAN interface, especially when multiple handsets are simultaneously
communication with gateway 106 via the WLAN interface. In order to further
avoid collisions, handset 100 and gateway 106 may implement a physical layer
that utilizes spread spectrum communications techniques, such as frequency
hopping or direct sequence spread spectrum communications.

Although in the example illustrated in Figures 1 and 2, WLAN-BTS
gateway 106 and BTS 102 are illustrated as being located remotely from each
other, the present invention is not limited to such an embodiment. In alternate
embodiment, WLAN-BTS gateway 106 and BTS 102 may be co-located with
each other. For example, WLAN-BTS gateway 106 and BTS 102 may both be
located in or near building 104. Alternatively, WLAN-BTS gateway 106 and
BTS 102 may each be located remotely from building 104. In such an
embodiment, building 104 would include a WLAN access point for sending
signals to and receiving signals from gateway 1086.

In one example described above with respect to Figure 3, the handset
informs the gateway of the traffic and control channels for the call. Such an
embodiment results in a simplified protocol stack at the gateway. That is, the
gateway is not required to implement the CM, MM, and RR layers implemented
by handset 100. In an alternate implementation, WLAN-BTS gateway 106 may
have the capability to derive channel information from messages carried by
these layers. This would require that WLAN-BTS gateway layer 212 be able to
decode messages sent and received by the RR layer. Exemplary messages
associated with this layer will be described in detail below. In yet another
alternate implementation, the GSM portion 204 of protocol stack 200 may be
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duplicated in WLAN-BTS gateway 106. In such an embodiment, WLAN-BTS
gateway 106 may function as a proxy for WLAN capable handset 100. When
functioning as a proxy, WLAN-BTS gateway 106 may receive registration
information from WLAN-capable handset 100 in the manner described above.
When WLAN-capable handset 100 desires to make a call from within the
coverage area of WLAN-BTS gateway 106, WLAN-capable handset may
simply send a call initiation request including the dialed digits to WLAN-BTS
gateway 106. WLAN-BTS gateway 106 may perform the signaling necessary
to allocate a channel with BTS 102 and establish a call with a remote
termination. WLAN-BTS gateway 106 may then simply forward the voice or
media stream packets to WLAN-capable handset 100 via a WLAN protocol.
Similarly, WLAN-BTS gateway 106 may forward the voice or media stream
from handset 100 to the remote termination using the air interface protocol.
As described above with respect to Figure 3, one operating scenario in
which WLAN-BTS gateway 106 may be utilized is for mobile originating calls.
Figures 4A-4D illustrate exemplary messages that may be exchanged between
WLAN capable handset 100, WLAN-BTS gateway 106, and BTS 102 in
establishing a mobile originated call via a WLAN interface. In the message
flow diagram, each block transferred between handset 100, gateway 106, and
BTS 102 represents a message. The text within each block represents the
message type and the parameters. Referring to the messages in line 1 of
Figure 4A, the text within bracket 400 represents the layer 1 and 2 channels
used to carry each message. Forthe airinterface message, the text in bracket
400 the control channel message type. The abbreviation CCCH is generically
used to refer to a control channel. The abbreviation RACCH refers to random
access channel, which is conventionally used for a communication from a
mobile station to a base transceiver station. In the WLAN interface message,
the layer 1 and 2 messages are indicated as “WLAN,” meaning that layers 1
and 2 on the WLAN interface are WLAN-protocol-formatted instead of air-
interface-channel formatted. Exemplary WLAN protocol layers that may be
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used for replacing layers 1 and 2 of the air interface protocol are the LLC, MAC,
PLCP, and PMD layers illustrated in Figure 2.

In both the message on the air interface and on the WLAN interface, the
text within bracket 402 represents the sublayer of layer 3 to which the message
belongs. Layer 3 refers to layer 3 of the air interface. The sublayers of layer 3
according to the GSM standard are radio resource management (RR), mobility
management (MM), and call control (CC).

The text in bracket 404 represents the air interface layer 3 message
type. Intheillustrated example, the layer 3 message type is a channel request.

The parameters within the brackets of the channel request message represent
important parameters of the message. The parameters of the channel request
message in line 1 of Figure 4A are the reason for the request and a channel
reference.

The notation in the messages of lines 1 and 2 of Figure 4A is used
consistently in the drawings. Hence, a description of the notation for every
message will not be repeated herein. Specific message types and their
functions will now be described in detail.

In line 1 of the message flow diagram illustrated in Figure 4A, handset
100 sends a channel request message to gateway 106 via the WLAN interface.
Gateway 106 receives the message and formulates a corresponding message
on the random access control channel of the air interface (line 2). In response
to receiving the channel request message, BTS 102 ‘signals its base station
controller to obtain a control channel. When BTS 102 receives a control
channel, in line 3 of the message flow diagram, BTS 102 sends an immediate
assign command (IMM_ASS_CMD) message to gateway 106. The immediate
assignment command contains all information for the assignment of a stand-
alone dedicated control channel between mobile station 100 and BTS 102.
Because layer 3 is implemented on handset 100, in line 4 of the message flow
diagram, gateway 106 forwards the immediate assignment command message

to mobile station 100. In line 5 of the message flow diagram, handset 100
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formulates a communications service request message and sends the
message to gateway 106. The communications service request message
requests allocation of a layer 2 channel on the air interface. In line 6 of the
message flow diagram, gateway 106 formulates a corresponding synchronous
balanced mode extended frame (SABME) requesting the layer 2 channel
assignment from BTS 102. In line 7 of the message flow diagram, the BTS
confirms that a layer 2 connection has been established by repeating the
CM_SERV_REQ message to gateway 106. In line 8 of the message flow
diagram, gateway 106 sends the CM_SERV_REQ message to handset 100 via
the WLAN interface.

In line 9 of the message flow diagram, BTS 102 sends an authentication
request message to gateway 106. In line 10 of the message flow diagram,
gateway 106 forwards the authentication request message to handset 100.
The SIM card in mobile station 100 calculates the SRES by applying the
random number RAND and the parameter K; to the encryption algorithm A3,
which is specified in the GSM standards documents. Inline 11 of the message
flow diagram, handset 100 sends the result of the calculation in line 10 to
gateway 106 via the air interface. In line 12 of the message flow diagram,
gateway 106 sends the corresponding message over the dedicated control
channel in a layer 2 | (information) frame. The message is eventually
forwarded to a VLR, which compares the SRES with a corresponding value
obtained from the mobile subscriber’s HLR. In this example, it is assumed that
the values match. Accordingly, in line 13 of the message flow diagram, BTS
102 sends a communications service acceptance (CM_SERV_ACC) message
indicating that the service request sent to the MSC has been processed and
accepted. In line 14 of the message flow diagram, gateway 106 sends the
CM_SERV_ACC message to handset 100.

If ciphering is active, then no communication service acceptance
message is sent but ciphering is switched on. For this purpose, the MSC/VLR
sends information to BTS 102 and to handset 100. In lines 15 and 16 of the
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message flow diagram, the ciphering mode command (CIPH_MOD_CMD) is
sent to handset 100 via gateway 106. The ciphering mode command includes
the algorithm A5/X, which is to be used to perform the ciphering on the air
interface. Inlines 17 and 18 of the message flow diagram, handset 100 sends
a ciphering mode complete (CIPH_MOD_COM) message to BTS 102
indicating that the ciphering mode command message has been received and
that the ciphering mode has been set.

In lines 19 and 20 of the message flow diagram, BTS 102 sends an
identify request message to handset 100 if equipment checking is being
performed. The identify request message may originate from an MSC/VLR.
The identify request message may request the IMEI, the IMSI, and/or the TMSI.

In lines 21 and 22 of the message flow diagram, handset 100 transmits its
IMEI and/or other handset- and/or subscriber-identifying parameters to BTS
102 and the corresponding MSC. The MSC can use the IMEI to determine
whether the handset is stolen and properly registered.In lines 23 and 24 of the
message flow diagram, BTS 102 sends a temporary mobile station identifier
(TMSI) assigned by an MSC/VLR to handset 100 via gateway 106. The TMSI
is used to make unauthorized tracking of the mobile subscriber more difficult.
The TMSI is communicated to handset 100 in a TMSI reallocation command
(TMSI_REAL_CMD message). Inlines 25 and 26, handset 100 sends a TMSI
reallocation complete (TMSI_REAL_COM message) to BTS 102 via gateway
106 indicating that the TMSI has been received and stored.

In order to initiate the call, handset 100 formulates a setup message
including the called directory number. Inline 27 of the message flow diagram,
handset 100 sends the setup message to gateway 106 via the WLAN interface.
In line 28 of the message flow diagram, gateway 106 sends the setup message
to BTS 102 via a layer 2 | frame on the stand-alone dedicated control channel
allocated for the communications session ISDN networks, the setup message
is converted into an IAM message and sent to the destination end office in

order to setup the connection. Once the IAM message is sent, the network
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confirms with a call proceeding (CALL_PROC) message. Inlines 29 and 30 of
the message flow diagram, BTS 102 sends the call proceeding message to
handset 100 via gateway 106.

In line 31 of the message flow diagram, BTS 102 sends an assignment
command (ASS_CMD) that contains the traffic channel for the call. As
discussed above, gateway 106 may either extract the traffic channel from the
assignment command, or handset 100 may inform gateway 106 of the traffic
channel by a separate message so that gateway 106 can receive the voice or
media stream associated with the call. In line 32 of the message flow diagram,
gateway 106 sends the assignment command with the traffic channel to mobile
station 100 via the WLAN interface. In lines 33-36 of the message flow
diagram, layer 2 connections are set up on the WLAN interface and on the air
interface. The layer 2 connection on the air interface may be established using
standard air interface signaling. The layer 2 connection on the WLAN interface
may be established using IEEE 802.2 logical link control layer signaling. In line
37 of the message flow diagram, handset 100 sends an assignment command
to gateway 106 establish a layer 3 connection over the traffic channel. In line
38 of the message flow diagram, gateway 106 sends the assignment command
to BTS 102 over the air interface.

When the MSC receives an address complete message (ACM) the MSC
may send an alert message or a progress message to indicate either that the
call is progressing or that a ring tone is being generated. In lines 39 and 40 of
the message flow diagram, the alert/progress message is delivered from BTS
102 to handset 100 via gatéWay 106.

When the called party answers the call, the end office or MSC
corresponding to the called party sends an ISUP answer (ANS) message to the
calling party MSC. When this occurs, the calling party MSC sends a connect
(CON) message to the base station controller. The base station controller
forwards the connect message to BTS 102. In line 41 of the message flow

diagram, BTS 102 sends the connect message to gateway 106 via the air
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interface. In line 42 of the message flow diagram, gateway 106 sends the
connect message to handset 100. In lines 43 and 44 of the message flow
diagram, handset 100 sends a connection acknowledgement message to BTS
102. The connection acknowledgement message is forwarded through the
network to the called party end office.

Once the connection acknowledgement message has been received,
voice packets can be transmitted between the calling and called parties via the
WLAN interface and the air interface. Because gateway 106 knows the air
interface traffic channel allocated for the call and the MAC address of handset
100, gateway 106 can identify packets associated with the call on both
interfaces and convert the packets between the WLAN and air interface
protocols.

When one of the parties desires to disconnect, the disconnecting party
sends a disconnect message to the other party. In this example, the calling
party corresponding to handset 100 sends the disconnect message.
Accordingly, in lines 46 and 47 of the message flow diagram, handset 100
sends a disconnect message to BTS 102 via gateway 106. In response to the
disconnect message, the called party sends a release message. In lines 47
and 48 of the message flow diagram, BTS 102 sends the release message to
handset 100 via gateway 106.

In response to the release message, handset 100 generates a release
complete message. Inlines 50 and 51 of the message flow diagram, handset
100 sends the release complete message to BTS 102 via gateway 106.
Receipt of the release complete message indicates the end of the call. After
the call is ended from the call control perspective, the occupied traffic channel
on the air interface must be released. For this purpose, the calling party MSC
sends a clear command message to the BSC. The BSC forwards a channel
release message to BTS 102 and mobile handset 100. In lines 54-57 of the
message flow diagram, handset 100 and gateway 106 exchange messages

with each other and with BTS 102 to release the layer 2 connection on the
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