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(57) Abstract: The present invention relates to a device (100) for providing vertical relay and handover between two networks,
said device (100) comprising least one application layer (102), at least one Internet Protocol (IP) layer (103), at least one adapta-
tion layer (104), a first physical (PHY) (108) layer, a first media access control (MAC) layer (105), a second physical (PHY) layer
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formed within the adaptation layer (104). A request for handover is communicated to the adaptation layer (104) by anyone of the
MAC layers.
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A device for vertical relay and handover of network

Field of Invention

The present invention relates to a vertical relay and handover between two networks,
more particularly, the invention discloses a device and converged module for two
networks configured therein for providing accelerated vertical relay and handover

between the said two networks.

Background of Invention

At present, there are two prominent standards or mode of operation with respect
to the advent of wireless network, said mode of operations are WiFi (wireless fidelity)
which operates based on IEEE 802.11 and WiMAX (worldwide interoperability for
microwave éccess) which deploys IEEE 802.16. WiMAX is supported by WMAN
communication technique for mobility and fixed subscribe stations (SS) and therefore it
is known to have additional advantageous features as compared to the WiFi. The primary
beneficial divergence of WiMAX as compared to WiFi is the capability to provide
elevated flexibility in implementations whilst maintaining considerable level of data rate

as well as transmission range. In contrast to WiMAX, WiFi (i.e. 802.11n) however
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provides higher transmission rate as compared to WiMAX (802.1'6e/j) but in limited
areas, as in many cases WiFi signal strength may be limited due to the use of unlicensed

frequency band therefore restriction to the coverage area.

Following the above, it would be highly desirable to be able to use the
advantageous features and thus eliminates the disadvantages of each network standard in
order to provide a complete and ubiquitous wireless solution for delivering high speed
Internet access in a wider scope of area, and more particularly for businesses, homes and

hot spots. Hence, the idea relative to a handover networks has been introduced.

Typically, while the mobile device is roaming, a vertical handover is performed
with a gateway to shift the signal source from a base station (BS) to the local access point
(AP) and vice versa, so as to maintain the connectivity for transmission and receiving
data or in other words to provide service continuity for users and ai)plications wnhm the
network. Suitably, a general definition of a vertical handover is the shifting a connection
between two different access networks. For instance, a handover involving WiFi and
WiMAX necessitates WiFi and WiMAX cards in the laptop device (110), specifically

PMCIA or PC cards which however are known to be prohibitively costly.

Characteristically, it is highly preferred by many users and operators that the
handover is performed seamlessly, that is without or at least reduced delay and

interruptions. Nevertheless, the said impediments have yet to be successfully prevailed
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with the current techniques, as in many cases a method or approach which has

significantly reduced handoff latency may not have the highest throughput.

Accordingly, the present invention has been accomplished to significantly provide
a system or capability to relay between two different technologies or networks, therefore
eliminating the need for costly devices normally used to perform a vertical handover
process. The present invention provides a wireless device or apparatus, in particular a
mobile station (MS) comprising a converged module that allows expédiency in the relay
between two different technologies or networks, whereby the invention is configured on
WiMAX mobile device (100) or apparatus, therefore increasing the WiFi devices (110)

range, depending on the mobility of the user of the said device (100).

It is therefore the primary object of the present invention to provide a combination
of networks module for the WiMAX configured mobile or device, primarily to ensure
simplistic handover and thus providing ubiquitous network by way of relaying a signal

from the available network to a device.

In yet another embodiment of the present invention there is provided a mobile
relay station (MRS) which has the capability to support and provide connection to users

within any available network.



10

15

20

WO 2010/030165 PCT/MY2009/000138

In yet another embodiment of the present invention there is provided a fixed and
mobile convergence (FMC) modules between two different technologies devoid of a

gateway device for a vertical handover.

It is a further embodiment of the present invention to eliminate the need for

PMCIA or PC cards in the respective terminal.

Other embodiments and objects of the present invention will be apparent in the

detailed description provided herein.
Summary of Invention

In one embodiment of the present invention, there is provided a device (100) configured
to perform a vertical handover from a current network to a target network when there is
more than one network available within an area, said device (100) comprising at least one
application layer (102), at least one Internet Protocol (IP) layer (103), at least one
adaptation layer (104), a first physical (PHY) (108) layer, a first media access control
(MAC) layer (105), a second physical (PHY) layer (107), and a second media access

control layer MAC (106) layer.

In another embodiment of the present invention, there is provided a device (100)
configured to relay a network signal from a first device to a second device based on the

availability of network within an area, said device (100) comprising at least one
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application layer (102), at least one Internet Protocol (IP) layer (103), at least one
adaptation layer (104), a first physical (PHY) (108) layer, a first media access control
(MAC) layer (105), a second physical (PHY) layer (107), and a second media acceés |
control layer MAC (106) lasler, wherein the adaptation layer (104) is in communication
with the first and second physical layers (108,107) and the first and second media access
control layers (105,106); wherein the adaptation layer (104) is configured to perform the
vertical handover process, the determination of coexistence of networks and the

classi_ﬁcation of network traffic.

Brief Description of the Drawings

The present invention which will be disclosed herein both as to organizational and
method of operation, together with features, objects and advantages thereof may be best
understood by reference to the following detailed description when read with

accompanying drawing in which:

" FIG 1 illustrates a diagram the interaction between the two technologies (WiMAX

and WiFi) with the proposed wireless module which demonstrates the module in

accordance with an embodiment of the present invention matches the signals from each

of the WiFi and WiMAX devices and vice versa;
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FIG 2 illustrates the protocol stack for the proposed wireless module which
demonstrate the handoff part within the adaptation layer (which is responsible for the
protocol convergence between the WiMAX and WiFi in accordance with an embodiment

of the present invention;

FIG 3a — FIG 3b illustrates the laptop within the coverage of both indoor WiFi
and WiMAX which demonstrate the signal relay activity performed by an embodiment of

the present invention;

FIG 4 illustrates the network selection process performed in accordance with an

embodiment of the present invention;

FIG 5 illustrates the messages flow scheme involved in the handover process in

accordance with an embodiment of the present invention;

FIG 6 illustrates the signaling process involved in the handover process in

accordance with an embodiment of the present invention.
Detailed Description of the Invention
In line with the above summary, the following description of a number of specific

and alternative embodiments is provided to understand the inventive features and the

~ principles of the present invention. It shall be apparent to one skilled in the art, however
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that this invention may be practiced without such specific details and in any suitably

arranged. Some of the details may not be described at length so as not to obscure the

invention.

In one embodiment of the present invention there is provided a wireless
transceiver module which includes WiFi and WiMax protocol stacks, and wherein said
module provides two primary capabilities: the first primary capability is to enable a
WiMAX device configured with the said module to relay the WiMAX signal from the
WiMAX base station (BS) to a WiFi device by using wireless transceiver module in the
said WiMAX mobile device when the WiFi device is out of WiFi coverage. Therefore,
the WiMAX device is configured to work as a ‘vertical relay station, having
characteristics similar to that of a mobile relay station (MRS). Commonly, the MRS is a
concept for the mobile WiMAX network, which functions as a relay station while in
motion. A second primary capability of the module is to enable a handover from a

current network to a better network, said handover performed within the module

préferably in the event that there is a plurality of networks, for instance two networks

available within an area. The components involved and the operational effect for each

capability will be described in detail herein.

It is noted that there are two operational approaches with respect to the present
invention, whereby the first operation approach is an open approach and the second
approaéh is the close approach. In the first approach, the access mobile relay station is

open for any node to connect to the Internet through the base station (BS); while the close
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or second approach allows only the user of the WiMAX device to reiay the signal. In the
close approach, a “user” refers to a single user for both of the WiMAX device and the

WiFi device. The present invention approach is preferably the latter.

FIG 1 illustrates the block diagram relative to thé wireless transceiver module of
the present invention whereby it is shown that the said module matches the signal from

each of the WiFi and WiMAX and vice versa.

Now referring to FIG 2, the overall converged wireless transceiver module (101)
comprises of an application layer (102), Internet Protocol (IP) layer (103), an adaptation
layer (104), and followed by the WiMAX media access control (MAC) layer (105)
WiMAX physical (PHY) layer (108), WiFi media access control (MAC) (106) layer and
WiFi physical (PHY) layer (107). As suitably shown in said FIG 2, the adaptation layer
(104) which is an essential layer with respect to the present invention, is configured to
perform the handover process upon initiated. The adaptation layer (104) in accordance
with the preferred embodiment of the present invention is in communication with the
Internet Protocol Layer (103) and the WiMAX and WiFi MAC and PHY layers. Requests

for handover is initiated or communicated to the adaptation layer (104) by anyone of the

MAC layers. It is noted that the tasks performed within the adaptation layer (104)

includes performing the tasks of determining the characteristics of coexistence of
network or services, and also classification of network traffic. These characteristics are

crucial for ensuring exceptional quality of service (QoS) with respect to the connectivity.
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The handover process in accordance with an embodiment of the present invention will be

described in detail hérein.

In the following description and to better elucidate one embodiment of the
invention, it is assumed that there is at least one WiMAX base station (200), a WiFi
access point (202), a WiFi device herein is the laptop (110) and a WiMAX mobile device
(100) with the transceiver module (101) of the present invention. This example can be

seen in FIG 3a to FIG 3b.

Suitably, in the occurrence when a WiFi device (110) is located beyond the access
point (AP) (202) coverage, and the only network available is the WiMAX network, and
in the event that the WiMAX device (100) configured with the convergence module
(101) is within the same area, the WiMAX device (100) is able to relay the signal from or
to the WiMAX base station (BS) to the WiFi device (110). In this process, the wireless
transceiver module (101) is configured to release WiMAX packet headers (whereby each
layer has one header in the packet) and substituted with WiFi headers (for MAC and
PHY). Accordingly, there is connectivity with wider coverage area even if the WiFi
device (110) is not within the WiFi coverage as the WiMAX device (100) is able to relay
the WiFi signal with the assistance of the WiMAX device (100) configured with the

module (101) of the present invention.
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Firstly referring to FIG 3a, the laptop (110) is placed outside the coverage area of
the WiFi access point (202), or the case maybe, the WiFi | starts to disappear, and
therefore the available network as seen is the WiMAX network. Nevertheless with the
availability of a WiMAX device (100) configured with the convergence module (101),
the laptob (110) user is be able to use the said WiMAX device (100) to facilitate and thus
attempt connection by way of relaying the signal from the WiMAX base station (200) to

the laptop (110).

Another preferred embodiment of the present invention is further suitably

elucidated in FIG 3b which is based on the second occurrence, in particular the existence

of a plurality of networks; whereby a mobile device (laptop, mobile phone and the likes)
detects presence of two WLAN s'from the mobile relay station (MRS).(For instance,iﬁ the
event that the WiMAX device is within the WiFi coverage. In this occurrence, the signal
strength from the wireless transceiver module (101) is better than that of the access point
(AP) signal even when the WiFi coverage is available. Nevertheless, it is known that the
WiMAX/WiFi data rate is significantly lower than that of the WiFi. The superb signal
and high data rate from the WiFi is therefore preferred for the wireless transceiver
module (101). Due to this, it is not preferable to initiate the handover so much earlier
éven when the WiFi/WiMax service is available purely based on the initial fact the WiFi
network provides higher bandwidth and therefore good quality of service (QoS). This
occurrence is further elucidated and therefore resolved in FIG 4 which illustrates the

block diagram of the overview of the scheme for jointly vertical handover of WLAN to

- WiFi/WiMAX. With this approach and as seen in FIG 4, a network selection time is
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provided so as to enable maximized or optimized delivery of data or bits prior to

confirming the network for handover.

With reference to FIG 4, FIG 5 and FIG 6, it can be seen that the steps involved

for the handover process include a channel search or selection (301), a handoff decision |

- (302) and a signaling process (303).

The channel selection (301) may involve the process of suitable mobile station or
base station scanning is performed; therefore producing the time required for the said
process, referred as t; The information on the suitable base station is acquired and the
hand off decision step (302) is initiated. Now referring to FIG 5, during the handoff
decision (302), the number of available suitable networks is determined. In the event that

there is more than a single network, the network providing the highest signal strength is

preferred. Upon selected the suitable network, data connection is established.

The signaling scheme or process (303) is shown in FIG 6. As suitably shown, the
laptop (110) or a suitable device scans for downlink channel of the wireless transceiver
module (101). Upon established, downlink synchronization is initiated. Subsequently,
uplink parameters are accordingly acquired by the said device (100), followed by ranging
the total throughput calculation, based on throughput + RSSI. It is understood by a person
skilled in the art that ranging is an impertinent step in this regard as it enables the device
to acquire the power and frequency adjustment information. The throughput calculation

algorithm is provided at the adaptation layer (104) of the module (101). The ranging and
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throughput results are sent to the device (100). The network selection result is then sent to
the module (101) followed by a message containing indication of acceptance or rejection

query of handover request.

The total throughput (1) for WiFi/WiMax network is calculated based on WiMAX

throughput (A)wirzex and the effect of vertical handover within the module (101). The said

total throughput may be calculated with the following:

A=A wimax —tol

From the above it is noted that #y is the vertical handover between 802.16j and
802.11 within the module (101) and / is the mean frame size. It is assumed that there are
no other mobile nodes sharing the channel with the WiFi device. It is noted that the 4
wimax throughput is dependant on the WiMAX channel bandwidth (BW) and the total
number of tones (typically 256 for fixed and 1024 for mobile) and the range from the
base station (adaptive modulation and coding, with maximum quadrature amplitude

modulation, specifically 64-QAM).

In another embodiment of the present invention, the module (101) provides both
access point (AP) (202) and base station (BS) reside in the same module (101) and
therefore vertical handover is performed in the adaptation layer (104), specifically at the
WiFi and WiMAX MAC layer. Comprehendingly, as the handover is performed within

the module (101), the time taken for vertical handover is significantly reduced.
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It is noted from the principles and inventive embodiments of the present invention
. that having a combination of WiMAX and WiFi module (101) in a WiMAX device
which therefore serves as a relay station and capable to perform network handover

5  therein results to ubiquitous and dependant connection.
While specific embodiments have been described and illustrated, it is understood
that many changes, modifications, variations and combinations thereof could be made to

the present invention without departing from the scope of the invention.
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CLAIMS

1. A device (100) configured to perform a vertical handover from a current

5 network to a target network when there is more than one networ-k
available within an area, said device (100) comprising at least one

application layer (102), at least one Internet Protocol (IP) layer (103), at

least one adaptation layer (104), a first physical (PHY) (108) layer, a

first media access control (MAC) layer (105), a second physical (PHY)

10 layer (107), and a second media access control layer MAC (106) layer.

characterized in that the vertical handover process is performed

within the adaptation layer (104);

15 wherein the adaptation layer (104) is in communication
with the first and second physical layers (108,107) and the

first and second media access control layers (105,106);

wherein the adaptation layer (104) is further configured to
20 perform the determination of coexistence of networks and

the classification of network traffic.
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2. The device (100) as claimed in Claim 1 wherein the request for
initiation of handover is communicated to the adaptation layer (104) by

5 anyone of the MAC layers (105,106)

3. The device (100) as claimed in Claim 1 wherein the handover process
performed within the adaptation layer (104) further includes the steps of
a channel search or selection (301), a handoff decision (302) and a

10 signaling process (303).

4. ‘The dévice (100) as claimed in Claim 1 to 3 wherein the channel search
or selection (301) includes the task of base station or mobile device
scanning.

15

5. The device (100) as claimed in Claim 1 td 4 wherein the handoff
decision (302) includes the tasks Qf identifying the available networks,
determining the network with the highest signal strength, determining
the network with the highest throughput and establishing connection

20 with the selected network.

6. The device (100) as claimed in Claim 1 to 5 wherein the handover

process performed within the adaptation layer (104) further includes the
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steps of running the throughput calculation algorithm for the signaling

process (303).

The device (100) as claimed in Claim 1 wherein the first physical layer

(108) is based on WiMAX standard.

The device (100) as claimed in Claim 1 wherein the first media access

control (MAC) (105) layer operates according to WiMAX standard.

The device (100) as claimed in Claim 1 wherein the second physical

layer (PHY) (107) is based on WiFi standard.

The device (100) as claimed in Claim 1 wherein the second media

access control (MAC) (106) layer operates according to WiFi standard.
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