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METHOD AND SYSTEM FOR USE IN MULTI HOP WIRELESS MESH NETWORK
FIELD OF INVENTION

The preferred embodiments of the present invention directs to a method and system for use in
a wireless mesh network, and more particularly a method and system for use in a muiti hop

wireless mesh network.
BACKGROUND

The need to improve network capacity has been progressively emerging and thus placed as a
significant target among researchers of the relevant art when developing advanced
communication paradigm. The main challenges are to provide resilient, cost efficient and

reliable connections for future generation networks.

One of the most prominent and reliable commuﬁication paradigms of this age is the wireless
mesh netvs.rork (WMN), whereby in general, this particular paradigm is developed to enable
wirelessvinterconnections between nodes, by means of remote inférmation transmission. -
Nowadays, wireless networking is commonly associated with multi-hop networking and
mesh networking, in which for such network, inforrﬁation is convéyed or routed from a

source to a destination using two or more networks.

IEEE 802.16; is a wireless multi-hop network communication standard extended from IEEE
802.16e predominantly to improve network capacity and extend network coverage size by

way of forming tree or network topologies using multi-hop relays approach. Nevertheless,
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tree topology although simple and non-complex, it is known td be less flexible than the mesh
network approach in view of data routing. This is owing to the fact that with tree topology

restricts the flow of data to the dedicated path which therefore limits data routing, unless the

- tree structure is changed. Additionally, relay stations are known to be static or fixed within a

position, therefore the tree stfucture is rarely changed, dynamic or flexible data routing may
not be feasible compared to that of the mesh network. FIG 1 illustrates this limitation in the
éonventional wiréless multi-hop networks. It can be concluded that tree topology multi-hop
wireless networks current structure enables transmission over limited relay links, particularly
among super-ordinate and sub-ordinate stations inclusive of relay stations (RS) and multi-hop
relay base.stations (MR-BS). As a consequence, peer to peer transmission arﬁong relay
stations in said tree topology and transmission between nodes from different tree topology are

not possible as suitably shown in FIG 1.

In order to accommodate the limitation as described above, more radio resources are used to
provide broadcasting/multicasting as well as local traffic transmission. This current
ultimatum is shown in FIG 2(a)-(c). In this example, there is shown tﬁe broadcast/multicast
traffic supported by both tree and mesh topology respectively. It can be seen that several
relay stations are not linked despite being located adjacent to each other. Such linking may be
possible in the event that meshing between the respective relay stations are provided or

available. It is also apparent from the diagram that the amount of transmission can be reduced

~ with mesh topology.

In order to prevail over the shortcomings of the conventional methods and systems as
discussed above, experts of the respective industry are constantly developing solutions to

improve the network capacity for multi-hop networking.
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An exemplary of a related prior art as one of the available solutions to improve network
capacity is as disclosed in European Patent Application EP 1962542 — An Apparatus and
Method for Transmitting and Receiving Control Information in Multi-hop Reldy Broadband

Wireless Communication System. The invention relates to a frame structure for relay,

‘whereby in this invention the frame structure is divided into a plurality or multiple zones.

Accordingly, there is provided a predefined operational function for each zone so as to reduce

control signaling. Nonetheless, this prior art does not disclose any information in relation to

Supporting relay stations on a similar scale, thereby the disclosed invention may not be

expedient for mesh networking.

In another prior art as disclosed in WO 2008/049843 — Frame Structure for a Multi-hop
Wireless System, the frame struqture is provided with additional areas with predefined
functions. These areas aid to provide connections between super-ordinate station to relay
stations (RS) and from relay station (RS) to subordinatev station. The str_uctufe however is

molded based on the signaling process between MR-BS to RSs.

As discussed above, much effort has been directed toward improving the capability of
wireless networks, in attempt to increase the network expandability. Nonetheless, great
majorities of the known in the art systems have their own drawbacks, be it in the method of

operation or are prohibitively expensive.

Recognizing the aforementioned shortcomings, the present invention has been accomplished
to significantly improve the conventional methods and systems. Accordingly, it is a primary
object of the method and system of the present invention to provide mesh communication and

data transfer between relay stations (RSs) which are within the communication range or
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-adjacent to each other by means of point to multipoint (PMP) or point to point (PTP)

transmission.

It is therefore another object of the present invention to provide a method and system for use
in multi-hop mesh wireless network, said method and system provides expediency in

connecting between nodes via mesh transmission within a tree network topology.

It is further object of the present invention to provide a method and system for use in multi-

hop mesh network, said method and system is highly reliable and economical.

'SUMMARY OF INVENTION

In one aspect, there is disclosed a method for use in a wireless network corhprising the steps
of: requesting for a mesh communication (S300) ; creating a mesh zone within the network
(S301); establishing connection between two communication nodes and assigning at least one
mesh identification means (S302); scheduling mesh traffics and notifying the destination
nodes (S303); establishing mesh communication (S304); detecting any scheduled mesh

communication (S305); and terminating mesh communication upon requested (S306).

In another aspect of the present invention, there is provided a frame structure for supporting a
wireless network, said frame structure comprising a mesh zone (100), said mesh zone (100)

for providing mesh communication within said wireless network.

In a further aspect of the present invention, there is provided a system for use in a wireless

network, said system comprising a plurality of communication nodes and a frame structure
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for supporting said wireless network, characterized in that the frame structure comprising a
mesh zone (100) for enabling transferring and receiving data between said nodes by way of

mesh communication.
BRIEF DESCRIPTION OF THE FIGURES

The invention will be more understood by reference to the description below taken in

conjunction with the accompanying drawings herein:
FIG 1 illustrates a prior art in relation to wireless multi-hop network;

FIG 2(a)-(c) illustrate the examples of the existing multicast/broadcast carried by tree and

mesh topology;
FIG 3 illustrates the existing frame structure for IEEE 802.16;;

FIG 4 illustrates the frame structure in accordance with a preferred embodiment of the

present invention;

FIG 5 to FIG 6 illustrate the examples of traffic directions and types, the sending and
receiving data in mesh zone in accordance with another preferred embodiment of the present

invention; and

FIG 7 shows the operational flowchart of the system and method in accordance with a

preferred embodiment of the present invention.
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DETAILED DESCRIPTION |

In addition to the drawings, further understanding of the object, construction, characteristics
and functions of the invention, a detailed description with reference to the embodiments is

given in the following.

FIG 3 illustrates a simplified frame structure of IEEE 802.16j, whereby the access zones and
relay zones are defined either within the uplink (UL) sub-frame or downlink (DL) sub-frame.
The conventional structure further comprises the frame structure for multi-hop relay base

station (MR-BS), relay station 1 (RS1) and relay station 2 (RS2).

It is generally known that there are two primary approaches for supporting relaying of time
division transmit and receive relay stations (TTR- RSs). In the first approach, oﬁe or more
relay stations (RSs) or multi-hop relay base stations (MR-B.S) frames are allowed to be
grouped into a multi-frame with repeating pattern of allocated relay zones. Suitably, the
MR-BS and RSs are assigned to transmit, receive or be idle in each of the predefined relay
zones within the multi-frame. The second approach enables a single frame s&uctu;e
consisting of more than one relay zone. The RS and MR-BS are allowed to transmit, receive

and be idle within said relay zone.

Both first and second approaches specify only one zone in DL and UL sub-frame, for a super-
ordinate RS to all its subordinates RSs, as can be seen in FIG 3. It is further noted that the
transceiver state in both approaches for the common zone for RSs are attached to similar

super-ordinate RS are identical. For instance, referring still to FIG 3, transceiver of DL relay
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zone of RS1 and RS2 are in receiving state. Similarly, both UL relay zone of RS1 and RS2

are in transmitting state.

It is apparent that direct communication between two RSs attached to the same super-ordinate
station is not feasible based on the frame structure discussed in the preceding paragraphs.
This is also the case for transmission between two nodes from different family treé. It would
be highly advantageous if such communication is enabled as this would lead fo providing a

more reliable continuous connection.

The present invention solves the aforementioned predicament by way of providing a new

frame structure with an additional zone, said zone referred herein as the mesh zone (100).

The mesh zone (100) creates or provides an independent time and frequency domain within

- the existing frame structure which enables either PMP or PTP communications between any -

two or a plurality of relay stations within the vicinity of each other regardless of the family
tree and between other hops from MR-BS. The present invention realizes the idea of allowing
direct communication within mesh communication even if such direct communication
between nodes not supported by the standard or not supported by the conventional multi-hop

wireless communication system.

FIG 4 illustrates the frarﬁe structure with the additional mesh zone (100). Th¢ existing frame
structure may comprise of conventional components, including a preamble (110), DL-MAP
(120), UL-MAP (130), DCD (140), UCD (150), DL Access Bursts (160), DL Relay Burst 2
(170), UL Access Bursts (180) and UL Relay Burst 2 (190). It is breferred that said frame

structure (100) may contain a preamble at the beginning of the zone for synchronization
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between relay stations. As can be seen in FIG 4, communication is enabled between relays
by means of the mesh zone (1_00).‘Connection. provided with the aid of mesh zone (100) is
bidirectional whereby the mesh zone (100) can be used in either sending or receiving traffic

based on the suitable zone configuration and traffic scheduling.

In accordance with a preferred embodiment of the present invention, the mesh zone (100)
may be created by re-using multiple frame structure configurations through, but not limiting
to RS_Config-CMD, in which the settings of the zones and their respective transceiver mode
is provided in a frame and can be suitably decided. Detailed configuration for the mesh zone
(100) based on another preferred embodiment of the present invention will be described

herein.

With reference to FIG 5 and FIG 6 which illustrate the examples of traffic directions and
types, the sending and receiving data in mesh zone (100) may be scheduled by MR-BS in

centralized scheduling mode or local scheduling in RS in distributed scheduling.

Referring to another preferred embodiment of the present invention, upon specified the mesh
zone (100) the MR-BS may stay idle at a predefined time domain which is the blue zone in

FIG 4, so as to reduce interference or this zone may be reconfigured for use in UL access.

The first example as seen in FIG 5 provides a frame structure for two hops occurrence
whereby the broadcast/multicast traffic may be sent from RSI1 .to RS2, RS3 and RS4
simultaneously through the mesh zbne (100). In this structure, the transcei{/er mode is preset
such that the mesh zone (100) in RS1 is in transmitting mode whilst RS2, RS3 and RS4 are in

receiving mode during frame configuration.
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Another example of structure in accordance with a preferred embodiment of the present

invention is as shown in FIG 6. This structure encompasses the unicast traffic traverse

through mesh link from RS1 to RS2 and RS4 simultaneously using OFDMA.

In the event that centralized scheduling mode for the mesh operation is selected, the existing
or conventional RS Relay MAP message may be re-used. On the other hand, for distributed

scheduling mode, coordination between RSs and MR-BS is required on time by time basis

~ and the conventional RS-SCH message can be used for this purpose.

The messaging involved for the creation of mesh zone (100) in accordance with a preferred

embodiment of the present invention will be described herein. It would be apparent to a

person skilled in the art that these steps may vary and not limiting to those described,

however to achieve the desired outcome within the scope of the appended claims.

Modifications are implemented on the s16j standard draft D9, section 11.25.9 whereby two

(2) of the six (6) reserved bits will be used to indicate number of mesh zones (as underlined)

_in a frame in the event that the multiple frame structure configurations is performed by MR-

BS, as shown in TABLE 1 below:

TABLE 1

Modification to S16j Standard

Name Type | Length Value ‘ Scope

DL subframe | 28 variable | Remain unchanged as in D8 document RS Config-
configuration CMD

UL subframe | 29 variable | Number of frame (8-bit unsigned) RS Config-
configuration for(i = 0, i< Number of frame, i++){ CMD

Number of zones (unsigned 2-bit)
Reserved (4-bit unsigned)
Number of mesh zone (2 bits)
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for(j = 0; j< Number of zones, j++){
Transceiver mode (unsigned 2-bit)

Zone mode (1 bit)

OFDMA Symbol Offset (unsigned 7-bit)
Frame Configuration Duration (unsigned 5-
bit)

Zone Configuration indicator (unsigned I-
bit)

If(Zone Configuration indicator == 1) {
Zone Configuration IE() (variable size in
bytes)

/

}
/

‘Fo_r this configuration the first zone refers to the access zones for DL sub-frame

configuration. The transceiver mode in the relay zone is either one of the following modes:

Tx mode (00), Rx mode (01), or idle mode.

In the event that the transceiver is in idle mode, it does not transmit or receive any signals or

data.

As shown in TABLE 1, the number of mesh zone is indicated, whereby the mesh zone may

be allocated behind access and relay zones. As for the zone mode, this section indicates that

‘the zone as stated therein is assigned for use in access link (0) or for use as relay/mesh link

(1). The OFDMA section as stated in TABLE 1 indicates that the relay zone or .mesh zone

may start at the OFDMA symbol offset, counted after the preamble of the corresponding

. frame. The frame configuration duration indicates that the relay zone or mesh zones ends

after the duration starting from the OFDMA symbol offset. The unit of duration is an

OFDMA symbol.
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FIG 7 shows the operational flowchart of the system and method in accordanqé with a

preferred embodiment of the present invention.

Referring to FIG 7, in effect, the first step involved is starting the system for multi-hop

‘wireless communication system. It is preferred that the said system 6perates based on

conventional 16j communication standard. A notification may be initiated in order to enquire
as to whether the current system requires mesh communication (S 300). In the event that the
current system requires rﬁesh communication, the MR-BS is accordingly notified thus
'subseciuently proceeds to create a mesh zone (S 301). In this procéss, a mesh connection is

created between two RSs and a mesh CID is assigned (S302). Upon assigned the mesh CID,

‘mesh traffics are suitably scheduled (S303) and the source and destinations of the RSs are

notified. The next stage is the initiation of mesh communication as requested (S304).

Termination of mesh communication may be performed at any period. Prior to termination,

" the system may proceed to check ény form of mesh communication scheduled (S305) on the

same mesh link. If there is e_xistence of other mesh communication scheduled on the same
mesh link, data transmission may be continued. Otherwise, mesh communication is

terminated (S306).

" The present invention is applicable for both in-band and out-band relay in which the access

zone is therefore assigned for use as relay zone or mesh zone and access link is handled by an '

independent radio interface which normally operates in different carrier frequency.

Additionally, the present invention is applicable for any form or number of hops which is

supported by IEEE 802.16j standards or multi-hop wireless network.
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It should be mentioned that the mesh zone (100) of the present invention may be created if

‘desired, which means it is compatible with any form of the conventional multi-hop' relay

network upon created. In other words, the method and system of the present invention may be
operated with a communication network operated based on 16j standard enables the

conventional network to request for mesh communication and terminate said mesh

communication at any point of time.

.- The present invention may be modified in light of the above teachings. It is therefore

understood that, within the scope of the appended claims, the invention may be practiced

otherwise than as specifically described.
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CLAIMS

1. A method for use in a wireless network comprising the steps of:
requesting for a mesh communication (S300) ;
creaﬁng a mesh zone within the network (S301);

establishing connection between two communication nodes and assigning at least one mesh

identification means (S302);

scheduling mesh traffics and notifying the destination nodes (S303);

establishing mesh communication (S304);

- detecting any scheduled mesh communication (S305); and

terminating mesh communication upon requested (S306).

2. The method as claimed in Claim 1 wherein the two communication nodes are relay stations

and base stations.

3. The method as claimed in Claim 1 wherein the connection identification means is the form

“ofa CID.

4. The method as claimed in Claim 1 wherein the creation of mesh zone is performed by a

MR-BS.

5. The method as claimed in Claim 1 wherein the method is for use in multi-hop wireless

mesh network.
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6. The method as claimed in Claim 1 wherein the termination of mesh network may be

performed at any point of time.

7. A system for use in a wireless network, said system comprising a plurality of

communication nodes and a frame structure for supporting said wireless network, -
characterized in that the frame structure comprising a mesh zone (100) for enabling

transferring and receiving data between said nodes by way of mesh communication.

‘8. The system as claimed in Claim 7, wherein the nodes are relay stations and base stations.

9. The system as claimed in Claim 8 wherein it is used for a multi-hop wireless network.
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