WO 2006/031445 PCT/US2005/031032 [0001] METHOD FOR SENDING
AN ACKNOWLEDGEMENT TO AN INGRESS MESH POINT IN A MESH
NETWORK_AND A MEDIUM ACCESS CONTROL FRAME FORMA

WG HEE D OF INVENTION [0003] The present inventiort Fé‘i%i%’s"%’“m”

wweless communication systems. More particularly, the present invention
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network (WLAN) IS a wireless network comprising two or more mesh
oints interconnected via wireless links. The mesh network typically
s one or more wweless@%&i%@%éﬁ%%ﬁ the operating range of
tbeosiesh netersroleiiciak diniohisehityemtipiraithinctiemmeishtivetwpriems.
ich contai C and S|cal layer (PHY) interface t ireles
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thlough sdbisheda(d eKidesamh ngreshmwsheiahd M sgre sieshastivpainand a

(EMRis2cdneshhpoinhinerghndishidata exits the mesh WLAN. Data
sent by a STA is routed from the IMP to the EMP through the mesh

WLAN. [0006] IEEE 802.11 standards are one of the standards defining
theouiireless protocol for a mesBALREROUNENt IEEE 802.11 standards
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themeshyshnerk befre the databsdslivered totheAeiNaONwithin the
operating range of the mesh network. A mesh point is any entity within the
mesh network which contains a MAC and physical layer (PHY) interface to a
wireless medium and supports WLAN mesh services. An IMP is a mesh point
through which data enters the mesh WLAN and an egress mesh point (EMP)is a
mesh point through which data exits the mesh WLAN. Data sent by a STA is
routed from the IMP to the EMP through the mesh WLAN.

[0006] IEEE 802.11 standards are one of the standards defining the
wireless protocol for a mesh WLAN. Current IEEE 802.11 standards define an
acknowledged mode that allows for more reliable data delivery at the lower
layers. However, the current acknowledgement mechanism does not work in a
mesh network since multiple hops are required over the mesh network before the
data is delivered to the destination.

[0007] In a mesh WLAN, a communication between an IMP and an EMP
can be required. As shown in Figure 2, a prior art MAC frame does not contain
IMP MAC address during the multi-hop transmissions. Therefore, the EMP is
unable to identify and communicate with the IMP. There is no mechanism or
frame format for sending an acknowledgement between the IMP and the EMP in
the mesh WLAN. This seriously limits the reliability of the data delivery. Since
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[0007] In a mesh WLAN, a communication between an IMP and an EMP
can be required. As shown in Figure 2, a prior art MAC frame does not
contain IMP MAC address during the multi-hop transmissions. Therefore,
the EMP is unable to identify and communicate with the IMP. There is no
mechanism or frame format for sending an acknowledgement between
the IMP and the EMP in, the mesh WLAN. This seriously limits the
FfEbifitf OF thé dReeRptivanPete thandd iansh RekMHecHign]3AF cannot

ketweiniibealiM Riaoasthehk MiRsiihetiiticann ot dnouvifding drtadbraigthe
esh network has been correctly received by the EMP, [0008]
UMMARY [0009] In accordance with a first aspect of the present
invention, there is provided a medium access control (MAC) frame in

meskwireless communication syst{enunhersystem comprising a plurality
Zég(}%?yh points tha%td_gre wirelessly linked together such that a data packet
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acc%rdanc? with a second aspect of the present invention, there is
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acknowledgement (ACK) for successful reception of the data packet is sent to the
IMP.

[0009a] In accordance with a second aspect of the present invention, there is
provided a method in a mesh wireless communication system comprising a
plurality of mesh points that are wirelessly linked together such that a data packet
sent by a station (STA) is received by an ingress mesh point (IMP) and forwarded
to an egress mesh point (EMP) in order to provide a service by the mesh wireless
communication system, the method being used for sending an acknowledgement
(ACK) for the data packet to the IMP, and the method comprising: generating a
medium access control (MAC) frame for transmission of a data packet, the MAC
frame including a field comprising an IMP address and an EMP address;
forwarding the MAC frame to the EMP via zero or more intermediate mesh
point; and receiving an ACK at the IMP on condition that the data packet was
successfully received by the EMP.

[0009b] Embodiments of the present invention relate to a method for
confirming the delivery of a data packet in a mesh network by sending an ACK
to an IMP. The mesh network may comprise a plurality of mesh points that are
wirelessly linked together. A data packet may be sent by a STA is received by an
IMP. A MAC frame may be generated for transmission of the data packet and the
frame is forwarded to an EMP in order to provide a service by the mesh network.
The MAC frame may include a field comprising an IMP address and an EMP

address. When the EMP, (or optionally an intermediate mesh point), receives a
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to an egress mesh point (EMP) in order to provide a service by the mesh
wireless communication system, the method being used for sending an
acknowledgement (ACK) for the data packet to the IMP, and the method
comprising: generating a medium access control (MAC) frame for
transmission.ef adats paekeiihe MARACHrmealiacuding adigld.campraing
%:G%AP %%Slﬁ}?! s and an EMP address; forwarding the MAC frame to the
id PRASFSSRs st Mesh point; and receiving an ACK at

the IMP on condition that the data packet was successfully received by

(o8 1'%2"9 [0009D] Eﬂ%@dﬁﬁ%ﬁfﬁf@fgﬁﬁ @Eseﬁt@{wﬁ(f‘d%te toa

&M
method for confirming the delivery of a data packet in a mesh network by
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inclde Ailisldfomprsing an IMP address and an EMP address. When
the EMP, (or_optionally an intermediate mesh paint), receives a Z.. data
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NOK4p the IMPuer Fretedingipnaingaliig{£Q10d:B RnkrESGRIP TGN and
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SRIBEHIASE T HitanrEss iy oratiample and to be understood in

¢omjynction wighthe acempanving 8raving mierein Q0 1R Fighe: Ligithe
diagram of a mesh \C(VLAN in which the present invention is implemented;
present invention; an

[0016] Figure 5 is a flow diagram of a process for sending an ACK to the

IMP in accordance with the present invention.
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[0013] Figure 2 is a diagram of a prior art MAC frame; [0014] Figure 3 is a
signaling diagram for transmission of data and acknowledgement
between an IMP, an EMP and intervening mesh points in accordance

“Wﬂ‘?%@%sent invention; [0015] Figure 4 is a diagram of a PESRARAE31032

frame in accordance with the present invention; and [0016] Figure 5 is a
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[0018]) DET AleEBfE SER eTHONICHT THEtPREFERREDIudes but is not
M@&QAM E&I gtl[l T thﬁﬁ@ﬁﬁﬁ%s%ﬂ@mg@% MWTQIAQ fixed or

includes butis n ed to a user equipment, a wireless transmit/receive
mybitespResyikeriReit of Wu@rs«wse?mértm%dﬁé@éw kiR SRS RIS
af ﬁ%ﬁ%&@l@ﬁbi@oﬂmrmm Refertise oS B BNTRANBR VBBl defetiedh
to hereafter, the term cludes ut |s not limited,to a
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limited to, IEEE 11, IEEE 802.11s, IEEE 802.15, IEEE 802.15.5
inoldiTsghis 195 lireiitesy in BRI 892 o TH30h Ve ARER 8 CohiplEg
gght £8). mesh points 1041-104x. In this example, mesh point 1044 is an

IMP for the STA 102 and.mesh point 1042 san E ta sent b
A e A TR oL e
pidht (0 4deth poioth éomeﬁl%pdnﬁhmamplwgmm mm&&mamékﬁ’ for
RRIET I fBE mﬂsigesh point 104; is an EMP for the data sent by the STA 102.

[0021] Data sent by the STA 102 is routed from one mesh point 1044 to

another mesh point 1042 through the intermediate mesh points in the mesh
WLAN 100 for the Internet access. Multiple data paths can be established within
the mesh WLAN 100. As an example, two different data paths from the IMP
mesh point 1044 to the EMP mesh point 104; are illustrated by the solid lines
designated "A" and "B" in Figure 1.

[0022] As aforementioned with reference to Figure 2, a drawback with the
prior art 802.11 MAC frame format is that the IMP address is not included in the
MAC frame in a multi-hop transmission. The present invention solves this
problem by including the IMP address in the MAC frame 400. Referring to
Figure 4, a diagram of a mesh MAC frame 200 in accordance with the present
invention is shown. The MAC frame 200 includes a MAC header 204, a frame
body 212 and a frame check sequence (FCS) field 214. This aspect of the MAC
frame format is same to the one in prior art, which guarantees backward
compatibility. The MAC header 204 includes a frame control, a duration/ID,
address 1, address 2, address 3, a sequence control and address 4. These elements

are well known to those of skill in the art.



WLAN 100 for the Internet access. Multiple data paths can be established

within the mesh WLAN 100. As an example, two different data paths from

the IMP_ mesh point 1044 to the EMP mesh point 1042 are illustrated b
WReWsiia s designated "A" and "B" in Figure 1. [0022] AL CT/US2005/031032

aforementioned with reference to Figure 2, a drawback with the prior art
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accardance with the present invention, however, the MAC header 204
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any buffer overflow, the IMP 1044 should discard the data from its queue after a
certain amount of time (time-out) if the IMP 104, does not receive ACK nor
NACK from the EMP 104s.

[0025] Figure 3 is a signaling diagram for transmission along data path "B"
of a data packet and an ACK between an IMP (in this example mesh point 1044),
an EMP (in this example mesh point 1042) and intermediate mesh points 104+,
104g, 1046, 1043, (not all of which are shown in Figure 3 for convenience), in
accordance with the present invention. The data packet is forwarded from the
IMP 1044 to the EMP 1042 through the intermediate mesh points 1047, 104s,
1046, 104s. As will be explained in detail hereinafter, the MAC frame 200
contains both IMP 104, and EMP 1042 addresses in the IMP address field 206
and the EMP address field 208. When the intermediate mesh points 1047, 104s,
1046, 1045 and the EMP 1043 receive a data packet successfully, the intermediate
mesh points 1047, 104s, 1045, 1043 and the EMP 1042 send an ACK to either the
preceding intermediate mesh point or the IMP 1044. It should be noted that
Figure 3 is an example and zero or any number of intermediate mesh points may

exist between the IMP 1044 and the EMP 104;. Additionally, the intermediate
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the IMP and EMP address fields may vary. [0024] A routing function is
available in each mesh point, which allows the mesh point, based on the

EMP address included in the mesh control field 202, to kno ich
WikE8 18 8iite the data. When the IMP 1044 receives an AC%&A{I%%W%SQ%Z

1044 can discard the related data in its queue. If the IMP 1044 receives a
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points may exist between the Il and the . Additionally,
e rdvrssidudsdirtbo 6878 $4 RSB T/US2005/031032

[0028] In the second mode, (single hop acknowledgement), the
acknowledgement is done at every hop between the transmitting mesh point and
the next immediate receiving mesh point.

[0029] The third mode, (combined EMP-to-IMP acknowledgement and
single hop acknowledgeme‘nt), combines the first mode and the second mode.
[0030] In the fourth mode, no acknowledgement is required between the
IMP and the EMP. Although this impacts the reliability of the data delivery, it
reduces the delay in transmission.

[0031] A new frame subtype for the frame subtype information element in
the frame control field 210 (shown in Figure 4) is also defined for indicating that
the MAC frame 200 includes the IMP address field 206 and the EMP address
field 208. The frame control field 210 may also inform which acknowledgement
mode among the four modes stated above is to be used for this data packet.
[0032] For the first and third mode among the four modes stated above, the
MAC frame format allows for an EMP-to-IMP ACK to be transmitted through
another path different from the one used for transmission of the data packet. To

reduce the delay of transmission, the sender does not need to wait for the ACK to
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mesh points used to send the ACK may be same mesh points via which
the data packet is forwarded or may be different mesh points. [0026] The

nowledgement mechanism of the present invention s.upp(‘t:):r%%st%%)oh/o31032
Ws(fr%gPé e multiple-hop data delivery over a mesh WLAN. The :

acknowledgement mechanism operates in four modes: 1) EMP-to-IMP
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Feedded padlienfodigplAancirmemiondaesingitlHep sending an ACK to
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field 210 (shown in Fi ure 4) is also (%ef ned for i | atln that. the MAC
HB3E 200 inbAIBRAER AR ABALHER 254 EISFBER R Y e BRFEAdATERbon 2re

described in the preferred embodiments in particular comblnatmns, each feature
or element can be used alone without the other features and elements of the
preferred embodiments or in various combinations with or without other features

and elements of the present invention.



field 208. The frame control field 210 may also inform which
acknowledgement mode among the four modes stated above is to be
[ this data packet. [0032] For the first and. third mode ng the

“@?P% rg]%%}éégstated above, the MAC frame format allows foroll) acn%!)??é)zo93}5]31032
EMP-to-IMP ACK to be transmitted through another path different from
the one used for transmissioB MBS BdENFTkKet, To reduce the delay of
transmission, the sender does not need to wait for the ACK to -5 WO
2006/031445 PCT/US20051031032 be received before sending the next
frame L(i.e., SeFRlgsastPLoR SHESHTEEEREbe asynchronous). In this
case theddkAGloaasihe sseditnedues taittob(MAE) fedwerk. An ACK
can also be sent purposely via different paths depending on the traffic
level in order to reduce contention of ACKs with data. This mechanism
could Be usédhfob Bélafesebndimerdridier ettt anedpptibeatns such as
voice application. [0033] Figure 5 is a flow diagram of a process 300 for
sending an ACK to the IMP in accordance with the present invention. A
MAC frame [SRSenErReRPS P SRR L AR HeURiBe t"& Al packiless
(sigpc3ld2). The MAC header includes fields for an IMP address and an
EMP address. The MAC frame is forwarded to the EMP either directly or
via one or more intermediate mesh points (step 304). The intermediate
mesh point, Tha&BAobany pragetiaEmbosangntasingIETok &ctiswgigless
?gg(mggn of the data packet to the IMP (step 306). [0034] Although the
eatures and elements of the present invention are described in the
preferred embodiments in particular combinations, each feature or
element canTie:uSEd aldnmwithetddihe etinbodéaieneaing cdemehts obibe

Q%[%QL?Q embodiments or in various combinations with or without other

atures”

6. The STA of any Apreceding embodiment using 802.15.5 wireless

protocols.

7. The STA of any preceding embodiment using 802.16 wireless

protocols.

8. The STA of any preceding embodiment wherein the MAC frame

includes an IMP address.

9, The STA of embodiment 8 wherein the IMP address indicates an
address of an ingress point to a MESH network.

10. The STA of any preceding embodiment wherein the MAC frame
includes a MAC header.



and elements of the present invention. -6 WO 2006/031445
PCT/US2005/031032 EMBODIMENTS 1. A wireless station (STA)

E)J} in smeans for processing a medium access control%f
“g?glﬂhe% of embodiment 1 for use in a mesh network. 3. e/ %{%ﬁg?ﬁsz
any preceding embodiment using IEEE 802.11 wireless protocols. 4. The

STA otlny prec&difresiboansrefings ppbiEiEegd 2vhergindibe Mpfotbesis.

Rrchbesd ALhapydsreceding embodiment using 802.15 wireless
protocols. 6. The STA of any preceding embodiment using 802.15.5

wireless protocols. 7. The STA of any preceding embodiment using
802.16 avirelths ProtadaiayPprébeliBgAnbadiperacetingiembodénframe
wherein the MAC, frame inclgdgs n IMP address. 9, The STA of

I ]
embodmaent %v%g%ﬁ%%%eﬁ\/l%lg dress indicates an address of an
ingress point to a MESH network. 10. The STA of any preceding

embodiglentwpesein treMArdans: shides s dkehaadde MAGrame

2006/031445 PCT/US2005/031
includes a MAC header and the M%g header includes a frame control.

14. The STA of any preceding embodiment wherein the MAC frame
includes a MAC header and the MAC header includes a duration/ID.

15.  The STA of any preceding embodiment wherein the MAC frame
includes a MAC header and the MAC header includes an address field.

16. The STA of any preceding embodiment wherein the MAC frame
includes a MAC header and the MAC header includes a plurality of address
fields.

17. The STA of any preceding embodiment wherein the MAC frame

includes a MAC header and the MAC header includes a sequence control.

18. The STA of any preceding embodiment wherein the MAC frame
includes a MAC header and the MAC header includes a mesh control field.

19. The STA of any preceding embodiment wherein the MAC frame
includes a mesh control field and the mesh control field includes an IMP address
field.



11. The STA of any preceding embodiment wherein the MAC frame
includes a frame body. 12. The STA of any preceding embodiment

@ﬁg,&}@g MAC frame includes a frame check sequence g%lgm%?ﬁoya%mz
0 esa

any preceding embodiment wherein the MAC frame™ Inclu
MAC header and the MAC header includes a frame control. 14, The STA
of any28recebinegSdih R dinte RTsrpling reTRRoImEnt ayher sife e A W frame

headeranddeMiye rrates dielvdrs 1 dutasi aiiDinkhudEb e ST IOh @dWsss

ﬁreceding embodiment wherein the MAC frame includes a MAC header
'the MAC header includes an address field. 16. The STA of any
preceding embodiment wherein the MAC frame includes a MAC header

and the,MAGyheagRr NGIHARE A RIYRIN QL AHICERH BB e dY A A ST ALY
any preceding embodiment wherein the MAC frame includes a MAC
hosaresamditicvmE Winsirss imaskiasta# edquence control. 18. The STA of
any preceding embodiment wherein the MAC frame includes a MAC

header and the MAC header includes a mesh, control field, . 19. The STA of
oy préedineriat et REFSH I THACTR S ORBRE SH5aah
samndiakfielddnobtiedpesbrntantaal Mg addkedes an IMP address field. -8
WO 2006/031445 PCTIUS2005/031032 20. The STA of any preceding
embodiment wherein the MAC frame includes a mesh control field and the

mesh @3ntroThel§ Terfcey apreckfingripbedimenf, wherein if the STA is an

ingress point to a mesh network, the STA upon receipt of an acknowledgement

discards associated data in its queue.

23. The STA of any preceding embodiment wherein if the STA is an
ingress point to a mesh network, the STA upon receipt of a negative

acknowledgement retransmits associated data in its queue.

24. The STA of any preceding embodiment wherein if the STA is an
ingress point to a mesh network, the STA when not receiving an
acknowledgement or a negative acknowledgement after a certain time period,

discards associated data in its queue.

25.  The STA of any preceding embodiment wherein upon successful

receipt of the MAC frame sending an acknowledgment.

26. The STA of embodiment 25 wherein the acknowledgment follow a
different path in the mesh network than the MAC frame.

27. The STA of embodiment 25 wherein the acknowledgement is sent

using a single hop delivery over a mesh network.
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21. The STA of embodiment 20 wherein the EMP address field indicates
an egress point from a wireless mesh network. 22. The STA of any

ing embodiment comprising means for sending an ;
ac??%%qv(\l/ eﬁ gement to an IMP address. 23. The STA of any pligcr;/eb |2r10(§5[‘)31032

embodiment wherein if the STA is an ingress point to a mesh network,
the SBA upSFhectBiprbemhabimowRtgaerein i cskaowiednament datath

isigrausuRBid RepiiiwiraRy draGREinG efmbadiment wherein if the STA
is an ingress point to a mesh network, the STA upon receipt of a negative

acknowledgement retransmits associated data in its queue. 24, The STA
of any29receti@Eibbelithedindne 2wl ¢he5tha lamvitetesepointéotdo
mesh netw rci< the STA when not receiving an acknowledgement or a

an m%‘ress a%( x’essl. . S . .

negafive acknowledgement after a certain time period, discards
associated data in its queue. 25. The STA of any preceding embodiment

wherelp UpoRLgPRSHihk6ERIRLEDERIMASR HRineISRNEEdE@Rent is sent to
acknowledgment. 26. The ,S'%@rgqe bodiment 25 wherein the
BAPSiats fEkne

ARRREHHRSAARESE O & S e Msork than the
MAC frame. 27. The STA of embodiment 25 wherein the

acknowledgementis sent. using a sing| ' ver. .
et o W o50ao B RN T S no
eribotiletgerrmivisasih the acknowledgement is sent using a

multiple-hop delivery over a mesh network. 29. The STA of embodiment

25 wherein the acknowledgment is sent t
32.  The STA of embodiment 25 wgerein the acknowledgment is sent

from an egress address to an ingress address.
33. The STA of embodiment 25 wherein the acknowledgement is sent
from an egress address to an ingress address using a single-hop data

acknowledgement.

34. The STA of any preceding claim wherein the STA transmits a next

frame prior to receiving an acknowledgement from a prior frame.
35. A mesh system comprising at least one STA of any preceding claim.

36. The mesh system comprising a STA of any one of claim 1-34 and at
least one other STA.

37. A method employing a STA of any one of claim 1-34.

38. A method employing a mesh system of any one of claims 35-36.
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an ingress address. 30. The STA of embodiment 25 wherein the
acknowledgement is sent to an ingress address using a single-hop data

W%c%rag/ﬁgieﬂgement. 31. The STA of any one of embodiment%éf\/%]jﬁi{y&%{%i]%z

no acknowledgement is sent. 32. The STA of embodiment erein
acknowledgment is sent from an egress address to an ingress address.
33. TRE-STA SRsbeRMBHEPS wherein the acknowledgement is sent

from RRUBSS AHRBEMIAREYGiRSE] AN ESSrusiieg a single-hop data
acknowledgement. 34. The STA of any preceding claim wherein the STA
transmits a next frame prior to receiving an acknowledgement from a
prior fe@me. B AetteshoSysibodioompdiing weleath amarsless sfagiop (STA).
preceding claim. 36. The mesh system comprising a STA of any one of
claim 1-34 and at least one other STA. 37. A method employing a STA of
any ofié-of Fpaetwdag emhodimsaesfdhnmig H‘rﬁé%??g)%‘ig‘ﬁ?’éﬁ‘ any one
of claims 35-36. -10 WO 2006/031445 PC'r/us2005/031032 39. A

method. comprising:_ pr v(i;din a medium agcess cqntro] (MAC é{ 4
The mgthod e’i’ﬁ%%%%o rﬁ’%9°f53r %Seégkﬂ ug%'itﬁ%%ésé%taﬁgﬁ } ).go 19.1
whelmethadooblembodiment 39 for use in a mesh network. 42, The method
of any one of embodiments 39-41 using IEEE 802.11 wireless protocols.

43. The method of any one of embodiments 39-42 using IEEE 802.11s

wireless protocols.

44. 'The method of any one of embodiments 39-43 using 802.15 wireless

protocols.

45. 'The method of any one of embodiments 39-44 using 802.15.5

wireless protocols.

46. The method of any one of embodiments 39-45 using 802.16 wireless

protocols.

47. The method of any one of embodiments 39-46 wherein the MAC

frame includes an IMP address.

48. The method of embodiment 47 wherein the IMP address indicates

an address of an ingress point to a MESH network.

49. The method of any one of embodiments 39-48 wherein the MAC

frame includes a MAC header.
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43. The method of any one of embodiments 39-42 using IEEE 802.11s
wireless protocols. 44. The method of any one of embodiments 39-43

“}635 @9124 4355 wireless protocols. 45. The method of any on
?) Iments 39-44 using 802.15.5 wireless protocols. 46. " é“r%zg? /(()Jé“c})%‘z

any one of embodiments 39-45 using 802.16 wireless protocols. 47. The

meth&@-of dhyeometdiodmbanintestei3onbedimertmifd Mmlergignthe MAC

ingidesianMPradaiesay48. The method of embodiment 47 wherein the
IMP address indicates an address of an ingress point to a MESH

network. 49. The method of any one of embodiments 39-48 wherein the
MAC ftameTheludehal MG head ef exhbodiD 20069304 48erein the MAC
CT/USf 5/0387 .032 50 The methad of any one of embodiments 39-49

Wherein Plame mc?u 1(3:-%11'?\81‘rame body. 51. The method of any

one of embodiments 39-50 wherein the MAC frame includes a frame
Checkﬁequm&exﬂaﬁoé%ﬂh@ methpexﬁﬁ@ameﬁas qgembaem\aﬂta@%&c

wherein the MAC frame inclu er. C head
fmﬁjgela#aﬁé\%%&ﬁd%éa m&%fﬁf B ?zlfA %%%?gﬁfég
39-52 wherein the MAC frame includes a MAC header and the MAC
head énd lI‘Ixr I%P /l gne gpgﬁ%%m&%ﬁésa@y %%Rgrem the MAC

embo Iments ereln
frame includes a MAC header and the MAC header includes a duration/ID.

54. The method of any one of embodiments 39-53 wherein the MAC
frame includes a MAC header and the MAC header includes an address field.

55. The method of any one of embodiments 39-54 wherein the MAC
frame includes a MAC header and the MAC header includes a plurality of
address fields.

56. The method of any one of embodiments 39-55 wherein the MAC

frame includes a MAC header and the MAC header includes a sequence control.

57. The method of any one of embodiments 39-56 wherein the MAC
frame includes a MAC header and the MAC header includes a mesh control field.

58. The method of any one of embodiments 39-57 wherein the MAC

frame includes a mesh control field and the mesh control field includes an IMP
address field.
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frame includes a MAC header and the MAC header includes an address
field. 55. The method of any one of embodiments 39-54 wherein the MAC
frame includes a MAC header and the MAC header include%(gT raI 332
WOLHEES HaTds. 56. The method of any one of embodiments e Bin

the MAC frame includes a MAC header and the MAC header mcludes a
sequeie cAhteonesodTdfeame tnsdob el dinecot e Afhodlimesne BghseMAC

%ﬁ@%&ﬁﬁéﬁ%ﬁém&t@am SlYA Readesane thaMAGuReadeEMP

includes a mesh control field. 58. The method of any one of embodiments
%‘@Seﬁ%\ﬁfé?eln the MAC frame includes a mesh control field and the mesh
control field includes an IMP address field. -12 WO 2006/031445

PCT/US200 0310 2 5%. The met )¢ %fogn ? e %g\b dimen ﬁg%ﬁ%

od o one 0 erein
Wheref3 the ,&(fnigrame inc u €s a mesh contro and e mes

eddtesk field imcisdbss an WS@@&E@@MB@I@EWN@W&W one of
embodiments 39-59 wherein the EMP address field indicates an egress .
point from a wireless mesh network. 61. The method of any one of

embodi ilnent@‘é@*@é@rﬂ%ﬁ@fﬁ&%@ﬁ?&‘ﬁ?ﬁ%eﬁ&ﬁ%\ﬁlpeﬁé‘é‘?ﬁémgtﬁe&ﬁqﬁ B
addieasedinddif toeihOMPlddysene of embodiments 39-61 wherein if the
STA is an ingress point to a mesh network, the STA upon receipt of an

acknowledgement discards associated data in its queue. 63. The method
of anyGthe oTbenbethiniefiarsPee of/pratmidinents S9/4 Isvheriigié geptint 1s

%%Exee%@ RS K, AR T AHRR Rl Hf R REQFIME an acknowledgement

discards associated data in its queue.

63. The method of any one of embodiments 39-62 wherein if the STA is
an ingress point to a mesh network, the STA upon receipt of a negative

acknowledgement retransmits associated data in its queue.

64. The method of any one of embodiments 39-63 wherein if the STA is
an ingress point to a mesh network, the STA when not receiving an
acknowledgement or a negative acknowledgement after a certain time period,

discards associated data in its queue.

65. The method of any one of embodiments 39-64 wherein upon

successful receipt of the MAC frame sending an acknowledgment.

66. The method of embodiment 65 wherein the acknowledgment follow a
different path in the mesh network than the MAC frame.

67. The method of embodiment 65 wherein the acknowledgement is sent

using a single hop delivery over a mesh network.
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acknowledgement retransmits associated data in its queue. 64. The
method of any one of embodiments 39-63 wherein if the STA is an
ingress point to a mesh network, the STA when not receivinIgC%
WO 0061031245 ) /US
acknowledgement or a negative acknowledgement after a certain fi
period, discards associated data in its queue. 65. The method of any one

of emi§dimdrie Betise wirmmbilimpent Gucbersutheacknopiladgaman fesmms
SSRHNCLAN RS AHTMRENHES o FhesmaRe:el embodiment 65 wherein
the acknowledgment follow a different path in the mesh network than the
MAC frame. 67. The method of embodiment 65 wherein the
acknowdedgdmeniethsé of enshogimemn@e winarelelitterydvemndedpastnt is sent
ggtvqurk. -elsis% ), 23906/031445 PCTfUS2005/031032 68. The method of
embodiment 65 wherein the acknowledgement is sent using a
multiple-hop delivery over a mesh network. 69. The method of

embodientix WReksiN s B RMIESIOMRRLIS SR ANIAZERRSt is sent

address. 70. The method of emhodiment 65 wherein_ the
SRRRRASETCRAETSS LERE I RF NGRS ArESO BB SMyle-hop data
acknowledgement. 71. The method of any one of embodiments 39-64
whereipyio agknaadaeTIens S &P HiSdalad olerPodiTan O3,
wherein the acknowle gment is'sent from an egress address to an
inglreeyladermsat I8s9He method of embodiment 65 wherein the
acknowledgement is sent from an egress address to an ingress address

using a single-hop dat
g 72. g The Igetho% of embodiment 65 wherein the acknowledgment is sent

05/031032
me

from an egress address to an ingress address.

73.  The method of embodiment 65 wherein the acknowledgement is sent
from an egress address to an ingress address using a single-hop data

acknowledgement.
74. The method of any one of embodiments 39-73 wherein the STA

transmits a next frame prior to receiving an acknowledgement from a prior

frame.
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acknowledgement. 74, The method of any one of embodiments 39-73
wherein the STA transmits a next frame prior to receiving an
acknowledgement from a prior frame. -14 CLAIMS What is claimed is: 1.
A medium access control (MAC) frame in mesh wireless communication
system, the system comprising a plurality of mesh points that are
wirelessly linked together such that a data packet sent by a station (STA)
is received by an ingress mesh point (IMF) in order to provide a service
by the mesh wireless communication system, the MAC frame being used
for transmission of the data pa@ké’tp‘éﬁd the MAC frame comprising: a
wigld<compsising an IMP address and an egress mesh point (EMP)
address, whereby.an acknowledgement (ACK) for successful reception of
the data packet is sent to the IMP. 2. The MAC frame of claim i wherein a
framé.contrb! fietdioftheavese fenmel inQiEAfSs thameheiv ATetanitreless
c%%ﬁ%ﬁtf&? dMERAgEesFand IBe FMB.aE MieSSicSef BRMPeiHAME Gfe

“laim 1 wheréin a frame_control field of the MAC frame indicates an g
varlgss idkgt Meribrm SHeh e (RAPITRTHERIAM HIEREE & PHeNRE Y
vi ame et el aial puhe raviRhenAdéri sosprividean detvieetdy [fkProasta wireless

acknowledgement mode. 5. The MAC .frame of.claim.| rej is
RS Ry Ra v AG it et Ued SRS R il
 petiit dbdtheMACtrenXCIGRPE8ALEIn a combined

a field comprising an IMP address and an egress mesh point (EMP) address,

whereby an acknowledgement (ACK) for successful reception of the data
packet is sent to the IMP. '

2. The MAC frame of claim | wherein a frame control field of the MAC
frame indicates that the MAC frame contains the IMP address and the EMP address.

3. - The MAC frame of claim 1 wherein a frame control field of the MAC
- frame indicates an acknowledgement mode to be. used for the data packet.

4. The MAC franie -of claim 1 wherein the ACK is sent in an EMP-to-
‘IMP data backnowledgement mode.

5. The MAC frame of claim 1 wherein the ACK is sent in a single-hop
data acknowledgement mode.

6. The MAC frame of claim ] wherein the ACK is sent in a combined
EMP-t0-IMP and single-hop data acknowledgement mode.

7. The MAC frame of claim 3 wherein the frame control field indicates
that no acknowledgement should be sent for the data packet.
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7

EMP-to-llviP and single-hop data acknowledgement mode. 7. The MAC
frame of claim 3 wherein the frame control field indicates thatno
acknowledgement should be sent for the data packet. -15 8. The MAC
frame of claim 1 wherein the ACK is transmitted through a path different
from a path used for transmission of the data packet. 9. The MAC frame of
claim 8 wherein a bulk ACK is used for acknowledging multiple data
packets. 10. The MAC frame of claim 8 wherein the ACK is sent via a
differ®nt pathFifYiArSEsRe B siaimin FORTERTE 180t 18 FansmisiFioameyer @
phACEHMIE PSS eaiMIC eliarasysiaiBrconty @gagpacipiurality of mesh
points that are wirelessly linked together such that a data packet sent by
a station (STA) is received by an ingress mesh point (IMP) and forwarded
to an9egreshenddh pofranteE NP ciainyr o rubgsebvide ke ricB by thsednéieh
a%g%@gggﬁgmwgm%%@m, the method being used for sending an
acknowledgement (ACK) for the data packet to the IMP, and the method
comprising: generating a medium access control (MAC) frame for

* transnuissionief M datdFpacketline Mivbefeanire nolKlizgsenfield eaiffaraing

a[ﬁ IMP agsderggseg d agn%c ngress; forwarding the MAC frame to the
NIFZE0°6r more Intermediate mesh point; and receiving an ACK at

the IMP on condition that the data packet was successfully received by

the EMP. 12, Thenmetnod pbalaimeddswhsteinadname sepiroblipilial the

MAC frame indicates that the MAC frame contains the IMP address and
megl paints that are wirelessly linked together such that a data packet sent

by a station (STA) is received by an ingress mesh point (IMP) and forwarded to an

egress mesh point (EMP) in order to provide a service by the mesh wireless

communication system, the method being used for sending an acknowledgement

| (ACK) for the data packet to the IMP, and the method comprising:

generating a medium access control (MAC) frame for transmission of a data
packet, the MAC frame including a field comprising an IMP address and an EMP

- address;

forwarding the MAC frame to the EMP via zero or more intermediate mesh

_ point; and

“receiving an ACK at the IMP on condition that the data packet was

. sucéessfully received by the EMP.

12. The method of claim 11 wherein & frame control field of the MAC
frame indicates that the MAC frame contains the IMP address and the EMP address.

13.  The method of claim 11 wherein a frame control field of the MAC
frame indicates an acknowledgement mode to be used for the data packet.

14, The method of claim 11 wherein the ACK i1s sent in an EMP-to-IMP
data acknowledgement mode.
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13. The method of claim 11 wherein a frame control field of the MAC
frame indicates an acknowledgement mode to be used for the data
packet. 14. The method of claim 11 wherein the ACK is sent in an
ENT-to-MD data acknowledgement mode. -16 15. The method of claim
11 wherein the ACK is sent in a single-hop data acknowledgement mode.
16. The method of claim 11 wherein the ACK is sent in a combined EMP-
to-1 MP and single-hop data acknowledgement mode. 1'. The method, of
claim!6 white RaHad A Aa o BPAETE i irks hiRtp @ single-hop data

: wiledgeinasishould be sent for the data packet. 18. The method of
clalm 11 wherein the ACK is transmitted through a path different from a
path used for transmission of the data packet. 19. The method of claim 18
wheréin a bl Aeikod efstainior! sdienenyIbdghedniustpl ddatengreseBVBO.

1ol BEPRRhGRL %I@é&%@&éﬁﬁﬁ%d@ sent via a different path in

purpose depending on traffic level. -

17. The method of claim 16 wherein the frame control field indicates that
no acknowledgement should be sent for the data packet.

18.  The method of claim 11 wherein the ACK is transmitted through & path
different from a path used for transmission of the data packet.

19. _'I‘he method of claim 18 whereln a bulk ACK is used for
acknowledging multiple data packets.

20. . The method of claim 18 wherein the ACK is sent via a different path in
purpose depending on traffic level.
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