[ 0001] METHOD AND SI GNALI NG PROCEDURE FOR TRANSM SSI ON
OPPORTUNI TY USAGE IN A W RELESS MESH NETWORK [ 0002]
wdrbdokz2G3k1 | NVENTI ON [ 0003] The present inventiporius2007/010148
related to wirel ess comunicati on systens. In
particular, the present invention is related to a
nmet hod and signaling procedure for transm ssion
opportunity usage in a wireless nesh network. [0004]
BACKGROUND [0005] In a typical Wrel ess Local Access
Net wor k (WLAN) network, all devices contend for
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802.11 e is the concept of a transm ssion opportunity
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[0006] One of the enhancements introduced by 802.11e is the concept of a
transmission opportunity (TxOP). During a TxOP, multiple packets can be
transmitted during the granted time. The TxOP has proven to be a very efficient
enhancement to the basic MAC. The main idea with the introduction of a TxOP is
to limit the overall amount of time a Station (STA) can spend on a channel once it
has won contention. Before the advent of 802.11e, a STA, once it won the
contention-based access, could transmit as long as it had data to transmit. This
led to situations where a particular STA could basically pre-empt the wireless
medium since it had so much data to transmit, resulting in detrimental side-
effects to traffic streams by other STAs in the Basic Service Set (BSS). In order to
remedy this problem, 802.11e introduced TxOPs with the idea that no STA could
occupy the wireless medium longer than the TxOP length, and therefore, the
medium would be opened up for contention by all STAs again at a minimum

guaranteed rate.



to traffic streans by other STAs in the Basic Service
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all statlons to contend again, it specifically allows the peer station (i.e. TxOP

receiver) to reuse the remaining time in a TxOP to send data on the reverse
direction link to the originator.

[0009] One advantage of such Reverse Direction Grants (RDG) is that the
contention for the medium by the peer station, which is time costly, does not take
place anymore and overall relative medium-occupancy (ratio of data transmission
to contention time per time period) is increased. Another advantage is the
resulting reduction in latency for the reverse direction transmission (which might
have otherwise been delayed by medium access contention), which is particularly
useful in relatively symmetric real-time traffic scenarios such as VoIP.

[0010] In a WLAN mesh system, a set of two or more Mesh Point (MPs) are
interconnected via IEEE 802.11 links. Each MP on a mesh network receives and

transmits its own traffic, while acting as a router or forwarder for other nodes.
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[0013] An additional practical design problem currently not addressed by
the original 802.11n RDG method is a practical question arising from WLAN
Mesh network design where traffic is not carried back-and-forth across links of

multiple Mesh nodes (but only between a particular pair of nodes in a BSS).
There are many usage scenarios in which there can be substantially more gain in
terms of node throughput and traffic latency when the remainder of a TxOP is
used by a MP on a Mesh link for carrying received traffic forward (rather than
using it to send traffic back to the originating MP in the reverse direction). It
should be noted that this problem cannot arise in a traditional infra-structure
type BSS, where any traffic is only carried back-and-forth in between a particular
pair of devices, i.e. from/to the AP to/from a given STA.

[0014] Therefore, there exists a need for a method that realizes the gain
with the 802.11n RDG method for WLAN mesh networks, that is not subject to
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mechani sm cannot guarantee collision free
comruni cati on in-between the pair, since nonethod
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of the preferred embodiments of the present invention will be better understood

when read with reference to the appended drawings, wherein:

[0019] Figure 1 is an exemplary wireless mesh architecture;

[0020] Figure 2 shows a functional diagram of a plurality of mesh nodes
performing a process in accordance with the present invention;

[0021] Figure 3 is a frame format header in accordance with the present
invention;

[0022] Figure 4 is a representative field in a frame header in accordance

with the present invention; and

[0023] Figure 5 is a frame format header in accordance with an alternative
embodiment of the present invention.

[0024] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0025] When referred to hereafter, the terminology "wireless

transmit/receive unit (WTRU)" includes but is not limited to a user equipment
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traffic to the original node, a nethod for using the
remai ning TxOP tinme by a neighbor to send traffic to
wartmesinode, a nethod to signal the reuse rwEsUS007/010148
the remaining TXOP tinme, and a nethod to efficiently
relinquish/truncate a TXOP to reset the Network
Al | ocation Vectors (NAV)for the nei ghboring nodes.
[0017] BRI EF DESCRI PTI ON OF THE DRAW NGKS) [0018] The
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n?hﬁéx?j;e dott effieient TxCP velpuisidEnt /taumazitidne st ati on, a
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(Jc’gx, iﬁy, }ﬁeq-, é;5E? lgllr,t le5crcgtr11 rlgc). *Mpib Eckiitate the T:E) é%Ft?v’ity and

intercommunication of wireless client(s) 16 (16a1...16Gg1). MP 15 comprises a

processor (not shown) for storing at least one database (not shown). In
accordance with an embodiment of the present invention, the database of MP 15
includes information indicating the current configuration of transmission
opportunity (TxOP) usage, i.e., if supported, if enabled/disabled, and which modes
are allowed (e.g., forward only, reverse direction only, or a combination of both) to
be disclosed hereinafter.

[0028] As mentioned above, each processor of MPs 15 includes at least one
database, but each processor does not necessarily include the TxOP configuration
information. The TxOP configuration information can be either centrally stored
within a database of a single MP 15 (e.g., 154), stored in the database of each MP
15 (e.g., 154...15¢), or stored in a database of a subset of the MPs 15 (e.g., 154,
156, and 15¢c). TxOP configuration information, regardless of how the
information is stored, is changed or configured through signaling messages
between MPs 15.



type of interfacing device capable of operating in a
W rel ess environnment. [0026] The present invention is

wolrd0eei8eh t o nmechani snms that inprove the transpgses007/010148
opportunity (TxOP) usage when applied in wreless
| ocal access network (W.AN) nesh networks by using
reverse direction (RD) concepts for new nesh network
appl i cations, and extending the CF-End frane usage for
the mesh networks for efficient TxOP relinqui shnment
/truncation. [0027] Referring to Figures 1 and 2, the
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dat abase of each ., 15A...15G), or stored_in
twodwpabiginityfof san maa@rr % 1fms fars example, setptheir Aetwork
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when a Request to Send (RTS)/Clear to Send (CTS)-like message exchange is
used before the TxOP time, or when the coordination information (e.g. generated
by a Hybrid Coordinator (HC), or carried on channel occupancy advertisements)
is propagated beyond the first hop.

[0033] In any case, when MPs in the two-hop vicinity (e.g. 156, 157, 15,
15p, 158 and 15¢) have already set their NAVs for the whole TxOP duration, it is
preferred that any remaining unused time of the TxOP be reused by a receiving
MP to forward the received packet from the originator MP one more hop. For
example, if MP 154 was the originating MP, receiving MP 153 is able to use ahy
remaining time in the TxOP to forward the received packet to MP 15¢c. In this
sense, the received packet could be sent over two hops (e.g. MP 154 to MP 15g,
and MP 15z to MP 15¢), having contended only once for the medium, thereby
decreasing the packet latency.



information is stored, is changed or configured
t hrough signali ng nessages between MPs 15.[0029] As
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interval of tine when a particular MP 15 has the right
to initiate franme exchange sequences onto the wrel ess
medium This TxOP is denned by a starting tine and a
maxi mum dur ation. AMP 15 obtains access to this TxOP
ei ther by successfully contending for the channel, or
by direct assignnment froma coordinating entity.
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ofigfatb1o®, £ 5AY it sehll spécific traffic (e.g. MP 15F to MP 15¢), or

freely contend for access to the medium (e.g. let MP 15, MP 15p, MP 15g, and
MP 15r contend). The advantage of this embodiment over the common

relinquishing of the TxOP is that the number of MPs contending for the medium
is potentially smaller than the overall number of MPs that could have set their
NAVs for the TxOP. This smaller number of contenders provides them with a
statistical advantage as compared to simply relinquishing the TxOP for all nodes.
[0038] In accordance with this embodiment, this subset of nodes (e.g. MP
158, MP 15p, MP 15g, and MP 15f), therefore, access the medium in accordance
with the TxOP information stored in database 18. As those skilled in the art
know, access can be granted (1) sequentially — with a pre-defined or explicit
sequence; (2) contention — contending normally for the medium or using different
contention/transmission parameters (e.g. IFS, CWMin, CWMax) to better access

the medium; (3) ordered contention — using different contention/transmission



preferred that any remaining unused tinme of the TxOP

be reused by a receiving MP to forward the received
w@2oket7zirom the originator MP one nore hop. RarT/Us2007/010148

exanple, if MP 15A was the originating MP, receiving
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OSSR B0 BRS80Sl By i T o

exdApRIY forimiatidfithe patket datd franisdradvhitted$ronl/bhd MP todividther.

Ayt b e =P gkl Popofhepder ot A6 nfhuded

iPEh® dhats/ fraf@easd a&ngﬁsw Qexi‘éiﬁé deréceibh Qigriitth gJOFigﬁirSSQ is an
of the network. [003 7] nbé apot her ment
lrﬁayﬁ n

exqraplagy A witFafion emat of mieéle&rw EfRPHEL fieldin

a@irdad@ kaomel\/ﬁﬁeséht ihveMPﬁm' NAL HRuSR8tdIOM Figirdi 4,Yenhanced
fromthe qriginator 15A) to either_send

meshdorvardipgfeopgrol éieéd avppt@fwatb&wpo@yefes &r RPG{Maye-Physical
lé?@Fb%‘th(ﬁleaté‘ﬁﬁﬁ;%%PPDU);‘&WR@GJM&S&@PDWB& WRd b8fr sifhalling

and reserved blts, signalling the granting the remaining TxOP, a mesh e2e seq.,
which enables controlled broadcast flooding, and Time to Live (TTL), which
eliminates the possibility of infinite loops.
[0041] Referring now to Figure 5, in an alternative embodiment, the TxOP
holder, the originator MP, may pass control of the medium in a data frame, for
- example, by adding a new control field 40 to carry the RDG signalling
(RDG/More-PPDU), preferably, along with (RDG/More-Physical layer protocol
data units (PPDU)) bit and other signaling and reserved bits.
[0042] In accordance with an alternative of this embodiment, the presence
of control field 40, indicated by the RDG/more-PPDU bit being set to 1, where the
control field 40 is preferably the high throughput control (HT) field, and carries
RDG/More-PPDU bit signalling with other HT control signalling. A preferable
description of the RDG/More PPDU Data bit is set forth in Table 1:
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MP 15F contend). The advantage of this enbodi nent over

the common relinquishing of the TxOP is that the
wonuber;zof MPs contending for the nediumis pot@Entsmbiyio14s

smal l er than the overall nunber of MPs that could have

set their NAVs for the TxOP. This smaller nunber of

contenders provides themw th a statistical advantage

as conpared tosinply relinquishing the TxOP for all

nodes. [0038] In accordance with this enbodi nent, this

subset of nodes (e.g. MP 15B, MP 15D, MP 15E, and MP

15F), therefore, access t FABia¥dl um i n accordance with

t3 t T ag A fose
SRS FPPRLVE, ﬁ#e;fgg%s@@g@be%m s
qUCIILI al I y 'VVI L II 1S Ul CA 1

PZ) contention - cp ﬁ *Re ﬁg ('r;ﬁo Lr#’al Iy f%h‘i @%Eﬁ 'z—glm%the
u3| ng di fferent co ?lon/tr ansm ssi gn para

HES— WA x)—tobetier—access £ ¢ transmission
(13) ordered conten {QJﬁVérﬁg 445t £ or erft L€ EP NOTth lgtzle
cont enti on/ t r ansni ERFESRBAIX ; Feguf’ﬁat Slfggget}%"“ o € ‘as
dependent on the t t obe )
r a|p';1f ar~| to—¢ ha /\r-r- mathljdug OF / \tru COHD nuti R

t hereof. [0039] DuetotheerX|b|I|tythat IS

[(048Yi ded 1hY adBfidH @5ERDG/MEBIPEDU bite sihla064a¢,| an @(ﬁdltlonal
the remaining TXOP tine can be restricted to a certa

figlddit(ahmagbe mts?lveismﬂledwetﬁsﬁhe CORSLERIAL PR %‘6&6°f'é'a§i° that

cdfPbd 36nt iR ORE Peversd Atrettion. rmee)fzﬁnﬂle, mh;s% Bld/Bit(s3 1Y set to 0
ot her node in the network (e,g. [0040] In

thansthereisfn sonstrainten s ype et %ﬁ@'ﬁ‘éh@e apxﬁra%eméegﬂdless of
aédegé%shbﬁey)g CRRtradrRes, &ﬁﬂn%r@@ﬂh%\tﬁ-@ferhﬁl ARAGA MR type of

a preferred enbo |rrent usi ng an explicit, signal,
constraiptppythy trafflig that sap hesent in tg\e TRERRSE rcylr%wﬁo » pysimple
eferipRE) fcagé\/%ﬁehﬁmé Bt i6 98¢ fo®), ally &&%ﬂ?&%nh@%ﬂg%ﬂ when the

passed on. [ustrated in Fi gure i s an exenplary
bitds et di foméapm%% dranfapigsicpaneanstrainedia thepamesntegory/type

offififtic dél’tn i d8htoAR IR bEaman enhanced Nesh

Cbntr header Tie 20 is included in the
[Q4uh fr ari@seae;h@f ébmbfr@@nbme@és ¢nhapeediorwprhiagcogtrol 20

aﬁ& %ﬁt@oldﬁéla 48'may alternatively identify a group of MPs to which control of
the TxOP has been passed.

[0045] In each of the above embodiments, it should be appreciated by those
having skill in the art, the order of occurrence of the fields may be different from
the examples shown in the figures without deviating from the purpose of the

invention disclosed in each embodiment.

[0046] = Inyet another embodiment, the explicit signal for control exchange
is a dedicated frame specifying the passing of the control of the TxOP as disclosed
above.

{0047] An alternative embodiment to the use of an explicit signal for

control exchange, is the use of implicit signaling. In accordance with this
embodiment, implicit signaling has defined rules stored in a database of an MP

15, whereby, upon the end of a transmission and after a certain time (e.g.
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exenplary illustration format of the "enhanced nesh
forwarding control” field in accordance with the

wE@seniz1i nvention. As illustrated in Figure 4pcT/us2007/010148
enhanced nmesh forwarding control field 20 preferably

conpri ses a RDG More-Physical |ayer protocol data
units (PPDU)) bit (RDE More-PPDU) bit and ot her
signalling and reserved bits, signalling the granting
the remaining TXOP, a nesh e2e seq., which enabl es

control |l ed broadcast fl oodin and Tine to Live (TTL),
Distrihmtet Ceordination Fanstion (BOK) Iytesface Sivane (RIFHpsbe control of

th %gip @?a‘ééé%&g ﬁw%gb%&{agggﬂ bfa gmwomp@ lbtagihg’@ﬁ 'rtrl}éé;se defined

enbo ori gi nat or
rpms control of the mediumin a data franme, for

Si gna? I'ng S&% glrg‘;"-!é %r?raeggol% w%\gl{bﬁended

b@@‘i)ﬁhuﬂmek F!lxﬁli? uaitrd)labpmgmaitooMP bdazlettmgl thesM(oFPBEDU flag to

bit .an a n
O PERRA TP R0 A, 14 SR fenling s Go8 D dofla rame,
(¢ @n§nothenf tmn bf drarhe etlhit4ﬁ1d1¢atd$ (mtdedf lata hransmission), or

RDGI be th
TR g e 5L B S R TN AT R b sponder MP
((v_tﬁkh Iﬁhﬁ be fol_lrlli_jwkdi?f ClFGEnd?BGhMS mnpgaghb?f mglgnalelsd:rﬁgad later).
t he cont ;o0 i [LEI €L a e .
il Dor T A S o PO RO BB e o R ordgipatos, MP the
g@ﬂ'ﬂ% M]|3. r%ﬂr&ﬂmiﬂl&tﬁ]aﬁd? Shfibdt fﬂt@g&h?eiﬂi@c%%ﬂ“@%ﬂﬂ the
It s an a t1o | 1t(s m e
epd\oft bgg‘ q@éﬁgémtnﬁ sf’f(gf)‘nt on t heyt ype of
[bosg)fi c t tﬁhe@;aigum@s M!ll’, di’ﬁleﬁlhﬁkirfg\/a?f@@réﬂ dieedticigran®kenses

exanple hISfI it(s 0 then ther
the mﬁﬁlmlqér ?cet o EiFe) gﬂ{#h@, ltawtien start
tfiﬁfﬁtﬁngm%omﬂam&&sm@mess priority);

Contrariw se, on-zero value preferably indicates
[09rL)t ype Bhe coeees dirastign QR TRy be fermiphtedby frpesaision of

CHLEndSir 484 ¥ySth e Urig8hhto? MPl dfted reg iRy BXATHI 6Fthe TXOP (which
when this bit is set to 0, any transmssion is
- maay bevdlowgd by Glfrdnd frames from neighbor MPs), or by the transmission of

a CF-End frame by the receiver/responder MP (which may be followed by CF-End

frames from neighbor MPs), as disclosed hereinafter.

[0052] In order for the originator MP to effectively allocate resources for
the reserve direction, information about the reverse direction traffic
characteristics including, for example, minimum, mean & peak data rates, packet
size, and delay bounds, may be used if available. If such traffic characteristics are
not available, or the traffic is bursty in nature, feedback from the responder
MP(s) may be used to allocate resources.

[0053] In accordance with this embodiment, if the initial reverse direction
allocation by the originator MP based on available data is not sufficient, then the
responder MP transmits the data that fits within the allocation, and makes a
resource request for the remaining data to be transmitted. It is preferable that

the receiver/responder MP sends the resource request/feedback in the queue size
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bit is to set 1, for exanple, transmssion is

constrai ned tothe sane category/type of traffic as the
wobrégipator category/type of traffic. [0044] |pceEesioniionss

t he above enbodi nents, enhanced forwardi ng control 20

and control field 40, may alternatively identify a

group of MPs towhich control of the TxOP has been

passed. [0045] In each of the above enbodi nents, it

shoul d be appreciated by those having skill in the

art, the order of occurrence of the fields may be

ﬁald ¢fctherRQualiyefiSravicr ARpPLeonsrfield of alRos fr‘rgmee dAlternatively,

Iézewe )g@gﬁo%hbp g B, deidfl thd &mcéfemeufe@usm fithe TxOP
sc ose n each enbodi nent. [0046] yet anot her

Reqtienti fAeldt of thecQeR mop‘e'no@ field efia Qeaa ftaemr @ sukegement reverse
- directiod em&ahﬁﬂ i#ama éﬂgﬁi ft?rll NPt RRyPBESH a{&do% nti}s resource
X OP I SC Al

contr ol osed above. [0047 n
request/fredback Gon theraseiver/sespoades MBf an explicit
al f r vl ot I .
“’358‘ al i ngfn %ﬁﬁéccor an ggl\%lg A tﬁiis}:%e d?gﬁg{ﬁ% hﬁbéatmns’
sitnptions twhergn dhe ﬁ@x(thddsaftitmeds rmbes thaor eefjuireds an efficient

dat abase, of .an n .
P b AR A e M ERkOR B T f ficpRiance with o
efibodith et ofahe Bresent tovenkioR) a Cit-Bnfl freanSpetreng itE&) hy all MPs,
h of T, | S passed on to a specificM
Wé’r%é t?’oeulgljpo al\}ghe%é%eggr 8Nt hese defined rules. [0048]
[GUH%S] rever Aecotrdmglys mmmtbyoaecewer/mpbndmmﬁdmns&ﬂts aCF-

Cogme R Fem A NGB0 O or Lo a bl PSR TOP orto

rﬂkﬂnfﬁhﬂtﬂﬁdaté GtSJ‘E[‘inH’laftef thPcbmp&faﬂdl of) dat@&ﬂ:mlulssmn in a
t t
T o B 5

résinsli ity NASF- Er(dné r éembie thvdglilsoring eMHseswotickerorlﬁnator or
gt ST e e ) b0 O, GRS ERAUER o0 ShIMRL s own
CF-End frame within a SIFS, PIFS, or any other IFS as determined by the mesh
network operating parameters. It should be noted that only one CF-End
transmission by the neighboring MPs is allowed to prevent a "chain-reaction" of
CF-End transmissions. By allowing the MPs neighbors to also transmit CF-End
frames when they receive a CF-End frame, there is a reduction in hidden
node/MPs and associated problems with collisions.
[0056] An originator MP may also transmit a CF-End frame to
relinquish/truncate its TxOP after the completion of a reverse direction grant. As
such, ﬁpon receipt of a QoS-Null data frame (or other type of frame indicating
end of data transmission) from a receiver/responder MP. The originator MP
transmits the CF-End frame followed by the transmission of a CF-End frame by
the neighboring MP(s) as disclosed above.
[0057] _Embodiments

1. A method for communicating in a wireless mesh network

comprising:
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[0049] If the control of the TxOP is returned to the
originator MP, the originator MP may transmt data
wa@kdogfiz7sort I nterframe Space (SIFS) until thep@pds®hroionss
the TxOP or relinquish/truncate the TxOP. [0050] If

the originator MP, after making a reverse direction

grant senses the nediumidle for a PCF Interfrane

Space (PIFS) duration, it may then start transmtting

in continuation of its TxOP. [0051] The reverse

direction TxOP may be term nated by transm ssion of a
CF- Eektaininga tygnsimpissing epreatwrtyIxOR ket aneriginater mesh point

(@Z%@L#ggﬁﬁra%g’tM' R may be fol | owed by CF-End

m nel ghbor MPs), or by the transmission of a

CF- Eextbianging ¢optrdl of saiddxQF witls poether MIPwheini thietipe bsed by

. - f nel or MPs), as
t%?é%gﬂs%g%y erlgﬁﬁgﬁ{%ﬁgd@gﬁlpﬁkﬁger for the
originator MP to effectively allocate resources for
t he peser di.rgctd on, | [ i pn r >
dir e%t ion tralt |§1(:°dc %greéiéwe@llns [ cg’ V%% ?%th %%ﬁ Fgérﬁaearnsg?ng step
cempnisteindicatingiin a peeketsbat kontxdlofrsai® TxOFokiebeei passed on.
and del ay bounds, nay be used if available. If such
traffic characteristics are not avail able, or the
traf 8i ¢ i Fhdumethpdiof exabodiegentte2dighereif rsaid tpacket includes an

responder S be, used 1o al.hocat e resoutces.,.

<P BB Fr L R EARE S PREH S it B SR b dine reverse
dirvection kighalimgdafotatidn.on al | ocati on by the origi nator

MP based on available data is not sufficient, then the
responder MP transmits the data that fits within the

al | ogat i oA, méthdd skiasany 6Panbodiments 2aaid 8,0whéfedn said packet
remaj ning data.ta be transmtted.. Lt .is preferable .. .
P REPSPA tpRial el WhessR R (e RRld cREArses 1 verse direction
gta@D G sigAbhRag. i n the queue sizefield of the Quality

of Service (QS) control field of a Qos frane.

Al ternatively, the receiver/responder MP may send the

I esogl Ce TRE Westhol T Eabddinent e WheBirResidesint il Field Fhrther

e oS control TLeldof O TE1es, Subscauen

6. The method of embodiment 4, wherein said control field further
comprises a RDG/More-Physical layer protocol data unit (PPDU) bit, wherein
said RDG/More-PPDU bit indicates the type of information that can be sent on

the reverse direction.

7. The method of embodiment 6, wherein there is no constraint on the

reverse direction when said RDG/More-PPDU bit is zero.
8. A method as in any of embodiments 1 - 7, wherein said exchanging

step comprises indicating in a packet that control of said TxOP has been passed

on to a group of mesh points.

-12-



direction allocation by the originator MP may be based
on this resource request/feedback fromthe

wo efeirysii{ r esponder MP. [0054] In spite of attpamus2009010148
make accurate resource allocations, in situations

where the TxOP duration is nore than required, an
efficient nmechanismto relinquish/truncate the TxOP is
necessary. In accordance with an enbodi nent of the

present invention, a CF-End frame is transmtted by

all MPs, whether the MP is a Mesh AP or not. [0055]
Accad9.di ngh ymethod @siigi agt ofrerpbodizemity dr-/ §,cxhenetie saikizontrol of

truncate a TxCOP
TR OR 1 phbAod & { BHANLIE |
reunqw sh/truncate its TxOP after t he conpl etion of
dat SSi [
the Bnor TRpesarL b bt S, YTk s Helior WD Fansmits
sail pakliket to@ B Posthep tleamsnid loloigin atgr MEB \nhtinhtsalcbrengaMMg)TxOP.
or receiver/responder MP that transmtted the CF-End

frane, transmts its own CF-End frane within a Sl FS,
Pl FS11.0r Eieyymethed of entbalimdat 8) wherein byidirbeeiverdVIP transmits a

oghel oihst ChaR el RE Ll f5ymy S SrisfpRfes ik, P b otber

tladﬂ@a&ﬁd)ﬁg&natoe\mt a "chain-reaction" of CF-End

transm ssions. By allowi ng the MPs nei ghbors to al so
transmt CF-End franes when they receive a CF End

frame2. th&&ﬁeﬂh&d&sﬁﬁdﬂﬁ@ﬁdf@&ﬁdﬂdﬁbﬂtﬁéﬂ n0g@hdfRn aaid control is

PR kR ok T b s S0 0 e e

tﬁaﬁyﬂwr&ﬂweambg ﬂotasmaﬁeafthaﬁ d ReeRRIMP thatirakived said
reverse direction grant. As such, upon receipt of a

€§5§’ Pt- data frame (or other type of frame indicating
end of data transm ssion) froma receiver/responder

MP. The originator MP transmts the CE-End frape
fol | ¥hed Hymethod: g apg of Grkadiments By 8rangnl2pyyherein said

control is passed to a responder MP other than said receiver MP or said
originator MP,

said responder MP transmitting a packet, other than the packet from the
originator MP, to said originator MP within said remaining TxOP.

14. A method as in any of embodiments 2 - 13, wherein one or more

neighboring MPs of said originator MP contend for said remaining TxOP.

15. The method of embodiment 14, wherein said one or more

neighboring MPs are a one hop mesh point away from said originator MP.

16. A method as in any of embodiments 9 — 12 and 14 - 15, further
comprising terminating a reverse transmission of said receiver MP in the
remaining time of the TxOP by said receiver MP transmitting a Contention Free-
End (CF-End) frame.
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t he nei ghboring MP(s) as disclosed above. [0057]
Enbodi nents 1. A nethod for conmmunicating in a

wokdeh£8%1 mesh network conprisi ng: obtai ni ng a pcT/us2007/010148
transm ssion opportunity (TxOP) at an originator nesh

point (MP) including a duration tinme; and exchangi ng
control of said TxOP with another MP when the tine
used by the originator MP is |less than said duration
time. 2. The nethod of enbodi nent 1, wherein said

exchangi ng step conprises indicating in a packet that )
cont 16l oFhe gnethpdOpt embodiment 465 evharpin the THE-End frame is

oY | Rt 6 O AL AT ghP6k LS nBlkboring MPs
thsmidaecdivet MB.ng reverse direction signaling

information. 4. A nethod as in any of enbodi nents 2

and 3, wherein said packet conprises a control field,

wher #8.n sAimdethodt ain fang| of eob@limeets 18\-c15 cfudthregrotomprising
rant., .( RDGS] in The. J

oA RUFIRES I BORTFUPE by Sne SPERTLT 2 siter FERgSlag b fontrol of

tlve TROP togenheatetdmaveRidGlisedival TYQP. 6. The net hod of

enbodi nent 4, wherein said control field further

conpri ses a RDG More-Physical |ayer protocol data unit

( PPDLD. bi The whethoidnof @mboBinéhD18; RFddelri tthe NOF dxid frame is

t.he type of infor.mat] h can Jbe sent on the. .
el s igtion ot CR A EaRS o 338 nRiheh deighboring MPs
t¥BSdedrigihreMPs no constraint on the reverse

direction when said RDG More-PPDU bit is zero. 8.

Amet hod as in any of enbodinments 1 - 7, wherein said
exchgogi Ng method as in any of embodiments 9 — 12 and 14 - 15, further

comprising transmitting a CF-End frame by the originator MP to terminate the

use of the remaining time in said TxOP.

21. The method of embodiment 20, wherein the CF-End frame is
followed by a transmission of CF-End frames from one or more neighboring MPs

to said originator MP.

22. A wireless transmit/receive unit (WTRU), configured as a mesh
point (MP) in a wireless communication system, comprising:

a processor for obtaining a transmission opportunity (TxOP) including a
duration time, and exchanging control of said TxOP with another MP in the

system when the TxOP time used is less than said duration time.

23. The WTRU of embodiment 22, wherein said processor indicates in a
packet that control of said TxOP has been passed on.
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step conprises indicating in a packet that control of

said TxOP has been passed on to a group of nesh
w@ointis391 Anet hod as in any of enbodi nents 1 pcBUS2007/010148

wherein said control of said remaining TxOP is passed

on to a receiver MP. 10. The nethod of enbodi nent 9,

wherein said receiverMP transmts said packet to a MP

ot her than said originator MP within said renaining

TxOP. 11. The nethod of enbodi nent 9, wherein said

receiverMP transmts a packet, other than the Eacket

r eceP4.ed ThoWTRY of embediment\R3, whereinrsasd packethineludes an

I - .

o Resd e RRhrde cifiro MBI LA chitrBfHedor ncludjng reverse
divection sighalingiigforatadionhP, sai d ori gi nator MP

transmtting a packet other than the received packet,

to a MP other than a receiver MP that received said

fir se5.packehethdd asAnnetyrufenaisodimeaty 24 br @hpwterantsaidpacket

-8 and 12, wh i.n_said control, i ssed to a . .
ofBRRSTA FORBOL ORI, VRS SR Pl Gl eppgsts Sevprse direction
grantgRDGpsighklingai d responder MP transmitting a

packet, other than the packet fromthe originator M,

to said originator MP within said remaining TxOP. 14.

A nme2dod The IWITRO) of edbbdichert 2% whereh3 saidhe@meral fimdé further

or nore nei ghbori,ng MPs saj.d-oci gi,nat or MP cont end
oppres sl e thed MG MR Of Sroodi ment

14, wherein said one or nore nei ghboring MPs are a one
hop sh [ fr sai i gj nat or . 16.

ot 38 BRe r Bt erbiitet 25, g9halhd kald contiy féld further
c&]gbme% aCRDBYMS wggsrsin:m ﬁ‘%f otdebledEtaSenit I(fHPthU)Sl?t,gherein
of said receiver MP.in the remaining.tine of_the

said RRCIMoze- BRI it indisates the Hpe bt CBIFBREIoR thef gaa be sent on

the reverse direction.

28. The WTRU of embodiment 27, wherein there is no constraint on the
reverse direction when said RDG/More-PPDU bit is zero.

29. The WTRU of embodiment 22, wherein said processor indicatesin a
packet that control of said TxOP has been passed on to a group of mesh points.

30. A method as in any of embodiments 23 - 29, wherein said control of

said remaining TxOP is passed on to a receiver MP.

31. A method as in any of embodiments 22 - 30, wherein said processor
transmits a Contention Free-End (CF-End) frame to terminate use of the TxOP.

32. The WTRU of embodiment 31, wherein the CF-End frame is

followed by a transmission of CF-End frames from one or more neighboring MPs.
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End (CF-End) frane.17. The nmethod of enbodi nent 16,

wherein the CF-End franme is followed by a transm ssion
w®toOr2Bnd frames fromone or nore nei ghbori nged#?6s4007/010148

said receiver MP. 18. A nethod as in any of

enmbodi nents 13 - 15, further conprising transmtting a

CF-End frane by the originator MP after receiving back

control of the TXOP to termnate a reverse direction

TxOP. 19. The nethod of enbodi ment 18, wherein the

CF-End franme is followed by a transm ssion of CF-End

frandd frdmethed gs imapg of eingndianenty 20P32; wherein said processor

o PRk fyedfape 1o rbril < hfuraliof Y oL TROTYEMERL < °

CF-End frame by the originator MP to term nate the use

of t r L & ' [ A:Sal . &Fﬂ?‘?lg {

enbo i?'rren{ !‘2 , edrf g‘l-ﬁnB t ﬁe%sﬁgﬁ r gilrr%all-drg 0 O\C/E\g)é%%;ludes
rules defismgwhere TkOBrcoBbrbl fis passedfomom one or nore

nei ghboring MPs to said originator MP. 22. A wreless

transmt/receive unit (WIRU), configured as a nesh
[goZisht ( MPAlthough the déatnses aminelementisaf thegiresqent invention are

S5 AERA R e

oEXldinét ¢ith bonisedlalade sdtlbut bl othéhfeataidscand/Blenterith ®f the

syste en.the, TxOP tine used.is.|ess,than.,said

PR S et ot Ty e R RD iARis RS Rt S5:eR i othor features

afdielerpemcadfthe prextint dhesntion. dlMpamethodshart flew khartls prévided in

¢ aid TxOP hggi been gasse on. Zg.. The WIRU of fw
SBERFCREHvension may Re pmplemented in a coppuier Rrogram, software, or

fieRlvadrec tangibly feaibudliel rig aosémphteraed@sblesaiodagonhedium for

header i ncluding rev i i i i
efiﬁ!ﬂil&fq%x % ﬁgger pul(?poesg Ségm%hlt’:g'cgrl aoé‘mﬁés%ﬂﬁl ii‘arz]gmples of computer-

readable storage mediums include a read only memory (ROM), a random access

memory (RAM), a register, cache memory, semiconductor memory devices,
magnetic media such as internal hard disks and removable disks, magneto-
optical media, and optical media such as CD-ROM disks, and digital versatile
disks (DVDs).

[0059] Suitable processors include, by way of example, a general purpose
processor, a special purpose processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, one or more microprocessors in
association with a DSP core, a controller, a microcontroller, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs) circuits,
any other type of integrated circuit (IC), and/or a state machine.

[0060] A processor in association with software may be used to implement
a radio frequency transceiver for use in a wireless transmit receive unit (WTRU),
user equipment (UE), terminal, base station, radio network controller (RNC), or
any host computer. The WTRU may be used in conjunction with modules,
implemented in hardware and/or software, such as a camera, a video camera

module, a videophone, a speakerphone, a vibration device, a speaker, a
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25. A nethod as in any of enbodinents 24 or 25,

wherein sai d packet conprises a control field, wherein
wGahdigapi rol field conprises reverse directi opcgu8mh7/010148

(RDG signaling. 26. The WIRU of enbodi nent 25,

wherein said control field further conprises contro

signaling other than RDG signaling. 27. The WIRU of

enbodi ment 25, wherein said control field further

conpri ses a RDG More-Physical |ayer protocol data unit

(PPDU) bit, wherein said RDE More-PPDU bit indicates
nti¢rophype aftelevigipneiransreiver: achande firenheadsethe keyboard, a

[ 2

T
dr*ptaac(ﬁiQIh) dibplay st aRDESMbicdighPPthitiing dipde¢ObLEIPGlisplhy unit,

f embo |nen [ 0 t
= B SRR b o5 in SPSF. £ R R BB gt I, B et
browser, andfoo apy efiretesshlopal ama.n@@ormmﬂi\bmadulen any
of enbodi nents 23 - 29, whergin said conirol of said
remai ning TxOP is passed on to a receiver MP. 31. A
nmet hod as in any of enbodi nments 22 - 30, wherein said
processor transmts a Contention Free-End (CF-End)
frame to term nate use of the TxOP. 32. The WIRU of
enbodi nent 31, wherein the CF-End frane is foll owed by
a transm ssion of CF-End frames from one or
nor enei ghboring MPs. 33. Anethod as in any of
enbodi nents 22 - 32, wherein said processor conprises
a dat abase for storing a configuration of the TxCOP
usage. 34. The WIRU of enbodi nent 33, wherein said
configuration includes rules defining where TxOP
control is passed on. [0058] Although the features and
el ements of the present invention are described in the
preferred enbodi nents in particul ar conbi nati ons, each
feature
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or el enment can be used al one without the other
features and el enments of the preferred enbodi nents or
WO foovafizpus comnbi nati ons with or w t hout ot herpdpeasiiesio14s
and el ements of the present invention. The nethods or
flow charts provided in the present invention may be
i npl emented in a conputer program software, or
firmvare tangi bly enbodi ed i n a conputer-readabl e
storage nedium for execution by a general purpose
conmputer or a processor. Eraapes of conputerreadabl e
storage nedi uns include a read only nenory (ROM, a
random access nenory (RAM, a register, cache nenory,
WEAT s QfHfdas: menory devi ces, magnetic nmedia such as
i nternal hard di sks and reanabIe di sks,
rmgnét oophi methaddfor camamepicrtiBg b df aWatrlessadnesh megiwork
?, nd digital versatile disks (DvDs). [0059]
Su ta e processors include, éévvay of exanple, a

genepbliaipngpogangmissiersepportuny (:T@P)mrrqéwégmator mesh point

{]P&m processor, a digital signal

ﬂ%ﬁg@@ﬁ,‘g{ﬂ %%@@Y p %F]‘dty of m croprocessors, one
- or n@x@amgmmnéc@s%' sais TxOR 35tk anethen MP wthen theptime used by

. I .G r, Application
HELARRETIE B 1eE i REARRAMDE" - TP
Programmabl e Gate Arrays (FPGAs) circuits, any other
typey of t e .
machl ne. f%%g%%hig r&c%%g% r1 SJrP %gsogﬂgﬁxgﬁaﬁ step comprises
isditating én ppacket teddontrol nfsaddAROR hasbieen bamdsm;y
transceiver for use in a wireless transmt receive
unit (WIRU), user equipnent (UE), term nal, base
st at Bon, Thel methed nﬁclaimcm twhrirkny sgiR@rketinchidesaaps¢nhanced
cO ter ( '
i eghrdin Fonbyl it Vil e P HUE4RR rBdede diection
sighadingdnfirmativoonvi deo canmera nodul e, a vi deophone, a
speaker phone, a vibration device, a speaker,
am crophone, a television transceiver, a hands free
headaet , 'Bhk eiydthatd (bf daibh 3¢ wdirinr Jaidusheket comprises a control

ﬁfe (f qui in sa1 ayl gtt)r?tgo]( E\e/fqd rc%giporis%gl E‘évegsé ! l'Ielc mgr o %l (RDG)

signaling.

5. The method of claim 4, wherein said control field further comprises

control signaling other than RDG signaling.

6. The method of claim 4, wherein said control field further comprises
a RDG/More-Physical layer protocol data unit (PPDU) bit, wherein said
RDG/More-PPDU bit indicates the type of information that can be sent on the

reverse direction.

7. The method of claim 6, wherein there is no constraint on the reverse
direction when said RDG/More-PPDU bit is zero.
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di splay (LCD) display unit, an organic light-emtting
di ode (OLED) display unit, a digital nusic player, a
worrdra2pheyer, a video gane player nodul e, an pait/eswet/ 010148

browser, and/or any wireless |ocal area network (W.AN)
nodul e. CLAIM5S What is clainmed is: 1. A nethod for

communi cating in a wireless nesh network conpri sing:

obtai ning a transm ssion opportunity (TxOP) at an
originator nesh point (MP) including a duration tine;

and gxchapgd febtEedof @laiff 13%%&3&%1&/'&81@;%&59%? omprises
I S ess

when the tine used by the originat
ingicat ingitog Pasket thet controlREsait hP Bes brep Rpsse d prp @ group of
me8hpofitghangi ng step conprises indicating in a packet

that control of said TxOP has been passed on. 3. The

nmet hod of claim 2, wherein said packet includes an

enhagced RS Retd @ciiiBds PR ref sd1 8oiirol of 94id reRTHifid TxOP
header including reverse ‘direction signaling

is pssedranite & regeivghMBret hod of claim 3, wherein said
packet conprises a control field, wherein said contro
field conprises reverse direction grant (RDG . .
si gni@-i ng’lp he methed eEcledm Jf whergimsaid ggrepver MEBdrgnsmits said

pga%ttrtel gé mimggld%wmﬁa&%wqmﬂ sald mﬁmﬁ TxOP.

er th signaling.” 6. The nmethod of claim
mhereln sald control field further conprises a

Mpr ey %km&y&wt \Qﬁgl'e].g alq YakdiveP 'Rﬁ”)trQifﬁmits a

mhereln sai d bi t icates the
packess othter dhanthe pagkethreceivetl foomtthe argraator MPr éa:alMﬁ‘. other

than said originator MP.

12. The method of claim 3, wherein said control is passed back to the
originator MP, said originator MP transmitting a packet other than the received
packet, to a MP other than a receiver MP that received said first packet.

13. The method of claim 3, wherein said control is passed to a responder
MP other than said receiver MP or said originator MP,

said responder MP transmitting a packet, other than the packet from the
originator MP, to said originator MP within said remaining TxOP.

14. The method of claim 3, wherein one or more neighboring MPs of said
originator MP contend for said remaining TxOP.

15. The method of claim 14, wherein said one or more neighboring MPs

are a one hop mesh point away from said originator MP.
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7. The nmethod of claim®6, wherein there is

noconstraint on the reverse direction when said

wd¥eiMeser PPDU bit is zero. 8. The nmet hod of cl@i¥mid2007/010148

wherei n sai d exchanging step conprises indicating in a

packet that control of said TxOP has been passed on to

a group of nesh points. 9. The nethod of claim 3,

wherein said control of said remaining TxOP is passed

on to a receiver MP. 10. The nethod of claim?9,

wher gg N SPR I {RR6d YEEIANR 9, FRRHE cBmRdind 8&tRinatiigta Mirerse

ot her than said orlglnator MP within said renmaini
trapemissian of saidrercrier Y Pcinathe wmaiming time of ghe 8‘5‘9% by said

%%B&mgm&&maﬁg&eémem% FrgaEdd\ @R mtfrarn&&el ved

omthe originator M°, to a MP other than said

orlglnator MP. 12. The nethod of claim 3, wherein said

conty [

o1 o Fat cERPARFERL A Gnl f6, Herlll Bl 1k Wnd Fablip bllowed by o
trapsmiission pAddRE{ENd fraanédPinonh opetdramoze rra;elnhmnngm 4o said
rge%% said first packet. 13. The nethod of claim 3,

erein said control is passed to a responder MP ot her
than said recelver MP or said originator M, sald

R IR B mg AR g o o

framdbyntheairizineteriMP lagtefx@éwmg badk eonteoludthe TXO[Pano eBninate

a\’m%r%c'a QB Qs € nei ghboringMPs of said originator

contend for sai'd remaini ng TxOP. 15. The net hod of
claim 14 wherein said one or nore nei ghbori ngMPs are

a on nmesh HQO({ &tcéa‘{&u 8, P8 OF 'ﬂd@&i}{e Mqlﬂo@ved by a

The tho OF T & M er conprising term na
transmissiar of rGRENnd frames frosaioter @cueiore meighbaringh MPs to said
renal ni time of the TxOP by said receiver M

i‘'ng a Contention Free-End (CF-End) frane.

20. The method of claim 12, further comprising transmitting a CF-End
frame by the originator MP to terminate the use of the remaining time in said
TxOP.

21. The method of claim 20, wherein the CF-End frame is followed by a
transmission of CF-End frames from one or more neighboring MPs to said

originator MP.

22. A wireless transmit/receive unit (WTRU), configured as a mesh
point (MP) in a wireless communication system, comprising:

a processor for obtaining a transmission opportunity (TxOP) including a
duration time, and exchanging control of said TxOP with another MP in the

system when the TxOP time used is less than said duration time.
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17. The method of claim 16, wherein the CFEnd frane
is followed by a transm ssion of CF-End franes from
wOb®7Qs73fPr € nei ghboring MPs to said receiver pErudfo7/010148
The met hod of claim 13, further conprising
transmtting a CF-End frame by the originator MP after
recei ving back control of the TxOP toterm nate a
reverse direction TxOP. 19. The nethod of claim 18,
wherein the CF-End frane is followed by a transm ssion
of Qg En drﬁerwmt)famxa@@ WhePdih Salihrabiiess HQidWEss i packet
sai d originator M. The met hod of claim 12,
thagrcohtrol ebsaid qu%hpﬁ bﬂ%lirpﬁ’éﬁeﬁgma CF-End frame by the
originator MP to term nate the use of the remaining
time in said TxOP. 21. The nethod of claim 20, wherein
t he 2%- Erffthe WHRU of clapin) Z3echeggingsaid packetsnripdes in enhanced
IR0 [ REidg
or | o] na'{ Hﬁ{%nftég'ﬂe%ﬁ& %é_} esseElt'Jri“eglllf;'ga Ircecel vge‘te%lsé&irgcnon
w&a&;nfomﬁhgured as a nesh point (I\/P) in a wreless
nmn f inn system conprising: a processor for
obtai ning a transm ssion opportunity (TxOP) i ncl uding
a duz2@t i othe mUarfcblm Rdngihegeioosaid glackét enpnprigesgP control

not her T .
atle PeBER it ron bl o R SO BRHESS Teb e Wikt GriipE o)
sighalimper ei n sai d processor indicates in a packet that
control of said TxOP has been passed on. 24. The WIRU

of claim 23, wherein said packet includes an enhanced
nes h26.or EliWITR G of ¢laith 25¢ertierein saidicontrdl field furtibricomprises

e UGSl K5 St 11O 1 nfor mati on.

27. The WTRU of claim 25, wherein said control field further comprises
a RDG/More-Physical layer protocol data unit (PPDU) bit, wherein said
RDG/More-PPDU bit indicates the type of information that can be sent on the

reverse direction.

28. The WTRU of claim 27, wherein there is no constraint on the
reverse direction when said RDG/More-PPDU bit is zero.

29. The WTRU of claim 22, wherein said processor indicates in a packet
that control of said TxOP has been passed on to a group of mesh points.

30. The WTRU of claim 23, wherein said control of said remaining

TxOP is passed on to a receiver MP.

31. The WTRU of claim 22, wherein said processor transmits a
Contention Free-End (CF-End) frame to terminate use of the TxOP.
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25. The WIRU of claim 24, wherein said packet
conprises a control field, wherein said control field

WG 8dphbBes reverse direction grant (RDG) si gnapin@s2089e10148
The WIRUof cl aim 25, wherein said control field
further conprises control signaling other than RDG
signaling. 27. The WIRUof cl aim 25, wherein said
control field further conprises a RDG More- Physica
| ayer protocol data unit (PPDU) bit, wherein said
RDG §br e- 'gﬁ’PWf’Rﬁ df@ﬁ%qiﬁxaéﬁ%vﬁé}@iﬂ HRECPIEAD AL f8llbwed by a
that can be sent on the reverse direction. 28. The
ti\hRgissios lof Cif-Bad frdreesfrom ¢ne er inore1neigbboringiMPs.on
the reverse direction when said RDE Mdre-PPDU bit is
zero. 29. The WIRUof claim 22, wherein said processor
i ndi 85t esTheWITRdokdhinh 28 whersin said piroceasat comprises s database

been .passed.on to a 0 nesh points. 30. The WIRU
fo&fs‘%ﬂ"ggr?\ HORfiguration § sﬁuﬁ(@%rﬁsfag?' of said renaining
TXOP is passed on to a receiver MP. 31. The WIRU of

claip,22, j Ld cessor. trapsmds a,. . ,
Cont Bt 1 oRBREERE, e By Re =il sl Atipn ingudey rules
défisinpwRe R2TxOReokilicUif pasised on31, wherein the CF- End

franme is followed by a transm ssion of CF-End franes
fromone or nore neighboring MPs. 35. TheWRUof clai m

22, wherein said processor conprises a database for
storing a configuration of the TxOP usage. 36. The

WRU of claim 33, wherein said configuration includes

rul es defining where TxOP control is passed on.

-29.



