1 SCHEDULING DATA TRANSMISSIONS TO IMPROVE POWER
EFFICIENCY IN A WIRELESS NETWORK 5 CROSS-REFERENCE TO
RELATED APPLICATIONS [0001] This application claims priority to US
Provisional application serial number 60/691,220, filed on June 16, 2005,
entitled "Scheduling and Sequencing of Data/STAs and Information for
Maximal Power Efficiency in Aggregated Frames," hereby incorporated
by reference. 10 [0002] This application is related to U.S. Provisional
application serial number 60/620,246, filed on October 19, 2004 entitled
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15  BACKGROUND

[G003] The rapid diffusion of Wireless Local Area Network (WLAN) access

and the increasing demand for WLAN coverage is driving the installation of a very
large number of Access Points (AP). The most common WLAN technology is
described in the Institute of Electrical and Electronics Engineers IEEE 802.11 family

20 of industry specifications, such as specifications for IEEE 802.11b, IEEE 802.11g and
IEEE 802.11a. A number of different 802.11 task groups are involved in developing
specifications relating to improvements to the existing 802.11 technology.

[0004] Power consumption and battery life are issues for wireless

devices . A number of power-saving techniques have been proposed to

25 reduce power consumption and improve battery life. However, current
techniques have not sufficiently addressed the issue of power consumption
nor sufficiently reduced the number of on/off transitions to low power state for
wireless devices.
SUMMARY

30 [0005] Various embodiments are disclosed relating to scheduling of daia
transmissions for power save delivery in a wireless network.

[0GGE] Agcording to an exampie embodiment, a method is provided. The



and/or downlink transmission periods during a frame sequence for one or
more nodes in a wireless network. The uplink transmissions may be
scheduled after the downlink transmissions within the frame sequence,
with one or more nodes having only 5 scheduled downlink transmissions
during the frame sequence being scheduled for downlink transmissions at
or near the start of the downlink transmissiofs. In an example

embodiment, the transmitted frame may be a Power Save Multi Poll
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transmissions near a transition from downlink to uplink transmissions.

25 by} In yet another embodiment, a method is provided. The method may
include transmitting a frame identifying uplink and/or downlink transmission periods
during a frame sequence for one or more nodes in a wireless network. The uplink
transmissions may be scheduled after the downlink transmissions within the frame
sequence. One or more nodes having only scheduled downlink transmissions during

30 the frame sequence may be scheduled for downlink transmissions at or near the start
of the downlink transmissions. One or more nodes having only scheduled uplink

. transmissions during the frame sequence may be scheduled for uplink transmissions at
or near the end of the uplink transmissions. One or more nodes having scheduled

both downlink and uplink transmissions during the frame sequence may be scheduled



3 for transmissions near a transition from downlink to uplink
transmissions. [0010] In another embodiment, an apparatus may be
provided. The apparatus may include a controller, a memory coupled to
the controller. The apparatus may be adapted to transmit a frame
identifying uplink and/or downlink transmission periods 5 during a frame
sequence for one or more nodes in a wireless network. The uplink
transmissions may be scheduled after the downlink transmissions within
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30,BRIEF DESCRIPTION OF THE DRAWINGS The details of one or

&nleSSIO s within the d}.{l? se?luencefi n one embo \ 8ne or more noges
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transmissions. In another embodiment, one or more nodes having only scheduled
uplink transmissions during the frame sequence may be scheduled for uplink

25  transmissions at or near the end of the upiink transmissions. In vet another
embodiment, one or more nodes having scheduled both downlink and uplink
transmissions during the frame sequence may be scheduled for transmissions near a

transition from downlink to uplink transmissions.

30 BRIEF DESCRIPTION OF THE DRAWINGS
The details of one or more implementations are set forth in the accompanying
drawings and the description below. Other features will be apparent from the
description and drawings, and from the claims.

[co1z} FIG. 1 is a block diagram iliustrating a wireless network according to



[0012] FIG. 1 is a block diagram illustrating a wireless network according
to 4 an example embodiment; [0013] FIG. 2 is a diagram illustrating a
format of a multi poll message, such as a Power Save Multi Poll (PSMP)
management frame, according to an example embodiment; 5 [0014] FIG.
3 is a diagram illustrating a PSMP sequence according to an example
embodiment. [0015] FIG. 4 is a timing diagram illustrating a data
transmission schedule according to an example embodiment; [0016] FIG.
5 is a tinsirgrdimgrdmiithgstrating a data transmission schedule 10
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The various embodiments described herein may be applicable to a wide
vlaSriety of networks and technologies, such as WLAN networks (e.g., IEEE
30 80 ETAYPE MERTRIR THEE 802.16 Wi MAX networks, cellular

D o Boiaflo NeRIRNR: O ARSI RO SGIERY FREMRIEs,
FIG. 1 is a block diagram illustrating a wireless network according to an example
embodiment. Wireless network 102 may include a number of wireless nodes or

20 stations, such as an access point (AP) 104 or base station and one or more mobile
stations, such as stations 106 and 108. While only one AP and two mobile stations
are shown in wireless network 102, any number of APs and stations may be provided.
Each station in network 102 (e.g., stations 106, 108) may be in wireless
communication with the AP 104, and may even be in direct communication with each

25 other. Although not shown, AP 104 may be coupled to a fixed network, such as a
Local Area Network (LAN), Wide Area Network (WAN), the Internet, etc., and may
also be coupled to other wireless networks.

[0020]1 The various embodiments described herein may be applicable to a
wide variety of networks and technologies, such as WLAN networks (e.g., IEEE

30 802.11 type networks), IEEE 802.16 Wi MAZX networks, cellular networks, radio
networks, or other wireless networks. In another example embodiment, the various
examples and embodiments may be applied, for example, to a mesh wireless network,
where a plurality of mesh points {e.g., Access Points) may be coupled together via

wired or wireless links. The various embodiments described herein may be applied



examples and embodiments may be applied, for example, to a mesh
wireless network, where a plurality of mesh points (e.g., Access Points)
may be coupled together via wired or wireless links. The various
embodiments described herein may be applied 5 to wireless networks,
both in an infrastructure mode where an AP_or base station may
communicate with a station (e.g., communication occurs through APs), as
well as an ad-hoc mode in which wireless stations may communicate
directly wWackpaertolpebrthrieanoriafoneugmolés koo 21 AT e teamytation may
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when %re power management through automatic power-save delivery {APSD). APSD
provides two delivery mechanisms: scheduled APSD and unscheduled APSD.

b2
i

Stations may use unscheduled APSD (U-APSIY) to have all or some of their frames
delivered to them from the AP during unscheduled service periods. An unscheduled
service period may begin when the AP receives a trigger message from the station.
According to scheduled APSD (S5-APSD), a station may receive a data transmission
schedule from an AP indicating a service start time and service interval when the

30 station may receive and transmit frames during scheduled service periods. For
exampie, by using APSD, a station may conserve power and extend battery life by
remaining in a lower power state, and then waking during a scheduled or unscheduled
service period to receive and transmit data. In an example embodiment, an AP may

allocate the same service period for multiple stations or nodes, which may require



30 station may receive and transmit frames during scheduled service
periods. For example, by using APSD, a station may conserve power and
extend battery life by remaining in a lower power state, and then waking
during a scheduled or unscheduled service period to receive and transmit
data. In an example embodiment, an AP may allocate the same service
period for multiple stations or nodes, which may require 6 each of these
multiple stations to be awake during a substantial portion of (or even all

of) thexbreftecysamvoltiily soinesdadeswakeavamplesbiG0a4] deranm ek@mpien all
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example embodiment, a PSMP sequence may include, for example,
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nodes to the AP. Other orders may be used for a 15 frame sequence or
psMP E8liemessegaoa B ekbp SMplih HrasmiyianshPradamt oF et dee
nc_>de ﬁblm\@a@dﬁ deehéidki lescast stahssdhedslesto ﬁﬁﬁhr@ﬁ@;iﬁd;ﬂﬁﬂ]ﬁyfﬂf by uplink
wirelegs SIRUGRS ALRCHES:: HESE. LsliRda EB%{&? B?h%%é%@ani%g %S'eéé! o O

sub-schedules, may indicate for example a downlink start time an
dltatidRforearerticd el 59¢/Ssion to a specified station), 20 and/or an
uplink qeozsime arnd«dpsativhafenaseheduleditransmissiongRriogwhere

a specifi iQnr rmitted totransmit data on the medium).
e PR REPE ?E‘éﬁ%%?@%%%ﬁ?ﬁ%mﬁ% ISR Thes
and/of SV {eip RS REHE AT OHY sehatuteiedHsy BavtiadisHifugxanple a
accordingnimnithe:54aR Sha santiee (pericdiedalednrh-ARSEL BrarRYIRE! station),
transmitted at any time. (e.q., during.unschedyle riods). 25 accordi
e B & Sy Wi
wirelegeerigebstatthmay by pistated &t (AP or Genasrodbel BYE. 2
is a diaghawilustiatingcadematiofawaliit peHsMESSANSWISHAIL T (uplink

transmission) schedules, may be transmitted according to the S-APSD service period,

for an U-APSD, or may be transmitted at any time (e.g., during unscheduled periods),
25  according to example embodiments. A PSMP frame may be transmitted by any
wireless node, such as by an access point (AP) or a statien.
16026] FIG. 2 1s a diagram illustrating a format of a muiti poll message, such
as an [FEE 802.11n Power Save Multi Poll (PSMP)} management frame 200,
according to an example embodiment. Management action frame 201 may include a
30 MAC header 202 that may include MAC address information and other fields, a frame
body 204 and a frame check sequence (FCS} 206, for example. In an example
embodiment, frame body 204 may be a Power Save Multi Poll (PSMP) frame body.
The frame body 204 may include a category field 210 set to a value indicating High



as an IEEE 802.1 In Power Save Multi Poll (PSMP) management frame
200, according to an example embodiment. Management action frame

201 may include a 30 MAC header 202 that may include MAC address
information and other fields, a frame body 204 and a frame check
sequence (FCS) 206, for example. In an example embodiment, frame

body 204 may be a Power Save Multi Poll (3SMP) frame body. The

frame body 204 may include a category field 210 set to a value indicating
High 70iTndpgh@lit ((4T) g HFMIEBE 1804 flamelafed: frarpie), fome body

examples Frame BRslc204 ey Alspaincluds anAetiondield 22metiaa.
value |;1£!Bca(ing a PSMP frame. [0027] Frame body 204 may also include

Yy
a PSMIPPBAfAmeter @8 99 ai1d Bive2lst RISIEc A AR iRtBsEH o fibfded one
(STA infodiekis)jRis{cRSNMR fekartidisisetRld B hayiMugeam sl 4

ofﬁa%ggjrﬁr(&hd%l;/ﬂ&ﬁsé@ &%ﬁé@%ﬁqﬁti@% Rumbes Qfistation INfationion

fields A Info fields) present in thé frame body 204. Further, a More
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frame. PSMP sequence duration field 221 indicates the duration o

currerATBSIIOTS SHRIBK L BIS A RR RSHELRT BE B By AR 1 S0 PSVEnfemes PSMP
[0028]sAmanotetiatiayBeldr A Phthiayettb sintittdion a i adit @ PStattopguana/or

receive,from.a plurality %g 98%; a%ge(_:ording to the information provided

in the one or more station information (STA Info) fields 216, e.g., in
attorddRBBith tHes RTsHINSIGR ABRRIUTENSPEY a8 vra el siermspargon
Info fietdsi21Gont BeLirfosoatianoproided:ip theoneophamererskidednfahe one

fields 216 may be ge erac}l 2 fer to.as.a schedule or.a tra jssion
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schedule. A STA Info fielc may be pr
uplink EHEFSPsiOVIFRI 6 ArrsidrdsTE IS Beitye SdHelbelrldy the PamP
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Each schédlide el 280 maysinghuds adturliyrehMieldschie. Shhnumber of
STA Info fields is indicated by the N_STA field 215, Therefore, the PSMP frame
body 204 illustrated in FIG. 2 may include one or more STA Info fields, such as STA
25 Info fields 216A, 2168, . .. 216Z, as an example.
[6029] Each STA Info field 216 may include a plurality of fields. The STA
Info field 216 may include a traffic stream identifier (TSID) field 223, which may
identify one or more TSIDs that a station may or should use for transmitting data back
to the AP for a scheduled uplink data transmission, for example. A station identifier
30 (STAID) field 225 may identify the station (e.g., using either a portion of a MAC
address of the station or the AID for the station). Although not required, in an
example embodiment, the STA ID field 225 in STA Info field 216 may be set to zero
to indicate a multicast transmission. In addition, STA 1D field 225 may also be set to

all 1s to indicate a broadcast transmission. The TSID field 223 and the STA ID field



Info field 216 may include a traffic stream identifier (TSID) field 223, which
may identify one or more TSIDs that a station may or should use for
transmitting data back to the AP for a scheduled uplink data transmission,
for example. A station identifier 30 (STA ID) field 225 may identify the
station (e.g., using either a portion of a MAC, address of the station or the
AID for the station). Although not required, in an example embodiment,
the STA ID field 225 in STA Info field 216 may be set to zero to indicate a
multicds? ansphissioearily beleworabSTAr X fickdd2Ree it raidite e tsattossadh

1sto (eglcaﬁ@aar@@ma&%lwmhomg&%ﬂﬁ Qa%%&@ﬁﬁbm A
ID field 8 225 not ne es arllg be a#)@?%able for th dullng of a
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typically be mzz T%uate fogrcﬁxam%ﬁ{g 5 [0030] The downlink transmission
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(DLT) o wrat S drapsmission(Rsmny 48 AR Eegnd 2
downlitrkvebs treanssmissi ORI oimrAient 6 ddattsmaandiaat owmiitikn for the

transmigsIeN (Rt figlch 229.may N Gaia.a. A REMLOn for)

scheduled downlink transmission. These two DLT related flelds (22

may b&RISHIEABIBYEABBRRS BARSRLEIR ok ST RsD. i an! rsgﬁ%ﬁa‘f?ea%ode)
sirigle ssteiveitipodteirkBianchdmoliiticastayr dnsimissiompuliicasinindydbe,

for example;saAqplink 43t HARSISHIRETOMIBEARIyymultiple

receiver nodes or stations). [0031 An&Phnk transmission ULT) (from

station (8% start'SrgdrhdRrssarign -4 DiFarion Beld st gt field
providesi withari e Skfoknfefl etk 2d6tovidadnmtiim dat€ Baskakt fishE2anch

duratlQ:@Muﬂlaﬁpgwgny&wdgﬁ%y%%@éﬁgﬁﬁdr\% ]dgty ggl%rg{ssion fora

station. [0032] FIG. 3 is a diagram illustrating a PSMP sequence
ateordifty 8 s ®xample embodiment. In FIG. 3, a PSMP sequence 301
may incio@izzlhe transnlissiohagha m&&%ﬂgaimﬁﬁzedoﬂmeﬂw@g 1o an

SChemék%%&@%&hn?é&a%@%?;%’%wE nce(?& ra”%g“g'ﬁs'%” 0 DEHO ion

309 to one or more receiver nodes, a sche unicast data
transnfis&ioh+Peirser393: (8! W%?Wé?ée%@éw%ﬁeéfoaﬂ%%@ﬁé%@w

uplink m&m@ﬂamﬂﬁsﬁmp@mdmaaxaﬁmwaeeeﬁmw@ kcleelviel aesiamk
fo,roexam n.example emfii')g rpent the u Ilnktransm|55|ons %mi ed

le.
ail
may be scaFoit duled after the' down nkot(r)gﬁrslglfnrfls()sieorﬁcs édél and/or
transn’diﬂ”ﬁ‘l"ﬁi%anW m\%ﬁh%ffﬂfamigmremﬂ (f@dgs Bogxample.
311) tadplinktiansnbssiors: (e T)idkoakBissions (315) may be scheduled after the

downlink transmissions (309 and/or 311). A transition 317 is shown from downlink
transmissions (DLT) {e.g., 309, 311) to uplink transmissions (ULT) 315, The
25  transition from DLT to ULT may be a point, for example, after downiink
fransmissions (e.g., 309, 311) for the PSMP sequence 301 are completed, and just
before the uplink transmissions {(315) for the sequence 301 have begun.
[6033] In the PSMP frame 302, the TSID field 223 may indicate a traffic
stream for which a receiver node may transmit frames during the scheduled uplink
30 unicast data transmission period 315, for example. The STA ID field 225 may
include the AID for the receiver node (or otherwise identify the receiver node). The
DLT fields 227 and 229 may be set to values indicating a start time and duration,
respectively, for the scheduled downlink unicast data transmission period 311 to the
identified receiver node. Likewise, the ULT fields 231 and 233 within PSMP frame



25 transition from DLT to ULT may be a point, for example, after downlink
transmissions (e.g., 309, 311) for the PSMP sequence 301 are completed,
and just before the uplink transmissions (315) for the sequence 301 have
begun. [0033] In the PSMP frame 302, the'l'SID field 223 may indicate a
traffic stream for which a receiver node ma)?transmit frames during the
scheduled uplink 30 unicast data transmission period 315, for example.
The STA ID field 225 may include the AID for the receiver node (or
otherwigznide htifgttivey sbee iméicaddefic Fhet iDichfibluis223Y antt@RBIynay the
set to yalues-indicating a-star ime-Aad duatione g SRESIVA ofolih8 fed

scheduled downlink unicast data transmission period 311 to the identified
receivErHSHE P S FisdeH B PY 231 and 233 within PSMP frame 9
302 maighttet to AbtuesnndicatinietPeMdrbdintanikduratigrimmediately or

re5pegﬂvﬁmtig@%%§ﬁ§@%%@§,w{mhtqm&eaBQQ@aas@ﬁwﬂ%@@nw@#&%re
being provided to the identified receiver node e.gl.%ldentl fied by STAID).

[0034 AV HGRRTRITHY BSRIP frdinkestiorhdadtmsy immrdiristenfier the
5 subﬁtsmaﬂdmﬁﬁﬁmdiageiw(mgt pieithontirirterdaingnfraned)ithankmitones,
or morgy.downlink frames, A5 RArLRLERE. RS E A SXHMRE: D8 AF, Td¥a

immediately after the, PSMP frame 302, may transmit one or more
broadcdet i[hwm{ﬂﬁ@égtaﬁam@@wﬁﬁﬂ%@@?@ as 3 dsfaisdierulirgdigne. the
downlihkvaliahdeastimultivasttibieatrdasamisste mpebioda3tkcihitmediately
according 0. An, LXAMPG SPRAGIMENt 3s & %32%1“ 'fef'&ohﬁgﬁéé%g A0SR e
10 downlink broadcast and/or muﬁlcast data rampes may be transmitte
immediSieRyOHitE FERSASHT S8R &Y e/ oMt fsh friedoms e FsioRs i Hiis wae. In
that eaaltecplyenhaiiferaykaow arexpact the broagicasidigndiab multicast
multicast daIAN ANISPSALINS, Merin. AN OXAMPIS eTOOdmEnts ior o
broadcast data frames may be sc edule prior to multica data frames.

It Anobedeasibiatifiens: Nkt as e antPariesiny Bdsiuhed afdwopdisstidata
15 bropgeasifdataliiamas.l ryeisanotberempodinens dheassieduling of
broadc ta frames and multicast data frames .be i S

it o Cieier. TUTE TS (e LA S BB SAE DB R TR 216
dedicateitbS TR i fishic 21 ieash e sus et résin dickie cased s B8 1D field 223

transmissienés)tdn thisigasgediie RO fiRld223nmay Re-s8t iR deOkRIN ave

specific value to indicate that the receiver nodes which have 20 g(e?(ul d
ok B B e S e e s A e
this sitthétimatiee. S KT Frlld 28 ey bessetctd dn b sxpegiraphodiment, for

embodipanrtsianBreadeasiruticast hansmissionsathe Pkl ields 227

and 229 ma used 1o : . .
connm}{nkc);aGte Sovm{ink multicast transmission period(s} or schedule and the ULT

fields 231 and 233 may be set to 0 (or don’t cares). However, these are merely
25  exampies, and the various embodiments are not limited thereto.

10036] In an example embodiment, if there are no downlink
broadcast/multicast frames to be transmitted from the AP for this PSMP sequence, the
scheduled downlink unicast data transmissions 311 may begin after the PSMP frame,
for example. Or, in another embodiment, the downlink unicast transmissions (311)

30 may begin after the PSMP frame and broadcast/multicast downlink transmissions
(309) may come after downlink unicast transmissions (311), for example.

[0037] Next, referring to FIG. 3, one or more unicast frames (e.g., frames 308,

310, 312, 314) may be transmitted fo and from one or more receiver nodes (e.g. “node

.1” “node 27 and “node 37} as part of the scheduled downlink unicast data



communicate downlink multicast transmission period(s) or schedule and
the ULT fields 231 and 233 may be set to O (or don't cares). However,
these are merely 25 examples, and the various embodiments are not
limited thereto. [0036] In an example embodiment, if there are no
downlink broadcast/multicast frames to be }r nsmitted from the AP for
this PSMP sequence, the scheduled downlink unicast data transmissions
311 may begin after the PSMP frame, for example. Or, in another
embodimenissiberdowiirlkeohibasthrdrisinisBidnsi@si80rmayibegipaftar

the PSVK frame;rasbhrordcastimiiicashaownlink Janspissiensnd30 %hm
may c;ge%@;after (iiOWﬂJInk unicast transmissions (311), for example. OOS?J

Next, PO B8 Girer oPiore URTEEST MBS o P ihEE 3G Bt
310, 3t2 i@isk)irviay Hereassiritiesievarddrodniahis tePHVE fegeiveras o

noges(8.de HOglEnnd: oiNRAR % ARGLRYsIR PasPat et ibe, Rehadi e ing

downlink unicast data 10_transmission period 311 and the scheduled

uplink BRicSE FEECRERSRUSH Panbe 315 i Bt amsAssierd e VLT
unicagtefiade B asehbibiing: tPhismitied tpeaindédofrodes RSMPRreapabtey reduce

Stationg(&:Bun P96 hie 009620 A0 A0ER & RIS EMRTMERDowhiSnode)

transmission of unicast frames may be scheduled in the PSMP frame so

as to 3¥dudB HEHE PO B frarandnoHs TP TR Py Power
cépabtesiations durbilyiRhepkEMitsaguente 30lscandiar te nhedalsea

delay hetween, 3.09Ae SRk, 2Nt YhFiPey g%%erﬁyaﬁﬂﬁ%m P#mTiMhen a

ULT periods for nodes in this manner may reduce the amaunt of "awake
time" (20Nt APRA et 8B BRI 280 FoWRS Mse) folPEMP
capablestatidns detiig angivenshsNHR: secuie aedidacoreinghorpowesdithn.

consumBBor PN R ARG RIROnS TRLARISLERIUTING NG o

scheduling techniques described below, for ex e. In general, a DLT
nidy bePS PEETRAHHES al SkATERF StoABIR FAY PavEne Hatar drrdrapanmdghand
AP or oifrerestation . phrpdksk S tiisigwd)en @ stEtansmayteansait data
overt ' AP ion 38 n/off tkansition ..
. 1 TS BTl e St B B i
power i3ty 6 e HatRsreds. osta ABBjTse 89 thoble FaRd e & Yispaigsion
For puspasassoh thisdisclosurahambiidiansitiomdnad@iese number of on/off

injerchan %ax?s!%}rop@%ﬁ: %E%ﬁé&ts‘%% from %&Q&? ating mode 10.a standby,
mode and (ii a tranS|_t|on roma tang Yy moade to an operatlon mo e.lgy.
sched G tFEHSRIESIBROBIAPARIS 3n Herbramate With thaemirddimsheduling

describegsherin oheibuntheiehon/eifttransitiensiouRMPisiatitaserein,
may be gediged. Likewise, the amount of IME SUSR. 16, 3, three PSMP stations
{node 1, node 2 and node 3) have unicast frames scheduled for transmission during
25  PSMP sequence 301. For instance, in this example, node I only has only a scheduled
transmission of downlink unicast frame 308, while node 3 only has a scheduled
transmission of only uplink unicast frame 314. Node 2, in comparison, has a
scheduled transmission of downlink unicast frame 310 and upiink unicast frame 312
scheduled. This is merely an illustrative or example embodiment. Other
30  embodiments exist where additional nodes or fewer nodes are scheduled for data
transmissions or additional frames may be transmitted. Further, it will be appreciated
that the types of data scheduled for fransmission to and/or from a given node and the

schedules for those transmissions may vary from PSMP sequence to PSMP sequence.



PSMP stations are in low power (e.g., standby mode) may be increased

by scheduling transmission of unicast frames in accordance with the
embodiments described herein. [0039] In the example embodiment
illustrated in FIG. 3, three PSMP stations (node 1, node 2 and node 3)
have unicast frames scheduled for transmissjon during 25 PSMP

sequence 301. For instance, in this examplé,}L node 1 only has only a
scheduled transmission of downlink unicast frame 308, while node 3 only
has a stiiddililed transdigsiomekantyeuplimidinmicastframe Bbd: iddeier1ug
comp%ﬂgogahémadmﬁawﬁqsm%%@%gf@@mga@@é%&ém@ 8P be

and uplink unicast frame 312 scheduled. This is merely an illustrative or

exampREEHBbEAEKE etTarss S Urmartsssir o &redquatinal
nodestanfewapmodés Brecsehpldude & fhpdata Rfénsmissiondorddditiding

frameg,may Refansmitied. Fwlacahwilbe &QP&%%@&%&E@%%%W%@

data scheduled for transmission to and/or from a given node and the
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PSMPuseguieticemt ] biGoud]:id cabeingidthyd mexdimgleaéanldedifantirior 302
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a PSMP sequence, these nodes may be scheduled for downlink
transnii&¥oME et Hh A thE Bt g thedon sk raisifldiehe sy fese
exampies &s isshevd . AlGn3xirapis missidimefttdows link:d seupastifiaime full

308 fOIEtog%g Gabde §%@E9{“48§32%96a8§a%¥/£§ﬁ%§8%‘%i@é%é%ﬁ%%%"%’%’%ﬁ”509, receive

unicast data transmission period 311. Although not require ownlin

transniis Sk BeraEHatUfe g it AN hmpdscdistdR aReeHB P SMP
frame 3@AB40¢] afterBhechi@adgashmulicasiftiansmiasieroSar edhige

sﬁuaﬂgg i{q&ggolf may.enter. a g W._power state fo),ritlt] E%%@ggfo%f’t

PSMP seéquence 1"after unicast r_alrs'ﬁléml%e%% has been received. In an
ekamplangfiys dimtehesdtormer e Beoekatinep e fae powr mbged. For
(awake)sausngrraadeastimulticashdalaitabsmissiom el ied SOheeeiveidle

its downlin%t issions, (e.q., frame 3 g and.then enter lo ower .
stnto, [BGA PRI et s iy TBEG R BHcn RS ot P raing

the bagifHipeysf Bodeniiskebinicaiseramsirissio poperie ST IE T dser of
on/off Ardramsiipnsias well @sithe @napuiliebiimeRaded SRANES awake:,

Y PSSR SRS SR SO SRS o

increasduheptrdoiiinialtrarrodecdeist eparatng: in thelbgeddeddodalink

therebyiyRicalhssieasSINGPAVSEEOBSNMRIAR {OLAAAR dnpdlaraalively

node Ly U, AN AN o O S O DN SXABP P e ., frame
308) for node | at or near the beginning of the downlink transmissions 311.

25 [0042] According to another example embodiment, for one or more nodes
having only scheduled uplink transmissions during a PSMP sequence, these nodes
may be scheduled for uplink transmissions at or near the end of the uplink
transmissions 315. For example, node 3 is scheduled only for uplink data
transmissions (e.g., frame 314). Therefore, transmission of uplink unicast frame 314

30 fornode 3 may be scheduled at or near the end of the uplink unicast data transmission
period 315, In this sttuation, node 3 may enter a low power state after the
broadcast/multicast data transmission period 309 and remain in the low power state
during the unicast data transmission periods 311, until returning to full-power mode at

or just prior to the scheduled uplink unicast transmission of unicast frame 314. Node



20 going into standby mode after broadcast/multicast data transmission
period 309 and returning to an awake (full power) mode at or just prior to
the scheduled downlink unicast transmission of unicast frame 308.
However, such an approach may, for example, be less power-efficient in
some cases than scheduling the DLT (e.g.,.frame 308) for node | at or
near the beginning of the downlink transmisSions 311. 25 [0042]

According to another example embodiment, for one or more nodes

having walytiseHeuhsteid fasink! theandiigsiomsde firg re WS e sedliéisdane to
these @&@@Smmxmme@ﬁ@ﬁmm kﬁ{aﬁ§m3§§m§1ataﬁﬁmaeﬁh@ode 3

end of the u transmissions 315 For e 3 schedul
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this SI% uation, node 3 may enter a low power state after the
broadRaSEMIESst data transmission period 309 and remain in the low
power §8843]1duringthehemitastramiai tsamsmissiost perniod5 3ot nodtib.

retumingia LAY WL MANE kAL PHEF fadhe sehedulsslplink,

unicast transmission of unicast frame 314. Node 12 3mﬁ{£then transm

frame STFPKHGTRE Petlnri 16 TR B SP SA IR 15 Hitfe i ralaR
Néxt RS Pofrabneeids axdmplein ubnotive mexampie emidodidneritasiool eaﬁle

may eQigr the: Igw.RQWeL R eI HRERIMING.R é%?nfa(ﬁ’é?ﬂ?s% ftherelis

no data scheduled to be transmitted to node 3 duri

n
broad ST RARL YR AT RSIRSSibh BiHBHS &6 ﬂgffr@ww gbmafasnode
301, of shthérimarewodwoaddasiler, nitticast frames do/'offertransmmttedificient

[0043]&?&60@?@?‘1%'39 HAFRISTIAN Rhpicastfame.dd 44ierned i%@’power)

scheduled only for uplink transmissions) at or near the end of uplink

uhlicastetr aRdhidsio ﬁ“Bé?lE}at%(i’Sf‘i”ﬁét AERfbE G ESRkSH Fi‘éﬂh%&ftﬂ%%sﬁi%ﬂ“"“
as theramioust givld dimepndee Stapentsevvaldai(oalipofutt power mode)

may befﬁ%ﬁﬂfed ahIGASLIR SOME,GARES; Ak 'ﬁ‘ﬁ%ﬂg&ﬂoﬁ&gﬁﬁt}%@ddmom

scheduled for uplink transmissions at the b#ﬁ?nm of uplink
transnir¥8bHERSHENINTRT SYAYPEH SRS HRECATAY ﬁﬁ%@ﬂb&%&%@mm data
spe ndsm&l@mmwef matﬁd@dﬁmnﬁgh@ahm@ahewvﬁmmboﬁbﬁmﬂ RBpSor

Syfficignf, Buabetﬂi ?&0&%& AR s% &%&lﬁ}!&%ﬁ%%ﬁ%% 88Nt ning

standby or ow pow 15 state an to active state (before It nee
to be aWakE)CtrER ARBEE i%ﬁlﬁ%%ﬁ?éﬁ”ff%@ea3lb‘§Né\1066\%@Pblﬂ§§'@rﬁ%Fééﬁgh
state m&mwaﬂ@ﬁm&immqm{@ﬁéﬁﬂol mhatexample emnhedinsam, rede3? ] .
3 maylgs(lantghtﬁl%u proac Lestrage%ltlop%. 3, because node 3 transmits the unicast packet
314 at or near the end of uplink transmission period 315, it may remain awake to
25  receive the next PSMP frame 321, thus reducing the number of on/off transitions.
This is another example embodiment.
[604s] in vet another example embodiment, for nodes scheduled for both
{e.g., unicast) downlink and uplink transmissions during a PSMP sequence, these
nodes may be scheduled for transmissions near or around a transition 317 from
30  downlink transmissions to uplink transmissions. For example, as shown in FIG. 3,
node 2 is scheduled for both unicast downlink fransmissions and uplink transmissions
during PSMP sequence 301. Therefore, the transmission of downlink unicast frame
310 and transmission of uplink unicast frame 312 for node 2 may be scheduled at or

near (or around) the transition between downlink unicast data transmission period 311



on/off transitions, for example, going into standby mode after
broadcast/multicast data transmission period 309 and returning to an
awake (full power) mode at or just prior 20 to the scheduled uplink unicast
transmission of unicast frame 314 and then returning to low power mode
after sending unicast frame 314. Node 3 wqyld then go through another
on/off transition at or just prior to the transmission of a next PSMP frame
321. Using the approach illustrated in FIG. 3, because node 3 transmits
the urfiehsplisdcketas TatnrypmEsoeRetBf upliftstavsivisaida pexpdor
31(?, i%ﬁﬁ%lé?éﬁﬂgwffﬁe@ﬁ&iﬁﬁ: m@aa@st/aﬁwb%{r@m&a@%@ms
reducing t mber of on/off fransitions. This.is.anpther example.
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312 ol RBAE SR B L AR GBI SHER S around) the transition
betweelP@RInlink Binichstuagdlr ansmission gidnvd! Bk 1 Gsafiemeflitlat or

unicasfdaia HaNSRIRSIARRENQd SAnmRsthissHBaE oD aRCLRAumaymior

example, enter a low power state after the broadcast/multicast data
transnTiESTBI 8B A0 BPSRS FUrATHEIPE AR A RS P EMES RS SB i igticast
broadtastmissioulticast Hatabdramsr ssiorsthresohed aled) basdhremaiming

the IOWM@E §%MMS@B§%@%H&§1%'%§&QQM I&Q&%gaﬁ@r instance, were

transmission period 311 until returning to an awake (full @gwer mode at
ioYT ot

ot Just B ERTHFE O AT ABRIARR U CH S Hrafariy Cagpar the

frame B2Buabgpibarthelethdiofdodun inkismicast transibission (hetiacBikdion
Node g- maythertemain svake.anditiapsniturink unisashFame. 31 g.at

or near the beginning of uplink unicast data transmission. period 315. 10
[0046]BY2SEHEH TR R ALTRiS S18h BRasWIRIfAkUReasPHAhe’ 51 Etr
near thefendmdfcefinmlinkuitdast transiissicndoeng da3l ahidhsichedikridie

the tr?&ﬁﬂ(@?ﬁ%ﬁsﬂfifﬁﬁﬁ%ﬁé@%ﬁ &[ﬂge 312 at or near the beginning of

uplink unicast transmission period 315, the number of on/off transitions as
well as B4 Ehount\derimfiEhotids nRdiuaitke iy Bey @ilugh guitple
least indabtoecased famibostancexanaie, EGihentransnibssiodaffdownlink

Un'Ca%@gﬁ‘é&;é&%ﬁ%%%%&%ﬁg&%%gg&% 8 {E}?%ﬁép%ceiving PSMP frame 302)

and returning to an awake (full power mode) at or just prior to the scheduled

25  downlink unicast ransmassion of unicast frame 310, Node 2 may then return to low
power mode after receiving unicast frame 310 and then return to the awake (full
power) mode at or just prior to the scheduled uplink unicast ransmission of unicast
frame 312. Further, node 2 may return to iow power mode after transmitting unicast
frame 314. Node 2, in this situation, may go through yet another on/off transition at

30 orjust prior to the transmission of a next PSMP frame 321. Using the approach
Hllustrated in FIG. 3, because node 3 receives the unicast packet 310 and transmits the
unicast packet 312 at or near the transition between downlink fransmission period 311

and uplink transmission period 315, node 2 may simply remain awake afier receiving



beginning of the downlink unicast data transmission period 311 and the
transmission of uplink unicast packet 312 scheduled at the middle or near
the end of the uplink unicast data transmissions, node 2 may remain on

for a longer period of time (e.g., before and/or after the scheduled
transmissions) during part of which it may he idle 20 (e.g., not

transmitting or receiving data). [0047] Alternatively, in the above situation,
node 2 may go through multiple additional on/off transitions, for example,
going iRk raskisy? Hdelsaafatt WiisntpesehidRichet @dtainethe misbisef on/off
perio%&@&légg after receiving PSMP frame 302) and returning to an
awake[@ owerlg?(cj) at org}u rior %th heduled 25 glink
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transmit unicast packet 312, thus reducing the number of on/off
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transmission schedule. For the schedule shown in FIG. 4, scheduli
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FIG. 3. [0049] The data transmission schedule illustrated in FIG. 4 is

S|m|Ia|Ht?)“i‘W€r s ipsabpfeinaesitiineeddai EHsmissipne SihpeisoMr

the datadmansmissianvn.
[04507 For the PSMP se-quencé of FI(3. 4, PSTA [ has only downlink unicast
data transmissions scheduled during DLT 404, PSTA 2 has only uplink unicast data
25  transmissions scheduled during ULT 406, and PSTAs 3 and 4 have both downlink and
uplink unicast data transmissions scheduled {during DLT 404 and ULT 406). As
illustrated in FIG. 4. PSTAs 1-4 may all be awake during the time period when PSMP
frame 402 is being communicated. After receiving the PSMP frame 402, the PSTAs
1-4 may then operate in accordance with the data transmission schedule illustrated in
30 FIG. 4, which may be included in the PSMP frame 402. The data transmission
schedule for each PSTA will be described in turn.
[0051] As noted above, PSTA 1 only has downlink unicast data
transmission(s) scheduled during the PSMP sequence illustrated in FIG. 4. The
downlink unicast data transmission(s) for PSTA 1 are scheduled at or near the



15 schedule in FIG. 4 includes an additional node for which data
transmission periods (downlink and uplink) are scheduled during both
DLT 404 and ULT 404, as was the case with node 2 in FIG. 3.
Accordingly, the data transmission. schedule of FIG. 4 illustrates a data
transmission schedule for four PSMP capalgge stations, PSTA 1, PSTA 2,
PSTA 3 and PSTA 4. As was noted above, such a data transmission 20
schedule may also include scheduling of data transmissions for
non-PSemmisgtidasT Hdwevetdipeith&Sgké. shusg iyl Asid g ot Eans
transmﬁﬂ@?ﬁem@%g&M&Mﬁfﬁ@ﬁ@zﬁ@&@d@@%&@@é@&l%&&ﬁhﬁﬁMP
sequence o F as.only downl| ata transmis
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transmission(s) for PSTA 1 are scheduled at or near the 15 he |nn|n

DLT 4BFSRECORIT P PST Ang Hﬁr?&%%?ﬁ%“ﬁ%?‘fdﬁuﬁ'iﬁe‘?éﬂ%
after rapbibimg e REMPramie 0B 8cevadhe sohethllochdomlind o

transmip$ians) QB g‘f ﬁ@%ﬁ%ﬁ%ﬁﬂ%‘i}émﬁwdﬁ%@&a{ PSTA2

complete at the end of time period 410, PSTA 1 may_enter. standb
(%Peepﬁeﬁfiti’aéf?%@fﬁﬁé%eFfB%‘%Wd%YvWﬂéﬁ Ty datHE SRidinter
of the sliistrate dpRSMB seqaencesissiisclusSedinataove dstichatime period 418,

approgah May, fied %qutge PHBRGE Al e ARSHIRNSIF RRLA-PL ARG then

also may increase the amount of time PSTA 1 spends in standby. This

can alRSRRIeRsde AchsdeA LRI 1B il TroRvmiEions ﬁ}‘ﬁr‘?ﬁa’é’c’é‘f‘epﬂ’i’ﬁﬁ 420
standiBinte ge, ddiep wiespksand fnafisitohdoackniol activistatobeforectivel 420,
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the PSTA. [0052] In FIG. 4, as discussed above, PSTA 2 only has uplink
un.cagp@afateﬁ%ﬁs%ﬁs(éiawesw%’é&maﬂ BRI EMP 9b GRS

illustradeduiizck I§Bovk, filR@ an approach may reduce the number of on/off transitions for
PSTA 2 and also may increase the amount of time PSTA 2 spends in standby.
10053] Further in FIG. 4, as noted above, PSTAs 3 and 4 both have downlink
25 unicast data transmission periods and uplink unicast data transmission periods
scheduled during DLT 404 and ULT 406. As shown in FIG. 4, the downlink unicast
data transmission(s) for PSTAs 3 and 4 may be scheduled at or near the end of DLT
404 (e.g., just before transition point 408) while the upiink unicast data
transmission{s) may be scheduled at or near the beginning of ULT 406 (e.g., just after
30 {ransition point 408).
[0054] PSTA 3 in FIG. 4, after a time period 422 during which PSTA 3
receives PSMP frame 402, may enter standby mode and remain in standby mode
during a time period 424 until just before its scheduled downlink unicast data

transmission period. For instance, during a time period 426, PSTA 3 wakes up (e.g.,



uplink unicast data transmission(s) for PSTA 1 are scheduled at or near
the end of ULT 406. Accordingly, PSTA 2, after a time period 414 during
which PSTA 2 15 receives PSMP frame 402, enters standby mode and
remains until just before its scheduled uplink unicast data transmission(s).
For instance, during a time period 418, PSTA 2 wakes up (e.g.,
transitions from standby to full power mode}. PSTA 2 then completes its
scheduled uplink unicast data transmissions during a time period 420.

Once thesiiighp K erasigpdissiond fop ESTAID . a RS Edrh Bleteumpiice Helsofadred
periodideRikORS IR A Mo AIVRke JairecaiMedunext RSMBrame.

Alterngtively, PSTA 2. Tf”% Ig%tir 3sta51dt{¥ gg%emvmode if further PSMP
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bEYinrEvingt Bihd p4064(é48., just after 30 transition point 408). [0054]
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PSMP frame 402, may enter standby mode and remain, in standby mode
during*&%i ﬁé@ﬁ@ﬁ@é&%ﬁlm MBS F S kU R i TRt st
data tdamshnissidragperiothiFomisstad clp dompita tinsehpbriotud 26k PSTA 3
Wakesn‘dﬂsﬁﬁsgmlgé dransitionsiramasandyQ il RewerLmadsihstArdra

then completes its scheduled .downlink unicast data transmlssmnéire%
diting BTl BeEnd M BRIt ARG Eibh B PRSI RS ST oeR ode
discustethbetovne[0E55]7 | vikéd fashioriuds t(RSEAB ST AdiindiGdP SMP
receivgquQECQSMP frame 5 402 during a time period 434. Once PSTA 4
receives the PSMP from 402, it may enter standby mode and remain in
standby[#f6tle durffy Reimrepliioeadetmibg BelGrd fSdéndavmartes it
downlinfitinieaskhtaien (spasmiss ibnepericd4 FPor Tistareed dazing:astime

p%i(’dsﬁ&%ﬁanﬁéﬁﬁn‘}n‘é’cﬂﬁ%@ UR(S:9e JLADS i&%‘%ﬂ&%‘ﬁtﬂﬂ%ﬁ%%?@é{%ﬁﬁem
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mode). PSTA 4then completes its scheduled downl unicast data

transn%%g@ﬁ@nﬁ@aﬂﬁ%ugiﬁ%ﬁérmiﬁa%_ Such an arrangement allows for

scheduling of data transmissions for PSTAs that have both scheduled downlink and

uplink unicast data transmission periods during a given PSMP sequence. PSTA 3
may remain active during a time period 430 (between its scheduled downlink

25  transmission time period 428 and its scheduled uplink unicast data ransmission {ime
period 432. Alternatively, PSTA 3 may enter standby (sleep) mode during time
period 430. Once the uplink transmissions for PSTA 3 are complete at the end of
fime period 432, PSTA 3 may enter standby (sleep) mode for the time period 425,
which may include the remainder of the illustrated PSMP sequence. Using the

30  approach shown in FIG. 4 (e.g., scheduling downlink and uplink unicast data
transmissions periods for PSTAs which have both downlink and uplink unicast data
transmissions in a given PSMP sequence so that the time periods bridge transition
point 408) may reduce the number of on/off transitions for such PSTAs, as well as

increase the amount of time such PSTAs spend i standby (sieep) mode.



[0056] As shown in FIG. 4, transition point 408 occurs during time period
440, Accordingly, PSTA 4 may remain awake after competing its
scheduled downlink unicast transmission(s) and also complete its
scheduled up link transmission(s) during the time period 440. Once the
uplink transmissions for PSTA 15 4 are con?glete at the end of time period
440, PSTA 4 may enter standby (sleep) mode for the time period 437,
which may include the remainder of the illustrated PSMP sequence.
[0057] E¥I5#e exartiplé srmbodindngshoha iluFi@esanP BT eorapieites
its uplinkJiansmisai@nds)HuHing & UneiRe A 483 HMR Patiad 4B link
occurs 20 supstantiall; i.mmediaéel%/ af rpEim pergod 44?% d\%%[]%WhiChl‘nk
PSTA RS 48 e s U I8 oW K TR et P h A riLigRe opti
Such aniastargementisiiownfoesoh@idlnepotdatdtramgmitssiorsafothe data
tP%TA&mim_ %&Hgﬁ%@?@ ﬁ%@gﬂé&!ﬂﬂ&@%ﬁ@%%gg&g@qﬁm
ransmission periods during a given sequence, PSTA 3 may
remaif e B0 g %ﬁﬂﬁ?f%‘eﬁo%%éﬁ (BT SRR R k™
25 trangrimsion<amespitdt #28avd keschativted Kiglitkounivastetsita in a
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(sleep) made du,rlneg time_period 430. Once the uplink transmissions for
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standbypq stedp)emoné:fondhetimpsperiotk4as, Avhidhr thaycirdludehtive: in FIG.
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shown in FIG. 4 (e.g., scheduling downlink and uplink unicast data

transnfRSRSHE HRSaE Fo MBS RS iR R AVY BthiaswrtiHiaAbRimsisRst
unicasindatan tiaasmissanianfaigivern RSMBR:¢etpenae: sesphattbriddime
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transitions for such PSTAs, as well as increase the amount of time such _
PSTAS S T Stariany {ibep) Rduas neredobese; b havrsaharag dovnlink
diagramdbgitillusirated:anralieinaiiveekamplehe phodin eshf agdatae
transmijssi c r [ ' li ' data
e o T N e e e Sl
unicasteRadimerh dinaaiehin G gisdes anviptisay tietieay hs whsaletisniuih
as theddatdibktran sphisisiernschadu enaf Fd &hddihe seldedulpioftilémiSions at or
inglud nlink tr ission.time period 504 and. an uplink
SR SN SIS A MERSLRS (LD s AR,
schedstéser Efdr sniial FaTHERioRPinRerdhfere . Inmulabdireativhe),
such agra1R sMRiframenS 0 G IhE HamBera f on/off transitions may be decreased

and the period of time a stations or node operates in full power mode may be
decreased.

23 [00663 PSTA 1 mn FIG. 5 may be awake (operating in a full power mode)
during a time period 510. During time pertod 510, PSTA 1 may receive PSMP header
502. Also during time period 510 (e.g., substantially immediately after receiving the
PSMP header 502), PSTA 1 make receive its scheduled downlink unicast data
transmission. After completing the scheduled downlink unicast data transmission,

30 PSTA 1 may enter standby mode until just before its scheduled uplink unicast data
fransmission time period 516. For instance, during a time period 514, PSTA 1 wakes
up (e.g., transitions from standby to full power mode). PSTA 1 then completes its
scheduled uplink unicast data transmission(s) during time period 516. Once the

uplink unicast transmissions for PSTA 1 are complete at the end of time period 516,



transition point 508 in FIG. 5 designates the transition between DLT 504
and ULT 10 506 for the example data transmission schedule. Also for the
schedule shown in FIG. 5, scheduling of broadcast and/or multicast data
is not illustrated. It will be appreciated, however, that such a schedule
may include scheduling of broadcast and/ gnulticast in a similar fashion
as described above with respect to FIG. 3. Oﬁ 059] FIG. 5 illustrates a data
transmission schedule for two PSMP capable 15 stations, PSTA 1 and
PSTAERS MphierryasmtedvalisdoacdsbthanavelscyiBdigrael doismmtrelangbTA 1
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PSTA 1 wakes u 6‘"1’?‘? (e.g., transitions from standhy to full power mode).
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awake to receive a next PSMP frame. Alternatively, PSTA 1 may enter

standby{eraes ) msetifrbHher PSMP sequences do not occur. [0061] In
like fasHii62js PSFAGLAMskiflos cRS Tk kd Goebativay bevawkkenode

(cReraling in.a iyl powesmadekdiing a foerariad af8 LYHng 4me, or ap
period 518, 5 PSTA 2 may receive PSMP header 502. PSTA 2 may then

enter éﬁ&ﬁaﬂg}mﬁﬁd@wﬁﬁ@m& Yifrepétiatsoe %Wéﬁl%&%%%%ﬁ&%%@n

the rerpaindedintim&4aerivgubdd)for one or more nodes in a wireless network, The
uplink transmissions may be scheduled afier the downlink transmissions within the
frame sequence. The flow chart of FIG. 6 may include one additional operations 620,
630 and/or 640.

0063} At 620, one or more nodes having only schednled downlink

b3
L)

transmissions during the frame sequence may be scheduled for downlink
transmissions at or near the start of the downlink transmissions. At 630, one or more
nodes having only scheduled uplink ransmissions during the frame sequence may be
30 scheduled for uplink transmissions at or near the end of the uplink transmissions. At
640, one or more nodes having scheduled both downlink and uplink transmissions
during the frame sequence may be scheduied for transmissions near a fransition from

downlink to uplink transmassions. Data frames may then be {ransmitted according to



while PSTA | of FIG. 5 is completing its scheduled downlink unicast data
transmission. Alternatively, PSTA 2 in FIG. 5 may remain awake during
time period 520 and wake just before its scheduled downlink unicast data
transmission time 10 period 522. . After completing its scheduled downlink
unicast data transmission, PSTA 2 may enjer standby mode until just
before its scheduled uplink unicast data transmission time period 528. For
instance, during a time period 526, PSTA 2 wakes up (e.g., transitions
from stErfdrsirpenshedigeecimst k heHaEdimpre s ifovsehEduled
uplinkiinisast sl tRIERREMISHIMK Shaimisgotin) ecpaind BARe nerithe 15
uplink ypj,cast tra issions for PSTA 2.are complete at th %9 f time
period P hsTA Ky o SR o e s
(not showiddf PIEiEessARamativelynP ST AR aaplewtardstagablngsieap)
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FIG. 6 is a flow chart illustratin eration of a wireless node 20 accqrdi
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downlifs transissiQRe/BERods Guiing a frame sequence for one or more
nodes i ireless, network. The yplink transmissions may be scheduled
atter 0B ik B SRR T ML RS T o
chart ckEiGesimEFNItiude dhetatditiohdl Gpédratiohs 62 01285880 sathoit is

640. [QQ@:’_%LAI Q%Qaspﬁ‘ﬁﬁl{ mareRedesPavng k. schadued ﬂi@%ﬂ@&'&ies
transmjssions gFg the fr%rme sequence %% " e scheduled for d%vggllnk

transniiE&TBIE EEMh &GS BF thechs PSR ISSHE A 65D,
one orracngsnodesohdmitgohlisehéddilechisplnk trahammis sibnsiderngathe is

frame SEAUERCS WA S sdQsenedriedfer Rk HaRsmiss RN Atk HLakss
the end of the uplink transmissions. At 640, one or more nodes having

sthed T8 HEth GBVHIfTI SHPUDRHR (ANE RISETOTYS RIAYTRE faRfeseduence
sequentte raayvbe. Schedulpld, fockhrafSMIiskieds.near a transition from
downlink to uplink transmissions. Data frames may then be transmitted
accordipgnesil9 theddataldransmissiomsghaduieiinelicednnr theRSiiz

frame, e, downlink transmission, followed by quIi ktransmissiogl,s
0 oted l&‘m mor On, Other com utﬁr mediz to

according t%%ﬁ%osc rén Hluec 10[650 4’] H IS ock diagram illustrating an
appardG Ot eHATAaTHE AptdURIEafIeNERISO RN ATCBR I S ORTgLleRy 04
apyireless nogdesaceardingtiaanta examplie.emhacisients TS MIreless o
node (%gitf%}%g%gegﬂle%@a@ %Xnisrgr%ls%go%’ t]:ronre(s) and direction(s) for each of one or more
receiver nodes in a wireless network.
[0067] In an example embodiment, controlier 704 or apparatus 700 may
transmnit a frame identifying uplink and/or downlink transmission periods during a
25  frame sequence for one or more nodes in a wireless network. The uplink
transmissions may be scheduled after the downlink transmissions within the frame
sequence. In one embodiment, one or more nodes having only scheduled downiink
transmissions during the frame sequence may be scheduled for downlink
transmissions at or near the start of the downlink transmissions. In another
30  embodiment, one or more nodes having only scheduled uplink transmisstons during
the frame sequence may be scheduled for uplink transmissions at or near the end of
the uplink transmissions. In yet another embodiment, one or more nodes having

scheduled both downlink and uplink transmissions during the frame sequence may be

scheduled for transmissions near a transition from downlink to uplink transmissions.



example, a wireless transceiver 702 to transmit and receive signals, a
controller 704 to control operation of the station and execute instructions
or software, and a memory 706 to store data and/or instructions. [0065]
When a wireless node receives a management frame such as, for 10
example, the PSMP frame illustrated in FIG, 2, the node may determine
whether it is to receive unicast traffic, multicast and/or broadcast traffic
based on the schedules determined by the PSMP frame 200. Such
schedui@®flay beltrriibivreateeraes rme%am prey hs acvéiebiiaenmugamgored

embogisaesisneesksinadakove . tatiateroripaiondsimads watne daffic

is destlnerd 98 sent o or fro the wireless st |on the wireless %gl
or 01; er coniro dar of roce sor Qr more o £

station can conserve power and enter ower e %or B Canent
framefetiigenertagfsalereded vy vtor example, such a PSMP header.

[0966] {b@aypller ﬁ%ﬁlﬁ)ﬁt@@@i@gﬂ@dﬂaﬂﬁbﬁe@&dcﬁ@@a@@@&ﬂi@&kﬂm be
software otQ I ﬁ ?ecg storei](rjmlI memory or on gth r CorPH_}{t
medlalPéj per orm Various tasks and functions deschbed above. For
exam p@mml@omg@maﬁb@p igplemaTiedbrs manisppiegented as a
managsment amensish.asia PSME fiae: dand ety anscieduleshdata
transmﬁc,smnutlm%gsl) and direction Elg %‘fordeglchtof one or more recelver
nodes i 3 Wire168S Refifork 886 7] i AR eXample embodiment & stler
704 osiappaicatersTOOmMhayortiapsHit &ﬁmﬁ@enﬂmmhmmaﬁmms e.g.,
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transmligons at or near the s%art of the downlink transmissions. In

almoth &P 50 B E A bREBI B A HB A HAVIRG BHISPEEHBL A SATRI
transnpisgiens:gdubingg pthedrare secuehoeomase bersaive duledifpicuplinkiters at
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another embodiment, one or more nodes having scheduled both downlink

and ub‘ﬁ' fFansmlssmns during the frame sequence may be scheduled
for tran§#fi&Hions néahc&lmmm&pﬂfcdmmlort@wmk tragrenussiens.

2 [09)553%1: 10,2ddiiQnn R SIRIR BRI DG RIQURG HN AL IRGIMAGS n pur

stored instructions, when executed by a controller orgrocessorth may
result IRARRdESAEFRiRs PHmtoMsihed ea?ﬁf*&?e&nef‘ﬁrfs Bedttifing

one ormeraueithebe implemented as, special purpose logic circuitry, e.g., an FPGA
(field programmable gate array) or an ASIC (application-specific integrated circuit),
[0071] While certain features of the described implementations have been
25 iHustrated as described herein, many modifications, substitutions, changes and
equivalents will now occur to those skilled in the art. It is, therefore, to be undersiood
that the appended claims are intended to cover all such modifications and changes as

fall within the true spirit of the various embodiments,



functions or tasks described above. 5 [0069] Implementations of the
various techniques described herein maybe implemented in digital
electronic circuitry, or in computer hardware, firmware, software, or in
combinations of them. Implementations may implemented as a computer
program product, i.e., a computer program tangibly embodied in an
information carrier, e.g., in a machine-readable storage device or in a
propagated 10 signal, for execution by, or to control the operation of, data
proce3FEg Bpp alatddEDGS: a programmable processor, a computer, or
multiple computers. A computer program, such as the computer
program(s) described above, can be written in any form of programming
language, intluding: &5 Eﬁléﬂ”@?lﬁ’ﬂ%"rpreted languages, and can be
deployed in amysfaring intiuck g asiae statiddale ndepiBdgranparandandcid ok
companeBl S HBHING:0, Aiet WNllauAls foruse I areampuling

environment. A computer program can be deployed to be executed on

one caRiPatEsT B Efﬁfﬁfélﬁbq?ﬁ)‘ﬂﬁ’éﬁss%ﬁe%@ Sifer Sedlerintetiratisions
multipleisiiesafishintesoenaeeidchiy @ Qo midaidation d’rl@tmﬂﬁu[&!)&'@ifnlmk
Metho&ﬁ&%@&lﬁh%%gﬁrf?{ﬂ%@e YeROS,2L QAR e?" 0{9{‘3‘%’ Akl ansmlss)lons

processors executing & computer program to perform functions
operafthef SR aEaEis e YRl St B8t Method steps also may be
performed by, and an apparatus may be implemented as speC|aI

purpose logic Gcufgy & g3 EECA, 1814 RedrnToRIsdale srey) or

an ASIC (application-speci c Integrate cwcw eriain
featuréshefitlsd drvarimbderampranis statnsriscHavecseas s mﬁaké@u&é fora
descrigegneraianmanymadificatinngics uhsiitéions fiehanges and
equivalents will now occur to those skilled in the art. It is, therefore, to be
understood that the appended claims are intended to cover all such
mddifications-and ¢hamsewdal shipwiteisithe fraed Spipresr aproyaregygodes
embodiﬁﬂ%@t&a@&c}'}éﬂdlédTulﬁrﬁ%h&lMEng& dlmﬁgrﬂ@thaﬁlec@m@ﬂ&fmgmg
transmi S 3t Jﬂl?l%‘d'q%%sa sehedule identifying ipll ‘H"ngﬁ;‘r%%&lssiom
downlink® ransm ssion periods 3ur|n a frame sequenB of one or more
nodes in a wireless network, the upllnk transmissions being scheduled

after the dovvenlink mﬂamiaﬂ@amm%mﬂ@@@fm%wgbg@e or
”ﬁ re nod V|ngkonaxsschedul§d do k transmissions u

scheduled u 1SSE0 eguence being sc or an
frame Se( uencep%)eln SC OWI’ﬁm&% nsmissions
uphnk transmission at the end of the uphink transmissions.

5. The method of any one of the preceding claims wherein ransmitting a

frame comprises transmitting a Power Save Multi Poll frame.

25
6. The method of any one of the preceding claims wherein transmitting a
frame comprises transmitting an [EEE 802.11n Power Save Mulii Poll (PSMP) frame.
7. The method of any one of the preceding claims and further comprising:
30 transmitting one or more downlink data frames to one or more wireless nodes

at the scheduled fransmission periods.

8. The method of any one of the preceding claims wherein the

transmitting comprises fransmitting & frame including a schedule identifying uplink



at or near the start of the downlink transmissions. 10 2. The method of
claim 1 wherein one of the nodes having only scheduled downlink
transmissions during the frame sequence being scheduled for a downlink
transmission immediately after receipt of the frame. 15 3. The method of
claim I or claim 2 and wherein one or moreyodes having only scheduled
uplink transmissions during the frame sequé%ce being scheduled for
uplink transmissions at or near the end of the uplink transmissions. 4. The
methoadéiaimiBikwkhessirdrrepafithie whdes hakintonipR0iskecuedion
uplinkJranarpissioas ARG, the, iiame seavanselripg.seheduiedfasan

uplink tfransmissjon at the end of the uplink transmissions. 5. The method
of anyPBTEBs HE i@?&@i&?ﬁ JRIBHHERETOmATHRSTR GG S Hihey an uplink
comprsesffansndittinglanPoweniSawedvieliv® oll frame. 25 6. The method
ofany one of the pregading slaims wherein transmitting a frame
comprises transmitting an IEEE 802.11n Power Save Multi Poll (P SNIP.

frame. 7. TRETHSABABNaHY B80T IHEPIE LT Bl b Ri figplin
comprisingli S trpersnisttminonéonanaredevinlimle dateoframis toomecss

more \Q@f&lﬁ?ﬁ}(&%‘ﬁﬁk%@ﬁﬁﬁ@&%ﬁ? JADRRIPHRD REEHRAS: R thGnissions

method of any one of the preceding claims wherein the transmittin

compriEBen s ERRR RS e T AR S %ﬁ@&ﬁ?@ﬁ%ﬂﬁﬁﬂ%@%ﬁ%&%ﬂk
and/ondemidsita fransmissibmpenqdscyteere nledakdibthiewdinhliaksmissions

transmjssion . B%_rl;%o?ﬁlé‘Qoi_gﬁﬁﬁifiﬁ%g}{i%igﬁé’."”"”k start offset and/or

downlink transmission duration, and each of the uplink transmission
periods being identified by an uplink start offset and/or uplink
transmission @luratiomeh&@! Ampethad comprising: receiving a frame

including a s&&%@%&d&e@m @&M@J@@ AARR SN EARIMITFI o watink
perlods durl_ng alrame sequence for one or more nodes na wgreless
nbtwo FRNEHESEIBH MR SHRARS oS SRfy SE R ERTLTBRCA S tHEgD i iHiKkeless

transmissiefsthwitpiini hefiameosebtien e Witk QRe: i BekaIRAdRS Navwdgs
only sehuleckdownlinkA0 Uagsmissions,during e, frame sequens
being scheduled for downlink transmissions at or near the start of the
downli#istrtsgbpls transmissions during the frame sequence being scheduled for

fransmissions near a transition from downlink to uplink transmissions.
20
11, The method of claim 10 wherein transmitting a frame comprises

transmitting a Power Save Multi Poll frame.

12, A method comprising:

25  receiving a frame including a schedule identifying uplink and/or downlink
transmission periods during a frame sequence ‘for one or more nodes in a wireless
networlk, the uphink transmissions being scheduled after the downlink transmissions
within the frame sequence, wherein one or more nodes having scheduled both
downlink and uplink transmissions during the frame sequence being scheduled for

30  transmissions near a transition from downlink to uplink transmissions.

13, A method compriging:
transmitting a frame including a schedule identifying uplink and/or downlink

transmission pertods during a frame sequence for one or more nodes in a wireless



10. A method comprising: transmitting a frame including a schedule
identifying uplink and/or downlink 15 transmission periods during a frame
sequence for one or more nodes in a wireless network, the uplink
transmissions being scheduled after the downlink transmissions within
the frame sequence, wherein one or more nodes having scheduled both
downlink and uplink transmissions during tHe frame sequence being
scheduled for transmissions near a transition from downlink to uplink
transmissioshshe Opliak TasmethaobeiglsimdiB®dhdierahe tandmittagsaissions
frame COMPHS L ARRMILING; & BRYSheR'R MUHELRQY HBeddefuplink

method comprising: 25 receiving a frame including a schedule identifying
uplink BRIFOFESMATTITE Bafant SRRt P oS RS dgnupica g
one ormeretnoagsinha wikielassismétswonk, the uplink transmissions being
scheduled after the downlink transmissions within the frame sequence,
wherein one or more nodes having scheduled both downlink and uplink
transmissiond durifd eSS Rience being scheduled for 30
transmissionscaieaiga fransitiondnen dbwdnlinkid¢atifiplipkttaiksmissidnsaiili3.
A method comprisingidmnsitindAdame ReuAing aschedlls identifing

uplink and/or downlink transmission periods during a frame sequence for

one oFFRETE-BUBRH FARiBIsin s B petisikithalhMindrupiHisersmisions
bHing sthadikdchattesdginacowirtli nke itansmissionBavitithoni theHduied uplink

Seq“e&éi%m‘{\éktﬁrﬁ'b%rﬂ{%gl.%rﬁa&%‘l@&;%\é@&n@]}éﬁé&ﬁQQ%F%HBP 'E}'énls_missions at

transmissions durln? the frame sequence being scheduled for uplink
transnifsdigiicanbritbayrigk S3B B & iplink transmissions. 5 14. A
method comprising: receiving a frame including a schedule identifying

ion periods during a frame sequence for

uplink and/oy Qowr}ii_%ﬂg@q?ggggg

one or more nodes in a wirele _.né’_t'work., the %Iink transmissions being
stheduled afteFtHE BB HARMK Waridinesmpirk rodmtdpPmHEl rpadsiiareeds
with oagriap Mneienedesbatinghotlysehedidied yplriestransmissienplink
during, fhe fram %?1%%91” eneeReng.shedues IRt YRk A0S IRDE AL O
near the end of the uplink transmissions.
sequence, with one or more nodes having only scheduted downlink transmissions
during the frame sequence being scheduled for downlink transmissions at or near the
20 start of the downlink transmissions, and with one or more nodes having only
scheduled uplink transmissions during the frame sequence being scheduled for uplink
transmissiens at or near the end of the uplink transmissions, and with one or more
nodes having scheduled both downlink and uplink transmissions during the frame
sequence being scheduled for transmissions near a transition from downlink to uplink

Z5  transmissions.



15. A method comprising: 15 transmitting a frame identifying uplink and/or
downlink transmission periods during a frame sequence for one or more
nodes in a wireless network, the uplink transmissions being scheduled
after the downlink transmissions within the frame sequence, with one or
more nodes having only scheduled downlin}g transmissions during the
frame sequence being scheduled for downlink transmissions at or near
the 20 start of the downlink transmissions, and with one or more nodes
having only scheduled uplink transmissions during the frame sequence
being schediyged for ypliok trapsipissions at or near the end of the uplink
transmissions, and with one or more nodes havin%ﬁscheduled, both

downlink anBf iRk trAHBRASSIENRAHRITY B8 fFatne S TEREE B eRRymiods

scheddieddfefimanseissiprismeacanransides ifre mickesniirikadouptinklizs

trasr_‘sr%i%ix%%o%b ; &%ﬁ@@%?@@ﬂ%ﬁ%ﬂi&i@rﬂ medentitvipg
uplink and/or downlink transmission periods during a frame sequence for

one or MG HSEBLT & WP BedeR SRUBACNS TSR S Frahakiagigestons
being soineditdthat eedimadwininktrdnshiissionslinitimminesframe or near the

sequenge WD PRGN RHERQAES DAy ine ARlseheduladdavilink,

transmissions durin% the frame sequence being scheduled for downlink

transnifEHFd 4p PRSI ORI GatR fRReRsR SR inssTohrduief dopmink
ohle onmeressioses havingleniyd sthedpled uplink dr@nsrmgsiohtkusingothe

frame SEAUENGS, Q%Q&Eﬁ%ﬂ&‘!ﬁ%ﬁﬁj&‘ﬁlﬁv}%ﬁ%E&H?;H?L%ﬁiﬁ’é‘&ﬁhﬂh@ ® e

the end of the uplink transmissions, and one or more nodes having _
sched BB BSRTAR Sthi UBSRAFR ARSS o RS & thefrophiak to uplink

sequenashiihscheduled for transmissions near a transition from
downlink to uplink transmissions. 15 17. The method of claim 15 wherein
transmitting a frame comprises transmitting a Power Save Multi Poll
frime. 18. Ah7app§#§ta§tﬁﬂd\ﬁfr«“éi*é§slééff?ﬁﬁ%}%@%{l&%ﬁgﬁlﬁ%@w
comprisingiitangQttselte 520 sunerabiyaeeupled to the controller; the
apparatus adapted to: transmit a frame including a schedule identifying
uplink and/or downlink transmission periods during a frame sequence for
one or more ode<\imeaRRiFRIEEE wireless communications, the apparatus comprising:

a controller;
20 a memory coupled to the controller;
the apparatus adapted to:
transmit a frame inciuding a schedule identifying uplink and/or downlink
transmission periods during a frame sequence for one or more nodes in a wireless
network, the uplink transmissions being scheduled after the downlink transmissions
25  within the frame sequence, with one or more nodes having only scheduled downiink
transmissions during the frame sequence being scheduled for downlink transmissions

at or near the start of the downlink transmissions.

19.  An apparatus for wireless communications, the apparatus comprising:
30 a controller;

a memory coupled to the controller;

the apparatus adapted to:

receive a frame including a scheduie identifying uplink and/or downlink

transmission periods during a frame sequence for one or more nodes in a wireless



network, the uplink transmissions being scheduled after the downlink
transmissions 25 within the frame sequence, with one or more nodes
having only scheduled downlink transmissions during the frame sequence
being scheduled for downlink transmissions at or near the start of the
downlink transmissions. 19. An apparatus f% wireless communications,
the apparatus comprising: 30 a controller; @' memory coupled to the
controller; the apparatus adapted to: receive a frame including a schedule
identifyéreptip Hrvkpii oreioviasiink beimasehisilen Pisridusletiniit aapamiesions
sequeRRe {MHONLRLIPAR LRSI 8- WisR! 8882 R NBENARKsdRI B QKwnlink

transmissions being.scheduled after the downljnk tr issions within .
Bl e R e e L
downlinkr tangmissiodshd dnnglibietiramesetiuence being scheduled for
dawnlink transmissions at or near the start of the downlink transmissions.

5 20. The apparatus of claim 18 and wherein one or more nodes having
only scheduled uplink transmissions being scheduled at or near the end

of the uplink2@ransthisgipnsiuantioiith thedminore rodesdesvingebdthving only
downlink andsuplink 40.ranssissionsbeingsehediedioriansigsions

near the transition from downlink to uplink transmijssions, 21. The,

appar SRS PR AE SRS PARE SR 4 e é%?ﬁ‘ﬂiﬂé&& uplinks
trdnsnuigtingi siviEbein 88Dt PowemSave dduitiP ok framigod @2 dgwnlink to
apparg mpLising.. a storage medium; said storage medium including
stored thereon instructions that, when executed by a processor, result in.:
20 transmitting a frame identifying uplink and/or downlink transmission
periods for @he orlimosgpnodesinlawirtless e twaonkjttne uflinle comprises
ransmigsions.hejng-seheduledeafierdhe dawnpink dapsmissions, wherein
one or more nodes having both downlink and uplink transmissions being
stheduled for transmissions near the transition from downlink to uplink
transmissions.  An apparatus comprising:

a storage medium;
said storage medium including stored thereon instructions that, when executed
by & processor, result in:

20 transmitting a frame ideniifying uplink and/or downiink transmission periods
for one or more nodes in a wireless netwotk, the uplink transmissions being scheduled
after the downlink transmissions, wherein one or more nodes having both downlink
and uplink transmissions being scheduled for transmissions near the transition from

downlink to uplink transmissions.

b
Lh

23.  The apparatus of claim 21 wherein the instructions, when executed by
the processor further result in:

transmitting the frame, the frame further identifying uplink and/or downlink
transmission periods for one or more nodes in a wireless network, the uplink

30 transmissions being scheduled after the downlink transmissions, with one or more

nodes having onily scheduled downlink transmissions being scheduled for downlink
transmissions at or near the start of the downlink transmissions, and with one or more
nodes having only scheduled uplink transmissions being scheduled at or near the end

of the uplink fransmissions.



25 23. The apparatus of claim 21 wherein the instructions, when executed
by the processor further result in: transmitting the frame, the frame further
identifying uplink and/or downlink transmission periods for one or more
nodes in a wireless network, the uplink 30 transmissions being scheduled
after the downlink transmissions, with one gr more nodes having only
scheduled downlink transmissions being scheduled for downlink
transmissions at or near the start of the downlink transmissions, and with
one or more nodes having only scheduled uplink transmissions being

scheduled aﬁlp.r neﬂ'fe%a@ﬁ@s 9f Jmﬁrmi&kctﬁﬁﬂgmiﬁ%%tr%@n%&ingﬁ%mne

apparatus of claim 20 or claim 22 wherein transmittin}f% a fr%me comprises

transriRTRG Sh LR Bep R 1HBoler SHVRRIOE BBIFPaRs rame-



