
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
"Scheduling and Sequencing  of Data and Information for Maximal Power
Efficiency in Aggregated Frames,"  hereby incorporated by reference. 15
BACKGROUND [0003] 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 802.1 lb, IEEE 802.11g and
IEEE 802.11 a. 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 data
transmissions for power save delivery in a wireless network. [0006]
According to an example embodiment, a method is provided. The 2
method may include transmitting a frame including 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 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 transmissions. In an  example
embodiment, the transmitted frame may be a Power Save Multi Poll
(PSMP)  message, for example, and the frame sequence may be, for
example, a PSMP  sequence. In yet another example embodiment, the
transmitted frame may be, for 10 example, an IEEE 802.11n Power Save
Multi Poll (PSMP) message. [0007] In another example embodiment, a
method is provided. The method  may include transmitting a frame
including 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 may be scheduled after the downlink
15 transmissions within the frame sequence. 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. [0008] In yet another embodiment, a method is provided.
The method may  include transmitting a frame including a schedule
identifying uplink and/or downlink  20 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 both scheduled  downlink
and uplink transmissions during the frame sequence may be scheduled
for  transmissions near a transition from downlink to uplink transmissions.
25 [0009] 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
the frame  sequence. In one embodiment, one or more nodes having only
scheduled downlink  transmissions during the frame sequence may be
scheduled for downlink transmissions at or near the start of the downlink
transmissions. In another 10 embodiment, 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. 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. 15 [0011] In another embodiment, an
article may be provided including a storage  medium. The storage medium
may include instructions stored thereon that, when  executed by a
processor, may result in: 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 20 transmissions within the frame sequence. In one
embodiment, one or more nodes  having only scheduled downlink
transmissions during the frame sequence may be  scheduled for downlink
transmissions at or near the start of the downlink  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 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.
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. 



[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 timing diagram illustrating a data transmission schedule  10
according to another example embodiment; [0017] FIG. 6 is a flow chart
illustrating operation of a wireless node  according to an example
embodiment. [0018] FIG. 7 is a block diagram illustrating an apparatus
that may be  provided in a wireless node according to an example
embodiment. 15 DETAILED DESCRIPTION [0019] Referring to the
Figures in which like numerals indicate like elements,  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]
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 MAX 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 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 via a peer-to-peer  network, for example. 5 [0021] The term
"wireless node" or "node," or the like, may include, for  example, a
wireless station, an access point (AP) or base station, a wireless personal
digital assistant (PDA), a cell phone, an 802.11 WLAN phone, a wireless
mesh point,  or any other wireless device. These are merely a few
examples of the wireless  devices that may be used to implement the
various embodiments described herein, 10 and this disclosure is not
limited thereto. [0022] In an example embodiment, a wireless node (e.g.,
AP or station) may  determine capabilities of other nodes by receiving a
capabilities field in a beacon.  message or probe response (e.g., from an
AP) and via an association request or re- association request (e.g., from a
station), for example. An Al' may associate with one 15 or more wireless
stations or nodes. The process of associating an AP with one more
wireless stations or nodes may include the AP assigning an Association
ID (AID) to  each of the wireless stations or node with which it is
associated. [0023] After a station is associated with an AP, the two nodes
may establish a  data transmission schedule, indicating a service period,
for example, by exchanging  20 one or more frames or messages
indicating a schedule start time for the service period. A variety of different
mechanisms may be used to exchange or agree on a  time for a service
period. For example, the IEEE 802.11 e draft specification allows  for
power management through automatic power-save delivery (APSD).
APSD  provides two delivery mechanisms: scheduled APSD and
unscheduled APSD. 25 Stations may use unscheduled APSD (U-APSD)
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 (S-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  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) the service period in some cases, as examples. [0024] In an example
embodiment, an AP or other node may transmit (e.g.,  broadcast) a frame,
such as an aggregation control header frame or a Power Save 5 Multi Poll
(PSMP) frame or message, or other message. The PSMP message (or
other  frame) may, for example, include a data transmission schedule
identifying uplink  and/or downlink transmission periods during a frame
sequence for one or more nodes  in a wireless network. Downlink may
refer to transmissions from an AP or access  point or base station to
stations or other nodes, while uplink may refer to 10 transmissions from
stations or other nodes to an AP or base station, for example. In  an
example embodiment, a PSMP sequence may include, for example,
transmission of  a PSMP message, followed by downlink transmission of
broadcast or multicast data,  followed by downlink unicast transmissions
to one or more nodes, followed by uplink  transmissions from one or more
nodes to the AP. Other orders may be used for a 15 frame sequence or
PSMP sequence. [0025] The PSMP frame may allow an AP or a wireless
node to provide  schedules or sub-schedules to each of a plurality of
wireless stations or nodes. These  PSMP data transmission schedules, or
sub-schedules, may indicate for example a  downlink start time and
duration (for a scheduled transmission to a specified station), 20 and/or an
uplink start time and duration (for a scheduled transmission period where
a  specified station may be permitted to transmit data on the medium).
The PSMP  frame, which may include a DLT (downlink transmission)
and/or ULT (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 station. [0026] FIG. 2
is a diagram illustrating a format of a multi poll message, such  



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 (PSMP) frame body.  The
frame body 204 may include a category field 210 set to a value indicating
High 7  Throughput (HT) (e.g., HT or IEEE 802.1 In related frame), for
example. Frame body  204 may also include an Action field 212 set to a
value indicating a PSMP frame.  [0027] Frame body 204 may also include
a PSMP parameter set 214 and one  or more station information fields
(STA Info fields) 216. PSMP parameter set 214 5 may include a number
of stations (N_STA) field 215 indicating a number of station  information
fields (STA Info fields) present in the frame body 204. Further, a More
PSMP field 219 may be set to a 1, for example, to indicate that this PSMP
sequence  may typically be followed by another PSMP sequence.
Alternatively, More PSMP  219 may be set to 0 to indicate that this is the
last PSMP sequence during this service 10 period. According to an
example embodiment, a PSMP sequence may include, for  example, a
PSMP frame followed by a scheduled data transmission to (downlink)
and/or from (uplink) one or more stations, as indicated by the PSMP
frame. PSMP  sequence duration field 221 indicates the duration of the
current PSMP sequence  which is described by the PSMP frame. 15
[0028] As noted above, an AP may transmit to a plurality of stations and/or
receive from a plurality of stations, according to the information provided
in the one  or more station information (STA Info) fields 216, e.g., in
accordance with the  transmission schedule provided via one or more STA
Info fields 216. The  information provided in the one or more STA Info
fields 216 may be generally 20 referred to as a schedule or a transmission
schedule. A STA Info field may be  provided for each station for which
uplink and/or downlink transmission is being  scheduled by the PSMP
message (for the current PSMP sequence). The number 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, 216B.... 216Z, as an example. [0029]
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 (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
multicast transmission. In addition, STA ID field 225 may also be set to  all
1 s to indicate a broadcast transmission. The TSID field 223 and the STA
ID field 8  225 may not necessarily be applicable for the scheduling of a
multicast transmission  (e.g., upstream TSIDs not applicable for
downstream multicast transmission, and a  multicast frame is typically
directed to multiple receiver nodes and thus one STA ID  field would
typically be inadequate, for example). 5 [0030] The downlink transmission
(DLT) start offset field 227 may indicate a  start time for the scheduled
downlink data transmission (from AP to station), and a  downlink
transmission (DLT) duration field 229 may indicate a duration for the
scheduled downlink transmission. These two DLT related fields (227, 229)
may be  applicable for both a unicast transmission (e.g., transmission to a
single receiver node) 10 and a multicast transmission (multicast may be,
for example, a downlink data  transmission from the AP to multiple
receiver nodes or stations). [0031] An uplink transmission (ULT) (from
station to AP) start offset field  231 and a ULT duration field 233 are
provided within the STA Info field 216 to  communicate a start time and
duration for a scheduled uplink data transmission. for a  15 node or
station. [0032] FIG. 3 is a diagram illustrating a PSMP sequence
according to an  example embodiment. In FIG. 3, a PSMP sequence 301
may include the transmission  of a PSMP frame 302, followed by a
scheduled downlink broadcast and/or multicast  data transmission period
309 to one or more receiver nodes, a scheduled downlink 20 unicast data
transmission period 311 to one or more receiver nodes, and a scheduled
uplink unicast transmission period 315 from one or more receiver nodes,
for example.  In an example embodiment, the uplink transmissions (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 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'I'SID 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 9
302 may be set to values indicating the start time and duration,
respectively, for the  scheduled uplink unicast data transmission that is
being provided to the identified  receiver node (e.g., identified by STA ID).
[0034] After transmitting the PSMP frame 302, the AP may immediately or
5 substantially immediately (e.g., without intervening frames) transmit one
or more  downlink frames as part of the DLTs. For example, the AP may
immediately after the  PSMP frame 302, may transmit one or more
broadcast and/or multicast frames (304,  306, . . . ) for the scheduled
downlink broadcast/multicast data transmission period  309. Thus,
according to an example embodiment, as a default scheduling time, the
10 downlink broadcast and/or multicast data frames may be transmitted
immediately  after transmission of the PSMP frame 302, for example, so
that each receiver node  may know or expect the broadcast and/or
multicast data transmissions at this time. In  an example embodiment,
broadcast data frames may be scheduled prior to multicast  data frames.
In another embodiment, multicast data frames may be scheduled prior to
15 broadcast data frames. In yet another embodiment, the scheduling of
broadcast data  frames and multicast data frames may be interspersed
with one another. [0035] In the case of multicast transmissions, a
dedicated STA Info field 216  can be used to indicate multicast
transmission(s). In this case, the TSID field 223  may be set to 1 or other
specific value to indicate that the receiver nodes which have 20 scheduled
uplink transmissions shall send multicast acknowledgement(s) back. In
this situation, the STA ID field 225 may be set to 0. In an example
embodiment, for  broadcast/multicast transmissions, the DLT fields 227
and 229 may be used to  



communicate downlink 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 examples, and the various embodiments are not
limited thereto.  [0036] 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 to and from one or more receiver
nodes (e.g. "node  ,1" "node 2" and "node 3") as part of the scheduled
downlink unicast data 10  transmission period 311 and the scheduled
uplink unicast data transmission period  315. In the situation where the
unicast frames are being transmitted to and/or from  PSMP capable
stations (e.g., "node 1," "node 2" and "node 3" in this embodiment),  the
transmission of unicast frames may be scheduled in the PSMP frame so
as to 5 reduce the number of on/off transitions for the PSMP cable
capable stations during  the PSMP sequence 301, and/or to increase a
delay between a node's DLT and ULT  periods. By scheduling DLT and
ULT periods for nodes in this manner may reduce  the amount of "awake
time" (e.g., the amount of time operating in a full power mode)  for PSMP
capable stations during a given PSMP sequence. Accordingly, power 10
consumption for PSMP capable stations may be reduced using the
scheduling  techniques described below, for example. In general, a DLT
may be a period when a  station or node may receive data, either from an
AP or other station. A ULT is a  period when a station may transmit data
over the medium to an AP or other station.  [0038] An on/off transition
may, for example, be a transition from an 15 operating mode (e.g., full
power mode) to a low power (e.g., standby/sleep mode) and  vice versa.
For purposes of this disclosure, an on/off transition may refer
interchangeably to (i) a transition from an operating mode to a standby
mode and (ii)  a transition from a standby mode to an operation mode. By
scheduling transmission  of frames in accordance with the embodiments
described herein, the number of on/off 20 transitions for PSMP stations
may be reduced. Likewise, the amount of time such  



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 transmission during 25 PSMP
sequence 301. For instance, in this example, node 1 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 uplink 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 transmission to and/or from a given node and the
schedules for those transmissions may vary from PSMP sequence to
PSMP sequence. 11  [0040] According to an example embodiment, for
one or more nodes having  only scheduled downlink transmissions during
a PSMP sequence, these nodes may be  scheduled for downlink
transmissions at or near the start of the downlink  transmissions 311. For
example, as is shown in FIG. 3, transmission of downlink 5 unicast frame
308 for node I is scheduled at or near the beginning of the downlink
unicast data transmission period 311. Although not required, the downlink
transmission may be scheduled substantially immediately after the PSMP
frame 302  or after the broadcasbmulticast transmissions 309. In this
situation, node 1 may enter  a low power state for the remainder of the
PSMP sequence 301 after unicast frame 10 308 has been received. In an
example embodiment, node 1 may be operating in a full  power mode
(awake) during broadcast/multicast data transmission period 309, receive
its downlink transmissions (e.g., frame 308), and then enter low power
state. [0041] By scheduling transmission of unicast frame 308 at or near
the  beginning of downlink unicast transmission period 311, the number of
on/off 15 transitions as well as the amount of time node I spends awake
may be reduced. For  instance, delaying the downlink transmission of
frame 308 for node I until the middle  or end of DLT 311 may typically
increase the period of time that node 1 is operating  in full power mode,
thereby typically increasing power consumption for node 1.  Alternatively
node 1 may go through an additional on/off transition, for example, 



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 I 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 for node 3 maybe scheduled
at or near the end of the uplink unicast data transmission  period 315. In
this situation, 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 12  3 may then transmit
frame 314, and then return to low power state until it is time to  receive the
next PSMP frame, for example. In another example embodiment, node 3
may enter the low power state after receiving PSMP frame 302 if there is
no data  scheduled to be transmitted to node 3 during the
broadcast/multicast data transmission 5 period 309 of PSMP sequence
301, or if there are no broadcast or multicast frames to  be transmitted.
[0043] By scheduling transmission of unicast frame 314 (for node 3,
scheduled only for uplink transmissions) at or near the end of uplink
unicast  transmission period 315, the number of on/off transitions as well
as the amount of 10 time node 3 spends awake (or in full power mode)
may be reduced, at least in some  cases. For instance, if node 3 were
scheduled for uplink transmissions at the  beginning of uplink
transmissions 315, this may reduce the amount of time that node  3
spends in a low power state. Also, if the time between on/off transitions is
sufficient  enough for a node to transition to a lower power STA than
standby (or low power) 15 state and back to active state (before it needs
to be awake), then a node can transition  to a lower power or deep sleep
state and save additional power. [0044] In an example embodiment, node
3 may go through multiple additional  



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 would 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 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. [0045] In yet 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 transmissions 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 13  and uplink
unicast data transmission period 315. In this situation, node 2 may, for
example, enter a low power state after the broadcast/multicast data
transmission  period 309 (or after receiving the PSMP frame 302 if no
broadcast or multicast data  transmissions are scheduled) and remain in
the low power state during most of the 5 unicast down link data
transmission period 311 until returning to an awake (full  power) mode at
or just prior to the scheduled downlink unicast transmission of unicast
frame 310 at or near the end of downlink unicast transmission period 311.
Node 2  may then remain awake and transmit uplink unicast frame 312 at
or near the  beginning of uplink unicast data transmission. period 315. 10
[0046] By scheduling the transmission of downlink unicast frame 310 at or
near the end of downlink unicast transmission period 311 and scheduling
the  transmission of uplink unicast frame 312 at or near the beginning of
uplink unicast  transmission period 315, the number of on/off transitions as
well as the amount of  time node 2 spends awake may be reduced, at
least in some cases. For instance, were 15 the transmission of downlink
unicast packet 310 scheduled at the middle or near the  



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 be 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 into standby mode after  broadcast/multicast data transmission
period 309 (or after receiving PSMP frame 302)  and returning to an
awake (full power mode) at or just prior to the scheduled 25 downlink
unicast transmission of unicast frame 3 10. 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
transmission of unicast  frame 312. Further, node 2 may return to low
power mode after transmitting unicast  frame 314. Node 2, in this
situation, may go through yet another on/off transition at 30 or just prior to
the transmission of a next PSMP frame 321. Using the approach
illustrated in FIG. 3, because node 3 receives the unicast packet 310 and
transmits the  unicast packet 312 at or near the transition between
downlink transmission period 311  and uplink transmission period 315,
node 2 may simply remain awake after receiving 14  unicast packet 310 to
transmit unicast packet 312, thus reducing the number of on/off
transitions. [0048] FIG. 4 is a timing diagram that illustrates an example
embodiment of a  data transmission schedule for a downlink transmission
time period (DLT) 404 and an  5 uplink transmission time period (ULT)
406 for an example PSMP sequence. The data  transmission schedule
illustrated FIG. 4 may be included in a frame (e.g., management frame),
such as a PSMP frame 402. A transition point 408 in FIG. 4  designates
the transition between DLT 404 and ULT 406 for the example data
transmission schedule. For the schedule shown in FIG. 4, scheduling of
broadcast 10 and/or multicast data is not illustrated. It will be appreciated,
however, that such a  schedule may include scheduling of broadcast
and/or multicast in a similar fashion as  described above with respect to
FIG. 3. [0049] The data transmission schedule illustrated in FIG. 4 is
similar to the  PSMP sequence 301 illustrated in FIG. 3. In comparison,
the data transmission 



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 capable 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-PSMP stations.  However, for the sake of clarity, scheduling of data
transmissions for non-PSMP  stations is not shown. [0050] For the PSMP
sequence of FIG. 4, PSTA I 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  beginning of
DLT 404. Accordingly, PSTA 1, during a time period 410, remains  awake
after receiving the PSMP frame 402 to receive the scheduled downlink
transmission(s). Once the downlink transmissions for PSTA 1 are
complete at the end  of time period 410, PSTA 1 may enter standby
(sleep) mode for the time period 412, 5 which may include the remainder
of the illustrated PSMP sequence. As discussed  above, such an
approach may reduce the number of on/off transitions for PSTA. 1 and
also may increase the amount of time PSTA 1 spends in standby. This
can allow a  PSTA to transition to a lower power consuming state than
standby (e.g., deep sleep)  and transition back to active state before the
node needs to be awake. This provides  10 additional power savings to
the PSTA. [0052] In FIG. 4, as discussed above, PSTA 2 only has uplink
unicast data  transmission(s) scheduled during the PSMP sequence
illustrated in FIG. 4. The  



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 the uplink transmissions for PSTA 2 are complete at the end of time
period 420, 20 PSTA 2 may remain awake to receive a next PSMP frame.
Alternatively, PSTA 2  may enter standby (sleep) mode if further PSMP
sequences do not occur. As  discussed above, such 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.  [0053] 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 DL'L'  404 (e.g., just before transition point 408) while the
uplink unicast data transmission(s) may be scheduled at or near the
beginning of ULT 406 (e.g., just after  30 transition 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., 16  transitions from standby to full power mode). PSTA 3
then completes its scheduled  downlink unicast data transmission(s)
during a time period 428. The uplink  transmission(s) period for PSTA 3 is
discussed below. [0055] In like fashion as PSTA 3, PSTA 4 in FIG. 4
receives the PSMP 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 mode during a time period 436 until just  before its scheduled
downlink unicast data transmission period. For instance, during a  time
period 438, PSTA 4 wakes up (e.g., transitions from standby to full power
mode). PSTA 4 then completes its scheduled downlink unicast data
transmission(s)  10 during a time period 440. 



[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 complete 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] For the example embodiment shown in FIG. 4, PSTA 3 completes
its  uplink transmission(s) during a time period 432. Time period 432
occurs 20 substantially immediately after time period 440, during which
PSTA 4 may complete  its uplink and downlink unicast transmissions.
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
transmission time  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  time 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 in standby (sleep) mode. 17  [0058] FIG. 5 is a timing
diagram that illustrates an alternative example  embodiment of a data
transmission schedule for scheduling downlink and uplink  unicast data
transmissions periods for PSTAs which have both downlink and uplink
unicast data transmissions in a given PSMP sequence. In similar fashion
as the data 5 transmission schedule of FIG. 4, the schedule of FIG. 5
includes a downlink  transmission time period (DLT) 504 and. an uplink
transmission time period (ULT)  506 for an example PSMP sequence. The
schedule of FIG. 5 may be included in a  frame (e.g., management frame),
such as a PSMP frame 502. As with FIG. 4, a  



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/or multicast in a similar fashion
as described above with respect to FIG. 3.  [0059] FIG. 5 illustrates a data
transmission schedule for two PSMP capable 15 stations, PSTA 1 and
PSTA 2, which, as noted above, both have scheduled downlink  and
uplink unicast data transmission periods for the particular PSMP
sequence  illustrated. Each PSTA in FIGS will be discussed in turn. In an
example  embodiment illustrated in FIG. 5, nodes or stations that may be
scheduled for both  downlink and uplink transmissions may be scheduled
for downlink transmissions at or 20 near the beginning of the downlink
transmission (DLT) period 504, and may be  scheduled for uplink
transmissions at or near the end of the uplink transmission  (ULT) period
506. In this manner, the number of on/off transitions may be decreased
and the period of time a stations or node operates in full power mode may
be  decreased. 25 [0060] PSTA i in FIG. 5 may be awake (operating in a
full power mode)  during a time period 510. During time period 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
transmission 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, 18  PSTA 1 may remain
awake to receive a next PSMP frame. Alternatively, PSTA 1  may enter
standby (sleep) mode if further PSMP sequences do not occur. [0061] In
like fashion as PSTA 1 in Fig. 5, PSTA 2 in FIG. 5 may be awake
(operating in a full power mode) during a time period 518. During time
period 518, 5 PSTA 2 may receive PSMP header 502. PSTA 2 may then
enter standby mode during  a time period 520 (which may correspond with
the remainder of time period 510)  



while PSTA I 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 enter 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 standby to full power mode). PSTA 2 then completes its  scheduled
uplink unicast data transmission(s) during time period 528. Once the 15
uplink uni.cast transmissions for PSTA 2 are complete at the end of time
period 528,  PSTA 2 may remain awake to receive a next PSMP frame
(not shown in FIG. 5).  Alternatively, PSTA 2 may enter standby (sleep)
mode until the end of the PSMP  sequence illustrated in FIG. 5. [0062]
FIG. 6 is a flow chart illustrating operation of a wireless node 20 according
to an example embodiment. At 610, the node, such as a base station or
AP  (as examples), may transmit 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. The flow
chart of FIG. 6 may include one additional operations 620,  25 630 and/or
640. [0063] At 620, one or more nodes having only scheduled downlink
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 transmissions 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 scheduled for transmissions near a transition from
downlink to uplink transmissions. Data frames may then be transmitted
according to 19  the data transmission schedule included in the PSMP
frame, e.g., downlink  transmission, followed by uplink transmissions,
according to the schedule.  [0064] FIG. 7 is a block diagram illustrating an
apparatus 700 that may be  provided for wireless communications, e.g., in
a wireless node according to an 5 example embodiment. The wireless
node (e.g. station or AP) may include, for  



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
schedules may be implemented, for  example, in accordance with the
embodiments described above. If a determination is  made that no traffic
is destined to be sent to or from the wireless station, the wireless 15
station can conserve power and enter a low power state for a current
frame sequence  after receiving, for example, such a PSMP header.
[0066] Controller 704 may be programmable and capable of executing
software or other instructions stored in memory or on other computer
media to  perform the various tasks and functions described above. For
example, controller 704 20 may be programmed to transmit a
management frame, such as a PSMP frame, to  identify a scheduled data
transmission time(s) and direction(s) for each of one or more  receiver
nodes in a wireless network. [0067] In an example embodiment, controller
704 or apparatus 700 may  transmit 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 downlink
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
transmissions 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.
20  [0068] In addition, a storage medium may be provided that includes
stored  instructions, when executed by a controller or processor that may
result in the  controller 704, or other controller or processor, performing
one or more of the  



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
processing apparatus, e.g.,  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, including compiled or interpreted languages, and can be
deployed in any form, including as a stand-alone program or as a module,
component, 15 subroutine, or other unit suitable for use in a computing
environment. A computer  program can be deployed to be executed on
one computer or on multiple computers at  one site or distributed across
multiple sites and interconnected by a communication  network. [0070]
Method steps may be performed by one or more programmable 20
processors executing a computer program to perform functions by
operating on input  data and generating output. Method steps also may be
performed by, and an  apparatus may be 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 illustrated as
described herein, many modifications, substitutions, changes 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
modifications and changes as  fall within the true spirit of the various
embodiments. 21  WHAT IS CLAIMED IS: 1. A method comprising:
transmitting a frame including a schedule identifying uplink and/or
downlink  5 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 downlink  transmissions during the
frame sequence being scheduled for downlink transmissions  



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 more nodes  having only scheduled
uplink transmissions during the frame sequence being  scheduled for
uplink transmissions at or near the end of the uplink transmissions. 4. The
method of claim 3 wherein one of the nodes having only 20 scheduled
uplink transmissions during the frame sequence being scheduled for an
uplink transmission at the end of the uplink transmissions. 5. The method
of any one of the preceding claims wherein transmitting 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 IEEE 802.11n Power Save Multi Poll (P SNIP)
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 transmission periods. 8. The
method of any one of the preceding claims wherein the  transmitting
comprises transmitting a frame including a schedule identifying uplink 22
and/or downlink transmission periods, wherein each of the downlink
transmission  periods being identified by a downlink 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 duration. 5 9. A method comprising: 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
network, the uplink transmissions being scheduled after the downlink
transmissions  within the frame sequence, with one or more nodes having
only scheduled downlink 10 transmissions during the frame sequence
being scheduled for downlink transmissions  at or near the start of the
downlink transmissions. 



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
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  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 30
transmissions near a transition from downlink to uplink transmissions.  13.
A method comprising: transmitting a frame including a schedule identifying
uplink and/or downlink  transmission periods during a frame sequence for
one or more nodes in a wireless 23  network, the uplink transmissions
being scheduled after the downlink transmissions  within the frame
sequence, with one or more nodes having only scheduled uplink
transmissions during the frame sequence being scheduled for uplink
transmissions at  or near the end of the uplink transmissions. 5 14. A
method comprising: 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  network, the uplink transmissions being
scheduled after the downlink transmissions 10 within the frame sequence,
with one or more nodes having only scheduled uplink  transmissions
during the frame sequence being scheduled for uplink transmissions at  or
near the end of the uplink 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 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  transmissions 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  25
transmissions. 24  16. A method comprising: receiving a frame identifying
uplink and/or downlink transmission periods  during a frame sequence for
one or more nodes in a wireless network, the uplink  5 transmissions
being scheduled after the downlink transmissions 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, and with
one or more nodes having only  scheduled uplink transmissions during the
frame sequence being scheduled for uplink 10 transmissions 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  transmissions. 15 17. The method of claim 15 wherein
transmitting a frame comprises  transmitting a Power Save Multi Poll
frame. 18. An apparatus for wireless communications, the apparatus
comprising:  a controller; 20 a memory coupled 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 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 for wireless communications,
the apparatus comprising:  30 a controller; a memory coupled to the
controller;  the apparatus adapted to: receive a frame including a schedule
identifying uplink and/or downlink  transmission periods during a frame
sequence for one or more nodes in a wireless 25  network, the uplink
transmissions being scheduled after the downlink transmissions  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.
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 uplink  transmissions, and with one or more nodes having both
downlink and uplink 10 transmissions being scheduled for transmissions
near the transition from downlink to  uplink transmissions. 21. The
apparatus of claim 18 wherein transmitting a frame comprises
transmitting an IEEE 802.11n Power Save Multi Poll frame. 15 22. An
apparatus comprising:  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 one or more nodes in a wireless network, 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. 



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 or 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 at or near the end  of the uplink transmissions. 26  24. The
apparatus of claim 20 or claim 22 wherein transmitting a frame comprises
transmitting an IEEE 802.11n Power Save Multi Poll frame. 


