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METHOD AND APPARATUS FOR DATA TRANSMISSION IN

WIRELESS NETWORK

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority of US provisional application No. 13/866,504, filed

April 19, 2013 and titled "Method and Apparatus for Data Transmission in a Wireless Network,"

which claims priority of US provisional application No. 61/636,136, filed April 20, 2012 and

titled "System and Method for Downlink Scheduling in a Wireless Network," both of which are

incorporated herein by reference in its entirety.

BACKGROUND

[0002] A wireless local area network (WLAN) typically includes an Access Point (AP) and

one or more stations (STAs). Each station may be a device such as a notebook computer, a

personal digital assistant (PDA), a wireless VoIP telephone or the like that transmits radio signals

to and receives radio signals from other STAs in the local area network via the AP. In a

downlink traffic transmission scheme according to the Institute of Electrical and Electronics

Engineers (IEEE) 802.11 protocol, the AP periodically sends a beacon frame to the stations.

Each beacon frame contains a traffic indication map (TIM) that has data indicating whether there

is a downlink data packet buffered at the AP for each of the stations. After a station reads the

TIM and finds out that there is a downlink data packet for it buffered at the AP, the station sends

out a power save poll (PS-Poll) frame indicating that the station is available and ready to receive

the downlink data packet. After receiving the PS-Poll frame, the AP either sends the downlink

data packet to the station directly, or sends an acknowledgement (ACK) frame in response to the

PS-Poll frame if the AP is not ready to send out the downlink data packet. After sending the

ACK frame, the AP will send the downlink data packet soon.

[0003] For wireless stations, power consumption is an important consideration. In order to

save power, a station may want to go to sleep unless it has to be awake for sending or receiving

transmissions. When there are multiple stations in the WLAN, it is important to coordinate the



wake/sleep states of the stations so that they don't have to be awake for much longer than

necessary for them to receive transmissions of their respective downlink packets from the AP.

Also, during the limited time interval between two beacon frames, the AP may need to transmit

downlink packets to multiple stations, and the downlink packets may contain different amounts

of data. It is important for the AP to use the available downlink time in an efficient manner to

deliver the downlink packets to the stations. Existing implementations of the 802.11 downlink

scheme do not provide satisfactory solutions for these issues.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] To illustrate the technical solutions in the embodiments of the present invention or in

the prior art more clearly, the following briefly describes accompanying drawings required for

describing the embodiments or the prior art.

[0005] FIG. 1 is a schematic diagram of a Wireless Local Area Network (WLAN) system

according to an embodiment of the present invention;

[0006] FIG. 2 is a block diagram of the access point (AP) shown in FIG. 1;

[0007] FIG. 3 is a block diagram of one station (STA) shown in FIG. 1;

[0008] FIG. 4 is a flow chart of a method for data transmission according to an embodiment

of the present invention in connection with the network environment shown in FIG. 1;

[0009] FIGS. 5-9 illustrates various implementations of the method shown in FIG. 4; and

[0010] FIG. 10 illustrates a frame format of the DL schedule frame shown in FIG. 9 .

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0011] To make the objectives, technical solutions, and advantages of the present invention

more clear, the following clearly and completely describes the technical solutions according to

the embodiments of the present invention with reference to the accompanying drawings in the

embodiments of the present invention.

[0012] FIG. 1 is a schematic diagram of a Wireless Local Area Network (WLAN) system 100

according to an embodiment of the present invention. The WLAN system 100 includes a

central station (e.g., Access Point (AP) 110) connected to a plurality of stations (STAs), for

example, STA 121, STA 122 and STA 123. Although FIG. 1 depicts three STAs, the WLAN



system 100 can include different numbers of STAs in various scenarios and embodiments. The

AP 110 and the STAs 121, 122 and 123 communicate via a WLAN 130 which can be, e.g.,

802. 11-based network (including, but not limited to 802.11, 802.11b, 802.11a/b, 802. llg, and/or

802.11η) . The AP 110 communicates with any number of external devices (not shown) via a

network 150. In different scenarios, the network 150 may be an Internet, an intranet, or any

other wired, wireless, or optical network. The AP 110 can be configured to provide wireless

communications to the STAs 121, 122 and 123. Depending on the particular configuration, the

STAs 121, 122 and 123 may be a personal computer (PC), a laptop computer, a mobile phone, a

personal digital assistant (PDA), and/or other device configured for wirelessly sending and/or

receiving data. Furthermore, the AP 110 may be configured to provide a variety of wireless

communications services, including but not limited to: Wireless Fidelity (WIFI) services,

Worldwide Interoperability for Microwave Access (WiMAX) services, and wireless session

initiation protocol (SIP) services. In addition, although all the STAs 121, 122 and 123

communicate with the AP 110 in this embodiment, direct peer-to-peer communication between

two STAs may be accommodated, with modifications to the WLAN system 100, as will be

apparent to those skilled in the art.

[0013] FIG. 2 is a block diagram of the AP 110 shown in FIG. 1. The AP 110 may, for

example, include a processing device 210, a wireless network interface 220, a network interface

230, a memory 240, and a mass storage 250. Each of these devices is connected across a data

bus 200.

[0014] The processing device 210 may include, for example, a central processing unit (CPU),

a semiconductor based microprocessor (in the form of a microchip), a macroprocessor, one or

more ASICs, a plurality of suitably configured digital logic gates, or generally any device for

executing instructions.

[0015] The wireless network interface 220 and the network interface 230 include various

components used to transmit and/or receive data/frames over a network environment. By way

of example, either the wireless network interface 220 or the network interface 230 may include a

device that can communicate with both inputs and outputs, for example, a

modulator/demodulator (e.g., a modem), a wireless (e.g., radio frequency (RF)) transceiver, a

telephonic interface, a bridge, a router, or a network card. The AP 110 uses the wireless

network interface 220 to communicate with the STAs 121, 122 and 123, and uses the network



interface 230 to communicate with the network 150. The wireless network interface 220 and

the network interface 230 may be combined into one physical unit. The AP 110 may include

multiple antennas (not shown) connected to multiple transceivers (not shown) in the wireless

network interface 220 respectively, and supports multi-user multiple input multiple output

(MU-MIMO) and beamforming.

[0016] The memory 240 may be one of many types of memory devices, including, for

example, a volatile memory element (e.g., RAM, such as DRAM, and SRAM, etc.) and a

nonvolatile memory elements (e.g., flash, ROM, nonvolatile RAM, hard drive, tape, CDROM,

etc.). The memory 240 includes software stored thereon which may include one or more

separate programs, each of which includes a listing of executable instructions for implementing

logical functions. Specifically, the software may include a networking related software which

may includes a communications protocol stack including a physical layer, a link layer, a network

layer and a transport layer. The network related software can be used by the processing device

210 to communicate with the STAs 121, 122 and 123 through the wireless network interface 220.

The network related software can further include instructions that cause the processing device

210 to implement the operations illustrated in FIG. 4 . It should be noted, however, that

operations illustrated in FIG. 4 can also be implemented in hardware or a combination of

software and hardware. The memory 240 may be located inside or outside the processing

device 210, and may be coupled to the processing device 210 by using various well-known

means.

[0017] The mass storage 250 may include any type of storage device configured to store data,

programs, and other information and to make the data, programs, and other information

accessible via the data bus 200. The mass storage 250 may include, for example, one or more

of a solid state drive, hard disk drive, a magnetic disk drive, and optical disk drive, or the like.

[0018] FIG. 3 illustrates an embodiment of the STA, e.g., the STA 121 as an example, shown

in FIG. 1. The STA 121 may, for example, include a processing device 310, a wireless network

interface 320, an input/output (I/O) interface 360, a video adapter 370, a memory 340 and a mass

storage 350. Each of these devices is connected across a data bus 300. Optionally, the STA

121 may also include a network interface 330, which is also connected across the data bus 300.

[0019] The processing device 310 may include any custom made or commercially available

a CPU, which may be based on a microprocessor, a macro processor, or one or more application



specific integrated circuits (ASICs), or a plurality of suitably configured digital logic gates, such

as field-programmable gate arrays (FPGA), or generally any device for executing instructions.

[0020] The I/O interface 360 provides any number of interfaces for the input and output of

data. For example, where the STA 121 is a personal computer (PC), the I/O interface 360 may

interface with user input device which may be a keyboard or a mouse. Where the STA 121 is a

handheld device (e.g., PDA, mobile telephone etc.), the I/O interface 360 may interface with

function keys or buttons, a touch sensitive screen, etc.

[0021] The wireless network interface 320 includes various components used to transmit

and/or receive data over a network environment. By way of example, the wireless network

interface 320 may include, for example, a modulator/demodulator (e.g., a modem), wireless (e.g.,

radio frequency (RF)) transceiver, a telephonic interface, a bridge, a router, or a network card, etc.

The STA 121 can use the wireless network interface 320 to communicate with the AP 110 over

the WLAN 130. In at least some embodiments, the wireless network interface 320 includes a

transceiver (not shown) coupled to multiple antennas which enables the STA 121 to support

MU-MIMO beamforming.

[0022] The memory 340 may include a volatile memory element (e.g., random-access

memory (RAM), such as DRAM, and SRAM, etc.) and a nonvolatile memory element (e.g.,

flash, read only memory (ROM), nonvolatile RAM, etc.). The mass storage 350 may also

include a nonvolatile memory element (e.g., flash, hard drive, tape, CDROM, etc.). The

memory 340 includes software which may include one or more separate programs, each of which

includes a listing of executable instructions for implementing logical functions. Specifically,

the software can include networking related software including a communications protocol stack

which includes a physical layer, a link layer, a network layer and a transport layer. The network

related software may be used by the processing device 310 to communicate with the AP 110

through the wireless network interface 320 and can further include instructions that cause the

processing device 310 to perform the operations described herein in connection with FIG. 4 . It

should be noted, however, that the operations can also be implemented in hardware or a

combination of software and hardware. The memory 340 may be located inside or outside the

processing device 310, and may be coupled to the processing device 310 by using various

well-known means.



[0023] FIG. 4 illustrates a method for transmitting data packets from an AP to STAs

according to an embodiment of the present invention in connection with the network

environment shown in FIG. 1.

[0024] At step 401, the AP sends a management frame (e.g., a beacon frame) to a plurality of

STAs, for example, in a broadcasting manner. The beacon frame includes traffic indication

information which indicates for each of the STAs if a downlink data packet is buffered at the AP

for that STA. The traffic indication information, for example, is a traffic indication map (TIM).

In this embodiment, a downlink data transmission interval includes two periods, e.g., a polling

period and a data delivery period. The downlink data transmission interval is, for example, a

duration of time that is used for downlink data transfer from the AP to a group of STAs (e.g.,

STAs 1, 2 and 3), which includes not only the time for downlink data transfer but also the time

for polling and scheduling. The Polling period is defined as, for example, a window that a

group of STAs (e.g., STAs 1, 2 and 3) are allowed to access the wireless channel to send polling

frames (or a MIMO channel feedback frames). AP gives wireless channel access right to the

STAs in the group only to send the polling frames (MIMO channel feedback frames) in the

polling period. STAs that received the beacon frame correctly and is not included in the group

shall not access the wireless channel. The Data delivery period is defined as, for example, a

window that downlink data transfer from the AP to the group of STAs occurs. The beacon

frame contains data indicating the polling period and the data delivery period. For example, the

beacon frame may include fields that indicate the start time and duration of the polling period,

the start time and duration of the data delivery period, etc. The data delivery period is allocated

after the polling period.

[0025] Restricting the wireless channel access to a smaller group of STAs can significantly

improve the performance by reducing collisions. In this embodiment, the polling period may

be protected by a Network Allocation Vector (NAV) set. That is, only those STAs that are

indicated by the TIM as having downlink data packets buffered at the AP are allowed to send a

polling frame (or a MIMO channel feedback frame). The polling frame includes a power save

poll (PS-Poll) frame or a trigger frame. Hereinafter, the polling frame and the MIMO channel

feedback frame are referred as indication frame for the purpose of illustration.

[0026] The STAs periodically wake up to receive the TIM. After receiving the TIM, each

of the STAs checks if there is a downlink data packet for itself buffered at the AP. The TIM



may contain a list of all association identifiers (AIDs) that have downlink data packets buffered

at the AP. In one example, there may be 2,008 unique AIDs, so the TIM alone may be up to

25 1 bytes. A bitmap may be used to indicate to any STA if the AP has a downlink data packet

buffered for it. Each bit is tied to the AID. When a downlink data packet is buffered for that

AID, the bit is set to 1. If no downlink data packet is buffered, the bit is set to 0 .

[0027] If there is a downlink data packet for the STA buffered at the AP, the STA sends an

indication frame indicating that the station is awake and ready to receive the downlink data

packet. For some stations, the indication frame may be a polling frame (e.g., a PS-poll frame,

or a trigger frame), as shown in FIGS. 5-9. Alternatively, if the STA has information on current

MIMO channel between the AP and the STA, and if the STA can generate MIMO channel

feedback frame which is needed in calculating a weight matrix for MIMO/beamforming for data

transmission to the STA, the STA can send the MIMO channel feedback frame instead of a

polling frame to the AP. The MIMO channel feedback frame is, for example, a beamforming

frame (e.g., compressed beamforming (Comp. BF) frame shown FIGS. 6 and 8). The order and

the time of sending the indication frame is determined based on a predefined function, for

example, based on a relative location/position of this STA within the TIM. For example, if the

TIM bitmap is "0100100100", the STA in the second location sends the indication frame first,

then the STA in the fifth location sends the indication frame, and the STA in the eighth location

sends the indication frame last. The time for sending the indication frame is based on a

function of a location of the identification of the STAwithin the TIM.

[0028] Optionally, the STA may go to a sleep state right after receiving the TIM until the

time for it to send the indication frame in order to reduce power consumption.

[0029] The AP may further indicates in the beacon frame that only those STAs that have

downlink data packets buffered at the AP are allowed to send an indication frame to the AP, and

other STAs are not allowed to send any frame to the AP. For example, one bit information can

be further defined in the beacon frame. If this bit is set to 1, for example, it means that only

those STAs having downlink data packets buffered at the AP are allowed to send an indication

frame.

[0030] At step 403, the AP receives the indication frames from the STAs which have

downlink data packets buffered at the AP. The AP may know from the indication frame that the



STAs can receive downlink data packets in a period before transmission of next beacon frame

including traffic indication information.

[0031] At step 405, the AP sends information indicating wakeup times to the STAs. In this

step, the AP figures out the actual length of each downlink data frame based on packet length and

channel quality. Then the AP figure out the required time duration for delivery of each

downlink frame including the downlink data frame transmission, anticipated ACK frame from

the recipient, required backoff delays between consecutive transmissions, additional signaling

overhead if needed (e.g., sounding and channel feedback for beamforming, Request to Send

(RTSyClear to Send (CTS), etc.) Alternatively, the AP may also figure out the users with

concurrent transmission (using MU-MIMO). Based on the above, the AP first figures out

downlink transmission orders of the STAs. Then the AP figures out the expected transmission

time for each STAwhich gives the wakeup time for each STA.

[0032] The AP sends information indicating the wakeup time (e.g., via an acknowledgement

(ACK) frame or a downlink schedule frame) to the STA which has sent the indication frame to

the AP. At the wakeup time, the STA is awake and monitors the wireless channel so as to

receive the downlink data packet from the AP. In order to make sure that the STA receives the

downlink data packet from the AP, the wakeup time should be no later than the actual

transmission time of the downlink data packet. In case other frames, such as sounding frames,

are necessary to be sent before sending the downlink data packet, the wakeup time should be no

later than the transmission time of the sounding frames. The sounding frames may be, for

example, a null data packet announcement (NDPA) frame and a null data packet (NDP) frame

which are shown in FIGS. 5, 7 and 9 .

[0033] In this embodiment, because the time duration for delivery of the downlink frame is

flexibly determined based on the packet length and the channel quality, the time duration is long

enough to make sure that the STA can receive the complete downlink frame. Furthermore,

since the AP figures out the downlink transmission order of each STA and the transmission time

for each STA, the AP may start to send downlink data to a STA right after that a downlink data

delivery to another STA is finished. Thus, the channel resource is used efficiently and the

channel efficiency is improved.



[0034] In the method shown in FIG. 4, after the STA receives the information indicating the

wakeup time, it may go into the sleep state and do not monitor the wireless channel and do not

send any frame, until the wakeup time for the STA itself, so as to reduce power consumption.

[0035] In some implementations of the method, e.g., in FIGS. 5-8, the AP sends back an

ACK frame, as a response to the indication frame, to the STA. The wakeup time information is

included in the ACK frame. Depending on available data size in the ACK frame, the wakeup

time information can be coarse such that it may not be exactly the same as the actual downlink

data packet transmission time. However, as described above, the wakeup time should be no

later than the actual downlink data packet transmission time, or the transmission time of the

sounding frames. At least part of a duration field in the ACK frame can be used to indicate the

wakeup time information if the ACK frame is sent as a response to a PS-Poll frame. Optionally,

the duration field may be shared by the wakeup time information and the More Data bit

information. The ACK frame may use the lowest modulation and coding scheme (MCS)

available that both the AP and the STA agree to use, without explicitly indicating the used MCS.

The ACK frame may further include frame type information indicating that this frame is for

acknowledgement, and identification of specific acknowledgement.

[0036] In some implementations of the method, e.g., in FIGS. 7-9, a new management frame

(i.e., a downlink (DL) schedule frame) carrying the wakeup time information is sent from the AP

to the STA after the polling period, for example, after all indication frames transmission is

completed, and/or after sending the ACK frame to every STA that has a downlink data packet

buffered at the AP.

[0037] In order to reduce the power consumption of the STA, after receiving the wakeup

time information, the STA may go back to the sleep state until the wakeup time.

[0038] At step 407, the AP sends a downlink data packet to the STA when the STA is

supposed to be awake. This means that the AP will start to send the packet at or later than the

wakeup time of that station. At the wakeup time, the STA is awake and monitors if the current

packet is for the STA itself. If the received packet is not for the STA itself, the STA may either

go back to the sleep state until the next packet or keep monitoring the wireless channel until the

received packet is for itself. When the received packet is for the STA itself, the STA completes

the downlink data packet reception process. The STA may use the following to determine

whether the packet is for itself: the STA receives a physical layer header portion of the packet,



and checks an identification of a receiver of the packet. If the identification of the receiver

includes this STA, it is determined that the packet is for the STA itself. Since the AP sends the

downlink data packet to the STA when the STA is awake, the STA can receive the downlink data

packet properly so that the channel efficiency is increased.

[0039] FIGS. 5-9 illustrate various implementations of the method illustrated in FIG. 4 .

Although FIGS. 5-9 depict three STAs, i.e., STA 1, STA 2 and STA 3 as an example, it is well

known that different numbers of STAs can be included. The AP in FIGS. 5-9 has a structure the

same as or similar to the AP shown in FIG. 2 . Meanwhile, the STAs 1, 2 and 3 have structures

the same or similar to the STA 121 shown in FIG. 3 .

[0040] FIG. 5 illustrates a first implementation of the method of FIG. 4, in which the STA 1

uses normal transmission (i.e., single user transmission), and the STA 2 and STA 3 use

MU-MIMO transmission. The AP has multiple antennas so that the AP is enabled to transmit

downlink data packets to the STA 2 and STA 3 via the MU-MIMO transmission.

[0041] The AP periodically sends a beacon frame including a TIM to the STAs 1, 2 and 3 .

The downlink data transmission interval includes two periods, i.e., the polling period and the

data delivery period. The polling period is protected by a NAV. After receiving the TIM, the

STAs 1, 2 and 3 determine that downlink data packets are buffered at the AP by interpreting the

TIM. The STAs 1, 2 and 3 send polling frames (e.g., PS-Poll frames or trigger frames) 510,

520 and 530 to the AP in different designated times respectively in the Polling period. The AP

responds with ACK frames 511, 521 and 531 to the STA 1, STA 2 and STA 3, respectively in the

polling period. The designated time for sending the polling frame may be calculated according

to the following equation (1):

[0042] T=T0*(N-1)+T1 (1)

[0043] where N denotes the order of the location of the STA within the TIM from the

beginning out of those STAs that the AP has buffered downlink data packets to send; T O denotes

the sum of the transmission time of polling frame, the transmission time of ACK frame, and the

inter packet transmission gap; and T l denotes predetermined time constant from the end of the

beacon frame transmission.

[0044] In another example, the designated time for sending polling frame may be calculated

according to the following equation (2):

[0045] T=T0*(shift(N, N0)-l)+Tl (2)



[0046] where N denotes the order of the location of the STA within the TIM from the

beginning out of those STAs that the AP 40 has buffered data packets to send; N O denotes

predetermined cyclic shift offset value; Shift(x, y) denotes cyclic shift of integer value x with the

offset of y, where the carry over happens if the shifted value is greater than total number of STAs

having downlink data packets buffered at the AP; T O denotes the transmission time of polling

frame, the transmission time of ACK frame, and the inter packet transmission gap; and T l

denotes a predetermined time constant from the end of the beacon frame transmission.

[0047] In the equation (2), T O is further determined by the counter value of current beacon

frame.

[0048] The STAs 1, 2 and 3 may go to the sleep state after receiving the TIM until the

designated times for them to send the polling frames 510, 520 and 530 in order to reduce power

consumption.

[0049] Each of the ACK frames 511, 521 and 531 carries information indicating a wakeup

time for the corresponding STA. In this example, because the AP sends the downlink data

packets to the STA2 and STA 3 via a MU-MIMO transmission, the wakeup time indicated in the

ACK frame 521 for the STA 2 is the same as the wakeup time indicated in the ACK frame 531

for the STA 3 . The STA 1 is wake at the wakeup time indicated in the ACK frame 511, and

monitors the wireless channel between the AP and the STA 1. The wakeup time for the STA 1

is not later than the transmission time of Data 1. After receiving Data 1, the STA 1 sends back

an ACK frame 512 which indicates that the STA 1 receives Data 1 correctly. Afterwards, the

STA 1 goes back to the sleep state until the next data packet.

[0050] For MU-MIMO transmission, at the time the AP sends out the beacon frame

including the TIM, the AP has finished the MU-MIMO scheduling and determined a user pairing

for MU-MIMO. Optionally, in this implementation, if a certain STA do not send a polling

frame (or a MIMO channel feedback frame) to the AP during the polling period, the AP removes

the STA from the scheduled user pairing and the MU-MIMO transmission occurs without

including that STA. For example, if the AP has downlink data packets to send to, for example,

STAs A, B, C within one MU-MIMO group. However, STA C does not send a polling frame

(or a MIMO channel feedback frame) after receiving the TIM in the polling period, the

MU-MIMO transmission happens only to the STAs A and B.



[0051] In this implementation shown in FIG. 5, the STA 2 and STA 3 are in the user pairing.

Before the AP sends Data 2 and Data 3 to the STA 2 and STA 3 via the MU-MIMO transmission,

the AP needs to acquire channel information of the STA 2 and STA 3 . In order to acquire the

channel information of the STA 2 and STA 3, the AP sends a null data packet announcement

(NDPA) frame 540 and a null data packet (NDP) frame 550 to the STA 2 and STA 3 so as to

acquire the channel information of the STA 2 and STA 3. Thus, the wakeup times of the STA 2

and STA 3 are not later than the transmission time of the NDPA frame 540 and the NDP frame

550. The STA 2 and STA 3 have the same wakeup time (the wakeup time indicated in the ACK

frame 521 or the wakeup time indicated in the ACK frame 531). The AP sends the NDPA

frame 540 and the NDP frame 550 to the STA 2 and the STA 3, so as to acquire channel

information of the STAs 2 and 3 by using a sounding protocol. The NDPA frame 540 includes

information of the STAs 2 and 3, also includes information about the first responding STA

among the STAs 2 and 3 . For example, the NDPA frame 540 includes information informing

that the STA2 transmits a beamforming frame as a response of the NDP frame 550 earlier than

the STA 3 . The NDP 550 is sent to the STAs 2 and 3 after a time duration, e.g., a short

interframe space (SIFS) section, after the NDPA frame 540 is sent to the STAs 2 and 3 .

[0052] In this implementation shown in FIG. 5, the STA 2 has a response priority to the NDP

frame 550. The STA 2 checks that it first sends the beamforming frame (e.g., the compressed

beamforming (Comp. BF) frame) 542 as the response of the NDP frame 550. Therefore, the

STA 2 sends the Comp. BF frame 542 including the channel information of the STA 2 to the AP

after the NDP frame 550 is sent to the STAs 2 and 3.

[0053] The AP sends a beamforming report poll (BF rep. poll) frame 560 to the STA 3 so as

to implement the sounding of the remaining STA 3, that is, acquire the channel information of

the STA 3 . The STA 3 receives the BF rep. poll frame 560 and sends a Comp. BF frame 543

including the channel information of the STA 3 to the AP.

[0054] The AP acquires the channel information of the STAs 2 and 3 from the Comp. BF

frames 542 and 543, and then in order to transmit Data 2 and Data 3 to the STAs 2 and 3 through

the beamforming according to the MIMO scheme, generates a weight matrix necessary for the

beamforming by using the channel information. Afterwards, the AP sends Data 2 and Data 3 to

the STAs 2 and 3 according to the MIMO scheme. Here, the AP generates the weight matrix

for beamforming for each of the STAs 2 and 3 according to the MIMO scheme, or generates the



weight matrix for simultaneously beamforming for the STAs 2 and 3 according to a MU-MIMO

scheme.

[0055] The AP sends Data 2 and Data 3 to the STAs 2 and 3 through the MU-MIMO

transmission. In this example, Data 2 is for the STA 2, and Data 3 is for the STA 3 . After the

STAs 2 and 3 receives Data 2 and Data 3, the STAs 2 and 3 transmit an ACK frame 522 and an

ACK frame 532 to the AP, respectively. Afterwards, the STAs 2 and 3 go back to the sleep

state.

[0056] FIG. 6 illustrates a second implementation of the method shown in FIG. 4 . In this

implementation, the AP considers the STAs 2 and 3 are able to receive downlink data packets if

the AP receives the Comp. BF frames 620 and 630 instead of polling frames. The Comp. BF

frames 620 and 630 include channel information of the STAs 2 and 3 which are needed in

calculating a weight matrix for MIMO/beamforming for data transmission to the STAs 2 and 3 .

In this implementation shown in FIG. 6, because the channel information of the STAs 2 and 3 are

sent to the AP via the Comp. BF frames 620 and 630 in the polling period, the AP does not need

to send a NDPA frame and a NDP frame to the STAs 2 and 3 in the data delivery period as

needed in the implementation shown in FIG. 5 .

[0057] After the STA 1 receives the TIM, the STA 1 sends a polling frame 610 to the AP in

the Polling period. The STAs 2 and 3 send the Comp. BF frames 620 and 630 to the AP in the

Polling period, respectively. The times for sending the polling frame 610, Comp. BF frame 620

and Comp. BF frame 630 may be calculated according to the equation (1) or (2) described above.

The AP sends back an ACK frame 611 including the wakeup time to the STA 1, as a response to

the polling frame 610. The wakeup time for the STA 1 is not later than the actual transmission

time of Data 1. AP sends back the ACK frames 621 and 631 to the STAs 2 and 3 respectively.

The ACK frame 621 includes the wakeup time information for the STA 2, and the ACK frame

63 1 includes the wakeup time information for the STA 3 . Because the AP simultaneously sends

Data 2 and Data 3 to the STAs 2 and 3 via the MU-MIMO transmission, the wakeup time for the

STA 2 is the same as the wakeup time for the STA 3. The wakeup times for the STAs 2 and 3

are not later than the actual transmission time of Data 2 and Data 3.

[0058] FIG. 7 illustrates a third implementation of the method shown in FIG. 4 . The

downlink data transmission interval includes a polling period and a data delivery period. The

polling period may be protected by the NAV. Compared with the implementation shown in FIG.



5, instead of sending the information indicating a wakeup time in an ACK frame, the AP sends a

new management frame (e.g., the downlink (DL) schedule frame 700), for example, in a

multicast manner. The DL schedule frame 700 includes information indicating a wakeup time

for every STA having a downlink data packet buffered at the AP, after the polling period, e.g.,

after finishing transmission of the ACK frame to every STA that has a downlink data packet

buffered at the AP. Alternatively, the transmission of the DL schedule frame 700 can be

included in the Data delivery period. For example, the AP sends the DL schedule frame 700 to

the STAs 1, 2 and 3 at the beginning of the Data delivery period.

[0059] In this implementation shown in FIG. 7, the ACK frames 711, 721 and 731 are similar

to the ACK frames 511, 521 and 531 as shown in FIG. 5 . The ACK frames 711, 721 and 731

may also include information indicating a wakeup time if needed.

[0060] FIG. 8 illustrates a fourth implementation of the method shown in FIG. 4 . The

implementation in FIG. 8 is similar to the implementation in FIG. 7 . Compared with the

implementation shown in FIG. 7, the STAs 2 and 3 send Comp. BF frames 820 and 830 to the AP

instead of sending polling frames to the AP. The Comp. BF frames 820 and 830 carry channel

information of the STAs 2 and 3, respectively. The AP sends Data 2 and Data 3 of the STAs 2

and 3 via the MU-MIMO transmission. The information indicating wakeup times for the STAs

1, 2 and 3 is included in the DL schedule frame 800 sent from the AP (e.g., in a multicast manner)

to the STAs 1, 2 and 3 after the polling period. In this implementation, the transmission of the

DL schedule frame 800 may be included in the Data delivery period. For example, the AP

sends the DL schedule frame 800 to the STAs 1, 2 and 3 at the beginning of the Data delivery

period. The wakeup time of the STA 1 is not later than the actual transmission time of Data 1

of the STA 1. The wakeup time of the STA 2 is the same as the wakeup time of the STA 3, and

is not later than the transmission time of Data 2 and Data 3.

[0061] FIG. 9 illustrates a fifth implementation of the method shown in FIG. 4, where no

ACK frame follows each polling frame. After the STAs 1, 2 and 3 send the polling frames 910,

920 and 930 respectively to the AP in the Polling period, the AP sends group ACK information

together with downlink schedule information which indicates wakeup times for the STAs 1, 2

and 3, for example, in a multicast manner. The group ACK information and the downlink

schedule information are included in a same frame, i.e., the DL schedule frame 900 and are sent

to the STAs 1, 2 and 3 after the polling period. In this embodiment, the transmission of the DL



schedule frame 900 may be included in the Data delivery period. For example, the AP sends

the DL schedule frame 900 to the STAs 1, 2 and 3 at the beginning of the Data delivery period.

[0062] FIG. 10 illustrates an exemplary frame format of the DL schedule frame 900 shown in

FIG. 9 . The DL schedule frame 900 may include fields to indicate the group ACK information

together with the downlink schedule information. As shown in FIG. 10, the DL schedule frame

900 includes two parts. The first part is a bit map in which each bit corresponds to a STA from

which the AP expects to receive a polling frame. For example, in the order that these STAs

being paged in the TIM. A value of "1" indicates that the AP successfully receives a polling

frame from the corresponding STA, and a value of "0" indicates that the AP does not receive a

polling frame from the corresponding STA. The second part indicates the wakeup times.

Each "start time" indicates the wakeup time of the corresponding STA. In this example, the AP

may allocate the "start time" only to those STAs that the AP indicates as "1" in the first part of

the DL schedule frame 900, and the order is the same as that in the bit map. Therefore, no

additional indication is needed to figure out a STA corresponding to each "start time"

information.

[0063] The various embodiments described herein are described in the general context of

method steps or processes, which may be implemented in one embodiment by a computer

program product which is accessible from a computer-usable or computer-readable medium

providing program code for use by or in connection with a computer or any instruction execution

system. For the purposes of this description, a computer-usable or computer-readable medium

can be any apparatus that can contain, store, communicate, propagate, or transport the program

for use by or in connection with the instruction execution system, apparatus, or device.

[0064] The medium may be an electronic, magnetic, optical, electromagnetic, infrared,

semiconductor system (or apparatus or device), or a propagation medium. Examples of a

computer-readable medium include a semiconductor or solid state memory, magnetic tape, a

removable computer diskette, a random access memory (RAM), a read-only memory (ROM), a

rigid magnetic disk, and an optical disk. Current examples of optical disks include DVD,

compact disk-read-only memory (CD-ROM), and compact disk-read/write (CD-R/W).



CLAIMS

What is claimed is:

1. An access point for a wireless local area network (WLAN), comprising:

a processing device;

a transceiver; and

a memory having a plurality of instructions stored thereon which, when executed by

the processing device, cause the processing device to cause the transceiver to:

broadcast a beacon frame including information which defines a poll period during which a

group of stations are allowed to send power save poll (PS-Poll) frames;

receive during the poll period a PS-poll frame from a station of the group of stations for

which the access point has a data packet buffered thereon;

send in the poll period an acknowledgement (ACK) frame to the station in response to the

PS-Poll frame;

after the poll period, send a downlink schedule frame to the station, the downlink

scheduling frame comprising information indicating a wakeup time for the station; and

send the data packet to the station at or after the wakeup time.

2 . The access point according to claim 1, wherein the polling period is protected by a

Network Allocation Vector (NAV) set by the access point.

3 . The access point according to claim 1, wherein the beacon frame further comprises

information that defines a data delivery period allocated after the poll period, and the transceiver

sends the downlink schedule frame to the station at the beginning of the data delivery period.

4 . The access point according to claim 1, wherein the downlink schedule frame is a

management frame defined by one of Institute of Electrical and Electronics Engineers (IEEE)

802.11 standards.

5 . The access point according to claim 1, wherein the ACK frame includes the wakeup time.



6 . The access point according to claim 1, wherein the transceiver multicasts the downlink

schedule frame to the station.

7 . The access point according to claim 1, wherein the transceiver sends the data packet to

the station via a multi-user multiple-input multiple-output (MU-MIMO) transmission.

8. A method for data transmission in a wireless local area network (WLAN), comprising:

broadcasting, by an access point (AP), a beacon frame comprising information that defines

a poll period during which a group of stations are allowed to send power save poll (PS -Poll)

frames;

in the poll period, receiving, by the AP, a PS-Poll frame from a station of the group of

stations for which the AP has a data packet buffered thereon;

in the poll period, sending, by the AP, an acknowledgement (ACK) frame to the station in

response to the PS-Poll frame;

after the polling period, sending, by the AP, a downlink schedule frame comprising

information indicating a wakeup time for the station to the station; and

sending, by the AP, the data packet to the station not earlier than the wakeup time.

9 . The method according to claim 8, comprising:

protecting, by the AP, the polling period by setting a Network Allocation Vector (NAV).

10. The method according to claim 8, wherein the beacon frame further comprises

information defining a data delivery period allocated after the polling, and the AP sends the

downlink schedule frame at the beginning of the data delivery period.

11. The method according to claim 8, wherein the downlink schedule frame is a

management frame defined by of one of Institute of Electrical and Electronics Engineers (IEEE)

802.11 standards.

12. The method according to claim 8, wherein the ACK frame comprises the wakeup time.



13. The method according to claim 8, wherein the AP multicasts the downlink schedule

frame to the station.

14. The method according to claim 8, comprising:

indicating, by the AP, to the station a time for sending the PS-Poll frame, wherein the time

for sending the PS-Poll frame is defined as a function of a position of the station in a traffic

information map (TIM) in the beacon frame.

15. The method according to claim 8, wherein the sending the data packet to the station

comprises:

sending, by the AP, the data packet to the station via a multi-user multiple-input

multiple-output (MU-MIMO) transmission, at or after the wakeup time.

16. A station for a wireless local area network (WLAN), comprising:

a processing device; and

a memory having a plurality of instructions stored thereon which, when executed by the

processing device, cause the processing device to implement operations comprising:

receiving from an access point (AP) a beacon frame comprising information that defines a

polling period during which the station is allowed to send a power save poll (PS-Poll) frame;

after determining that the AP has a data packet buffered for the station, sending the PS-Poll

frame to the AP in the polling period;

receiving from the AP an acknowledgement (ACK) frame responsive to the PS-Poll frame

in the polling period;

after the polling period, receiving from the AP a downlink schedule frame comprising

information indicating a wakeup time for the station; and

being awake at the wakeup time, and receiving the data packet sent from the AP.

17. The station according to claim 16, wherein the sending the PS-Poll frame comprises:

sending the PS-Poll frame at a time defined as a function of a position of the station in a

traffic indication map (TIM) included in the beacon frame.



18. The station according to claim 17, wherein the operations further comprise:

after receiving the beacon frame, going into a sleep state until the time of sending the

PS-Poll frame.

19. The station according to claim 16, wherein the beacon frame comprises information

defining a data delivery period allocated after the polling period, and the receiving the downlink

schedule frame from the AP comprises:

receiving the downlink schedule frame at the beginning of the data delivery period.

20. The station according to claim 16, wherein the ACK frame includes the wakeup time.
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