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CSI FEEDBACK MODES AND INDICATION FOR SUB CHANNEL
FEEDBACK IN OFDMA SYSTEMS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority under 35 U.S.C.
§119 from U.S. Provisional Application Number 62/013,616,
entitled “Sub Channel Feedback for OFDMA System,” filed on
June 18, 2014, the subject matter of which is incorporated

herein by reference.

TECHNICAL FIELD

[0002] The disclosed embodiments relate generally to
wireless network communications, and, more particularly, to

feedback process in wireless communications systems.

BACKGROUND
[0003] In IEEE 802.11 wireless systems, channel sounding
and feedback process is commonly used for channel
estimation. In MIMO systems, each channel sounding and
feedback process is followed by a series of MIMO frame
exchange. During channel sounding and feedback, a
transmitting device (initiator) sends a sounding
announcement (e.g., null data packet announcement (NDPA))

followed by a sounding packet (e.g., null data packet

(NDP)) to a receiving device (responder) participating in
the process. The responder estimates the channel during
the preamble portion of the sounding packet. The responder

then feedbacks the average SNR (signal-to-noise ratio) and
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CSI (channel state information) to allow the initiator to
compute the transmit antenna (precoding) weights for MIMO
transmission. Feedback packet may also include other
channel quality metrics such as MCS, BER, SNR/SINR, and
mutual information.

[0004] Feedback of accurate channel quality information
such as SNR and MCS allows the transmitter to make correct
decision regarding transmission bandwidth adjustment as
well as MCS adaptation to improve system performance. In
current implementation, channel quality information is
provided based on a fixed sub-channel (e.g., the sounding
bandwidth) and obtained through a sounding and feedback
protocol. The channel conditions, however, could be
significantly different in different sub-channels due to
frequency selective fading. To have channel quality
information for all sub-channels, multiple requests and
feedbacks are required. This leads to increased system
overhead and channel contention.

[0005] In orthogonal frequency division multiple

access (QFDMA) systems, frequency division multiple

access 1is achieved by assigning different OFDM sub-channels
to different users. OFDMA design can benefit from
multiuser diversity gain. CS8I feedback for multiple users
are required to achieve multiuser diversity gain. However,
the existing CSI/SNR feedback scheme doss not work. In
IEEE 80Z.1llac, CSI feedback is only szupported for the

i= 4 e TNy =y v 4 3 o - Y 3 ey o o e
entire channel of a basic service set

B3S). The MCS
feedback (MFB) for link adaptation will feedback one MCS
for all data subcarriers and one SNR over all data
subcarriers, If the sounding signal occupies 40MHz, then
the SNR/MCS feedback is provided for 40MHz. The same

SNR/MCS feedback is assumed valid for 20MHz sub-channel.
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Such approach is not sufficient for wireless systems where
the transmission bandwidth can range from 160MHz to 20MHz.
This is because the channel conditions could be
significantly different in different sub-channels due to
frequency selective fading. In OFDMA systems, a sub-
channel bandwidth is around 2MHz. As a result, there will
be 40 sub-channels for 80MHz WLAN wide channel and 80 sub-
channels for 160MHz WLAN wide channel. The average SHNR
feedback in MFB is not encugh for QFDMA syvstems because 1t
cannot help transmitter to optimize the sub channel

or OFDMA systems. On the other hand, the

compressed beamforming report will feedback average SNE,

—

cer subcarrier {group) SNR and beamforming matrix on the

i

-

entire channel and have heavy feedback overhead. For

160MHz c¢hannel and 8-stream MU-MIMO case, the max VHT

3

compressed beamforming report size will be cover 200K bits.

-

The compressed beamforming report for the entire channe!

3

may not be n

D

cessary for OFDMA systems.

[0006] A solution is sought to provide sub-channel SNR
feedback and CSI reporting with reduced overhead, and to
provide a mechanism for feedback mode indication in the

sounding protocol for OFDMA systems.

SUMMARY
[0007] A method of indicating feedback mode and providing
corresponding sub-channel feedback in OFDMA systems is
provided. A transmitting device transmits a sounding
announcement frame and a sounding signal to a receiving
device in an OFDMA wireless system. The sounding signal is
transmitted over multiple sub-channels of a wide channel.
The transmitting device also provides a feedback mode

indication. The receiving device estimates channel quality



WO 2015/195050 PCT/SG2015/050168

information based on the received sounding signal and the
feedback mode indication. The receiving device then sends
feedback information to the transmitting device. The
feedback information contains the estimated channel quality
information of a selected set of sub-channels based on the
feedback mode indication.

[0008] In one embodiment, the feedback mode indication is
contained in a station information (STA Info) field in the
sounding announcement frame. In another embodiment, the
feedback mode indication is contained in a polling frame.
In one embodiment, the channel quality information
comprises a sub-channel ID followed by an average signal to
noise ratio (SNR) and a beamforming matrix of each selected
sub—-channel. In another embodiment, the selected set of
sub-channels is predefined or based on a predefined channel
quality threshold.

[0009] Other embodiments and advantages are described in
the detailed description below. This summary does not
purport to define the invention. The invention is defined

by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Figure 1 illustrates a channel sounding and feedback
process with different channel state information feedback
modes and indication in accordance with one novel aspect.
[0011] Figure 2 illustrates a wireless system with
different channel state information feedback modes and
indication in accordance with one novel aspect.
[0012] Figure 3 illustrates a novel feedback frame format
in an IEEE 802.l1llax wireless system.
[0013] Figures 4 illustrates link adaptation feedback with

new feedback modes in an IEEE 802.1lax wireless system.
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[0014] Figure 5 illustrates different feedback modes for
sub-channel SNR and beamforming matrix feedback.

[0015] Figure 6 illustrates a first embodiment of feedback
mode indication.

[0016] Figure 7 illustrates a second embodiment of feedback
mode indication.

[0017] Figure 8 illustrates a third embodiment of feedback
mode indication.

[0018] Figure 9 is a flow chart of a method of providing
feedback mode indication by a transmitter in an OFDMA
wireless communication system.

[0019] Figure 10 is a flow chart of a method of responding
to feedback mode indication by a receiver in an OFDMA

wireless communication system.

DETAILED DESCRIPTION
[0020] Reference will now be made in detail to some
embodiments of the invention, examples of which are
illustrated in the accompanying drawings.
[0021] Figure 1 illustrates a channel sounding and feedback
process with different channel state information feedback
modes and indication in a wireless communication system 100
in accordance with one novel aspect. Wireless system 100
comprises a transmitting device (e.g., an access point AP)
and a plurality of receiving devices (e.g., non-AP stations
STAl, STA2, and STA3). To initiate a channel sounding
procedure, the transmitting device AP first sends a VHT
null data packet announcement (NDPA 101) followed by a
sounding packet (e.g., null data packet (NDP) 102) to
receiving devices STA1-STA3. NDPA 101 is transmitted first
to inform the intended receiving device (e.g., via STA INFO

fields) and NDP 102 is then transmitted for the intended
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receiving devices to estimate the channel. For example, in
NDP 102, the L-STF, L-LTF, L-SIG fields are used for
setting up the protection field against legacy devices.
The signaling information for the NDP signal is carried in
the VHT-SIG-A and the channel estimation is performed on
the LTFs (long training fields). After channel sounding,
transmitting device AP also sends downlink (DL) data
packets to the STAs (not shown). Typically, the channel
sounding is sent over a wide channel. 1In an OFDMA system,
the DL data packets are sent to multiple users over
different sub-channels. Note that a sub channel can be
defined as a set of subcarriers. It can be a group of

contiguous subcarriers or a set of non-contiguous

subcarriers. The smallest sub channel is one single
subcarrier. In one example, a group of data subcarriers
(e.g., 26) is also referred to as a resource unit (RU) in

the TIEEE 802.1lax standard.

[0022] Channel sounding and feedback is a procedure to
support transmit beamforming and fast link adaptation.
Feedback on accurate channel quality information such as
accurate SNR/MCS information allows the transmitter to make
correct decision regarding the transmission bandwidth as
well as MCS adaptation to improve system performance.
Moreover, in OFDMA systems, CSI (channel state information)
feedback from multiple users are required to achieve
multiuser diversity gain.

[0023] In the current IEEE 802.11 implementation, the
feedback information is provided based on the current
channel bandwidth. For example, in IEEE 802.1lac, CSI
feedback iz only supported for the entire channel of a
basic service set (B3S). The MCS feedback (MFB) for link

adaptation will feedback one MCS for all data subcarriers
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and one SNR averaged over all data subcarriers. The
average SNR feedback in MFB is not enough for OFDMA
systems. On the other hand, the compressed beamforming
report will feedback average SNR, per subcarrier (group)
SNR and beamforming matrix on the entire channel and may
have heavy feedback overhead. For 160MHz channel and 8-
stream MU-MIMO case, the max VHT compressed beamforming
report size will be over 200K bits. The compressed
beamforming report for the entire channel may not be
necessary for CFDMA systems.

[0024] When OFDMA is supported, one STA will only occupy a
subset of data subcarriers or sub-channels. For MFB,
feedback of average SNR over all data subcarriers cannot
help transmitter to optimize the sub-channel allocation for
OFDMA system. In one novel aspect, sub-channel SNR
feedback is proposed to facilitate and to improve the
performance in OFDMA systems. Similarly, for compressed
beamforming report, the receiver only needs to feedback the
SNR and beamforming matrix for good sub-channels. The
receiver provides SNR and beamforming matrix feedback
information for a subset of all the sub-channels based on a
predefined condition. As a result, more feedback modes are
introduced for OFDMA systems. Furthermore, a mechanism for
feedback mode indication in the sounding protocol is
provided. In the example of Figure 1, the AP provides
feedback mode indication via sounding announcement NDPA 101
or polling frames 103 and 104, and STA1/STA2/STA3 will
feedback the compressed beamforming report to the AP via
frames 111, 121, and 131 with the indicated feedback mode,
respectively.

[0025] Figure 2 illustrates a wireless system 200 with sub-

channel SNR feedback in accordance with one novel aspect.
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Wireless system 200 comprises a transmitting device 201 and
a receiving device 211 communicating with each other via a
wireless SU-MIMO channel 221. Transmitting device 201
comprises memory 202, a processor 203, a MIMO encoder 204,
a beamformer/precoder 205, a feedback mode indication
module 206, and a plurality of transmitters coupled to a
plurality of antennas, respectively. Receiving device 211
comprises memory 212, a processor 213, a decoder 214, a
channel estimation module 215, a sub-channel feedback
module 216, and a plurality of receivers coupled to a
plurality of antennas, respectively. SU-MIMO channel 221
is formed by the plurality of transmitting antennas of
transmitting station 201 and the plurality of receiving
antennas of receiving station 211. Those skilled in the
art would realize that “antenna” is used in a logical
context, and may not necessarily be referred to as the
physical antenna structure. SU-MIMO communication promises
large gains for both channel capacity and reliability,
essentially via the use of spatial-time codes and transmit
beamforming (diversity gain oriented) combined with spatial
stream multiplexed transmission (rate maximization
oriented). Although SU-MIMO channel is illustrated in
Figure 2, the present invention is not limited to SU-MIMO.
In OFDMA systems, MU-MIMO over different sub-channels may
also be supported.

[0026] The various function modules may be implemented and
configured by software, firmware, hardware, and any
combination thereof. The function modules, when executed
by the processors (via program instructions contained in
the memory), interwork with each other to allow the
transmitting and receiving devices to perform certain

embodiments of the present invention accordingly. For
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example, at the transmitter side, transmitting device 201
transmits a sounding signal to receiving device 211 and
provides feedback mode indication. At the receiver side,
receiving device 211 decode the sounding signal via decoder
214 and estimates the channel based on the received
sounding signal via channel estimation module 215. The
receiving device 211 then feedbacks the sub-channel SNR
(signal-to-noise ratio) and CSI (channel state information)
to the transmitting device 201 via a feedback channel 222.
The feedback information comprises SNR/CSI information for
a subset of all the sub-channels based on a predefined
condition to reduce overhead. The actual feedback mode is
indicated by the transmitting device 201 via feedback mode
indication module 206.

[0027] Figure 3 illustrates a novel feedback frame format
in an IEEE 802.llax wireless system. In the example of
Figure 3, a MAC frame 300 contains a HT (high throughput)
control field, which further contains an MCS request (MRQ)
subfield, an MCS sequence identifier (MSI) subfield, an MFB
sequence identifier/LSB of Group ID (MFSI/GID-L) subfield,
a VHT N_STS, MCS, BW and SNR feedback (MEFB) subfield, an
MSB of Group ID (GID-H) subfield, coding type of MFB
response (Coding Type) subfield, transmission type of MEB
response (FB Tx Type) subfield, unsolicited MFB subfield,
AC constraint subfield, and RDG/More PPDU subfield. The
MFB subfield 310 further contains a number of spatial
streams (N_STS) subfield, an MCS subfield, a bandwidth (BW)
subfield, and an SNR subfield.

[0028] When MFB is requested, a traditional MFB subfield in
802.11lac contains the number of spatial streams, modulation
and coding scheme (MCS), data transmission rate, bandwidth,

and SNR information. In the example of Figure 3, the
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receiving device provides the MFB subfield feedback
information for a subset of selected sub-channels of a
160MHz wide channel. For example, the MFB subfield 310
contains the sub-channel ID, number of the streams for each
sub channel, MCS recommended for each sub channel, and
average SNR information for each sub-channel. Different
sub-channel feedback modes for MCC, SNR and beamforming
matrix can be supported.

[0029] Figures 4 illustrates link adaptation feedback with
new feedback modes in an IEEE 802.1llax wireless system. In
the existing MCS feedback, only one MFB field in the VHT
variant HT control field can only feedback one recommended
MCS and one average SNR. The SNR is averaged over all data
subcarriers and all spatial streams. To do the link
adaptation for OFDMA systems, the link adaptation feedback
should be able to feedback SNR and MCS for a set of sub
channels. The new HT control middle subfield of the llax
variant HT control field includes a sub channel list, the
number of streams for each sub channel, the MCS recommended
for each sub channel, and the average SNR for each sub
channel. In the example of Figure 4, the MFB sub field 410
includes the number of MEFB fields followed by each MFB
field. Each MFB field includes a resource unit (RU) id
followed by a traditional MFB subfield. The resource unit
refers to a sub channel having a group of predetermined
number of data sub carriers.

[0030] Figure 5 illustrates different feedback modes for
sub-channel SNR and beamforming matrix feedback. 1In
feedback mode #1, each STA feedback the sub-channel SNR and
the beamforming matrix for a set of sub channels. The
selection of the sub-channel set can be a set of sub

channels indicated by the AP, a set of sub channels with

10
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highest SNR, or a set of sub channels with SNR higher than
a predefined threshold. The feedback information includes
a sub-channel id, the SNR for the sub channel or SNR for
each spatial stream on the sub channel, and the beamforming
matrix for each sub carrier on the sub channel or each
group of sub carriers on the sub channel.

[0031] In feedback mode #2, each STA feedback the sub-
channel SNR for a set of sub channels. The method of
selecting the set of sub channels to feedback is the same
as feedback mode #1. This mode #2 is suitable for OFDMA
without beamforming. The feedback information includes a
sub-channel id and the SNR for the sub channel for each
selected sub channel.

[0032] In feedback mode #3, each STA feedback the average
SNR or minimum SNR of a set of sub channels and feedback
the sub-channel ID list in this set.

[0033] In feedback mode #4, each STA feedback the average
SNR or minimum SNR for a predefined set of sub channels and
the identification of the predefined sub-channel set. For
example, when the predefined sub-channel set ID=1, the sub-
channel set to feedback is all the odd sub channels. If
one sub channel is defined as one sub carrier, the average
SNR for all odd sub carriers will be fed back.

[0034] In feedback mode #5, each STA feedback the ID of a
predefined sub-channel set and the SNR for each sub channel
in the predefined sub-channel set.

[0035] In feedback mode #6, each STA feedback the ID of a
predefined sub-channel set, the SNR and the beamforming
matrix for each sub channel in the predefined sub-channel
set. To support the various feedback modes, a feedback

mode indication is needed. The feedback mode indication

11
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can be placed in NDP announcement frame or beamforming
report poll frame.

[0036] Figure 6 illustrates a first embodiment of feedback
mode indication. In the first embodiment, feedback mode is
indicated via a new 802.1lax null data packet announcement
(NDPA) frame 610. NDPA frame 610 comprises a frame control
field, a duration field, an RA field, a TA field, a
plurality of station information (STA Info) fields, and
FCS. Each of the STA Info field further comprises a 12-bit
AID, a feedback type element indicating SU/MU MIMO
feedback, an Nc index for MU-MIMO, and a new feedback mode
element. The feedback mode element is used to indicate a
specific feedback mode for the corresponding STA to provide
associated feedback information. The feedback mode element
further comprises a feedback mode ID and an optional
feedback configuration (CONFIG) field if necessary. For
example, mode ID = 2 indicates feedback the SNR for the
strongest N sub channels, and CONFIG field can provide the
number N of sub channels to feedback or an SNR threshold.
However, under the first embodiment, the NDPA frame has a
new frame format for 802.1lax and does not support legacy
STAs. The transmitting AP needs to perform the sounding
and feedback mechanism separately for legacy STAs and
802.1lax STAs.

[0037] Figure 7 illustrates a second embodiment of feedback
mode indication. In the second embodiment, feedback mode
is indicated via a new 802.1lax feedback poll frame 710.
Feedback poll frame 710 comprises a frame control field, a
duration field, an RA field, a TA field, a feedback segment
retransmission bitmap, a feedback mode field, and FCS.
Similar to the first embodiment, the feedback mode field is

used to indicate a specific feedback mode for the

12
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corresponding STA to provided associated feedback
information. The feedback mode field further comprises a
feedback mode ID and an optional feedback configuration
(CONFIG) field if necessary. For example, mode ID = 2
indicates feedback the SNR for strongest N sub channels,
and CONFIG field can provide the number N of sub channels
to feedback or an SNR threshold.

[0038] In the existing sounding protocol, the beamforming
poll will not be sent to the first feedback STA. Referring
back to Figure 1, for example, the first STAl provides
compressed beamforming feedback 111 right after NDPA 101
and NDP 102. As a result, the first STAl does not know
which feedback mode to apply if the feedback mode
indication is provided only in the subsequent polling frame
103 or polling frame 104. Therefore, while STA2 and STA3
are provided with feedback mode indication via the polling
frames, another mechanism is needed for feedback mode
indication for the first feedback STAL.

[0039] In one novel aspect, a reserved field in the
sounding dialog token field can be used for such
indication. As illustrated in Figure 7, NDPA frame 720
comprises a sounding dialog token, which further comprises
a 2-bit reserved field and a 6-bit sounding dialog token
number. If the first STA is a legacy STA or will feedback
the compressed beamforming report as defined in 802.1lac,
then the reserved bits will be set to 00. If the first STA
needs to be indicated its feedback mode, then the reserved
bits will be set to other wvalue such as 01. When the
reserved bits are set to 01, then the first feedback STA
will wait for a feedback poll before it start to feedback.
Alternatively, the reserved bits in the sounding dialog

token can also be used to indicate two most widely used

13
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feedback modes. For example, bits “10” indicates feedback
SNR for each subcarrier and bits “11” indicates feedback
the SNR and beamforming matrix of a set of subcarriers with
the highest SNR.

[0040] Figure 8 illustrates a third embodiment of feedback
mode indication. In the third embodiment, feedback mode is
indicated via an existing null data packet announcement
(NDPA) frame 810 and keep backward compatibility. NDPA
frame 810 comprises a frame control field, a duration
field, an RA field, a TA field, a plurality of station
information (STA Info) fields, and FCS. NDPA frame 810 can
be modified to include the feedback mode indication without
changing the frame format such that backward compatibility
with 802.11lac is achieved. TIf the STA is a legacy STA,
then the STA info field remains the same as defined in
802.11ac (e.g., AID, feedback type, and Nc Index). If the
STA is an 802.l1lax STA, then the STA Info field is revised
to comprise a 12-bit AID and a 4-bit feedback mode
indication, as depicted by STA Info field 820. For
802.11ax STAs, however, four bits may not be enough for
feedback mode indication.

[0041] When the four-bit field is not enough for feedback
mode indication, multiple STA fields can be combined
together for feedback mode indication. As depicted by the
STA info field 830, two STA info fields are combined
together for feedback mode indication. For example, both
AIDs of the two STA info fields are for the same STAlL.
Feedback segment 1 can be feedback type + Nc index, the
same as defined in 802.l1lac. Feedback segment 2 can be
feedback mode. In addition, more STA info field can be
combined and there can be a feedback segment 3 to indicate

the feedback mode configuration. Because the feedback mode

14
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indication is provided in NDPA frame instead of in polling
frame, an 802.1lax STA knows the feedback mode earlier and
can perform corresponding channel estimation accordingly.
For example, 1f the STA only needs to feedback SNR for a
predefined subset of sub-channels, then the STA will
compute SNR for those sub-channels. On the other hand, if
the STA knows the feedback mode upon receiving the polling
frame, then the STA needs to perform channel estimation on
all sub-channels regardless of the actual feedback mode.
However, combining more STA info fields wastes the
redundant AID bits.

[0042] To avoid the waste of bits for duplicate AIDs,
multiple 802.1lac STA info fields can be combined as an
802.1lax STA info field 840. 1In the example of STA info
field 840, the 802.1llax STA info field had a total of 32
bits, double the size of an 802.1lac STA info field. Bits
0-11 are used for AID, bits 12-31 are all used for feedback
indication, including feedback type, Nc Index, feedback
mode ID, and feedback mode configuration. There is no
duplicate AID in this format. However, if bits 16-27
happen to be the same as an AID in the BSS, then this
format may have ambiguity. To solve this problem, a l-bit
format indication can be placed in the 802.1lax STA info
field. If bits 16-27 conflict with an AID in the BSS, then
set the format indication bit and use the format as
depicted by STA info field 830.

[0043] Figure 9 is a flow chart of a method of providing
feedback mode indication by a transmitting device in an
OFDMA wireless communication system. In step 901, a
transmitting device transmits a sounding announcement frame
to a receiving device in an OFDMA wireless system. In step

902, the transmitting device transmits a sounding signal

15
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over a wide channel. The sounding signal is transmitted
over multiple sub-channels of the wide channel. In step
903, the transmitting device provides a feedback mode
indication to the receiving device. In step 904, the
transmitting device receives feedback information from the
receiving device. The feedback information contains
estimated channel quality information of a selected set of
sub-channels based on the feedback mode indication. In one
example, the feedback mode indication is contained in a
station information (STA Info) field in the sounding
announcement frame. In another example, the feedback mode
indication is contained in a polling frame.

[0044] Figure 10 is a flow chart of a method of responding
to feedback mode indication by a receiving device in an
OFDMA wireless communication system. In step 1001, a
receiving device receives a sounding announcement frame
from a transmitting device in an OFDMA wireless system. In
step 1002, the receiving device receives a sounding signal
over a wide channel. The sounding signal is transmitted
over multiple sub-channels of the wide channel. In step
1003, the receiving device estimates channel quality
information based on the received sounding signal and based
on a feedback mode indication provided by the transmitting
device. In step 1004, the receiving device sends feedback
information to the transmitting device. The feedback
information contains estimated channel quality information
of a selected set of sub-channels based on the feedback
mode indication. In one example, the channel quality
information comprises a sub-channel ID followed by an
average signal to noise ratio (SNR) and a beamforming

matrix of each selected sub-channel. 1In another example,
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the selected set of sub-channels is predefined or based on
a predefined channel quality threshold.

[0045] Although the present invention has been described in
connection with certain specific embodiments for
instructional purposes, the present invention is not
limited thereto. Accordingly, various modifications,
adaptations, and combinations of various features of the
described embodiments can be practiced without departing

from the scope of the invention as set forth in the claims.
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CLATIMS

What 1s claimed is:

1. A method comprising:

(a) transmitting a sounding announcement frame by a
transmitting device to a receiving device in an OFDMA
wireless system;

(b) transmitting a sounding signal over a wide
channel, wherein the sounding signal is transmitted over
multiple sub-channels of the wide channel;

(c) providing a feedback mode indication to the
receiving device; and

(d) receiving feedback information from the receiving
device, wherein the feedback information contains estimated
channel quality information of a selected set of sub-

channels based on the feedback mode indication.

2. The method of Claim 1, wherein the feedback mode
indication is contained in a station information (STA Info)

field in the sounding announcement frame.

3. The method of Claim 2, wherein multiple IEEE 802.1llac
STA Info fields are combined together for the feedback mode

indication.

4. The method of Claim 2, wherein multiple IEEE 802.1llac
STA Info fields are combined together to form a new IEEE
802.1lax STA info field.

5. The method of Claim 1, wherein the feedback mode

indication is contained in a polling frame.

18



WO 2015/195050 PCT/SG2015/050168

6. The method of Claim 5, wherein a reserved field of a
sounding dialog token in the sounding announcement frame

contains the feedback mode indication.

7. The method of Claim 1, wherein the channel quality
information comprises a sub-channel ID followed by an
average signal to noise ratio (SNR) and a beamforming

matrix of each selected sub-channel.

8. The method of Claim 1, wherein the selected set of sub-
channels is either predefined or is based on a predefined

channel quality threshold.

9. A method comprising:

(a) receiving a sounding announcement frame
transmitted from a transmitting device by a receiving
device in an OFDMA wireless system;

(b) receiving a sounding signal over a wide channel by
the receiving device, wherein the sounding signal is
transmitted over multiple sub-channels of the wide channel;

(c) estimating channel quality information based on
the received sounding signal and based on a feedback mode
indication provided by the transmitting device; and

(d) sending feedback information to the transmitting
device, wherein the feedback information contains the
estimated channel quality information of a selected set of

sub—-channels based on the feedback mode indication.

10. The method of Claim 9, wherein the feedback mode

indication is contained in a station information (STA Info)

field in the sounding announcement frame.
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11. The method of Claim 9, wherein the feedback mode

indication is contained in a polling frame.

12. The method of Claim 9, wherein the channel quality
information comprises a sub-channel ID followed by an
average signal to noise ratio (SNR) and a beamforming

matrix of each selected sub-channel.

13. The method of Claim 9, wherein the selected set of
sub-channels is either predefined or is based on a

predefined channel quality threshold.

14. The method of Claim 9, wherein the receiving device
also feedbacks recommended modulation and coding scheme

(MCS) information for each of the selected sub-channels.

15. A wireless station comprising:

a receliver that receives a sounding announcement frame
transmitted from a transmitting device in an OFDMA wireless
system, wherein the receiver also receives a sounding
signal over a wide channel, and wherein the sounding signal
is transmitted over multiple sub-channels of the wide
channel;

a channel estimation module that estimates channel
quality information based on the received sounding signal
and based on a feedback mode indication provided by the
transmitting device; and

a feedback module that sends feedback information to
the transmitting device, wherein the feedback information
contains the estimated channel quality information of a
selected set of sub-channels based on the feedback mode

indication.
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16. The STA of Claim 15, wherein the feedback mode
indication is contained in a station information (STA Info)

field in the sounding announcement frame.

17. The STA of Claim 15, wherein the feedback mode

indication is contained in a polling frame.

18. The STA of Claim 15, wherein the channel quality
information comprises a sub-channel ID followed by an
average signal to noise ratio (SNR) and a beamforming

matrix of each selected sub-channel.

19. The STA of Claim 15, wherein the selected set of sub-
channels is either predefined or is based on a predefined

channel quality threshold.

20. The STA of Claim 15, wherein the receiving device also

feedbacks recommended modulation and coding scheme (MCS)

information for each of the selected sub-channels.
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