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FEEDBACK AND RETRANSMISSION
FORMAT OF HARQ PROTOCOL

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 17/022,366, filed on Sep. 16, 2020 titled
“FEEDBACK AND RETRANSMISSION FORMAT OF
HARQ PROTOCOL”, which claims the benefit of and
priority to U.S. Provisional Application Ser. No. 62/932,937
filed Nov. 8, 2019 titled “HARQ: FEEDBACK AND
RETRANSMISSION,” the disclosures of which are incor-
porated herein by reference in their entireties.

FIELD

The implementations discussed herein relate to feedback
and retransmission format of a Hybrid Automatic Repeat
Request (HARQ) protocol.

BACKGROUND

Unless otherwise indicated in the present disclosure, the
materials described in the present disclosure are not prior art
to the claims in the present application and are not admitted
to be prior art by inclusion in this section.

Some wireless communication standards, such as some
Wi-Fi standards, implement Link Adaptation (LA) to adapt
transmissions from a specific transmitter to a specific
receiver to fulfill a certain failure rate requirement. In
particular, the transmitter may adapt its transmission based
on feedback provided by the receiver in the form of a
channel quality indicator. The transmitter may determine,
based on the feedback, an appropriate transmission scheme
to fulfill the failure rate requirement.

The subject matter claimed in the present disclosure is not
limited to implementations that solve any disadvantages or
that operate only in environments such as those described
above. Rather, this background is only provided to illustrate
one example technology area where some implementations
described in the present disclosure may be practiced.

SUMMARY

In an implementation, a method includes sending wireless
data to a receiver node. The method includes receiving
feedback from the receiver node that identifies a subset of
the wireless data that the receiver node failed to receive
correctly and that includes a token value as a label for the
subset of the wireless data as a group. The method includes
constructing retransmission wireless data that includes the
subset of the wireless data and the token value. The method
includes sending the retransmission wireless data to the
receiver node. The receiver node may be a first client device.
The method includes allocating, at an AP, a first set of token
values to the first client device in a network served by the
AP. The method includes allocating, at the AP, a second set
of token values to a second client device in the network, the
second set of token values not overlapping with the first set
of token values. The method includes notifying the first
client device of the first set of token values for retransmis-
sions requested by the first client device. The method
includes notifying the second client device of the second set
of token values for retransmissions requested by the second
client device.
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In another implementation, a method includes sending
wireless data to a receiver node. The method includes
receiving feedback from the receiver node that identifies a
subset of the wireless data that the receiver node failed to
receive correctly and that includes a token value as a label
for the subset of the wireless data as a group. The token
value includes at least a portion of a unique identifier of the
receiver node. The method includes constructing retransmis-
sion wireless data that includes the subset of the wireless
data and the token value. The method includes sending the
retransmission wireless data to the receiver node.

In another implementation, a method includes sending
wireless data to a receiver node. The method includes
receiving feedback from the receiver node that identifies a
subset of the wireless data that the receiver node failed to
receive correctly and that includes a token value as a label
for the subset of the wireless data as a group. The method
includes constructing retransmission wireless data that
includes the subset of the wireless data and the token value.
The method includes sending the retransmission wireless
data to the receiver node. The method includes sending
second retransmission wireless data to a second receiver
node. The retransmission wireless data and the second
retransmission wireless data are sent to the receiver node
and the second receiver node in a same signaling frame. The
retransmission wireless data and the second retransmission
wireless data have orthogonal encoding or a retransmission
signal field of the signaling frame is separated into a first
field for the receiver node and a second field for the second
receiver node.

In another implementation, a method includes receiving
wireless data from a sender node at a receiver node, the
wireless data including multiple codewords. The method
includes failing to receive correctly a subset of the plurality
of codewords. The method includes generating feedback
that identifies at least the subset of the codewords for
retransmission by the sender node. The method includes
sending the feedback to the sender node to request retrans-
mission by the sender node of at least the subset of the
codewords. At least one of the following applies: the feed-
back enables or disables HARQ retransmission at the sender
node; the feedback has a format type selected from among
multiple format types understandable by the sender node and
the feedback identifies the format type; the feedback
includes a token value as a label for the subset of the
codewords as a group; or a transmission parameter of the
receiver node to send the feedback to the sender node is
selected based on a channel quality indicator of a channel
from the receiver node to the sender node. The feedback
enables or disables HARQ retransmission at the sender node
based on a quantity of the subset of the codewords. The
feedback enables HARQ retransmission at the sender node
if the quantity of the subset of the codewords is less than a
threshold by requesting retransmission by the sender node of
at least the subset of the codewords without requesting
retransmission of all of the codewords. The feedback dis-
ables HARQ retransmission at the sender node if the quan-
tity of the subset of the codewords is greater than the
threshold by requesting retransmission by the sender node of
all of the codewords.

BRIEF DESCRIPTION OF THE DRAWINGS

Example implementations will be described and
explained with additional specificity and detail through the
use of the accompanying drawings in which:
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FIG. 1 is a block diagram of an example wireless local
area network in which a HARQ protocol may be imple-
mented;

FIGS. 2A-2F illustrate various example bitmaps as code-
word-level HARQ feedback with different format types;

FIG. 3 illustrates a flowchart of an example method to
perform HARQ from the point of view of a sender node;

FIG. 4 illustrates a flowchart of an example method to
perform HARQ from the point of view of a receiver node;
and

FIG. 5 illustrates a block diagram of an example com-
puting system that may be used to perform or direct perfor-
mance of one or more operations described according to at
least one implementation of the present disclosure.

DETAILED DESCRIPTION

LA may ensure that transmissions in a wireless network
are successful most of the required time (depending on the
failure rate requirement) with certain transmission param-
eters, such as a particular modulation and coding scheme
(MCS), for current channel conditions. In some circum-
stances, the supported transmission parameter(s) may pro-
vide lower throughput or data rate than is required or
expected.

When the throughput or data rate is lower than required or
expected, it can be addressed by, e.g., the receiver discarding
the received data which was not received correctly, e.g.,
received data which was not decoded successfully, and
asking for a retransmission of the data from the transmitter.
The transmitter may select a lower MCS than the original
data to ensure—or at least increase the likelihood—that on
the retransmission the data is received correctly at the
receiver. This process may be referred to as Automatic
Repeat Request (ARQ).

Alternatively, rather than reducing the transmission
parameters (e.g., MCS) to lower levels, the receiver may
store the data that failed to receive correctly and send
feedback to the transmitter to request retransmission of the
data or a punctured version of the data one or more times.
The receiver may then combine the data from the original
transmission and one or more resulting retransmissions and
correctly receive the data based on the combination. This
process may be referred to as HARQ.

Some implementations herein relate to feedback and
retransmission formats for HARQ protocols and how these
are implemented. The feedback may be codeword-level
feedback where the number of codewords in each transmis-
sion is relatively large. The feedback may include a bitmap
that has fewer bits than the number codewords in the
transmission. Implementations described herein may imple-
ment as codeword-level feedback bitmaps with any one or
more of various format types in which the bitmap has fewer
bits than the number of codewords in the transmission.
Where the transmitter and receiver both understand multiple
format types, the feedback may also identify the particular
format type of the feedback in the feedback itself, e.g., in a
corresponding field of a feedback packet.

Alternatively or additionally, the receiver may enable or
disable HARQ at the transmitter depending on a number of
the failed codewords. For example, if the number of failed
codewords is relatively low, e.g., below a threshold, the
receiver may enable HARQ at the transmitter by requesting
retransmission of just the failed codewords. On the other
hand, if the number of failed codewords is relatively high,
e.g., above the threshold, the receiver may disable HARQ at
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the transmitter by requesting retransmission of the entire
original transmission rather than just the failed codewords.

The feedback generated by the receiver may include a
token value to identify multiple failed codewords together as
a group. As such, the retransmission generated by the sender
node and sent to the receiver node may include the token
value to identify the group as a whole, which may require
less overhead than identifying each of the failed codewords
of the group individually. In some implementations, the
receiver may include in the feedback multiple token values,
e.g., one each for each of multiple groups of failed code-
words. The use of multiple token values to break up a large
number of failed codewords into multiple groups allows the
transmitter to divide retransmission of the failed codewords
across multiple packets.

Accordingly, some implementations described herein
allow a receiver to dynamically enable or disable HARQ at
the transmitter. The receiver may generate codeword-level
feedback having fewer bits than a number of codewords in
the original transmission received from the transmitter to
reduce overhead of the feedback. The receiver may in some
implementations select any one of multiple possible format
types to optimize the feedback based on, e.g., a pattern of the
failed codewords. The transmitter may retransmit code-
words identified in feedback as failed codewords and may
identify the retransmitted codewords as a group using a
token value, which may significantly reduce retransmission
overhead compared to individually identifying each retrans-
mission codeword.

These and other implementations of the present disclosure
will be explained with reference to the accompanying fig-
ures. It is to be understood that the figures are diagrammatic
and schematic representations of such example implemen-
tations, and are not limiting, nor are they necessarily drawn
to scale. In the figures, features with like numbers indicate
like structure and function unless described otherwise.

FIG. 1 is a block diagram of an example wireless local
area network (WLAN) 100 in which a HARQ protocol may
be implemented. The WLAN 100 includes multiple wireless
nodes 102, 104 A-104N (collectively wireless nodes 104). As
illustrated, the wireless node 102 is implemented as an
access point (AP) and each of the wireless nodes 104 is
implemented as a wireless client device or station (STA).

For example, the wireless node 102 may include a gate-
way, a repeater, a mesh node, and/or other suitable AP for
wireless stations or devices such as the wireless nodes 104.
The wireless node 102 may connect to the Internet and/or a
core network via a bridge, a backhaul link, a base station,
and/or other suitable devices or connections.

Each of the wireless nodes 104 may include a desktop
computer, a laptop computer, a tablet computer, a mobile
phone, a smartphone, a printer, a smart television, a digital
video disc (DVD) player, a security camera, a smart device,
or any other device configured for wireless communication.
The WLAN 100 includes multiple wireless nodes 104.
Although three wireless nodes 104 are illustrated in FIG. 1,
the WLAN 100 can include different numbers (e.g., 1, 2, 4,
5, 6, etc.) of wireless nodes 104 in other implementations.

In these and other implementations, each of the wireless
nodes 102, 104 may implement one or more of the IEEE
802.11 protocols which are contention-based protocols to
handle communications among multiple competing devices
for a shared wireless communication medium on a selected
one of multiple communication channels. The frequency
range of each communication channel is specified in the
corresponding one of the IEEE 802.11 protocols being

implemented, eg. “a”, “b”, “g”, “n”, “aC”, “ad”, “ax”.
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In general, the wireless nodes 102, 104 may be configured
to communicate wirelessly with each other, including send-
ing and receiving wireless data, e.g. in the form of packets.
Each of the wireless nodes 102, 104 may be considered a
sender node when sending data or a receiver node when
receiving data. In various examples described herein, for
instance, the wireless node 102 may transmit and retransmit
data to the wireless node 104A and the wireless node 104A
may receive data and request retransmission of at least some
of the data from the wireless node 102. In these examples,
the wireless node 102 may be referred to as a sender node
102 while the wireless node 104A may be referred to as a
receiver node 104A.

As illustrated in FIG. 1, the sender node 102 includes a
host processor 106 coupled to a network interface 108. The
network interface 108 includes a medium access control
(MAC) layer that includes a MAC processor 110 with or
coupled to a MAC buffer 112 (e.g., a MAC-level transmit
(TX) and/or receive (RX) buffer), and a physical (PHY)
layer that includes a PHY processor unit 114. The PHY
processor unit 114 includes one or more transceivers 116 A-
116N (collectively transceivers 116), and the transceivers
116 are coupled to one or more antennas 118A-118N (col-
lectively antennas 118). The PHY processor unit 114
includes or is coupled to a PHY buffer 120 (e.g., a PHY-level
TX and/or RX buffer). Although two transceivers 116 and
two antennas 118 are illustrated in FIG. 1, the sender node
102 can include different numbers (e.g., 1, 2, 4, 5, etc.) of
transceivers 116 and antennas 118 in other implementations.

As illustrated, the receiver node 104 includes a host
processor 122 coupled to a network interface 124. Similar to
the network interface 108, the network interface 124 may
include both a MAC layer and a PHY layer. In particular, the
network interface 124 includes a MAC processor unit 126
with or coupled to a MAC buffer 128 and a PHY processor
unit 130 with or coupled to a PHY buffer 132. The PHY
processor unit 130 includes one or more transceivers 134 A-
134N (collectively transceivers 134A), and the transceivers
134 are coupled to one or more antennas 136A-136N
(collectively antennas 136). Although two transceivers 134
and two antennas 136 are illustrated in FIG. 1, the receiver
node 104A can include different numbers (e.g., 1, 2, 4, 5,
etc.) of transceivers 134 and antennas 136 in other imple-
mentations.

One or more of the wireless nodes 104B-104N may have
a structure the same as or similar to the receiver node 104A.

In an example, the sender node 102 and the receiver node
104A implement a HARQ protocol. Any suitable HARQ
protocol may be implemented in the WLAN 100 of FIG. 1
and other environments described herein. For example, the
HARQ protocol implemented in the WLAN 100 of FIG. 1
and other environments described herein may include Type
1 HARQ, Type II HARQ, HARQ with soft combining,
HARQ with Chase combining, Incremental Redundancy
HARQ (IR-HARQ), or other suitable HARQ protocol.

In all HARQ implementations in the WLAN 100 and
other environments herein, original wireless data, e.g., wire-
less data being sent for the first time, is sent from the sender
node 102 to the receiver node 104 A (or other wireless node
104). If the receiver node 104 A fails to decode or otherwise
fails to correctly receive some or all of the original wireless
data, retransmission wireless data that includes some or all
of the original wireless data may be sent by the sender node
102 to the receiver node 104A. In some implementations,
the receiver node 104 A may specify specific portions of the
original wireless data that failed to receive correctly to
request that generally only those portions of the original
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wireless data be included in the retransmission packet.
Alternatively or additionally, the retransmission wireless
data may include error correcting information such as for-
ward error correction (FEC) parity bits to decode the origi-
nal wireless data when Type II HARQ is implemented,
and/or additional parity information to decode the original
wireless data when IR-HARQ is implemented.

In HARQ, when the retransmission wireless data includes
all of the original wireless data, the receiver node 104 A may
decode the original wireless data based solely on the retrans-
mission wireless data and exclusive of the failed wireless
data, or the receiver node 104A may soft combine the
retransmission wireless data and the failed wireless data to
decode the original wireless data based on both the retrans-
mission wireless data and the failed wireless data. When the
retransmission wireless data includes some but not all of the
original wireless data, the receiver node 104A may soft
combine the retransmission wireless data and the failed
wireless data to decode the original wireless data based on
both the retransmission wireless data and the failed wireless
data. When the retransmission wireless data includes error
correction information, the receiver node 104A may decode
the original wireless data based on the retransmission wire-
less data, e.g., by applying the error correction information
to the failed wireless data.

For simplicity, the above implementation is described
herein in the context of the sender node 102 sending wireless
data and HARQ retransmissions to the receiver node 104A.
More generally, implementations described herein may
involve sending wireless data and HARQ retransmissions
from one wireless node 102, 104 to another wireless node
104, 102.

In more detail, the sender node 102 prepares data for
transmission as MAC protocol data units (MPDUs) in an
aggregate MPDU (A-MPDU) at the MAC (e.g., at the MAC
processor unit 110) which A-MPDU is changed to code-
words at the PHY (e.g., at the PHY processor unit 114) and
transmitted as wireless data, e.g., in a wireless packet, to the
receiver node 104A. The MPDUs may be buffered in the
MAC buffer 112, e.g., for MPDU-level retransmissions.
Alternatively or additionally, the codewords may be buff-
ered in the PHY buffer 120, e.g., for codeword-level retrans-
missions.

The receiver node 104A receives the wireless data and
processes it at the PHY layer of the receiver node 104A (e.g.,
the PHY processor unit 130). In particular, the PHY pro-
cessor unit 130 receives the wireless data, e.g., a bitstream,
and parses the bitstream into codewords. The PHY processor
unit 130 may error check the codewords for codeword-level
errors and may identify one or more codeword-level errors.
In some implementations, the PHY processor unit 130 may
buffer one or more codewords in the PHY buffer 132, e.g.,
to be combined subsequently with retransmitted codewords
in the HARQ procedure according to a log likelihood ratio
(LLR) combination or other soft combining process.
MPDUs making up an A-MPDU are generated from the
codewords, e.g., by one or both of the PHY processor unit
130 and the MAC processor unit 126. The MAC processor
unit 126 may error check the MPDUs for MPDU-level
errors and may identify one or more MPDU-level errors
(e.g., undecodable or incorrectly decoded MPDUs) and/or
one or more correctly received MPDUs (e.g., successfully
decoded MPDUs). The MAC processor unit 126 may buffer
one or more MPDUs in the MAC buffer 128.

The receiver node 104A may then generate feedback
based on one or both of the error checking at the PHY layer
or the error checking at the MAC layer of the receiver node
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104A. The feedback may identify MPDU-level errors, code-
word-level errors, or both MPDU-level errors and code-
word-level errors. The feedback may be referred to as
two-tier feedback when it identifies both MPDU-level errors
and codeword-level errors. Additional details regarding two-
tier feedback for HARQ are described in U.S. patent appli-
cation Ser. No. 16/676,141 filed Nov. 6, 2019. The 16/676,
141 application is incorporated herein by reference.
Example two-tier feedback may include a negative acknowl-
edgement (NACK) that indicates and/or identifies at least
one of: failed codewords, received codewords, failed
MPDUs, or received MPDUs.

The feedback generated by the receiver node 104A may
be lossless or lossy. Lossless feedback identifies for retrans-
mission by the sender node 102 only codewords that failed
to receive correctly. Lossy feedback identifies for retrans-
mission by the sender node 102 both codewords that failed
to receive correctly and some codewords that were received
correctly.

Alternatively or additionally, the receiver node 104 A may
enable or disable HARQ retransmission at the sender node
102, e.g., based on a quantity of failed codewords (e.g.,
codewords that are not received correctly) or failed MPDUs
(e.g., MPDUs that are not received correctly) of the wireless
data. For example, if the quantity of failed codewords or
failed MPDU s is less than a threshold value, the receiver
node 104A may enable HARQ retransmission at the sender
node 102 by generating feedback that requests retransmis-
sion of the failed codewords or failed MPDUs without
requesting retransmission of all the codewords of the wire-
less data, all the MPDUs of the wireless data, or more
generally the entire wireless data. As another example, if the
quantity of failed codewords or failed MPDUs is greater
than the threshold value, the receiver node 104 A may disable
HARQ retransmission at the sender node 102 by generating
feedback that requests retransmission of all the codewords
of the wireless data, all the MPDUs of the wireless data, or
more generally the entire wireless data.

Where the feedback includes MPDU-level feedback, such
as a Block-ACK, a bitmap of up to 128 bits may be used to
acknowledge the MPDUs. A bitmap of 128 bits or less is
relatively small and does not consume many resources to
transmit to the sender node 102. In comparison, codeword-
level feedback requires a much larger bitmap if there is one
bit per codeword as there are many more codewords than
MPDUs in a wireless packet. Accordingly, in some imple-
mentations described herein, codeword-level feedback is
compressed or otherwise has fewer bits than a per codeword
bitmap. For example, if the wireless data has N codewords,
the feedback may have not more than M bits to identify the
codewords that failed to receive correctly, where M is less
than N.

Implementations described herein include various format
types for codeword-level feedback that has fewer bits than
a per codeword bitmap. Example format types for such
codeword-level feedback include: a grouped codeword bit-
map; a grouped codeword bitmap with failure patterns; a list
of bitmap indices of failed codewords; a list of bitmap start
indices of failed codewords with run length; a probabilistic
data structure; and a compressed per codeword bitmap. Each
of the foregoing format types are described in more detail
elsewhere herein.

The receiver node 104 A may generally generate feedback
with a format type that is understandable by the sender node
102. In some implementations, the receiver node 104A and
the sender node 102 understand multiple format types.
Accordingly, the receiver node 104A may generate the
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feedback with one of the format types and the feedback may
identify the format type. For example, a packet with the
feedback (hereinafter “feedback packet”) sent by the
receiver node 104A to the sender node 102 may include a
signaling field that identifies the format type. Upon receipt
of the feedback packet, the sender node 102 may read the
signaling field to determine the format type to properly
interpret the feedback included in the feedback packet.

Where the receiver node 104A and the sender node 102
understand multiple format types, the receiver node 104A
may identify a pattern of the codewords that failed to receive
correctly. Some patterns of codeword failures may compress
better with one format type than another. Thus, the receiver
node 104A may select the format type based on the pattern
of the codeword failures.

In some implementations, the feedback generated by the
receiver node 104A may include a token value as a label for
the codewords that failed to receive correctly. Alternatively
or additionally, the feedback may include multiple token
values, each corresponding to a different subset of the
codewords that failed to receive correctly. The token value
or values may each uniquely identify a set or subset of
codewords that failed to receive correctly. When the sender
node 102 sends retransmission wireless data, the sender
node 102 may include in the retransmission wireless data a
corresponding token value for each corresponding set or
subset of codewords that is in the retransmission wireless
data. When the receiver node 104A receives the retransmis-
sion wireless data with the token value(s), it may determine
from the token value(s) which retransmission codewords are
included in the wireless data. Using token values in the
retransmission wireless data to identify sets of retransmis-
sion codewords may use substantially less overhead than per
codeword identification.

The receiver node 104A may have a unique identifier
assigned to it, e.g., by the sender node 102. For example,
where the sender node 102 is an AP and the receiver node
104A is a STA, the sender node 102 may allocate a unique
STA ID to each of the receiver node 104A and the other
wireless nodes 104 upon association with the sender node
102. The receiver node 104 A may include at least a portion
of its unique identifier in each token value it generates to
avoid inadvertently using a same token value as other
wireless nodes 104 that may be requesting retransmission
from the sender node 102. Alternatively or additionally, the
sender node 102 may allocate a different set of token values
to each of the receiver node 104A and the other wireless
nodes 104 and may notify them of the token value alloca-
tions so that the receiver node 104A and the other wireless
nodes 104 do not inadvertently request retransmission from
the sender node 102 using the same token value.

In some implementations, a transmission parameter of the
receiver node 104A to send the feedback to the sender node
102 may be selected based on a channel quality indicator of
a channel from the receiver node 104A to the sender node
102. The transmission parameters may include MCS, num-
ber of streams, or other suitable transmission parameters.

The sender node 102 receives the feedback from the
receiver node 104A and may or may not send a HARQ
retransmission depending on the feedback. For example, if
the feedback requests retransmission of failed codewords or
failed MPDUs without requesting retransmission of all the
codewords or all the MPDU s, the sender node 102 may send
a HARQ retransmission, e.g., retransmission wireless data
that includes retransmission codewords or MPDUS corre-
sponding to the failed codewords or MPDUs. Alternatively,
if the feedback requests retransmission of all the codewords,
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all the MPDUs, or more generally all the wireless data (e.g.,
a wireless packet) sent previously, the sender node 102 may
send an ARQ retransmission.

Where the feedback requests retransmission of failed
codewords or failed MPDUs only, the sender node 102, e.g.,
the PHY layer and/or the MAC layer of the sender node 102,
constructs retransmission wireless data, e.g., in the form of
one or more retransmission packets, that may include
retransmission codewords that correspond to the failed code-
words or retransmission MPDUs that correspond to the
failed MPDUs. For example, the PHY layer of the sender
node 102 may retrieve codewords indicated as the failed
codewords in the feedback from the PHY buffer 120 and
may include the retrieved codewords in the retransmission
wireless data as the retransmission codewords.

The retransmission wireless data may be sent to the
receiver node 104A without new data, e.g., in a dedicated
HARQ session in which retransmissions and feedback are
exchanged between the sender node 102 and the receiver
node 104 A until all the wireless data is received correctly or
until a timeout is reached. Alternatively, the retransmission
wireless data may be sent to the receiver node 104 A together
with new wireless data. Additional details regarding dedi-
cated HARQ sessions and retransmission together with
transmission of new data are disclosed in the 16/676,141
application.

In some implementations, multiple wireless nodes 104
may send feedback to request retransmissions from the
sender node 102 and the sender node 102 may send retrans-
mission wireless data to each of the wireless nodes 104 that
have requested retransmissions in a single signaling frame.
For example, the sender node 102 may orthogonally encode,
e.g., on different tones, first retransmission wireless data for
the receiver node 104A and second retransmission wireless
data for the wireless node 104B to send each in the same
signaling frame. As another example, a retransmission signal
field of the signaling frame may be separated into a first field
for the receiver node 104A and a second field for the
wireless node 104B. When the retransmission signal field is
separated into the first and second fields, each of the first and
second fields may end up on different modulated symbols.

FIGS. 2A-2F illustrate various example bitmaps 200A-
200F as codeword-level HARQ feedback with different
format types. For example, the receiver node 104A or other
wireless nodes 104 of FIG. 1 may be configured to generate
feedback with at least one of the format types of FIGS.
2A-2F. Alternatively or additionally, the receiver node
104A, the sender node 102, and/or the other wireless nodes
104 may understand two or more of the format types of
FIGS. 2A-2F and the receiver node 104A may select one of
the format types for its feedback, e.g., based on patterns of
codeword failures or other criteria.

The bitmap 200A of FIG. 2A has a format type of per
codeword bitmap and may be referred to as a per codeword
bitmap 200A. That is, the per codeword bitmap 200A of
FIG. 2A may have a same length as the number of code-
words in the received wireless data (e.g., packet). The length
of the per codeword bitmap 200A of FIG. 2A and other
bitmaps herein is short for illustration purposes; in practice,
the actual length may be longer than illustrated. In the per
codeword bitmap 200A of FIG. 2A, a value of zero in a
position in the per codeword bitmap 200A indicates that the
codeword corresponding to the position was received cor-
rectly, while a value of one in a position indicates that the
codeword corresponding to the position was not received
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correctly and should be retransmitted. The meaning of the
values of zero and one in this and other format types may be
reversed, if desired.

In the per codeword bitmap 200A of FIG. 2A, each
codeword that is not correctly received is individually
identified, e.g., on a per codeword basis. As such, when the
sender receives feedback in the per codeword bitmap 200A,
it may retransmit only those codewords whose bit in the per
codeword bitmap 200A is set to one. Thus, the per codeword
bitmap 200A of FIG. 2A is an example of lossless feedback.

The per codeword bitmap 200A of FIG. 2A requires a
number of bits equal to the number of codewords for the
feedback. Depending on the size of the packet, this could
lead to a payload of codeword-level feedback that is sig-
nificantly higher than MPDU-level feedback. However, in
regular operation, the vast majority of codewords are
expected to be received correctly. As such, it is expected that
the per codeword bitmap 200A will be sparsely populated
with ones, in which case the size of the feedback sent to the
sender node may be reduced by some format types com-
pared to the per codeword bitmap 200A. Examples of format
types that may have reduced size compared to the per
codeword bitmap 200A are described, e.g., with respect to
FIGS. 2B-2F.

The size of the per codeword bitmap 200A of FIG. 2A
may be a concern due to the number of codewords when the
sender node transmits wireless data to the receiver node at
the highest MCS and maximum number of streams. In some
implementations, however, the size of the per codeword
bitmap 200A may not be a problem considering the reci-
procity of the channel/link. For example, if the downlink,
e.g., the link from the sender node to the receiver node, can
support the highest MCS and maximum number of streams
then the uplink, e.g., the link from the receiver node to the
sender node, may also support the highest MCS and maxi-
mum numbers of streams as well. Thus, the size of the per
codeword bitmap 200A of FIG. 2A may not be a problem for
links with good signal to noise ratio (SNR).

The bitmap 200B of FIG. 2B has a format type of grouped
codeword bitmap and may be referred to as a grouped
codeword bitmap 200B. In this and other examples (e.g.,
FIGS. 2C-2F), the receiver node may generate and/or store
locally a per codeword bitmap 202 that is not sent to the
sender. The per codeword bitmap 202 uses a value of zero
or one in each position of the per codeword bitmap to
indicate whether the codeword corresponding to the position
was received correctly or not, e.g., a value of zero may
indicate the codeword was received correctly while a value
of'one may indicate that it was not received correctly, or vice
versa.

To reduce the length of the feedback that the receiver node
sends to the sender node compared to sending the entire per
codeword bitmap 202, the grouped codeword bitmap 200B
of FIG. 2B uses a single bit for each group 204A-204H
(hereinafter collectively “groups 204 or generically “group
204”) of adjacent codewords in the per codeword bitmap
202. If at least one of the codewords in a group 204 is not
received correctly, the corresponding bit in the grouped
codeword bitmap 200B may be set to a value of one. For
example, each of groups 204B, 204C, 204E, 204F, and 204H
has at least one codeword in error such that the second, third,
fifth, sixth, and eighth bits in the grouped codeword bitmap
200B may be set to one. If all codewords in a group 204 are
received correctly, the corresponding bit in the grouped
codeword bitmap 200B may be set to a value of zero. For
example, all the codewords in each of groups 204A, 204D,
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and 204G is received correctly such that the first, fourth, and
seventh bits in the grouped codeword bitmap 200B may be
set to zero.

In the example of FIG. 2B, each group 204 has a length
of four codewords. More generally, each group 204 may
have a length of two or more codewords.

The grouped codeword bitmap 200B of FIG. 2B may be
useful, e.g., when codeword errors appear in clusters. In
some implementations, the receiver node may analyze the
per codeword bitmap 202 for patterns and if it identifies that
the failed codewords appear in clusters, it may use the
grouped codeword bitmap 200B for the feedback sent to the
sender node.

In the grouped codeword bitmap 200B of FIG. 2B, there
is no distinction between different error patterns within a
group 204. As such, when the sender receives the grouped
codeword bitmap 200B as feedback, it may retransmit all
codewords in each group 204 whose bit in the grouped
codeword bitmap 200B is set to one. This may lead to some
codewords that were received correctly at the receiver node
being retransmitted to the receiver node. Thus, the grouped
codeword bitmap 200B of FIG. 2B is an example of lossy
feedback.

The bitmap 200C of FIG. 2C has a format type of grouped
codeword bitmap with failure patterns and may be referred
to as a grouped codeword bitmap with failure patterns 200C.
As in FIG. 2B, in FIG. 2C the receiver node may generate
and/or store locally the per codeword bitmap 202 and may
also generate the grouped codeword bitmap 200B as part of
the grouped codeword bitmap with failure patterns 200C.

In addition, the grouped codeword bitmap with failure
patterns 200C includes pattern codes 206-206F (hereinafter
collectively “pattern codes 206 or generically “pattern code
206”) appended to the grouped codeword bitmap 200B. A
pattern code 206 is appended to the grouped codeword
bitmap 200B for each of the groups 204B, 204C, 204E,
204F, and 204H with at least one codeword in error. In
particular, the pattern code 206A is appended for the group
204B, the pattern code 206B is appended for the group
204C, the pattern code 206C is appended for the group
204E, the pattern code 206D is appended for the group 204F,
and the pattern code 206E is appended for the group 204H.

A dictionary 208 may be used by the receiver node, and
the sender node upon receipt of the grouped codeword
bitmap with failure patterns 200C as feedback, to translate
between failure patterns 210 and pattern codes 206. For
example, the group 204B has a failure pattern of 0 1 0 0
which in the third line of the dictionary 208 translates to the
pattern code 206A of 0 1 0 that is appended to the grouped
codeword bitmap 200B in the grouped codeword bitmap
with failure patterns 200C. Thus, when the sender node
receives the grouped codeword bitmap with failure patterns
200C, it knows from the grouped codeword bitmap 200B
that the group 204B had at least one codeword failure and it
knows from the appended pattern code 206A the specific
failure pattern 210 of the group 204B. As such, the sender
node may include for the group 204B only the second
codeword of the group 204B in the retransmission wireless
data rather than including the entire group 204B.

The length of each of the pattern codes 206 is less than the
length of each of the failure patterns 210. This compresses
the feedback sent back to the sender node compared to
appending the complete failure pattern of each group 204
with at least one failed codeword. In other implementations,
the receiver node may append, instead of pattern codes 206,
a complete failure pattern for each group 204 with at least
one failed codeword to the grouped codeword bitmap 200B.
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Because the length of each of the pattern codes 206 is less
than the length of each of the failure patterns 210, every
possible failure pattern for the groups 204 is not listed in the
dictionary 208. Where a group 204 has a specific failure
pattern that is not listed in the dictionary 208, the receiver
node may append instead any of the pattern codes 206 that
has a failure pattern 210 that encompasses at least the
specific failure pattern 210. For example, the group 204E
has a failure pattern of 1 0 1 0 which is not listed in the
failure patterns 210 of the dictionary 208. However, the last
failure pattern 210 in the dictionary 208 is 1 1 1 1, which
encompasses the failure pattern 1 0 1 0 of the group 204E.
That is, the last failure pattern 210 in the dictionary 208
indicates a failed codeword in at least the same bit positions
(e.g., first and third) as the failure pattern of the group 204E
such that the pattern code 206C of 1 1 1 from the last line
of the dictionary 208 may be appended for the group 204E.
When the sender node receives the grouped codeword
bitmap with failure patterns 200C and reads the pattern code
206C, the sender node may include for the group 204E all
the codewords of the group 204E in the retransmission
wireless data since the pattern code 206C of 1 1 1 specifies
a failure pattern that is over inclusive. In some implemen-
tations, the pattern code of 1 1 1 in the last line of the
dictionary 208 may be used as a catchall for any failure
patterns not specified in the dictionary 208, such as at least
the following failure patterns: 01 01,1010,1001,11
0l,and1011,1110,and 011 1.

While the example of FIG. 2C uses a 4-t0-3 dictionary
208, e.g., a dictionary that encodes four-bit failure patterns
as three-bit pattern codes in the grouped codeword bitmap
with failure patterns 200C, other implementations may use
different dictionaries. For example, other implementations
may use a 4-t0-2 dictionary which would further reduce the
size of the feedback sent to the sender node while increasing
the size of the retransmission sent to the receiver node
compared to using a 4-to-3 dictionary. More generally,
implementations herein may use an X-to-Y dictionary where
X and 'Y are positive integers, X is the size of each group of
codewords and of each failure pattern in the dictionary, Y is
the size of each pattern code in the dictionary, X is greater
than Y, and Y is greater 1.

In the grouped codeword bitmap 200B of FIG. 2B, there
is some distinction between some but not all possible failure
patterns. As such, when the sender receives the grouped
codeword bitmap with failure patterns 200C as feedback, it
may retransmit all codewords in some of the groups 204
whose bit in the grouped codeword bitmap 200B is set to one
while retransmitting only those codewords that failed in
others of the groups 204 whose bit in the grouped codeword
bitmap 200C is set to one. The result is that for some groups
204, all codewords are retransmitted, including some that
were received correctly at the receiver node, while for other
groups, only those codewords that were received in error are
retransmitted. Thus, the grouped codeword bitmap with
failure patterns 200C of FIG. 2C is an example of lossy
feedback, albeit less lossy than the grouped codeword bit-
map 200B of FIG. 2B.

The bitmap 200D of FIG. 2D has a format type of list of
bitmap indices of failed codewords and may be referred to
as a list of bitmap indices of failed codewords 200D. As in
FIG. 2B, in FIG. 2D the receiver node may generate and/or
store locally the per codeword bitmap 202. For illustration
purposes, FIG. 2D includes the indices 212 of all positions
or locations in the per codeword bitmap 202.

In the example of FIG. 2D, the receiver node populates
the list of bitmap indices of failed codewords 200D with the
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index of each position in the per codeword bitmap 202 that
corresponds to a failed codeword, e.g., each position in the
per codeword bitmap 202 with a value of one. For example,
the first codeword represented by the per codeword bitmap
202 that was not received correctly is the sixth codeword as
indicated by the sixth position in the per codeword bitmap
202 having a value of one. In addition, as shown by the
indices 212, the sixth position in the per codeword bitmap
202 has an index of 5. Thus, a first entry 214A in the list of
bitmap indices of failed codewords 200D is the index of the
sixth codeword, shown here as a five-digit binary number.
Other entries in the list of bitmap indices of failed code-
words 200D may similarly be five-digit binary numbers. In
other implementations, each of the entries in the list of
bitmap indices of failed codewords 200D may have some
other length, e.g., two-digit, three-digit, four-digit, six-digit,
etc.

As further illustrated by FIG. 2D, codewords represented
by the 10th, 11th, 17th, 19th, 23rd, 24th, and 29th positions
in the per codeword bitmap 202 were also not received
correctly by the receiver node and their respective indices
212 are included as entries 214B-214H in the list of bitmap
indices of failed codewords 200D of FIG. 2D. All the entries
214A-214H are combined or concatenated together and sent
to the sender node as HARQ feedback, e.g., in a feedback
packet.

When the sender node receives the list of bitmap indices
of failed codewords 200D, it retransmits to the receiver node
the codewords identified by the entries 214A-214H and thus
retransmits only those codewords that were not received
correctly at the receiver node. The list of bitmap indices of
failed codewords 200D of FIG. 2D is an example of lossless
feedback since only those codewords that were not received
correctly at the receiver node are retransmitted.

The list of bitmap indices of failed codewords 200D may
be useful or beneficial when the number of codewords in
error is sufficiently or relatively small. In the example of
FIG. 2D, the list of bitmap indices of failed codewords 200D
is longer than the per codeword bitmap 202 and would likely
not be used in practice under such circumstances. In general,
the list of bitmap indices of failed codewords 200D is
unlikely to be used if the number of failed codewords
multiplied by the length of each index entry is greater than
the length of the per codeword bitmap 202. The list of
bitmap indices of failed codeword 200D may be used if the
number of failed codewords multiplied by the length of each
index entry is less than the length of the per codeword
bitmap 202.

The bitmap 200E of FIG. 2E has a format type of list of
bitmap start indices of failed codewords with run length and
may be referred to as a list of bitmap start indices of failed
codewords with run length 200E. Due to space constraints,
the list of bitmap start indices of failed codewords with run
length 200E wraps around to a second line as illustrated. As
in FIG. 2B, in FIG. 2E the receiver node may generate
and/or store locally the per codeword bitmap 202. For
illustration purposes, FIG. 2E includes the indices 212 of all
positions or locations in the per codeword bitmap 202.

In the example of FIG. 2E, the receiver node populates the
list of bitmap start indices of failed codewords with run
length 200E with (1) the index of each position in the per
codeword bitmap 202 where a run of one or more failed
codewords begins, and (2) a follow on length, e.g., a number
of failed codewords in the run that follow the first failed
codeword of the run. For example, the first run begins at the
sixth position in the per codeword bitmap 202 and does not
have any failed codewords following the first failed code-
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word of the run. Thus, the list of bitmap start indices of
failed codewords with run length 200E begins with the first
entry 214A being the index of the sixth codeword, e.g., the
index where the first run begins, followed by a follow on
length 216A of zero. The entry 214A and the follow on
length 216 A are shown in FIG. 2E as, respectively, five-digit
and three-digit binary numbers. Other entries and follow on
lengths in the list of bitmap start indices of failed codewords
with run length 200E may similarly be five-digit or three-
digit binary numbers. In other implementations, each of the
entries and follow on lengths in the list of bitmap start
indices of failed codewords with run length 200E may have
some other length, e.g., two-digit, three-digit, four-digit,
five-digit, six-digit, etc.

As further illustrated by FIG. 2E, other runs of failed
codewords begin at the 10th, 17th, 19th, 23rd, and 29th
positions in the per codeword bitmap, each having a follow
on length of, respectively, one, zero, zero, one, and zero.
Accordingly, the list of bitmap start indices of failed code-
words with run length 200E includes, for each of the runs,
a corresponding one of the entries 214B, 214D, 214E, 214F,
and 214H designating the start index of the corresponding
run followed by a corresponding follow on length 216B-
216F. All the entries 214A, 214B, 214D, 214E, 214F, 214H
of start indices of the runs of failed codewords and corre-
sponding follow on lengths 216A-216F (hereinafter collec-
tively “follow on lengths 216 or generically “follow on
length 216”) are combined or concatenated together and sent
to the sender node as HARQ feedback, e.g., in a feedback
packet.

When the sender node receives the list of bitmap start
indices of failed codewords with run length 200E, it retrans-
mits to the receiver node the codewords identified by the
entries 214A, 214B, 214D, 214E, 214F, 214H and corre-
sponding follow on lengths 216 and thus retransmits only
those codewords that were not received correctly at the
receiver node. The list of bitmap start indices of failed
codewords with run length 200E of FIG. 2E is an example
of lossless feedback since only those codewords that were
not received correctly at the receiver node are retransmitted.

In the example of FIG. 2E, the entry for each start index
of each run is followed by the follow on length of the run.
In other implementations, the entry for each start index of
each run may be followed by a total run length of the run.

The list of bitmap start indices of failed codewords with
run length 200E may be useful or beneficial when failed
codewords occur in clusters. In the example of FIG. 2E, the
list of bitmap start indices of failed codewords with run
length 200E is longer than the per codeword bitmap 202 and
would likely not be used in practice under such circum-
stances. The list of bitmap start indices of failed codewords
may be used, e.g., when the failed codewords are sufficiently
clustered that the length of the list of bitmap start indices of
failed codewords with run length 200E is less than the length
of the per codeword bitmap 202.

In some implementations, the bitmap sent by the receiver
node to the sender node as HARQ feedback may include a
probabilistic data structure. A probabilistic data structure is
a form of lossy compression. It uses fewer bits than the
number of codewords, e.g., fewer bits than the per codeword
bitmap 200A, 202 of FIGS. 2A-2D. The index of each failed
codeword may be represented in the probabilistic data
structure by a pattern of bits. Suitable probabilistic data
structures for HARQ feedback correctly identify for retrans-
mission each failed codeword, e.g., they do not have false
negatives. Suitable probabilistic data structures for HARQ
feedback may have false positives, may identify for retrans-
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mission one or more codewords that were correctly received
by the receiver node. Examples of suitable probabilistic data
structures to use as HARQ feedback include Bloom filters
and hash tables.

As an example, the probabilistic data structure may
include a Bloom filter. The Bloom filter begins as a bit array
of' m bits initialized to zero. The receiver node may feed the
index of a failed codeword to k hash functions to obtain k
array positions and may then set the bits at the k array
positions of the Bloom filter to one. The receiver node may
repeat this process with the index of each failed codeword
and may send the resulting Bloom filter to the sender node
as HARQ feedback. The sender node may then query the
Bloom filter for all indexes of the codewords sent to the
receiver node. In particular, for a given index, the sender
node may feed the index to the same k hash functions as the
receiver node to obtain k array positions and may check the
value at each of the k array positions in the Bloom filter. If
the bit at any of the k array positions is set to zero, the
codeword at the queried index was received correctly by the
receiver node. If the bit at each of the k array positions is set
to one, the codeword at the queried index was probably not
received correctly by the receiver node and may be retrans-
mitted by the sender node to the receiver node in the
retransmission wireless data.

Returning to the FIGS., the bitmap 200F of FIG. 2F has
a format type of compressed per codeword bitmap and may
be referred to as a compressed per codeword bitmap 200F.
As in FIG. 2B, in FIG. 2F the receiver node may generate
and/or store locally the per codeword bitmap 202.

As indicated elsewhere herein, in regular operation it is
expected that the vast majority of codewords will be
received correctly such that the per codeword bitmap 202
will be sparsely populated by ones (or zeroes, or other
symbol(s)) that identify the failed codewords. Since the per
codeword bitmap 202 is assumed to be relatively sparse,
implementations herein may identify the failed codewords
with a number of bits that is less than the total number of
codewords. If the probability of a bit with value 1 in the per
codeword bitmap 202 is p, the average number of bits to
represent the information for each codeword would be —p
log,(p)-(1-p)log,(1-p), which may be used to determine a
suitable compression technique to generate a compressed
per codeword bitmap such as the compressed per codeword
bitmap 200F of FIG. 2F.

Some example compression techniques that may be
implemented to generate compressed per codeword bitmaps
as described herein include run-length encoding, Shannon-
Fano coding, and dictionary-based compression. The com-
pression may be either lossless or lossy. Lossy compression
as used herein would mean that some codewords that were
received correctly would be identified for retransmission.

The example of FIG. 2F uses run-length encoding. In
particular, the receiver node may determine a run length
218A-218I of each run of zeroes 220A-2201 and include it,
e.g., as a three-digit binary number, in the compressed per
codeword bitmap 200F. For example, the first run of zeroes
220A has a length of five which is included in the com-
pressed per codeword bitmap 200F as run length 218A. The
other runs of zeroes 220B-2201 in the per codeword bitmap
202 have run lengths of, respectively, three, zero, five, one,
three, zero, four, and three which are included in the
compressed per codeword bitmap 200F as run lengths
218B-218I. The run lengths 218A-218I are shown in FIG.
2F as three-digit binary numbers. In other implementations,
each of the run lengths 218A-218] may have some other
length, e.g., two-digit, four-digit, five-digit, etc. All the run

25

30

40

45

16

lengths 218A-2181 are combined or concatenated together
and sent to the sender node as HARQ feedback, e.g., in a
feedback packet.

When the sender node receives the compressed per code-
word bitmap 200F, it may decompress the compressed per
codeword bitmap 200F to locally generate the per codeword
bitmap 202. Using the locally generated per codeword
bitmap 202, the sender node may then identify the failed
codewords and retransmit them to the receiver node.

FIG. 3 illustrates a flowchart of an example method 300
to perform HARQ from the point of view of a sender node.
The method 300 may be performed by any suitable system,
apparatus, or device. For example, one or more of the
wireless nodes 102, 104 of FIG. 1 may perform or direct
performance of one or more of the operations associated
with the method 300. For purposes of discussion, the method
300 may be discussed as being performed by the sender node
102 of FIG. 1. The method 300 may include one or more of
blocks 302, 304, 306, or 308. The method 300 may begin at
block 302.

At block 302, the method 300 includes sending wireless
data to a receiver node. The receiver node may be the
receiver node 104B of FIG. 1. Block 302 may be followed
by block 304.

At block 304, the method 300 includes receiving feedback
from the receiver node that identifies a subset of the wireless
data that the receiver node failed to receive correctly and that
includes a token value as a label for the subset of the wireless
data as a group. The wireless data may include a wireless
data packet with multiple codewords. The subset of the
wireless data that the receiver node failed to receive cor-
rectly may include a subset of the codewords. In some
implementations, the token value includes at least a portion
of a unique identifier of the receiver node. Block 304 may
be followed by block 306.

At block 306, the method 300 includes constructing
retransmission wireless data that includes the subset of the
wireless data and the token value. Block 306 may be
followed by block 308.

At block 308, the method 300 includes sending the
retransmission wireless data to the receiver node.

One skilled in the art will appreciate that, for this and
other processes and methods disclosed herein, the functions
performed in the processes and methods may be imple-
mented in differing order. Further, the outlined steps and
operations are only provided as examples, and some of the
steps and operations may be optional, combined into fewer
steps and operations, or expanded into additional steps and
operations without detracting from the essence of the dis-
closed implementations.

The feedback received at block 304 may also identify a
second subset of the wireless data that the receiver node
failed to receive correctly and may also include a second
token value as a label for the second subset of the wireless
data. The method 300 may further include constructing
second retransmission wireless data that includes the second
subset of the wireless data and the second token value and
sending the second retransmission wireless data to the
receiver node.

The receiver node may be a first client device, such as a
STA associated with an AP as described with respect to FIG.
1. The method 300 may include allocating, at the AP, a first
set of token values to the first client device in a network
served by the AP. The method 300 may include allocating,
at the AP, a second set of token values to a second client
device in the network, the second set of token values not
overlapping with the first set of token values. The method
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300 may include notifying the first client device of the first
set of token values for retransmissions requested by the first
client device and notifying the second client device of the
second set of token values for retransmissions requested by
the second client device. Thus, the AP may coordinate token
values among the various client devices that associate with
the AP to avoid multiple client devices inadvertently using
the same token value to request retransmissions.

The method 300 may include sending second retransmis-
sion wireless data to a second receiver node. In some
implementations, the retransmission wireless data and the
second retransmission wireless data are sent to the receiver
node and the second receiver node in a same signaling
frame. In this and other implementations, the retransmission
wireless data and the second retransmission wireless data
may have orthogonal encoding. Alternatively, a retransmis-
sion signal field of the signaling frame may be separated into
a first field for the receiver node and a second field for the
second receiver node.

In some implementations, the feedback from the receiver
node identifies a format type of the feedback from among
multiple format types understandable by the sender node
that sends the wireless data, receives the feedback, and
constructs and sends the retransmission wireless data. In this
and other implementations, the method 300 may further
include interpreting the feedback at the sender node based
on the identified format type to identify at the sender node
the subset of the wireless data that the receiver node failed
to receive correctly.

FIG. 4 illustrates a flowchart of an example method 400
to perform HARQ from the point of view of a receiver node.
The method 400 may be performed by any suitable system,
apparatus, or device. For example, one or more of the
wireless nodes 102, 104 of FIG. 1 may perform or direct
performance of one or more of the operations associated
with the method 400. For purposes of discussion, the method
400 may be discussed as being performed by the receiver
node 104A of FIG. 1. The method 400 may include one or
more of blocks 402, 404, 406, or 408. The method 400 may
begin at block 402.

At block 402, the method 400 includes receiving wireless
data from a sender node at a receiver node, the wireless data
including multiple codewords. The sender node and the
receiver node may respectively include the sender node 102
and the receiver node 104A of FIG. 1. Block 402 may be
followed by block 404.

At block 404, the method 400 may include failing to
receive correctly a subset of the codewords. Block 404 may
be followed by block 406.

At block 406, the method 400 may include generating
feedback that identifies at least the subset of the codewords
for retransmission by the sender node. The feedback may be
lossy feedback in which it identifies both failed codewords
and at least some codewords that were received correctly.
Alternatively, the feedback may be lossless feedback in
which it identifies only failed codewords without identifying
any codewords that were received correctly. Block 406 may
be followed by block 408.

At block 408, the method 400 may include sending the
feedback to the sender node to request retransmission by the
sender node of at least the subset of the plurality of code-
words that were not received correctly.

In some implementations, the feedback enables or dis-
ables HARQ retransmission at the sender node. Alterna-
tively or additionally, the feedback may have a format type
selected from among multiple format types understandable
by the sender node and the feedback may identify the format
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type. Alternatively or additionally, the feedback includes a
token value as a label for the subset of codewords as a group.
Alternatively or additionally, a transmission parameter of
the receiver node to send the feedback to the sender node
may be selected based on a channel quality indicator of a
channel from the receiver node to the sender node.

Where the feedback enables or disables HARQ retrans-
mission, the feedback may enable or disable HARQ retrans-
mission at the sender node based on a quantity of the subset
of the codewords. For example, the feedback may enable
HARQ retransmission at the sender node if the quantity of
the subset of the codewords is less than a threshold by
requesting retransmission by the sender node of at least the
subset of the codewords without requesting retransmission
of all of the codewords. Alternatively, the feedback may
disable HARQ retransmission at the sender node if the
quantity of the subset of the codewords is greater than the
threshold by requesting retransmission by the sender node of
all of the codewords.

The method 400 may include identifying a pattern of the
subset of the codewords that failed to receive correctly; and
selecting the format type from among the multiple format
types based on the pattern of the subset of the codewords
that failed to receive correctly. For example, if the pattern of
the subset of the codewords that failed to receive correctly
indicates the codewords that failed to receive correctly are
clustered, the receiver node may select a format type of
grouped codeword bitmap, grouped codeword bitmap with
failure patterns, list of bitmap start indices of failed code-
words with run length, or compressed per codeword bitmap.
As another example, if the pattern indicates that the total
number of failed codewords is relatively small, the receiver
node may select a format type of grouped codeword bitmap,
grouped codeword bitmap with failure patterns, list of
bitmap indices of failed codewords, or probabilistic data
structure.

In some implementations, the method 400 may include
receiving retransmission wireless data from the sender node.
The retransmission wireless data may include the token
value and retransmitted versions of the subset of the code-
words that failed to receive correctly. The token value may
identify the subset of the codewords as the group without per
codeword identification.

Alternatively or additionally, the method 400 may include
failing to receive correctly a second subset of the codewords.
In this example, the feedback may further identify the
second subset of the codewords for retransmission by the
sender node and the feedback may further include a second
token value as a label for the second subset of the codewords
as a second group. Thus, the method 400 may include
receiving retransmission wireless data from the sender node
that includes the token value, the subset of the codewords
(identified by the token value), the second token value, and
the second subset of the codewords (identified by the second
token value).

The feedback generated by the receiver node and sent to
the sender node may include lossless feedback that identifies
only codewords that failed to receive correctly for retrans-
mission by the sender node. Alternatively, the feedback may
include lossy feedback that identifies both all codewords that
failed to receive correctly and some codewords that were
received correctly for retransmission by the sender node.

The method 400 may include selecting the transmission
parameter of the receiver node to send the feedback to the
sender node based on the channel quality indicator of the
channel from the receiver node to the sender node. The
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transmission parameter may include at least one of a MCS
or a number of transmissions streams of the receiver node.

The subject technology of the present invention is illus-
trated, for example, according to various aspects described
below. Various examples of aspects of the subject technol-
ogy are described as numbered examples (1, 2, 3, etc.) for
convenience. These are provided as examples and do not
limit the subject technology. The aspects of the various
implementations described herein may be omitted, substi-
tuted for aspects of other implementations, or combined
with aspects of other implementations unless context dic-
tates otherwise. For example, one or more aspects of
example 1 below may be omitted, substituted for one or
more aspects of another example or examples (e.g., example
2), or combined with aspects of another example. The
following is a non-limiting summary of some example
implementations presented herein.

A first example can include a method, including sending
wireless data to a receiver node; receiving feedback from the
receiver node that identifies a subset of the wireless data that
the receiver node failed to receive correctly and that includes
a token value as a label for the subset of the wireless data as
a group; constructing retransmission wireless data that
includes the subset of the wireless data and the token value;
and sending the retransmission wireless data to the receiver
node.

A second example can include a sender node for wireless
communication with a receiver node in a wireless network,
the sender node including: a memory; and a processor
coupled to the memory, the processor to perform or control
performance of operations including: sending wireless data
to the receiver node; receiving feedback from the receiver
node that identifies a subset of the wireless data that the
receiver node failed to receive correctly and that includes a
token value as a label for the subset of the wireless data as
a group; constructing retransmission wireless data that
includes the subset of the wireless data and the token value;
and sending the retransmission wireless data to the receiver
node.

A third example can include a method, including: receiv-
ing wireless data from a sender node at a receiver node, the
wireless data including multiple codewords; failing to
receive correctly a subset of the codewords; generating
feedback that identifies at least the subset of the codewords
for retransmission by the sender node; and sending the
feedback to the sender node to request retransmission by the
sender node of at least the subset of the codewords; where
at least one of: the feedback enables or disables HARQ
retransmission at the sender node; the feedback has a format
type selected from among multiple format types understand-
able by the sender node and the feedback identifies the
format type; the feedback includes a token value as a label
for the subset of the codewords as a group; or a transmission
parameter of the receiver node to send the feedback to the
sender node is selected based on a channel quality indicator
of a channel from the receiver node to the sender node.

A fourth example can include a receiver node for wireless
communication with a sender node in a wireless network,
the receiver node including: a memory; and a processor
coupled to the memory, the processor to perform or control
performance of operations including: receiving wireless data
from the sender node, the wireless data including multiple
codewords; failing to receive correctly a subset of the
codewords; generating feedback that identifies at least the
subset of the codewords for retransmission by the sender
node; and sending the feedback to the sender node to request
retransmission by the sender node of at least the subset of the
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codewords; where at least one of: the feedback enables or
disables HARQ retransmission at the sender node; the
feedback has a format type selected from among multiple
format types understandable by the sender node and the
feedback identifies the format type; the feedback includes a
token value as a label for the subset of the codewords as a
group; or a transmission parameter of the receiver node to
send the feedback to the sender node is selected based on a
channel quality indicator of a channel from the receiver node
to the sender node.

FIG. 5 illustrates a block diagram of an example com-
puting system 2002 that may be used to perform or direct
performance of one or more operations described according
to at least one implementation of the present disclosure. The
computing system 2002 may include a processor 2050, a
memory 2052, and a data storage 2054. The processor 2050,
the memory 2052, and the data storage 2054 may be
communicatively coupled.

In general, the processor 2050 may include any suitable
special-purpose or general-purpose computer, computing
entity, or processing device including various computer
hardware or software modules and may be configured to
execute instructions stored on any applicable computer-
readable storage media. For example, the processor 2050
may include a microprocessor, a microcontroller, a digital
signal processor (DSP), an application-specific integrated
circuit (ASIC), a Field-Programmable Gate Array (FPGA),
or any other digital or analog circuitry configured to inter-
pret and/or to execute computer-executable instructions and/
or to process data. Although illustrated as a single processor,
the processor 2050 may include any number of processors
configured to, individually or collectively, perform or direct
performance of any number of operations described in the
present disclosure.

In some implementations, the processor 2050 may be
configured to interpret and/or execute computer-executable
instructions and/or process data stored in the memory 2052,
the data storage 2054, or the memory 2052 and the data
storage 2054. In some implementations, the processor 2050
may fetch computer-executable instructions from the data
storage 2054 and load the computer-executable instructions
in the memory 2052. After the computer-executable instruc-
tions are loaded into memory 2052, the processor 2050 may
execute the computer-executable instructions.

The memory 2052 and the data storage 2054 may include
computer-readable storage media for carrying or having
computer-executable instructions or data structures stored
thereon. Such computer-readable storage media may include
any available media that may be accessed by a general-
purpose or special-purpose computer, such as the processor
2050. By way of example, and not limitation, such com-
puter-readable storage media may include tangible or non-
transitory computer-readable storage media including Ran-
dom Access Memory (RAM), Read-Only Memory (ROM),
Electrically Erasable Programmable Read-Only Memory
(EEPROM), Compact Disc Read-Only Memory (CD-ROM)
or other optical disk storage, magnetic disk storage or other
magnetic storage devices, flash memory devices (e.g., solid
state memory devices), or any other storage medium which
may be used to carry or store particular program code in the
form of computer-executable instructions or data structures
and which may be accessed by a general-purpose or special-
purpose computer. Combinations of the above may also be
included within the scope of computer-readable storage
media. Computer-executable instructions may include, for
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example, instructions and data configured to cause the
processor 2050 to perform a certain operation or group of
operations.

Some portions of the detailed description refer to different
modules configured to perform operations. One or more of
the modules may include code and routines configured to
enable a computing system to perform one or more of the
operations described therewith. Additionally or alterna-
tively, one or more of the modules may be implemented
using hardware including any number of processors, micro-
processors (e.g., to perform or control performance of one or
more operations), DSPs, FPGAs, ASICs or any suitable
combination of two or more thereof. Alternatively or addi-
tionally, one or more of the modules may be implemented
using a combination of hardware and software. In the
present disclosure, operations described as being performed
by a particular module may include operations that the
particular module may direct a corresponding system (e.g.,
a corresponding computing system) to perform. Further, the
delineating between the different modules is to facilitate
explanation of concepts described in the present disclosure
and is not limiting. Further, one or more of the modules may
be configured to perform more, fewer, and/or different
operations than those described such that the modules may
be combined or delineated differently than as described.

Some portions of the detailed description are presented in
terms of algorithms and symbolic representations of opera-
tions within a computer. These algorithmic descriptions and
symbolic representations are the means used by those skilled
in the data processing arts to convey the essence of their
innovations to others skilled in the art. An algorithm is a
series of configured operations leading to a desired end state
or result. In example implementations, the operations carried
out require physical manipulations of tangible quantities for
achieving a tangible result.

Unless specifically stated otherwise, as apparent from the
discussion, it is appreciated that throughout the description,
discussions utilizing terms such as detecting, determining,
analyzing, identifying, scanning or the like, can include the
actions and processes of a computer system or other infor-
mation processing device that manipulates and transforms
data represented as physical (electronic) quantities within
the computer system’s registers and memories into other
data similarly represented as physical quantities within the
computer system’s memories or registers or other informa-
tion storage, transmission or display devices.

Example implementations may also relate to an apparatus
for performing the operations herein. This apparatus may be
specially constructed for the required purposes, or it may
include one or more general-purpose computers selectively
activated or reconfigured by one or more computer pro-
grams. Such computer programs may be stored in a com-
puter readable medium, such as a computer-readable storage
medium or a computer-readable signal medium. Computer-
executable instructions may include, for example, instruc-
tions and data which cause a general-purpose computer,
special-purpose computer, or special-purpose processing
device (e.g., one or more processors) to perform or control
performance of a certain function or group of functions.

Although the subject matter has been described in lan-
guage specific to structural features and/or methodological
acts, it is to be understood that the subject matter configured
in the appended claims is not necessarily limited to the
specific features or acts described above. Rather, the specific
features and acts described above are disclosed as example
forms of implementing the claims.
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An example apparatus can include a Wireless Access
Point (WAP) or a station and incorporating a VLSI processor
and program code to support. An example transceiver
couples via an integral modem to one of a cable, fiber or
digital subscriber backbone connection to the Internet to
support wireless communications, e.g. IEEE 802.11 com-
pliant communications, on a Wireless Local Area Network
(WLAN). The WiFi stage includes a baseband stage, and the
analog front end (AFE) and Radio Frequency (RF) stages. In
the baseband portion wireless communications transmitted
to or received from each user/client/station are processed.
The AFE and RF portion handles the upconversion on each
of transmit paths of wireless transmissions initiated in the
baseband. The RF portion also handles the downconversion
of the signals received on the receive paths and passes them
for further processing to the baseband.

An example apparatus can be a multiple-input multiple-
output (MIMO) apparatus supporting as many as NxN
discrete communication streams over N antennas. In an
example the MIMO apparatus signal processing units can be
implemented as NxN. In various implementations, the value
of N can be 4, 6, 8, 12, 16, etc. Extended MIMO operation
enables the use of up to 2 N antennae in communication with
another similarly equipped wireless system. It should be
noted that extended MIMO systems can communicate with
other wireless systems even if the systems do not have the
same number of antennae, but some of the antennae of one
of the stations might not be utilized, reducing optimal
performance.

Channel State Information (CSI) from any of the devices
described herein can be extracted independent of changes
related to channel state parameters and used for spatial
diagnosis services of the network such as motion detection,
proximity detection, and localization which can be utilized
in, for example, WLAN diagnosis, home security, health
care monitoring, smart home utility control, elder care,
automotive tracking and monitoring, home or mobile enter-
tainment, automotive infotainment, and the like.

Unless specific arrangements described herein are mutu-
ally exclusive with one another, the various implementations
described herein can be combined in whole or in part to
enhance system functionality and/or to produce complemen-
tary functions. Likewise, aspects of the implementations
may be implemented in standalone arrangements. Thus, the
above description has been given by way of example only
and modification in detail may be made within the scope of
the present invention.

With respect to the use of substantially any plural or
singular terms herein, those having skill in the art can
translate from the plural to the singular or from the singular
to the plural as is appropriate to the context or application.
The various singular/plural permutations may be expressly
set forth herein for sake of clarity. A reference to an element
in the singular is not intended to mean “one and only one”
unless specifically stated, but rather “one or more.” More-
over, nothing disclosed herein is intended to be dedicated to
the public regardless of whether such disclosure is explicitly
recited in the above description.

In general, terms used herein, and especially in the
appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “includ-
ing” should be interpreted as “including but not limited to,”
the term “having” should be interpreted as “having at least,”
the term “includes” should be interpreted as “includes but is
not limited to,” etc.). Furthermore, in those instances where
a convention analogous to “at least one of A, B, and C, etc.”
is used, in general, such a construction is intended in the
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sense one having skill in the art would understand the
convention (e.g., “a system having at least one of A, B, and
C” would include but not be limited to systems that include
A alone, B alone, C alone, A and B together, A and C
together, B and C together, or A, B, and C together, etc.).
Also, a phrase presenting two or more alternative terms,
whether in the description, claims, or drawings, should be
understood to include one of the terms, either of the terms,
or both terms. For example, the phrase “A or B” will be
understood to include the possibilities of “A” or “B” or “A
and B.”

Additionally, the use of the terms “first,” “second,”
“third,” etc., are not necessarily used herein to connote a
specific order or number of elements. Generally, the terms
“first,” “second,” “third,” etc., are used to distinguish
between different elements as generic identifiers. Absence a
showing that the terms “first,” “second,” “third,” etc., con-
note a specific order, these terms should not be understood
to connote a specific order. Furthermore, absence a showing
that the terms first,” “second,” “third,” etc., connote a
specific number of elements, these terms should not be
understood to connote a specific number of elements.

The present invention may be embodied in other specific
forms without departing from its spirit or essential charac-
teristics. The described implementations are to be consid-
ered in all respects only as illustrative and not restrictive.
The scope of the invention is, therefore, indicated by the
appended claims rather than by the foregoing description.
All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their
scope.

What is claimed is:

1. A method, comprising:

sending wireless data to a receiver node;

receiving feedback from the receiver node that identifies

a subset of the wireless data that the receiver node
failed to receive correctly and that includes a token
value as a label for the subset of the wireless data as a
group;

constructing retransmission wireless data that includes the

subset of the wireless data and the token value; and
sending the retransmission wireless data to the receiver
node;

wherein the receiver node is a first client device, the

method further comprising:

allocating, at an access point (AP), a first set of token
values to the first client device in a network served
by the AP;

allocating, at the AP, a second set of token values to a
second client device in the network, the second set of
token values not overlapping with the first set of
token values;

notifying the first client device of the first set of token
values for retransmissions requested by the first
client device; and

notifying the second client device of the second set of
token values for retransmissions requested by the
second client device.

2. The method of claim 1, wherein the wireless data
comprises a wireless packet that includes a plurality of
codewords and the subset of the wireless data comprises a
subset of the plurality of codewords.

3. The method of claim 1, wherein the feedback further
identifies a second subset of the wireless data that the
receiver node failed to receive correctly and further includes
a second token value as a label for the second subset of the
wireless data and the method further includes:
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constructing second retransmission wireless data that
includes the second subset of the wireless data and the
second token value; and

sending the second retransmission wireless data to the

receiver node.

4. The method of claim 1, wherein the feedback from the
receiver node identifies a format type of the feedback from
among multiple format types understandable by a sender
node that sends the wireless data, receives the feedback, and
constructs and sends the retransmission wireless data, the
method further comprising interpreting the feedback at the
sender node based on the identified format type to identify
at the sender node the subset of the wireless data that the
receiver node failed to receive correctly.

5. The method of claim 4, wherein the multiple format
types include at least two format types selected from the
following:

a grouped codeword bitmap;

a grouped codeword bitmap with failure patterns;

a list of bitmap indices of failed codewords;

a list of bitmap start indices of failed codewords with run

length;
a probabilistic data structure; and
a compressed per codeword bitmap.
6. A method, comprising:
sending wireless data to a receiver node;
receiving feedback from the receiver node that identifies
a subset of the wireless data that the receiver node
failed to receive correctly and that includes a token
value as a label for the subset of the wireless data as a
group, wherein the token value includes at least a
portion of a unique identifier of the receiver node;

constructing retransmission wireless data that includes the
subset of the wireless data and the token value; and

sending the retransmission wireless data to the receiver
node.

7. The method of claim 6, wherein the wireless data
comprises a wireless packet that includes a plurality of
codewords and the subset of the wireless data comprises a
subset of the plurality of codewords.

8. The method of claim 6, wherein the feedback further
identifies a second subset of the wireless data that the
receiver node failed to receive correctly and further includes
a second token value as a label for the second subset of the
wireless data and the method further includes:

constructing second retransmission wireless data that

includes the second subset of the wireless data and the
second token value; and

sending the second retransmission wireless data to the

receiver node.

9. The method of claim 6, wherein the feedback from the
receiver node identifies a format type of the feedback from
among multiple format types understandable by a sender
node that sends the wireless data, receives the feedback, and
constructs and sends the retransmission wireless data, the
method further comprising interpreting the feedback at the
sender node based on the identified format type to identify
at the sender node the subset of the wireless data that the
receiver node failed to receive correctly.

10. The method of claim 9, wherein the multiple format
types include at least two format types selected from the
following:

a grouped codeword bitmap;

a grouped codeword bitmap with failure patterns;

a list of bitmap indices of failed codewords;

a list of bitmap start indices of failed codewords with run

length;
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a probabilistic data structure; and

a compressed per codeword bitmap.

11. A method, comprising:

sending wireless data to a receiver node;

receiving feedback from the receiver node that identifies

a subset of the wireless data that the receiver node
failed to receive correctly and that includes a token
value as a label for the subset of the wireless data as a
group;

constructing retransmission wireless data that includes the

subset of the wireless data and the token value;
sending the retransmission wireless data to the receiver
node; and

sending second retransmission wireless data to a second

receiver node,

wherein:

the retransmission wireless data and the second retrans-
mission wireless data are sent to the receiver node
and the second receiver node in a same signaling
frame; and
one of:
the retransmission wireless data and the second
retransmission wireless data have orthogonal
encoding; or
a retransmission signal field of the signaling frame is
separated into a first field for the receiver node and
a second field for the second receiver node.

12. The method of claim 11, wherein the wireless data
comprises a wireless packet that includes a plurality of
codewords and the subset of the wireless data comprises a
subset of the plurality of codewords.

13. The method of claim 11, wherein the feedback further
identifies a second subset of the wireless data that the
receiver node failed to receive correctly and further includes
a second token value as a label for the second subset of the
wireless data and the method further includes constructing
the second retransmission wireless data that includes the
second subset of the wireless data and the second token
value.

14. The method of claim 11, wherein the feedback from
the receiver node identifies a format type of the feedback
from among multiple format types understandable by a
sender node that sends the wireless data, receives the feed-
back, and constructs and sends the retransmission wireless
data, the method further comprising interpreting the feed-
back at the sender node based on the identified format type
to identify at the sender node the subset of the wireless data
that the receiver node failed to receive correctly.

15. The method of claim 14, wherein the multiple format
types include at least two format types selected from the
following:

a grouped codeword bitmap;

a grouped codeword bitmap with failure patterns;

a list of bitmap indices of failed codewords;

a list of bitmap start indices of failed codewords with run

length;

a probabilistic data structure; and

a compressed per codeword bitmap.

16. A method, comprising:

receiving wireless data from a sender node at a receiver

node, the wireless data including a plurality of code-
words;

failing to receive correctly a subset of the plurality of

codewords;

generating feedback that identifies at least the subset of

the plurality of codewords for retransmission by the
sender node; and

5

30

40

45

50

55

60

26

sending the feedback to the sender node to request
retransmission by the sender node of at least the subset
of the plurality of codewords;

wherein at least one of:

the feedback enables or disables Hybrid Automatic
Repeat Request (HARQ) retransmission at the
sender node;

the feedback has a format type selected from among
multiple format types understandable by the sender
node and the feedback identifies the format type;

the feedback includes a token value as a label for the
subset of the plurality of codewords as a group; or

a transmission parameter of the receiver node to send
the feedback to the sender node is selected based on
a channel quality indicator of a channel from the
receiver node to the sender node;

and wherein:
the feedback enables or disables HARQ retransmission at
the sender node based on a quantity of the subset of the
plurality of codewords;
the feedback enables HARQ retransmission at the sender
node if the quantity of the subset of the plurality of
codewords is less than a threshold by requesting
retransmission by the sender node of at least the subset
of the plurality of codewords without requesting
retransmission of all of the plurality of codewords; and

the feedback disables HARQ retransmission at the sender
node if the quantity of the subset of the plurality of
codewords is greater than the threshold by requesting
retransmission by the sender node of all of the plurality
of codewords.
17. The method of claim 16, further comprising:
identifying a pattern of the subset of the plurality of
codewords that failed to receive correctly; and

selecting the format type from among the multiple format
types based on the pattern of the subset of the plurality
of codewords that failed to receive correctly.

18. The method of claim 16, further comprising:

failing to receive correctly a second subset of the plurality

of codewords, wherein the feedback further identifies
the second subset of the plurality of codewords for
retransmission by the sender node and the feedback
further includes a second token value as a label for the
second subset of the plurality of codewords as a second
group; and

receiving retransmission wireless data from the sender

node that includes the token value, the subset of the
plurality of codewords, the second token value, and the
second subset of the plurality of codewords.

19. The method of claim 16, wherein the feedback
includes one of:

lossless feedback that identifies only codewords of the

plurality of codewords that failed to receive correctly
for retransmission by the sender node; or

lossy feedback that identifies both all codewords of the

plurality of codewords that failed to receive correctly
and some codewords of the plurality of codewords that
were received correctly for retransmission by the
sender node.

20. The method of claim 16, wherein the multiple format
types include at least two format types selected from the
following:

a grouped codeword bitmap;

a grouped codeword bitmap with failure patterns;

a list of bitmap indices of failed codewords;

a list of bitmap start indices of failed codewords with run

length;
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a probabilistic data structure; and

a compressed per codeword bitmap.

21. The method of claim 16, wherein:

a quantity of the plurality of codewords is N;

the feedback identifies, using not more than M bits, the 5

subset of the plurality of codewords that failed to
receive correctly; and

M<N.

22. The method of claim 16, further comprising selecting
the transmission parameter of the receiver node to send the 10
feedback to the sender node based on the channel quality
indicator of the channel from the receiver node to the sender
node, wherein the transmission parameter includes at least
one of a modulation and coding scheme (MCS) or a number
of transmissions streams of the receiver node. 15
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