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COMPRESSION DEVICES, DECOMPRESSION DEVICES, COMPRESSION .

METHODS, AND DECOMPRESSION METHODS

Cross-reference to Related Applications

[0001] The present application claims the benefit of the Singapore patent application
No. 201108262-5 filed on 9 November 2011, the entire contents of which are

incorporated herein by reference for all purposes.

Technical Field

[0002] Embodiments relate generally to compression devices, decompression

devices, compression methods, and decompression methods.

Background

[0003] An access point may communicate with a mobile station. The access point
may indicate to the mobile station whether it has data for the mobile station. A problem

may arise if an access point communicates with a large number of mobile stations.

Summary

[0004] According to various embodiments, a compression device may be provided.
The compression device may include: a subset determination circuit configured to
determine a subset of a transmission indication map, the transmission indication map

including a plurality of bits, each bit indicating whether data to be transmitted to a
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respective pre-determined radio communication terminal is present in an access point; a
pre-determined bit value determination circuit configured to determine whether the subset
includes a bit of a pre-determined bit value; and a compressed string generation circuit
configured to insert, if the subset includes a bit of the pre-determined bit value, into a
compressed string an indicator indicating that the subset includes a bit of the pre-
determined bit value and the subset and further conﬁgﬁred to insert, if the subset does not
includes a bit of the pre-determined bit value, into the compressed string an indica:uor
indicating that the subset does not include a bit of the pre-determined bit value.

[0005] A decompression device may be provided. The decompression device may
include: a compressed string receiver configured to receive a compressed string; and a
transmission indication map generator configured to generate a transmission indication
map including a plurality of bits, each bit indicating whether data to be transmitted to a
respective pre-determined radio communication terminal is present in an access point,
based on the compressed string. The transmission indication map generator may be
configured to insert into the transmission indication map a pre-deterrhined subset. of the
compressed strinig, if the compressed string includes an indicator indicating that a pre-
determined subset of the transmission indication map ihcludes a bit of a pre-determined
first bit value, and further configured to insert into the transmission indication map a pre-
determined pluralvity of bits of a pre-determined second bit value, if the compressed string
includes an indicator indicating that the pre-determined subset of the transmission
indication map does not include a bit of the pre-determined first bit value.

[0006] A compression method may be provided. The compression method may

include: determining a subset of a transmission indication map, the transmission
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indication map including a plurality of bits, each bit indicating whether data to be
transmitted to a respective pre-determined radio communication terminal is present in an
access point; determining whether the subset includes a bit of a pre-determined bit value;
and inserting, if the subset includes -a bit of the pre-determined bit value, into a
compressed string an indicator indicating that the subset includes a bit of the pre-
determined bit value and the subset and inserting, if the subset does not include a bit of
the pre-determined bit value, into the compressed string an indicator indicating that the
subset does not include a bit of the pre-determined bit value.

[0007] A decompression method may be provided. The decompression method may
include: receiving a compressed string; generating a transmission indication map
including a plurality of bits, each bit indicating whether data to be transmitted to a
respective pre-determined radio communication terminal is present in an access point,
based on the compressed string; and inserting into the transmission indication map a pre-
determined subset of the compressed string, if the compressed string includes an indicator
indicating that a pre-determined subset of the transmission indication map includes a bit
of a pre-determined first bit value, and inserting into the transmission indication map a
pre-determined plurality of bits of a pre-determined second bit value, if the compressed
string includes an indicator indicating that the pre-determined subset of the transmission
indication map does not include a bit of the pre-determined first bit value.

[0008] A compression device may be provided. The compression device may
include: a subset determination circuit configured to determine a plurality of subsets of a
transmission indication map, the transmission indication map including a plurality of bits,

each bit indicating whether data to be transmitted to a respective pre-determined radio
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communication terminal is present in an access point; a pre-determined bit value
determination circuit configured to determine for each subset whether the subset includes
a bit of a pre-determined bit value; and a compressed string generation circuit configured
to, for each subset, insert the subset to a compressed string if the subset includes a bit of
the pre-determined bit value, and further configured to, for each subset, insert into the
compressed string an indication indicating a position of a subsequent subset in the
transmission indication map if the subset does not include a bit of the pre-determined bit
value.

[0009] A decompression device may be provided. The decompression device may
include: a compressed string receiver configured to receive a compressed string; a
transmission indication map generator configured to generate a transmission indication
map including a plurality of bits, each bit indicating whether data.to be transmitted to a
respective pre-determined radio communication terminal is present in an access point,
based on the compressed string, a position determiner configured to determine, for a
plurality of substrings of the received compressed string, a position based on the
compressed string. The transmission indication map generator may be configured to
insert, for the plurality of substrings of the received compressed string, into the
transmission indication map the respective subset of the compressed string at the
determined position.

[0010] A compression method may be provided. The compression methods may
include: determining a plurality of subsets Qf a transmission indication map, the
transmission indication map including a plurality of bits, each bit indicating whether data

to be transmitted to a respective pre-determined radio communication terminal is present
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in an access point; determining for each subset whether the subset includes a bit of a pre-
determined bit value; and for each subset, inserting the subset to a compressed string if
the subset includes a bit of the pre-determined bit value, and further configured to, for
each subset, insert into the compressed string an indication indicating a position of a
subsequent subset in the transmission indication map if the subset does not include a bit
of the pre-determined bit value.

[0011] A decompression method may be provided. The decompression methods may
include: receiving a compressed string; generating a transmission indication map
including a plurality of bits, éach bit indicating whether data to be transmitted to a
respective pre-determined radio communication terminal is present in an access point,
based on the compressed string; determining, for a plurality of substrings of the received
compressed string, a position based on the compressed string; and inserting, for the
plurality of substrings of the received compressed string, into the transmission indication

map the respective subset of the compressed string at the determined position.

Brief Description of the Drawings

[0012] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments are described with reference to the following
drawings, in which:

FIG. 1 shows a radio communication system in accordance with an embodiment;

FIG. 2 shows a compression device according to various embodiments;
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FIG. 3 shows a decompression device according to various embodiments;

FIG. 4 shows a flow diagram illustrating a compression method according to
various embodiments;

FIG. 5 shows a flow diagram illustrating a decompression method according to
various embodiments;

FIG. 6 shows a compression device according to various embodiments;

FIG. 7 shows a decompression device according to various embodiments;

FIG. 8 shows a flow diagram illustrating a compression method according to
various embodiments;

FIG. 9 shows a flow diagram illustrating a decompression method according to
various embodiments;

FIG. 10 shows a flow diagram illustrating an association process according to
various embodiments;

"FIG. 11 illustrates a CSMA/CA channel access method according to various

embodiments;

.FIG. 12 illustrates a back-off procedure according to various embodiments;

FIG. 13 illustrates coexistence of DCF and PCF according to various
embodiments;

FIG. 14 shows én information element format according to various embodiments;

FIG. 15 illustrates encoding a TIM virtual bitmap according to various
embodiments;

FIG. 16 illustrates a virtual bitmap according to various embodiments;

FIG. 17 shows a PS-Poll frame format according to various embodiments;
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FIG. 18 shows TIM of N active nodes using direct indexing according to various
embodiments;

FIG. 19 a compression procedure according to various embodiments;

FIG. 20 a decompression procedure according.to various embodiments;

FIG. 21 a flow diagram illustrating using multiple offsets to remove some of
consecutive 0 bits within the TIM bitmap according to various embodiments;

FIG. 22 shows a method of compression of a TIM bitmap with grouping
according to various embediments;

FIG- 23 shows a TIM IE format according to various embodiments; and

FIG. 24 shows a design for a TIM Extension according to various embodiments.

Description

[0013] Embodiments described below in context of the devices are analogously valid
for the respective methods, and vice versa. Furthermore, it will be understood that the
embodiments described below may be combined, for example, a part of one embodiment
may be combined with a part of another embodiment.

[0014] In this contexf, the compression device as described in this description may
include a memory which is for example used in the brocessing carried out in the
compression device. In fhis context, the decompression device as described in this
description may include a rﬁemory which is for example used in the processing carried
out in the decompression device. In this context, the radio communication terminal as
described in this description may include a memory which is for example used in the

processing carried out in the radio communication terminal. In this context, the access
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point as described in this description méy include a memory which is for example used in
the processing carried out in the access point. A memory used in the embodiments may
be a volatile memory, for example a DRAM (Dynamic Random Access Memory) or a
non-volatile memory, for example a PROM (Programmable Read Only Memory), an
EPROM (Erasable PROM), EEPROM (Eléctrically Erasable PROM), or a flash memory,
e.g., a floating gate memory, a charge trapping memory, an MRAM (Magnetoresistive
Random Access Memory) or a PCRAM (Phase Change Random Access Memory).

[0015] A compression device may be provided in an access point. A decompression
device may be provided in a fnobile station.

[0016] In this context, a radio communication terminal may be a mobile radio
communication device, like a mobile phone, a user equipment (UE), or a mobile station,
or a client. An access point may be for example a wireless access point, for example a
wireless local area ﬁetwork access point or a metropolitan area access point. An accéss
point (AP) may be for example a WiFi AP, a WLAN AP, or a metropolitan area system
AP.

[0017] In an embodiment, a "circuit" may be understood as any kind of a logic
implementing entity, which may be special purpose circuitry or a processor executing
software stored in a memory, firmware, or any combination: thereof. Thus, in an
embodiment, a "circuit" may be a hard-wired logic circuit or a programmable logic
circuit such as a programmable processor, e.g. a microprocessor (e.g. a Complex
Instruction Set Computer (CISC) processor or a Reduced Instruction Set Computer
(RISC) processor). A "circuit" may also be a processor executing software, e.g. any kind

of computer program, e.g. a computer program using a virtual machine code such as e.g.
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Java. Any other kind of implementation of the respective functions which will be
described in more detail below may also be understood as a "circuit" in accordance with
an alternative embodiment.

[0018] FIG. 1 shows a mobile radio communication system 100. A radio
comrhunication terminal 102 (for example a mobile station, for example referred to by
STA) may communicate with an access point 104. The access point 104 may indicate to
the station 102 when it has data for the station 102.

[0019] FIG. 2 shows a corﬂpression device 200 according to various embodiments.
The compression device 200 may include a subset determination circuit 202 configured
to determine a subset of a transmission indication map. The transmission indication map
may include a plurality of bits. Each bit may indicate whether data to be transmitted to a
respective pre-determined radio communication terminal is present in an access poi;lt.
The compression device 200 may further include a pre-deteﬁnined bit value
determination circuit 204 configured to determine whether the subset includes a bit of a
pre-determined bit value (for example, whether the subset includes a bit of a pre-
determined bit value at a pre-détermined position in the subset). The compression device
200 may ‘further include a compressed string generation circuit 206 configured to insert,
if the subset includes a bit of the pre-determined bit value, into a compressed.string an
indicator indicating that the subset includes a bit of the pre-determined bit value and the
subset. The compressed string geﬁeration circuit may further be configured to insert, if
the subset does not include a bit of the pre-determined bit value, into the compressed
string an indicator indicating that the subset does not include a bit of the pre-determined

bit value. The subset determination circuit 202, the pre-determined bit value
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determination circuit 204, and the compressed string generation “circuit 206 may be
coupled with each other, for example by a coupling 208, for example an electrical
coupling or optical coupling, like an electrical line or an optical line, or any other device
configured to transmit electrical signals or optical signals, for example a cable.

[0020] According to various embodiments, the pre-determined bit value
determination circuit 204 may further be configured to determine whether the subset
includes a plurality of bits following a pre-determined pattern.

[0021] According to various embodiments, the pre—determined pattern may be
determined at the Access Point by default, for example a plurality of bits which doesn’t
include a bit of a pre-determined bit value (e.g. one). According to various embodiments,
the pre-determined pattern may be determined at the Access Point by defining the pattern
as a plurality of bits containing (only) a fixed number of bits whose bit values are pre-
determined.

[0022] One examplé may be that for each 4-bit substring “0101”, 0 may be used as
the indicator; for each 4-bit non-“0101" substring, 1 ma}; be used as the indicator.

[0023] Another example may be that for each 4-bit substring without containing the
bit “1”, 0 may be used as the indicator; and for each 4-bit substring containing the bit “1”,
1 may be used as the indicator.

[0024]  According to various embodiments, the pre-determined bit value may be one.
[0025] According to Variéus embodiments, the indicator indicating that the subset
includes a bit of the pre-determined bit value may include or may be a bit of a pre-

determined first bit value. The indicator indicating that the subset does not include a bit
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of the pre-determined bit value may include or may be a bit of a pre-determined second
bit value.

[0026] According to various embodiments, the pre-dctermined first bit value may be
one and the pre-determined second bit value may be zero.

[0027] According to various embodiments, the compression device 2000 may further
be configured to perform compression of the indicators using the subset determination
circuit 202, the pre-determined bit value determination circuit 204, and the compressed
string generation circuit 206.

[0028] According to various embodiments, the compression device 200 may further
be configured to process a plurality of subsets of the transmission indication map using
the subset determination circuit 202, the pre—defermined bit value determination circuit
204, and the compressed string generation circuit 206.

[0029] According to various embodiﬁqents, the compressed string generation circuit
206 may be configured to insert into the compressed string only an indicator indicating
that the subset does not include a bit of the pre-determined bit value, if the subset does
not include a bit of the pre—determjned bit value.

[0030] According to various embodiments, the compressed string generation circuit
206 may be configured to not insert into the compressed string the subset, if the subset
does not include a bit of the pre-determined bit value.

[0031] According to various embodiments, the compressed string generation circuit
206 may be configured generate the compressed string free of the subset, if the subset

does not include a bit of the pre-determined bit value.
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[0032] FIG. 3 shows a decompression device 300 according to various embodiments.
The decompression device 300 may include a compressed string receiver 302 configured
to receive a compressed string. The decompression device 300 may further include a
transmission indication map generator 304 configured to generate a fransmission
indication map based on the compressed string. The transmission indication map may
include a plurality of bits. Each bit may .indicate whether data to be transmitted to a
respective pre-determined radio communication terminal is present in an access point.
The transmission indication map generator 304 may be configured to insert into the
transmission indication map a pre-determined subset of the compressed string, if the
compressed string includes an indicator indicating that a pre-determined subset of the
transmission indication map includes a bit of a pre-determined first bit value (for
example, that the pre-determined subset includes a bit of a pre—determi‘ned bit value at a
pre-determined position in the subset). The transmission indication map generator 304
may further be configured to include into the transmission indication map a pre-
determined plurality of bits of a pre-determined second bit value, if the compressed string
includes an indicator indicating that the pre-determined subset of the transmission
indication map does not include a bit of the pre-determined first bit value. The
compressed string receiver 302 and the transmission indication map generator 304 may
be coupled with each other, for example by a couplihg 306, for example an electrical
coupling or optical coupling, like an electrical line or an optical line, or any other device
configured to transmit electrical signals or optical signals, for example a cable.

[0033] According to various embodiments, the indicator indicating that the subset

includes a bit of the pre-determined bit value may include or may be a bit of a pre-
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determined first bit value. The indicator indicating that the subset does not include a bit
of the pre-determined bit value may include or may be a bit of a pre-detvermined second
bit value.

[0034] According to various embodiments, the pre-determined first bit value may be
one and the pre-determined second bit value may be zero. |

[0035] FIG. 4 shows a flow diagram 400 illustrating a compression method according
to various embodiments. In 402, a subset of a transmission indication map may be
determined. The transmission indication map may include a plurality of bits. Each bit
may indicate whether data to be transmitted to a respective pre-determined radio
communication terminal is present in an access point. In 404, it may be determined
whether the subset includes a bit of a pre-determined bit value (for example, whether the
subset includes a bit of a pre-determined bit value at a pre-determined position in the
subset). In 406, if the subset includes a bit of the pre-determined bit value, an indicafor
indicating that the subset includes a bit of the pre-determined bit value and the subset
may be inserted into a compressed string, and, if the subset does not include a bit of the
pre-determined bit value, an indicator indicating that the subset does not include a bit of
the pre-determined bit value may be inserted into the compressed string.

[0036] According to various embodiments, the method may further include
determining whether the subset includes a plurality of bits following a pre-determined
pattern.

[0037] According to various embodiments, the pre-determined bit value may be one.
[0038] According to various embodiments, the indicator indicating that the subset

includes a bit of the pre-determined bit value may include or may be a bit of a pre-
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determined first bit value. The indicator indicating that the subset does not include a bit
of the pre-determined bit value may include or may be a bit of a pre-determined second
bit value.

[0039] According to various embodiments, the pre-determined first bit value may be
one and the pre-determined second bit value may be zero.

[0040] According to various embodiments, the method may further include
performing compression of the indicators using the subset determination, the pre-
determined bit value determinat‘ion, and the compressed string generation.

[0041] According to various embodiments, the method may further include
processing a plurality of subsets of the transmission indication map using the subset
determination, the pre-determined bit value determination, and the compressed string
gen.eration.

[0042] According to various embodiments, the method may further include inserting
into the compressed string only an indicator indicating that the subset does not include a
bit of the pre-determined bit value, if the subset does not include a bit of the pre-
determined bit value.

[0043] According to various embodiments, the method may further include not
inserting into the co‘mpressed string the subset, if the subset does not include a bit of the
pre-determined bit value.

[0044] According to various embodiments, the method may further include
generating the compressed string free of the subset, if the subset does not include a bit of

the pre-determined bit value.
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[0045] FIG. 5 shows a flow diagram 500 illustrating a decorﬁpression method
according to various embodiments. In 502, a compressed string may be received. In 504,
a transmission indication map including a plurality of bits may be generated based on the
compressed string. Each bit may indicate whether data to be transmitted to a respective
pre-determined radio communication terminal is present in an access point. In 506, a pre-
determined subset of the compressed string may be inserted into the transmission
indication rhap, if the compressed string includes an indicator indicating that a pre-
determined subset of the transmission indication map includes a bit of a pre-determined
first bit value (for example at a pre-determined position in the subset), and a pre-
determined plurality of bits of a pre-determined second bit value may be inserted into the
transmission indication map, if the compressed string includes an indicator indicating that
the pre-determined subset of the transmission indication map does not includes a bit of
the pre-determined first bit value (for example at the pre-determined position in the
subset).

[0046] According to various embodiments, the indicator indicating that the subset
includes a bit of the pre-determined bit value may include or may be a bit of a pre-
determined first bit value. The indicator indicating that the subset does not include a bit
of the pre-determined bit value includes a bit of a pre-determined second bit value.

[0047] ’According to various embodiments, the pre-determined first bit value may be
6ne and the pre-determined second bit valué may be zero.

[0048] FIG. 6 shows a compression device 600 according to various embodiments.
The compression device 600 may include a subset determination circuit 602 configured

to determine a plurality of subsets of a transmission indication map. The transmission
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indication map may include a plurality of bits. Each bit may indicate whether data to be
transmitted to a respective pre-determined radio communication terminal is present in an
access point. The compression device 600 may further include a pre-determined bit value
determination circuit 604 configured to determine for each subset whether the subset
includes a bit of a pre-determined bit value. The compression device 600 may further
include a compressed string generation circuit 606 configured to, for each subset, insert
the subset to a compréssed string if the subset includes a bitvof the pre-determined bit
value, and further configured to, for each subset, insert into the compressed string an
indication indicating a position of a subsequent subset in the transmission indication map
if the subset does not include a bit of the pre-determined bit value. The subset
determination circuit 602, the pre-determined bit value determination circuit 604, and the
compressed string generation circuit 606 may be coupled with each other, for example by
a coupling 608, for example an electrical coupling or optical coupling, like an electrical
line or an optical line, or any other device configured to transmit electrical signals or
optical signals, for example a cable.

[0049] According to various embodiments, the indication may include or may be an
absolute position in the transmission indication map. |

[0050] According to various embodiments, the indication may include or may be a
relative position in the transmission indication map with respect to a preceding position.
[0051] According to various embodiments, the pre-determined first bit value may be
one and the pre-determined second bit value may be zero.

[0052] FIG. 7 shows a decompression device 700 according to various embodiments.

The decompression device 700 may include a compressed string receiver 702 configured .
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to receive a compressed string. The decompression device 700 may further include a
transmission indication map generator 704 configured to generate a transmission
indication map including a plurality of bits based on the compressed string. Each bit may
indicate whether data to be transmitted to a respective pre-determined radio
communication terminal is present in an access point. The decompression device 700
may further include a position determiner 706 configured to determine, for a plurality of
substrings of the received compressed string, a position based on the compressed string.
The transmission indication map generator 704 may be configured to insert, for the
plurality of substrings of the received compressed string, into the transmission indication
map the respective subset of the compressed string at the determined position. The
compressed string receiver 702, the transmission indication map generator 704, and the
position determiner 706 may be coupled with each other, for example by a coupling 708,
for example an electrical coupling or optical coupling, like an electrical line or an optical
line, or any other device configured to transmit electrical signals or optical signals, for
example a cable.

[0053] According to various embodiments, the position determiner 706 may be
configured to determine the position as an absolute position in the transmission indication
map.

[0054] According to various embodiments, the position determiner 706 may be
configured to determine the position as a relative position in the transmission indication
map with respect to a preceding position.

[0055] According to various embodiments, the pre-determined first bit value may be

one and the pre-determined second bit value may be zero.
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[0056] FIG. 8 shows a flow diagfam 800 illustrating a compression method according
to various embodiments. In 802, a plurality of subsets of a transmission indication map
may be determined. The transmission indication map may include a plurality of bits.
Each bit may indicate whether data to be transmitted to a respective pre-determined radio
communication terminal is present in an access point. In 804, it may be determined for
each subset whether the subset includes a bit of a pre-determined bit value. In 806, for
each subset, f[he subset may be inserted to a compressed string if the subset includes a bit
of the pre-determined bit value, and for each subset, an indication indicating a position of
a subsequent subset in the transmission indication map insert into the compressed string
if the subset does not include a bit of the pre-determined bit value.

[0057] According to various embodiments, the indicétion may include or may be an
absolute position in the transmission indication map.

[0058] According to various embodiments, the indication may include or may be a
relative position in the transmission indication map with respect to a preceding position.
[0059] According to various embodiments, the pre-determined first bit value méy be
one and the pre-determined second bit value may be zero.

[0060] FIG. 9 shows a flow diagram 900 illustrating a decompression method
according to various embodiments. In 902, a compressed string may be received. In 904,
a transmission indication map including a plurality of bits may be generated based on the
compressed string. Each bit may indicate whether data to be transmitted to a respective
pre-determined radio communication terminal is present in an access point. In 906, for a
plurality of substrings of the received compressed string, a position may be determined

based on the compressed string. In 908, for the plurality of substrings of the received
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compressed string, the respective subset of the compressed string may be inserted into the
transmission indication map at the determined position.

[0061] According to various embodiments, the method may further include
determining the position as an absolute position in the transmission indication map.
-10062] According to various embodiments, the method may further include
determining the position as a relative position in the transmission indication map with
respect to a preceding position.

[0063] According to various embodiments, the pre-determined first bit value may be
one and the pre-determined second bit value may be zero.

[0064] According to various embodiments, devices and methods for Traffic
indication map (TIM) compression, for example in 802.11 based networks, may be
provided.

[0065] Embodiments relate to methods of compressing traffic indication map (TIM)
in wireless local area networks (WLAN), for example, compressing the size of the TIM
bitmap in7802.11 based networks to reduce the size of beacons transmitted by an access
point, which in turn, saves radio resource and energy.

[0066] In the present IEEE (Institute of Electrical and Electronics Engineers) 802.11
standard, an authenticated device (STA, for example a mobile station) wishing to join an
infrastructure network may desire to first send an Association Request to the access point

(AP). The frame format of the Association Request is shown in Table 1.
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Order Information i Notes

1 Capability

2 Listen interval

3 SSID

4 Supported rates

5 Extended Supported Rates The Extended Supported Rates element is present whenever there
are more than eight supported rates, and it is optional otherwise.

6 Power Capability The Power Capability element shall be present if
dot11SpectrumManagementRequired is frue.

7 Supported Channels The Supported Channels element shall be present if
dot11SpectrumManagementRequired is true.

8 RSN The RSN mformation element 1s only present within Association
Regquest frames generated by STAs that have dot1 IRSNAEnabled
sef to TRUE.

9 QoS Capability The QoS Capability element is present when dot11QosOption-
Inplemented 1s true.

Last Vendor Specific One or more vendor-specific information elements may appear in
this frame. Thus information element foltows all other information
elements.

Table 1: Association Request frame format.

[0067] Upon reception o.f the au.thenticated STA’s Association Request, the AP may
reply an Association Response with the status code to the STA. The format of the
Association Response is shown in Table 2. If the status code value is ‘successful’, the AP
may also assign an Association ID (AID; ID may stand for identifier) to the STA and

include the AID in the Association Response.
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Order Information Notes
1 Capability
2 Status code
3 AID
4 Supported rates
5 Extended Supported Rates The Extended Supported Rates element is present whenever there
are more than eight supported rates, and it 15 optional otherwise.

6 EDCA Parameter Set

Last Vendor Specific One or more vendor-specific mformatton elements may appear tn

this frame. This information element follows all other mformation
elements.

Table 2: Association Response frame format.

[0068] The STA may be considered to be associated with the AP when the
Association Response with a status code value of ‘successful’ is acknowledged by the
STA. The association process is illustrated in FIG. 10 for a STA successfully associated
with an AP.

[0069] FIG. 10 shows a flow diagram 1000 illustrating an association process. A
mobile radio communication device 1002 (which may also be referred to as STA) may
communicate with an access point 1004 (which may also be referred to as AP). In 1006,
the STA 1002 may send an association request to the AP 1004. In 1008, the AP 1004 -
may send an association response including an AID. In 1010, the STA 1002 may send an
acknowledgement (ACK).

[0070] Each successfully-associated STA may have an AID. At times, the STA may
also need to re-associate with the AP (e.g. after AP power down). The procedure of re-
association is similar to what is shown in Fig. 10.

[0071] In the following, a channel access mechanism will be described.
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[0072] The IEEE 802.11 channel access may have two mechanisms: contention based
mechanism and contention-free channel access, which may also be referred to as
distributed coordination function (DCF) and point coordination function, respectively.
The DCF may basically be a carrier sense multiple access with collision avoidance
(CSMA/CA) mechanism, and it may be the fundamental channel access method upon
which PCF is built. DCF may be implemented in all STAs, and it may work as follows:
[0073] A STA wishing to use the channel for new data transmission may first sense
the channel for a certain period of time called the Distributed Inter-Frame Spacing
(DIFS). If the channel is free fér greater than DIFS, the STA may use the channel, as
shown in a flow diagram 1100 of FIG. 11, which illustrates a CSMA/CA channel access
method. If the channel is busy during the DIFS, the STA may enter back-off by selecting
uniformly a random number frém a Contention Window (CW). The STA may maintain a
back-off counter. Every time fhe STA senses that the channel is free for DIFS, the STA
may decrease the back-off counter. When thé channel is busy, the STA may freeze the
back-off counter, as shown in a flow diagram 1200 of Fig. 12, which illustrates a back-off
procedure. When the back-off counter reaches zero, the STA may transmit the packet. If
an ACK to the packet is received, the data transmission may be successful. After a
successful transmission, the STA may set the CW to its minimum (CWmin). If the STA
does not receive the ACK, a transmission failure may have occurred, and the STA may
double its CW size and may enter a new back-off. The CW size may stay unchanged
once its maximum (CWmax) is reached.
[0074] The IEEE 802.11 MAC (media access control) in infrastructure mode may

also optionélly implement the PCF. Prior to PCF, the AP may desire to contend for the
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channel. Once the AP wins the channel, it may start the PCF process, where it may poll
eligible STAS for uplink data and may transmit downlink data. DCF and PCF may
alternate with each other and coexist, as shown in a flow diagram 1300 of Fig. 13, which
illustrates coexistence of DCF and PCF. |

[0075] In the following, beacons will be described. In an infrastructure basic service
set (BSS), the AP may periodically generate Beacon messages. The IEEE 802.11 Beacon

frame format is shown in Table 3.
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Order Information Notes
1 Timestamp
2 Beacon interval
3 Capablity
4 Service Set
Identifier (SSID)

5 Supported rates

6 Frequency-Hopping | The FH Parameter Set information element is present within
(FH) Parameter Set | Beacon frames generated by STAs wsing FH PHYs.

7 DS Parameter Set The DS Parameter Set iaformation element is present within
Beacon frames generated by STAs using Clause 15, Clause 18§,
and Clause 19 PHYs. '

8 CF Parameter Set The CF Parameter Set information element is present only within
Beacon frames generated by APs supporting a PCF.

9 IBSS Parameter Set | The IBSS Paraneter Set information eleinent is present only
within Beacon frames generated by STAs in an IBSS.

1 Traffic iodication The TIM information element iy present csly within Beacon

map {TIM) frames genaratad by APs.

11 Covntry The Country mformation element shati be present when
dot11 MultiDomainCapabilityEnabled is true or
dot11SpectrumManagementRequused is true.

i2 FH Parameters FH Parsmeters a5 specified in 7.3.2.10 may be included if
dotliMultiDomainCapabilityEnabled is true.

13 FH Patters Table FH Paftern Table information as specified in 7.3.2.11 may be
inchuded if dotl IMuHtiDomainCapabilityEnabled is true

14 Power Conoteatne Power Constraint element shall be present if'
dotliSpectrumManagementRequired is true.

15 Chanvel Switch Chancel Switch Aunocuncement element may be present if

Announicement dotliSpectrumMansgementRequired is irne.

16 Quiet Quiet element may be present if
dotliSpectrumManagementRequired is true.

17 IBSS DFS IBSS DFS element shall be-present if
dotliSpectramM; Required is troe in an IBSS.

8 TPC Report TPC Report element shall be present if
dot11SpectrmmManagementRequired is true.

19 ERP Information The ERP Inf ion el i5p within Beacon frames
generated by STAs using extended rate PEY's (ERPs) defined in
Clause 19 and is opticnally present in other cases.

m Extended Supported | The Extended Supported Rates element is preseut whenever there

Rates are wore thap eight supported rates, and if iz optional otherwise.

21 RSN The RSN information element shalf be present within Beacon
frames generated by STAs that have dot1 tIRSNAEnabled set to
TRUE.

22 BSS Load The BSS Load elemeat 15 present when dot11QosOption-
Implemented and dot1}QBSSLoadlmplemented are both true.

23 EDCA Parameter The EDCA Parameter Set element is present whea

Set dot11QosOpticolmplemented is trve and the QoS Capability
element is niot present. '

24 Qo8 Capabitity The QoS Capability element is preseat when dotl1QosOption-
Implemented is true and EDCA Parameter Set element is not
present

Last Vendor Specific One or mrore vendor-specific information elements may appear in
this frame. This information element follows all other informatica
elements.

Table 3: Beacon frame format.

[0076]

In the following, a power saving mode will be described.
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[0077] The IEEE 802.11 may support power-saving mode operation. An STA may go
to power saving (PS) mode and may only listen periodically to Beacon niessages to check
whether there is any data buffered for it in the AP. If there is data for a STA while it is in
PS mode, the AP may buffer the data and inform the STA. This may be achieved via the
traffic indication map (TIM) information element (IE) in the Beacon message. The TIM
information element format 1400 is shown in FIG. 14, where DTIM may stand for
delivery traffic information message. The TIM may be controlled by the AP.

[0078] The traffic indication virtual bitmap may include a maximum of 2008 bits.
Each bit in the traffic indication virtual bitmap may correspond to one particular STA.
When the bit is set to 1, it may indicate that there is data buffered in the AP for the
corresponding STA. When the bit is 0, it may indicate that there is no data buffered in the
AP for the corresponding STA. AID 0 may be used to indicate broadcast. The partial
virtual bitmap may not always start from AID 0. This may be controlled by the offset
value in bitmap control subfield, which may indicate the starting AID of the partial
virtual bitmap.

[0079] An example of encoding a TIM virtual bitmap 1500 is shown in FIG. 15,
where STAs with AID 2, 7, 22, and 24 have data buffered in the Af. BO of the bitmap
control field (AID 0) is also set to indicate broadcast data packet.

[0080] Bits B1 to B7 in the bitmap control field may determine the bitmap offset. An
example of virtual bitmap 1600 with offset is shown in FIG. 16, where the offset value is
1, corresponding to AID offset of 16. The Partial Virtual Bitmap field may include octets
numbered N1 to N2 of the traffic indication virtual bitmap, where N1 may be the largest

even number such that bits numbered 1 to (N1 8) — 1 in the bitmap are all 0 and N2 is the
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smallest number such that bits numbered (N2 + 1) 8 to 2007 in the bitmap are all 0. In
this case, the Bitmap Offset subfield value may include the number N1/2. When
decoding, the offset value may be desired td be multiplied by 2 to derive the real offset
value.

[0081] ~ From the Beacon message received, a STA may be able to determine whether
the AP has buffered data for it. If the corresponding TIM bit is set, the STA may send a
power-saving poll (PS-Poll) message to the AP. The format of the PS-Poll (in other
words: .a PS-Poll frame format) 1700 is shown in FIG. 17, wherein BSSID (RA) may
stand for basic service set identifier (receiver address), TA may stand for transmitter
address, and FCS may stand for frame check sequence.

[0082] The format of the AID field in the PS-Poll is shown in Table 4.

Bits 0-13 Bit 14 Bit 15 Usage

0-32 767 0 Duration value {in nicroseconds) within all frames other than
PS-Poll frames transnutted dusing the CP, and nnder HCF for
frames transnutted during the CFP

4] G 1 Fixed value under pomnt coordination function (PCF) within
frames transnutted during the CFP
1-16 383 0 1 Reserved
4] 1 1 Reserved
1-2007 1 1 AID in PS-Poll frames
2008-16 383 1 1 Reserved

Table 4: AID field in PS-Poll.
[0083] For most frames, this field may have shared definition of AID or Duration.

The exact definition is indicated by Bit 14 and Bit 15. When both bits are set, the

definition of AID is used. It should be noted that only AID values from 1 to 2007 are
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supported whereas values beyond 2007 are reserved. This may be a result of the limited
length of the TIM IE, which can support a maximum of 2007 unicast AIDs.

[0084] Upon reception of the PS-Poll, the AP may transmit the buffered data to the
STA immediately. Alternatively, the AP may choose to transmit the buffered data at a
later time. In this case, the AP may send an ACK to the STA and the STA may desire to
listen for the data packet.

[0085] One of the design requirements of 802.11AH standard is to support smart grid
application. A single AP may handle up to 6000 STAs and power saving mode may be
used to save energy since traffic is sparse for STAs in the network. Hence, in smart grid
networks, most of the nodes may be in sleep mode. But when a certain event happens, an
AP may be desired to wake up some of them to receive data br commands. TIM may be
attached in the Beacon to notify those nodes need to wake up and receive data. With a
- currently used scheme, either a single TIM bitmap with up to 6000 bits or a few TIMs
bitmaps with each up to 2007 bits may be desired to be sent in order to wake up the
relative nodes. The size of TIM may be as large as a few hundred bytes. In case only a
few nodes are desired to be wake up, the overhead, for example the zero bits in the TIM
bitmap, may be quite significant. Although the. current standard may allow AP to remove
zero bits before the first bytes and the last bytes with bit 1 in the bitmép, it may be not
good enough. One example may be, when the first and last bits in the bitmap afe one and
all other bits are zero, all 2007 bits may be desired to be sent. In this case, a simple
compression method may reduce the bits sent out by more than 10 times. It may be
shown that, for a 6000 bitmap, as well as the number of 1’s is less than 330, a way to

compress the bitmap to a size of 2007 may be found. In many scenarios, the number of
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nodes desired to be wake up may be less fhan 300 and compression of TIM may reduce
the beacon significantly.

[0086] According to various embodiments, devices and methods may be provided
which may help in compress the TIM bitmap. In case many nodes are desired to be
wakeup by the same beacon, they may‘ contention for media to transmit PS-Poll
signalling. Collision may happen and thus degrade the system performance. Thus,
furthermofe, devices and methods may be provided that may help in reliving contention
when many nodes are wake up by a beacon.

[0087] To support 6000 STAs, new information may be tagged to each device. For
example, multiple STAs may share a single AID, and the STAs may be differentiated by
the new ‘Device Information’ element.

[0088] The TIM definition may also be altered to support 6000 STAs. For e);amp]e,
rather than using all the 2007 bits as traffic indication bitmap, two bits may be used to
indicate grouping. For each TIM, one group (as indicated by the two grouping bits) may
be addressed. The STAs of the group may be addressed by the remaining 2005 bits.
[0089] The STAs may be grouped based on application time or location. Each group
may include up to 2007 STAs and may be assigned a unique BSSID. It is to be noted
from the Beacon frame format that every Beacon may include a BSSID subfield. Hence
different groups may be addressed by using the BSSID for each corresponding group in
the Beacon. The interpretation of the TIM may remain the same.

[0090] The STAs may also be assigned different beacon intervals with different
offset. Multiple STAs may be allowed to share one AID, but they may not wake up at the

same time. At each Beacon, a maximum of one STA from the sets of STAs sharing one
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AID may wake up. As the wake up time may be known by the AP, the AP may be able to
set the TIM correspondingly.

[0091] With the current IEEE 802.11 standard, to reduce the TIM bitmap size, some
of the zero bits before and after the first non-zero bytes and last non-zero Bytes may be
removed from the bitmap when it is sent out. Therefore, it is called a partial virtual
bitmap. The method may be as follows: |
[0092] 1. As FIG. 14 shows, the length of field of TIM IE may be used to derive the
length of the TIM bitmap.

[0093] 2. Bit O of the bitmap control field may include the Traffic Indicator bit
associated with Association ID 0. This bit may be set to 1 in TIM elements with a value
of 0 in the DTIM count field, when one or more broadcast or multicast frames are
buffered at the AP. The remaining 7 bits of the field may form the Bitmap Offset.

[0094] 3. The Partial Virtual Bitmap field in TIM [E may include octets numbered
N1 through N2 of the traffic indication virtual bitmap, where N1 may be the largest even
number such that bits numbered 1 through (N1 x 8) — 1 in the bitmap may be all 0 and
N2 may be the smallest number such that bits numbered (N2 + 1) x 8 through 2007 in the
bitmap may all be 0. In this case, the Bitmap Offset subfield value may include the
number N1/2, and the Length field is set to (N2 — Nll) + 4. |
[0095] According to various embodiments, devices and methods may be provided to
reduce the size of TIM bitmap. According to various embodiments, the devices and
methods may be used to compress the size of the bitmap.

[0096] Devices and methods for direct indexing will be described in the following.
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[0097] According to various embodiments, 13 bits may be to encode the AID of an
active node, and the 13 bit addresses may be concatenated to address more nodes. The
maximum possible nodes that may be supported within 2007 bits are thus less than
2007/13 or 154 nodes. However, not all 2007 bits may be desired to be filled up if there
are less than active 154 nodes within a beacon .period. An example of TIM using direct
indexing is illustrated in a TIM 1800 shown in FIG. 18, which shows TIM of N (wherein
N may be an integer number less than 155) active nodes using direct indexing. A field
1802 may indicate an address of a first active node and may include 13 bits. A field 1804
may indicate an address of a second active node and may include 13 bits. Fields 1806
may indicate addresses of further active nodes. A field 1808 may indicate an address of
an (N-1)-th active node and may include 13 bits. A field 1810 may indicate an address of
an N-th active node and may include 13 bits. A field 1812 may include zero padding, and
méy include 2007-13 N bits.

[0098] It is to be noted that in direct indexing as described above, each 13 bits may
be used to signal 8192 nodes while we only 6000 nodes may be needed. Therefore, the
leftover 2192 addresses may be further extended in the standard to signal multicasting
groups or broadcasting. In addition, the order of the activate nodes in TIM may be used to
signal the schedule of active nodes within beacon period. However, only a maximum of
154 nodes may be supported, which may not be suitable for long beacon periods that may
be intended to contain more than 154 active nodes.

[0099] Devices and methods for direct indexing with group field according to various

embodiments will be described in the following.
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[00100] This may be regarded as an extension to the devices and methods described
above for direct indexing, and may include the following.
[00101] Each 802.11 station (STA) may be addressed by 13 bits of which the first n
bits may be for group indexing and the remaining (13-n) bits may be used for a STA
identifier within each group
[001021 During encoding, only active groups, for example those with at least 1 active
STA, may be considered. Furthermore, for each active group, the encoding may include
specifying the number active STAs, followed by specifying (13-n)-bit identifiers of active
STAs in the group.
[00103] According to various embodiments, a g-bit bitmap may be placed at fhe
beginning of TIM to specify whether each of the groups is active or not. As it may be
desired to support a total of 6000 STAs, the minimum number of groups may be
Ceiling(6000/2~{13-n}), where Ceiling(x) may provide the nearest integer not less than
X. As a result, the minimum value of g may also be Ceiling(6000/2"{13-n}). Next, after
the g-bit bitmap, for each active group in fixed order, a (13-n)-bit “length field” may be
used to specify the number of active STAs of the group that are included in this TIM.
This may be followed by the (13-n)-bit identifier of each of these active STAs.
[00104]  The pseudo-code for TIM format is specified bellow:
TIM_Format {
g-bit bitmap to identify active/non-active groups; g = \Ceiling(6000/2"{13-n})
for (1 = 0; i < #active groups; i++){

(13-n)-bit “length field” to indicate the number of active STAs in the group

for (j = 0; j < #active STAs; j++){
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(13-n)-bit of STA identifier

}
}

[00105] According to various embodiments, the value of n may be chosen to optimize
system performance. As an example, n may be chosen to be equal 6, which may allow the
AP to always address at least 234 active STAs.

[00106] According to various embodiments, devices and methods may be provided
which may be similar to the embodiments described above except that there may be no g-
bit bitmap present at the beginning of the TIM field to indicate the active group. Instead,
the presence of each active group may be indicated by 1-bit field before the (13-n)-bit
“length field”.

[00107] Similarly, n may be chosen to optimize system performance. As an example, n
may be chosen to be equal 6, which may allows the AP to always address at least 234
active STAs.

[00108] According to various embodiments, there may be no g-bit bitmap field at the
beginning of the TIM. Instead, each active group may be encoded explicitly with the
group index followed by the (13-n)-bit “length ﬁeld’.’ similar to the embodiments
described above.

[00109] The pseudo-code for TIM format may be as specified bellow:

TIM_Format{

for (1 = 0; i < #active groups; i++){

n-bit group index
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(13-n)-bit “length field” to indicate the number of active STAs in the group
for (j = 0; j < #active STAs; j++){

(13-n)-bit of STA identifier

}
}

[00110] According to various embodiments, the value of n may be chosen to optimize
system performance. As an example, n may be chosen to be equal 5, which may allow the
AP to always address at least 213 active STAs. The AP may also dynamically order the
active groups to imply a certain scheduling preference.

[00111] Devices and methods for compression usingb run-length code according to
various embodiments will be described below.

[00112] The 2007 bits TIM may be encoded using run-length code together with
Golomb Code, like will be described in the following.

[00113] In a first step, run-length coding may be provided.

[00114] The bit-map, which confains more 0’s than 1’s, may be converted into a series
of numbers which indicate the number of 0’s in-between 1’s. For example, if a 16-bit
TIM bitmap may be 1001 1000 0001 1000, this bit-map may be translated into run-length
of 0’s as “02 0 9 0”. It is to be noted that the last three consecutive 0’s may not be coded.
Therefore, for a bit-map with a length of L bits, of which it includes at most N 1’s, the
total number of run-length codes that need to be encoded may be N-1.

[00115] In a second step, a Golomb code of run-length may be provided.
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[00116] Golomb code may be used to encode the run-length of 0’s in TIM. Golomb
code may have low complexity, and it may deliver good performance for geometrically
distributed signal. It is to be noted that; if the 1’s is uniformly distributed, the distribution
of the run-length code may be geometrically distributed.
[00117] Now, it may be assumed the there are N-1 run length code x_1, x_2,...,
x_{N-1} to be compressed. Using Golomb code with parameter P, each symbol x i,
i=1,.. .,N—l may be divided into two parts as follows:

h i=floor(x_i/2"P);

l i=x_i—h_i*2"P,
where floor() may be the rounding to highest integer operation. After tﬁat, 1 i may be
coded with P bits, and h_i may be unitarily coded with h_i 0’s terminated with a 1 (see

the following table for an example of unitary code).

h i Codeword for h_i

0 1

1 01

2 001

N 000....01 (N zeros)

[00118] For example, if P=4, x_1=65, one may have
h_i=floor(x_i/2"4) = 4;

Li=x i—h i*2M=1,
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[00119] Therefore, 1 i may Be coded as binary code with 4 bits as 0001, and h_i may
be coded as 00001.

[00120] In this scheme, the total length of the codeword desired to encode a bit-map of
L bits with N 1°s may be given by

W(N,P) =sum_I1"{N-1} (floor(x_1)/2"P+1) + N*P, s.t sum_1"N(x_i<6000) and x_i>0.
[00121] It is to be noted that the first term in the right may be from the unitary code of
h i and the second term may be ffom binary code of 1 i.

[00122] Let P’ = argmin W(N,P), and after some mathematics one may have P’ =
floor(log2(L/N)).

[00123] Now, if L=6000, W(N,P’) < 2007, the maximum possible N may be 330,‘ P’ =
4, and W(N,P’) = 2004. That is, it may be possible to a TIM with 330 1’s in the worse-
case scenario.

[00124] The decoding complexity of this scheme rﬁay be evaluated as follows:

[00125] The total numbers of operations to decode one run-length may be given in the

following table:

Add Bit-Shift
Decoding of | i 0 0
Decoding of h i h i 0
Decoding of x i 1 1
Total h i+1 1

[00126] It is to be noted that sum(h_i) < sum(x_i)/2"P. Therefore, the total decoding
complexity for decoding a TIM bitmap may be smaller than floor(W/2”P)+N additions
and N bit-shifts. For example, it may be 2007/16 + 330 = 455 additions and 330 bit-

shifts, or 0.785 MIPS on a 8 bit microcontroller if the decoding time is limited to 1 ms.
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[00127] The TIM compressed using this method may not imply the schedule of the
active nodes. |

[00128] The Golomb code parameter P may not be fixed and may be transmitted in the
same beacon frame as the TIM bitmap using other fields in the TIM element, e.g. bitmap
control. Allowing a flexible parameter P may give better control over the bitmap
compression efficiency for arbitrary bitmap.

[00129] The TIM compressed using this method may not imply the schedule of the
active nodes.

[00130] Devices and methods for compression using a dictionary based approach
according to various embodiments will be described in the following.

[00131] It may be possible to compress TIM using a dictionary based compression
scheme such as LZ (Lempel-Ziv) algorithms or its variances. For example, first, the 6000
bits TIM may be broken up into smaller bit blocks (e.g., 8 bits). After that, the TIM may
be scanned to find frequent reoccurring 8-bit blocks and select them into a dictionary.
Once this is done, the frequent reoccurring 8-bits blocks in TIM may be replaced with
their index in the dictionary. Data compression may be achieved as the index of these
frequent reoccurring 8-bits may be shorter than 8 bits. In this scheme, in order to avoid
decoding dependency among beacons, the dictionary may be transmitted together with
the actual compressed TIM using 2007 bits which will introduce an overhead. However,
- this may be very efficient if the TIM to be compressed has many reoccurring patterns.
[00132] The TIM compressed using this method may not imply the schedule of the

active nodes.
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[00133] In all the above methods and devices, if the actual active nodes to be
transmitted could not be accommodated in the last beacon, they may be encoded and sent
in the next beacon. In sﬁch a case a scheduling algorithm in the AP may be desired to be
implemented to determine the order of STAs based on their priorities and transmission
deadlines. In addition, fo handle the delay, the beacon period may be adjusted such that
the previous beacon has an interval just sufficient to handle the previously encoded.
[00134] Devices and methods for compression using OR-ing according to various
embodiments will be described in the following. For example, a compression method for
AID bitmap may use OR-ing.

[00135] The sparse string (AID bitmap) L1 of size nl bits may be assumed. In a first
step, L1 may be divided into k (e.g. 4 or 8) substrings (in other words: subsets of the
transmission indication map), for example of equal size. In each substring, all bits may be
logically OR-ed and the results (one bit per substring) may become string ‘L2 (in other
words, it may be determined whether a non-zero bit is present in L1, and L2 may include
zero if a non-zero bit is not present, and one otherwise), whi‘ch may be compressed in a
next step. All zero substrings of L1 may be deleted.

[00136] For example, L1= 0000 | 0000 | 0000 | 0100 | 0000 | 0000 | 0000 | 1000 | 0000]
0000 | 0000 | 0000 | 0010 | 0000 | 0000 | 0000.

[00137] After ORing each 4-bit substring, the 16-bit string L2= 0001 | 0001 | 0000|
1000 may be determined.

[00138] In a second step, the same process may be applied to L2, and the result may be

the 4-bit string L3 = 1101, which may be short enough so no more compression steps
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may be needed. After deleting all zero subétrings in L1 and L2, one may end up with the
three short strings

[00139] L1=0100| 1000 | 0010, -

[00140] L2=0001 | 0001 | 1000,

[00141] L3=1101.

[00142] The output stream may include seven 4-bit substrings instead of the original
16. A few more numbers may be needed, for example to indicate how long each -substring
is. The compression procedure is shown in FIG. 19 (TIM OR-ing Compression).

[00143] FIG. 19 shows a flow diagram 1900 illustrating an example of TIM-OR-ing
compression, wherein 4-bit logical OR-ing is performed. As shown for some exemplary
fields, from L1 to L2, and from L2 to L3 (and generally for every level of iterative
compressing), a value of a bit in the next level is 0 if all bits of the respective subset in
the present level have a value of zero, and is 1 otherwise. In FIG. 19, underlined printing
may be used to show or highlight some example of how the underlined 4-bit string is
indicated in the next level éompression. For example, first underlined data of 4-bit string
“0000” of L3 is indicéted in the first bit of 1st 4-bit string “0001” of L2; second
underlined data of 4-bit string “0100” of L2 is indicated in 4th bit of 1st 4-bit string
“0001” of L2.

[00144] For example, a pseudo code of TIM OR-ing compression may be as follows:
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Store the M round compression results into the array d[1...M]. s is the original bitstring to compress.
Store the length of resulting compressed bitstring into the array I[1...M] corresponding to each round.

Initialize s=AID bitmap (bitstring) to compress

T=strlen(s); %strlen returns the length of string s
M=1;
While T>k
T=T%k;
M=M+1;
End
Fori=1:M
If (i>1)
tempStr = d[i];%d[i] is the i-th element in array d[1...M]
else
tempStr = s;
end
zeroPadding(tempStr,k); %padding with zero for string tempStr into multiple k-bit string.
=L

While 1i] >= k*j
% getBits (tempStr,k*j,k*(j+1)) returns the partial bitstring from tempStr, which starts from
index k*j and ends at index k*(j+1) ‘ ‘
%OnBits (src,k) returns the logical OR for k-bit string src
%addStr (dst,src) returns the string by post-adding string src into string dst
addStr(d[i+1],0rBits(getBits(tempStr,k*j k*(j+1)),k));

=L
End
End
For i=1:M
L

While 1[i] >= k*j
If (getBits (d[i],k*j,k*(j+1))==zero bits)

%zeroRemove (src, startpos, endpos) returns the string by removing the bits starting at startpos and
ending at endpos from the original string src

v zeroRemove(d[i] ,k*j,k*(j+1));
1[i]= 1[i]-k;
Else

ity

End
End
I[i}=strlen(d[i]);
End
return M,d [1...M] and I[1...M]

[00145] According to various embodiments, a respective decoder may work as will be
described in the following. It may receive compressed substring L1, L2 and L3, and their
lengths. It may starts with L3 and may considers each of its 1-bits a pointer to a substring

of L2 and each of its O-bits a pointer to a substring of all zeros that is not stored in L2.

39



WO 2013/070174 PCT/SG2012/000427

This way, string L2 may be reconstructed from L3, and string L1, in turn, from L2. FIG.
20 illustrates this process.
[00146] FIG. 20 shows a flow diagram 2000 illustrating TIM-OR-ing decompression.

[00147] The pseudo code of TIM OR-ing decompression may be as follows:

Note that STA need not to decode all the bits for its own. Consider M rounds OR-ing. The resulting
substrings surviving from deletion of zero bitstrings are stored into the array d[1...M] and the
corresponding length in the array I[1...M]. The order is decreasing, which means the 1st round resulting
substrings is stored in s[M] (M-th element of s[1...M]) and last round resulting substrings is stored in
s[1]. Suppose the whole bitstring with length of L and divide into k-bit substring, and the STA is
allocated/associated with AID=x. Denote the array b[1...M] as the decompressed substring buffer for M
round decompression.

Fori=1:M
R[i]=x; %R[1] is the bit index of STA with AID=x in substring s[i};
For m=1:i-1
R[i] = R[i]%k;
End
End
Strepy(b[1],s[1]) %copy substring s[1] into b[1]
Fori=1:M

%getBit is the function to retrieve the bit index R[i] in substring s[i]
If (getBit(b{i],R[1]) == :
%Bit is not set for this STA in the Partial virtual bitmap
Return 0 %end of the search
Else
%Restore the substrings for this round decompression
m=1;
While m <R[i]
If (getBit(b[i],m)==1) »
%getStr(s[i+1],(m-1)*k+1,m*k) returns k-bit string with the staring bit index (m-1)*k+1 and
ending bit index m*k from s[i+1]
addStr(b[i+1],getStr(s[i+1],(m-1)*k+1,m*k))%restore substring for each nonzero bit in s[i] with
s[i+1]
Else :
addZero(b[i+1],k);%add k-bit zero substring into b[i+1]
End
m=m+l;
End
%getBit(b[i],R[i]) is 1 need to add nonzero substring as well
addStr(b[i+1],getStr(s[i+1],(m-1)*k+1,m*k));
End
End

[00148] If it (for example the TIM) is divided into 8-bit substring, it may be desired to

perform 4 rounds OR-ing. First round, 6000 bits will be divided into 750 8-bit substrings.
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In each substrings, all bits (8 bits) may be OR-ed (in other words: an OR operation on all
the bits may be performed) so that 750 8-bit substrings may become 750 bits, and may
further be divided into 94 8-bit substrings after padding with zero bits. Then at second
round OR-ing, the result may become 94 bits and may be divided into 12 8-bit substrings
after padding. At third round OR-ing, the result may become 12 bits and may be divided
into 2 8-bit substrings after padding. At the fourth round OR-ing, the result may become
2 bits, which may be short enough so no more compreésion steps may be desired. .
[00149] In this case, the length for 1st round compression result may be represented in
10 bits; the length for 2nd may be 7 bits; the length for 3rd may be 4 bit; the length for
4th may be 1 bit. Therefore total number of bits to represent the lengths of compression
results may be 22 bits, which is less than 3 bytés.

[00150] If it (for example the TIM) is divided into 4-bit substring, it may be desired to
perform 5 rounds OR-ing. In a first round, 6000 bits may be divided into 1500 4-bit
substrings. In each substrings, all bits (4 bits) may be OR-ed so that 1500 4-bit substrings
may become 1500 bits, and may further be divided into 375 4-bit substrings after padding
with zero bits. Then at a second round OR-ing, the result may become 375 bits and may
be divided into 94 4-bit substrings after padding. At a third round OR-ing, the result may
become 94 bits and may be divided into 12 4-bit substrings after paddi‘ng.‘ At the fourth
round OR-ing, the result may become 12 bits and may be divided into 3 4-bit substrings.
At a fifth round OR-ing, the result may become 3 bits, which may be short enough so no
more compression steps are needéd.

[00151] In this case, the length for 1st round compression result may be represented in

11 bits (like will be described below); the length for 2nd may be 9 bits; the length for 3rd
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may be 7 bit; the length for 4th may be 4 bit; the length for 5th may be 2 bit. Therefore
total number of bits to represent the lengths of compression results may be 33 bits, which
may be less than 5 bytes. For example, 11 bits (2711 = 2048 > 1500) may be desired to
represent the length of the bit string that is used to indicate whether each of the 1500 4-bit
.substring is ‘0000’ or non-‘0000’ (e.g. using O to represent ‘0000’ is the substring and use
1 to present noﬁ-‘OOOO’). In other words, the length of the bit string is 1500 and may be
expressed by at least 11 bits.

[00152] Devices and methods for compression using offset and length according to
various embodiments will be described in the following.

[00153] In line with an IEEE 802.11 standard, some of the 0 bits in the TIM bitmap
may not transmitted by specifying the offset and length of partial bitmap. Details of the
method may be as described above. However, for those consecutive Os within the partial
bitmép, they may be transmitted without compression. A method to remove some of the
consecutive zero’s within the bitmap is to allow multiple offset and length field in the
TIM IE instead of using ohly one of them.

[00154] FIG. 21 shows an example 2000 of using multiple offsets to remove some of
consecutive 0 bits within the TIM bitmap, and to compress the TIM bitmap with an offset
and length method according to various embodiments.
| [00155] The first length field may specify the total length of TIM length, including
some control fields, for example, the DTIM counter and Bitmap control field as shown in
FIG. 14 above.

[00156] An offset field may provide a way to derive the starting point of the partial

TIM Bitmap following the offset and length field. One way may be using a method such
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as (offset x 2 x 8 — 1) since only even number may be represented by the offset field since
only 7 bits may be used to represent numbers up to 250. In case the number of bits in
offset field sufficient, the offset value may be any number and the offset value of the
starting bit of the partial bitmap can be derived as (offset N x 8 -1). Another method to
code the offset filed based on the distance between the current and the bitmap before the
current bitmap. For example, a value of offset k field = (offset k — length_(k-l) —
offset_(k-1)) may be used, where offset_k and offset (k-1) may be absolute positions of
the first bit of partial TIM bitmap_k and Partial TIM bitmap (k-1).

[00157] It may not be necessary for the offset field to stay together with a length field.
A bitmap control field may be put between them.

[00158]  All the offset and length fields may also be put together within the TIM IE, for
example, at the beginning of the TIM IE.

[00159] The first offset value may be desired to be an absolute value and others may
be either absolute or a value relative to previous one.

[00160] FIG. 21 shows an example of the abové method.

[00161] Devices and methods for compression using multiple groups according to
various embodiments will be described below.

[00162] Grouping may be used to compress the TIM bitmap. The TIM bitmap may be
divided into multiple groups first. For example, the length of TIM bitmap may be L and it
may be divided into N groups with each group has a length of M = L/N bits. When all of
the M bits within a group are zero, then the bitmap for that group may not be desired to
be transmitted. A bitmap may indicate whether a group appears or not within the TIM IE,

and may be included in the TIM IE, and each group may be assigned with one bit. If the
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bit is zero, then the bitmap for tﬁe corresponding group may be not included. If a bit is
one, then the bitmap of corresponding group may be included. Other compression
methods may be used with this grouping method together to further compress the bitmap.
[00163] FIG. 22 shows an example 2200 of the above method of compression of a
TIM bitmap with grouping.

[00164] Devices and method to relive media contention when STA sending PS-Poll
according to various embodiments will be described in the following.

[00165] A scheme to wake up nodes may be based on AP setting a 1-bit in the bitmap
to indicate to the node that the AP has data for it. In the case where many nodes need to
be woken up within the same beacon, the PS-Poll sent by those nodes may collide with
each other if there is no proper scheme to help schedule the medium access. To avoid
collision, an AP may desire that the STAs adjust their initial contention window size so
‘ ‘that collision among those STA sending out PS-Poll can be reliéved. The station
themselves may also adjust their contention window size based on the number of stations
with AID bit being turn to 1.

[00166] One possible solution may be, when there are N number of STAs that desire
to be wake up by a beacon, the AP may choose a contention window size value W based
on the number of STAs and the transmission speed of the radio. Here W may be derived
based on certain function W(N, r), where N may be the number of station that are desired
to be woken up and r may be transmission speed of the radio. The function W(N,r) may
be known or unknown to the STA. If the function of W(N, r) is known to the STA, then
automatically the STA may choose an appropriate value for contention window after they

receive the TIM bitmap. If the W(N,r) is unknown to the STA, then AP may broadcast a
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desired value of contention window within the beacon so that the STA may set their
contention window for PS-Poll sending to the value. The function W(N, r) may be either
determined based on experimental or by theoretical analysis.

[00167] According to various embodiments, the nodes that are desired to be waken up
may be divided into a few groups. For each group, a different value for contention
window may be chosen. The STA within the same group may choose back-off time based
on the same contention window size specified for this group. One eXample may be to
divide STA into groups based on the values of AIDs. The AIDs with bit turned to 1 may
be sorted in ascending order first. With a given group size, the STA may derive which
group they are belong and choose the right contention window size based on certain
rules.

[00168] In the 13 bit addressing scheme described above, the ordering of the address
may be used as an indicator to set the size of the contention window. For example the
first group of address may have a smaller contention window size. The next group of
nodes may have a slightly larger contention window, etc.

[00169] According to various embodiments, devices and methods may be provided to
improve the efficiency of TIM IE. According to various embodiments, the bitmap céntrol
field and a zero byte of bitmap may be excluded when there is no data packet in the
buffer of AP. According to various embodiments, a field may be defined to indicate
number of bits used to encoding the AID in TIM IE. According to various embodiments,
differential encoding may be used to further reduce the number of bits to carry the AID

information for traffic indication.
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[00170] Devicés and methods for a TIM IE with reduced format according to various
embodiments will be described below.

[00171] FIG. 14 shows the format for TIM IE defined in the IEEE 802.11-2007
standard. Besides the Element ID and length, it may also contain DTIM Count, DTIM
Period, Bitmap Control and Partial Virtual Bitmap. DTIM period may specify the period
that an AP may send out buffered broadcast and multi-cast to the sleep stations. When
DTIM count becomes zero, the multi-cast/broadcast may be sent out. All stations may be
desired to wake up to listen for the multi-cast/broadcast messages. Bitmap control and
Partial Virtual Bitmap may specify whether multi-cast/broadcast packets are present or
stations may have data packet in the buffer.

[00172] However, with this standard, even if there is no packet in thé AP’s buffer,
bitmap control and one byte for partial virtual bitmap may still be present in the IE with
values of zeros, which may be unnecessary. According to VﬂﬁOUS embodiments, an AP
may be provided which does not transmit the bitmap control and the partial virtual bitmap
when there is no data packet in the buffer of AP. It may transmit a TIM IE that takes |
format as specified in FIG. 23. Station (STA) may know whether another control field
appears in the TIM IE based on the length field.

[00173] FIG. 23 shows a TIM IE 2300 in reduce format.

[00174] Devices and methods for using AID TIM partial virtual bitmap és traffic
indicator according to various embodiments will be described in the following.

[00175] Besides using the bitmap, another way to indicate that data packets are in the
buffer of an AP for a certain station may be to carry the AID directly in the TIM IE.

Since AID may vary from 1 to a few thousand, it may be desired to let a station to know
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how many bits are used to represent a AID so that they can locate whether their AID is
present in the TIM IE or not. Therefore, a field may be ﬁsed to indicate the number of bits
used to represent an AID in the TIM IE.

[00176] Considering the AID may not be placed in order in the TIM IE, another
control field may be used to indicate whether AID is arranged in ascend/descend order or
in other orders.

[00177] Devices and methods for differential encoding for TIM compression
according to various embodiments will be described in the following.

[00178] The AP may divide the complete traffic indication bitmap into one or more
segments and may transmit in one or more TIM elements for a large network. When the
complete traffic indication bitmap is divided into multiple segments, each segment may
indicate the range of the AIDs (bitmap) it is covering.

[00179] The AP may allocate its associated STAs to different groups and may match
each group’s TIM to its awake TBTT. The AP may notify the TBTT (Target Beacon
Transmission Time) and sleep interval of each group. A long sleep interval may be
supported through grouping of STAs.

[00180] A TIM may be compressed when necessary. Furthermore, information across
two or more TIMs may be considered.

[00181] Although TIM may be split into a few parts to be transmitted, the STAs may
not be able to pull the traffic due to low data rate and beacon interval due to the following
facts: If 100 bytes MPDU (MAC protocol data unit) is considered with 14 bytes ACK
(acknowledgement), the air transmission time for 200 Kbps (kilo bits per second) data

rate may be 114* 8 /200000 = 4.56ms, which may be very long. Actually transmission
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time may be longer due to the fact of the back-off to avoid contention, PS Poll, PHY
(physical layer) overhead and IFSs (Inter Frame Spacing) may be desired. In this case, a
100ms beacon interval may allow about 100/5=20 STAs to complete. Thus, 6000 STAs .
may need about 6000/20 = 300 beacon intervals = 30s, so that the delay may be quite
large.

[00182] According to various embodiments, the AP may form thé TIM information
through encoding or compressing fhe encoding results on the difference between two
consecutive TIM bitmap or the difference between two TIM bitmaps where the referred
TIM or TIM segments may be sent earlier or in the same information element of traffic
indication map in full beacon/short beacon/broadcast TIM frames/control signals, for all
or a group of STAs.

[00183] According to various embodiments, other new TIM bitmap parts may be
transmitted without any differential encoding but with or without compression.

[00184] According to various embodiments, the AP may desire to give the boundary
(starting position and/or ending position or length in bytes/bit/bi-bytes) for different TIM
parts with or without differential encoding, either explicitly or implicitly. |

[00185] According to various embodiments, referred information may be sent out in
full/short beacon/broadcast TIM frames/control signals with complete information.
[00186] According to various embodiments, the AP may desire some control bits in
TIM to indicate that this method is used.

[00187] According to various embodiments, low cost devices and methods may be
provided that save at most a few hundred bytes for the referred TIM bitmap. When there

are a lot of zeros, that means there is no big difference between two consecutive TIM
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bitmaps or TIM parts in the same information element of traffic indication map, it may be
easy to have the compression gain.

[00188] According to various embodiments, a complete TIM bitmap (for all or a group
of STAs) may be sent in a full beacon, while a short beacon may be transmitted with
differential encoded TIM bitmap partially or fully, with a distinct boundary.

[00189] Accordiﬁg to various embodiments, a full TIM bitmap may be sent in a
compressed manner or the encoded format as in 802.11-2007 / 802.11v.

[00190] According to various embodiments, a full TIM bitmap may be grouped, and
partial (incomplete) TIM bitmap may be sent in short beacon or other broadcast frames,
where the partial TIM may differentially be encoded if necessary for each group
separately.

[00191] According to various embodiments, the AP may send out full TIM bitmap
according to its own decision or upon the request of some STAs.

[00192] According to various embodiments, STAs that haven’t received full TIM may
wait for full TIM in order to do PS-Poll.

[00193] According to various embodiments, partial TIM may be helpful for a large
number of STAs that are indicated in TIM bitmap.

[00194] According to various embodiments, a short beacon may be transmitted in a
shorter interval and requires a small size of TIM. Differential encoding with compression
for TIM bitmap may be very efficient so it may meet the requirement.

[00195] According to various embodiments, if STAs may listen to more TIM
(full/short beacon, broadcast TIM frames or other control signals), the differential

encoding may be done across multiple TIM bitmaps for different group of STAs or all the
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STAs with clear reference point, where a reference point may be set as some sequence
number in the beacon.

[00196] Devices and methods to indicate the format extension of TIM bitmap
according to various embodiments will be described in the following.

[00197] With the TIM IE defined in the IEEE 802.11 standard as shown in FIG. 14, all
control bits may be used up. However, to support TIM compression or grouping, some
change of TIM IE may be provided. The best way to make the change of TIM IE format
may be that the capacity of Bitmap is not reduced in the worst case scenarios. For
example, if one octét is used in the bitmap for group or compression, this may reduce the
capacity of bitmap by 8.

[00198] Based on the IEEE 802.11 specification, the bit 1 to 7 in the Bitmap Control
field of TIM IE may be used to specify the starting octet of the partial TIM bitmap
contained in the TIM IE. The value may be 0,1, 2, ..., 127. Since only even number is
allowed to be as an offset, the real value may be divided by two and then put in the
bitmap control field. Because the maximum length of Bitmap is 251 octets, the maximum
value that is put in the bitmap control field may be 125. Therefore, 126 and 127 may be
‘two values that are not used. Hence, one of them may be used to indicate that the bitmap
is compressed or grouped. That is, when the offset value in bitmap control field is less
than or equal to 125, then the TIM Bitmap in the TIM IE may be in the forﬁlat specified
by the standard. If the value is 126 or 127, it may indicate that the bitmap is compressed
or is grouped. One example may be to use one of them to represent compression and
another value to represent extension for grouping.

[00199] FIG. 24 shows an example design 2400 for a TIM Extension.
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[00200] In case the bitmap is in compression format, the extended bitmap control field
may specify the information such as compression method, offset of the bitmap etc.
[00201] The advantage of above design may be that the capacity of bitmap is kept the
same when compression and may not reduce the size of bitmap.

[00202] Devices and methods for a use of TIM compre_ssion for different TIM
extension methods according to various embodiments will be described in the following.
[00203] The TIM bitmap specified by the IEEE 802.11 standard méy have a maximum
length of 2007 bit and may not support more than 2007 statioﬁs. Smart grid application
may require supporting more than 6000 nodes. To extend the TIM bitmap may be
necessary. For example, multiple BSSID may be used, a single TIM bitmap may be used
that can support up to 6000 bits, a time division method may be used, or grouping may be
used.

[00204] The compression methods and devices as described about may be used
together with various other TIM Bitmap extension methods and devices.

[00205] Devices and methods for a use of a TIM compression when multiple BSSID
are used for a TIM extension according to various embodiments will be described in the
following.

[00206] To enable TIM support up to 6000 nodes, multiple BSSID may be used by an
AP. Each BSSID may support up to 2007 nodes. Therefore, three BSSIDs may support
more than 6000 nodes. For each STA, it may not be aware other BSSIDs. It may operate
based on the BSSID it is associated to. With this method, the TIM bitmap may be exactly

the same as the TIM defined in the standard.

51



WO 2013/070174 PCT/SG2012/000427

[00207] With such a design, the AP may desire to send beacon either more frequently
or send a few beacons béck to back. For example, when the number of STA is less than
2007, the AP may desire to send beacon with interval of T millisecond; when the number
of STA increases to 6000, then the AP may desire to send beacon every T/3 milliseconds
or send 3 beacons back to back every T milliseconds.

[00208] The compression of TIM bitmap may be to compress a bitmap up to 2007 bit.
[00209] When the number of 1 bit is less than 154, one of the methods specified above
may be used. The advantage of this method may be that certain scheduling information
may be derived based on position of the AID code assign to the STA.

[00210] The bitmap may also be compressed by other methods described above or
with any combination of the methods described above.

[00211] In case the bitmap after .compression is larger than the partial bitmap size
specified with "existing method, then the: AP may send the partial bitmap without
compression.

[00212] Devices and methods for a use of TIM compression when a single TIM
bitmap is used to Support 6000 STAs according to various embodiments will be
described in the following.

[00213] When a single TIM bitmap is used to support up to 6000 STAs, then the
bitmap may have 6000 bits.

[00214] Similar to the BSSID method described above, when the number of 1 bit is
less than 154, one of the methods described above may be used.

[00215] Whenever the number of 1’s bit are less than 330, the bitmap may always be

compressed to less than 2007, which may reduce the bitmap size by 66%.
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[00216] Devices and methods for a use of TIM comﬁression when a TIM bitmap
grouping is used to Support 6000 STAs according to various embodiments will be
described in the following.

[00217] According to various embodiments, the bitmap may be extended by using a
gfoup ID (identifier). A group ID may either be attached to at the beginning or end of the
bitmap. For example, to support up to 6000 STA, three groups may be defined with each
group contains up to 2000 STA. A bitmap with three bits may be used to indicate whether
a group appeared is present within a TIM IE. If the bit is set to one, then the bitmap
corresponding to this group may appear in the TIM IE. The number of bitmap of different
group may be more than one.

'[00218]  For this method, a compression scheme as described above may be applied to
compress the bitmap for each group. The compressed bitmap may can be transmitted. A
pre-defined bit may be used to indicate whether a bitmap is compressed or not.

[00219] | According to various embodiments, devices and methods may be provided
that may be used to compress the TIM bitmap for IEEE 802.11 networks. This may help
to reduce the size of beacons transmitted by AP and may therefore save both radio
resource and energy.

[00220] While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is
thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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Claims

What is claimed is:

1. A compression device comprising:

a subset determination circuit configured to determine a subset of a transmission
indication map, the transmission indication map comprising a plurality of bits,
each bit indicating whether data to be transmitted to a respective pre-determined
radio communication terminal is present in an access point;

a pre-determined bit value determination circuit configured to determine whether
the subset comprises a bit of a pre-determined bit value; and

a compressed string generation circuit configured to insert, if the subset comprises
a bit of the pre-determined bit value, into a compressed string an indicator
indicating that the subset comprises a bit of the pre-determined bit value and the
subset and further configured to insert, if the subset does not comprise a bit of the
pre-determined bit value, into the compressed string an indicator indicating that

the subset does not comprise a bit of the pre-determined bit value.

2. The compression device of claim 1,
wherein the indicator indicating that the subset comprises a bit of the pre-
determined bit value comprises a bit of a pre-determined first bit value, and
wherein the indicator indicating that the subset does not comprise a bit of the pre-

determined bit value comprises a bit of a pre-determined second bit value.
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3. The compression device of claim 1,
wherein the compression device is further configured to perform compression of
the indicators using the subset determination circuit, the pre-determined bit value

determination circuit, and the compressed string generation circuit.

4. The compression device of claim 1,
wherein the compression device is further configured to process a plurality of
subsets of the transmission indication map using the subset determination circuit,
the pre-determined bit value determination circuit, and the compressed string

generation circuit,

5. A decompression device comprising:

a compressed string receiver configured to receive a compressed string; and

a transmission indication map generator configured to generate a transmission
indication map comprising a plurality of bits, each bit indicating whether data to
be transmitted to a respective pre-determined radio communication terminal is
present in an access point, based on the compressed string,

wherein the transmission indication map generator is configured to insert into the
transmission indication map a pre-determined subset of the compressed string, if
the compressed string comprises an indicator indicating that a pre-determined
subset of the transmission indication map comprises a bit of a pre-determined first

bit value, and further configured to insert into the transmission indication map a
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- pre-determined plurality of bits of a pre-determined second bit value, if the
compressed string comprises an indicator indicating that the pre-determined
subset of the transmission indication map does not comprise a bit of the pre-

determined first bit value.

6. The decompression device of claim 5,
wherein the indicator indicating that the subset comprises a bit of the pre-
determined bit value comprfses a bit of a pre-determined first bit value, and
wherein the indicator indicating that the subset does not comprise a bit of the pre-

determined bit value comprises a bit of a pre-determined second bit value.

7. A compression method comprising:

determining a subset of a transmission indication map, the transmission indication
map comprising a plurality of bits, each bit indicating whether data to be
transmitted to a respective pre-determined radio communication terminal is
present in an access point;

determining whether the subset comprises a bit of a pre-determined bit value; and
inserting, if the subset comprises a bit of the pre-determined bit value, into a
compressed string an indicator indicating that the subset comprises a bit of the
pre-determined bit value and the subset and inserting, if the su_bsef does not
comprise a bit of the pre-determined bit value, into the compressed string an
indicator indicating that the subset does not comprise a bit of the —pre-detennined

bit value.
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10.

11.

The compression method of claim 7,

wherein the indicator indicating that the subset comprises a bit of the pre-
determined bit. value comprises a bit of a pre-determined first bit value, and
wherein the indicator indicating that the subset does not comprise a bit of the pre-

determined bit value comprises a bit of a pre-determined second bit value.

The compression method of claim 7, further comprising:
performing compression of the indicators using the subset determination, the pre-

determined bit value determination, and the compressed string generation.

The compression method of claim 7, further comprising:
processing a plurality of subsets of the transmission indication map using the
subset determination, the pre-determined bit value determination, and the

compressed string generation.

A decompression method comprising:

receiving a compressed string;

generating a transmission indication map comprising a plurality of bits, each bit
indicating whether data to be transmitted to a respective pre-determined radio
communication terminal is present in an access point, based on the compressed

string; and
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12.

3.

inserting into the transmission indication map a pre-determined subset of the
compressed string, if the compressed string comprises an indicator indicating that
a pre-determined subset of the transmission indication map comprises a bit of a
pre-determined first bit value, and inserting into the transmission indication map a
pre-determined plurality of bits of a pre-determined second bit value, if the
compressed string comprises an indicator indicating that the pre-determined
subset of the transmission indication map does not comprise a bit of the pre-

determined first bit value.

The decompression method of claim 11,

wherein the indicator indicating that the subset comprises a bit of the pre-
determined bit value comprises a bit of a pre-determined first bit value, and
wherein the indicator indicating that the subset does not comprise a bit of the pre-

determined bit value comprises a bit of a pre-determined second bit value.

A compression device comprising;

a subset determiﬁation circuit configured to determine a plurality of subsets of a
transmission indication map, the transmission indication map comprising a
plurality of bits, each bit indicating whether data to be transmittéd to a respective
pre-determined radio communication terminal is present in an access point;

a pre-determined bit value determination circuit configured to determine for each

subset whether the subset comprises a bit of a pre-determined bit value; and
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14.

15.

16.

a compressed string generation circuit configured to, for eaph subset, insert the
subset to a compressed string if the subset comprises a bit of the pre-determined
bit value, and further configured to, for each subset, insert into the compressed
string an indication indicating a position df a subsequent subset in the
transmission indication map if the subset does not comprise a bit of the pre-

determined bit value.
The compression device of claim 13,
wherein the indication comprises an absolute position in the transmission

indication map.

The compression device of claim 13,

“wherein the indication comprises a relative position in the transmission indication

map with respect to a preceding position.

A decompression device comprising;

' a compressed string receiver configured to receive a compressed string;

a transmission indication map generator configured to generate a transmission
indication map comprising a plurality of bits, each bit indicating whether data to
be transmitted to a respective pre-determined radio communication terminal is
present in an access point, based on the compressed string, and

a position determiner configured to determine, for a plurality of substrings of the

received compressed string, a position based on the compressed string;
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18.

19.
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wherein the transmission indication map generator is configured to insert, for the
plurality of substrings of the received compressed string, into the transmission
indication map the respective subset of the compressed string at the determined

position.

The decompression device of claim 16,
wherein the position determiner is configured to determine the position as an

absolute position in the transmission indication map.

The decompression device of claim 16,
wherein the position determiner is configured to determine the position as a
relative position in the transmission indication map with respect to a preceding

position.

A compression method comprising:

determining a plurality of subsets of a transmission indication map, the
transmission indication map comprising a plurality of bits, each bit indicating
whether data to be transmitted to a respective pre-determined radio
communication terminal is present in an access point;

determining for each subset whether the subsét comprises a bit of a pre-
determiﬁed bit value; and

for each subset, inserting the subset to a compressed string if the subset comprises

a bit of the pre-determined bit value, and further configured to, for each subset,
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20.

21.

22.

insert into the compressed string an indication indicating a position of a
subsequent subset in the transmission indication map if the subset does not

comprise a bit of the pre-determined bit value.

The compression method of claim 19,
wherein the indication comprises an absolute position in the transmission

indication map.

The compression method of claim 19,
wherein the indication comprises a relative position in the transmission indication

map with respect to a preceding position.

A decdmpression method comprising:

receiving a compressed string;

generating a transmission indication map comprising a plurality of bits, each bit
indicating whether data to be transmitted to a respective pre-determined radio
communication terminal is present in an access point, based on the compressed
string;

determining, for a plurality of substrings of the received compressed string, a
position based on the compressed string; and |

inserting, for the plurality of substrings of the received compressed string, into the
transmission indication map the respective subset of the compressed string at the

determined position.
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23.

24.

The decompression method of claim 22, further comprising:
determining the position as an absolute position in the transmission indication

map.
The decompression method of claim 22, further comprising:

determining the position as a relative position in the transmission indication map

with respect to a preceding position.
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