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PHYSICAL LAYER FRAME FORMAT FOR LONG RANGE WLAN

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This disclosure claims the benefit of U.S. Provisional Patent Application No.
61/494,362, entitled “Remove SERVICE Field in 11ah and 11af,” filed on June 7, 2011, the

disclosure of which is hereby incorporated by reference herein in its entirety.
FIELD OF THE DISCLOSURE

[0002] The present disclosure relates generally to communication networks and, more

particularly, to long range low power wireless local area networks.
BACKGROUND

[0003] The background description provided herein is for the purpose of generally presenting
the context of the disclosure. Work of the presently named inventors, to the extent it is described
in this background section, as well as aspects of the description that may not otherwise qualify as
prior art at the time of filing, are neither expressly nor impliedly admitted as prior art against the

present disclosure.

[0004] When operating in an infrastructure mode, wireless local area networks (WLANS)
typically include an access point (AP) and one or more client stations. WLANSs have evolved
rapidly over the past decade. Development of WLAN standards such as the Institute for
Electrical and Electronics Engineers (IEEE) 802.11a, 802.11b, 802.11g, and 802.11n Standards
has improved single-user peak data throughput. For example, the IEEE 802.11b Standard
specifies a single-user peak throughput of 11 megabits per second (Mbps), the IEEE 802.11a and
802.11g Standards specify a single-user peak throughput of 54 Mbps, the IEEE 802.11n Standard
specifies a single-user peak throughput of 600 Mbps, and the IEEE 802.11ac Standard specifies a
single-user peak throughput in the gigabits per second (Gbps) range.

[0005] Work has begun on two new standards, IEEE 802.11ah and IEEE 802.11af, each of
which will specify wireless network operation in sub-1GHz frequencies. Lower frequency
communication channels are generally characterized by better propagation qualities and extended
propagation ranges compared to transmission at higher frequencies. In the past, sub-1 GHz

ranges have not been utilized for wireless communication networks because such frequencies
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were reserved for other applications (e.g., licensed TV frequency bands, radio frequency band,
etc.). There are few frequency bands in the sub 1-GHz range that remain unlicensed, with
different specific unlicensed frequencies in different geographical regions. The IEEE 802.11ah
Standard will specify wireless operation in available unlicensed sub-1GHz frequency bands. The
IEEE 802.11af Standard will specify wireless operation in TV White Space (TVWS), i.e., unused
TV channels in sub-1GHz frequency bands. Communications channels in the sub-1GHz
frequency bands have a lower data rate, therefore generating a physical layer (PHY) data unit
with a long preamble will significantly increase the duration of time it takes to transmit the data

unit to the client station.
SUMMARY OF THE DISCLOSURE

[0006] In one embodiment, a method for generating a physical layer (PHY) data unit for
transmission via a long range communication protocol includes generating a preamble portion of
the PHY data unit. The method also includes generating a service field, wherein the service field
has a length of eight or less bits. The method further includes generating a data portion of the
PHY data unit to include the service field having the length of eight bits or less.

[0007] In various other embodiments, any combination of the following features are included.
Seven bits of the service field correspond to a scrambler seed, and one bit of the service field
corresponds to a reserved field. The service field includes a scrambler seed subfield, and a
length of the scrambler seed subfield is less than a length of a scrambler seed utilized to scramble
data in the data portion of the PHY data unit. One or more bits of the scrambler seed not

included in the scrambler seed subfield are assumed to have a predefined value.

[0008] In another embodiment, an apparatus comprises a network interface configured to
generate a PHY data unit according to a long range communication protocol. The network
interface is also configured to at least generate a preamble portion of the PHY data unit and to
generate a service field, wherein the service field has a length of eight or less bits. The network
interface is further configured to generate a data portion of the PHY data unit to include the
service field having the length of eight bits or less.

[0009] In various other embodiments, any combination of the following features are

included. Seven bits of the service field correspond to a scrambler seed, and one bit of the
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service field corresponds to a reserved field. The service field includes a scrambler seed
subfield, and a length of the scrambler seed subfield is less than a length of a scrambler seed
utilized to scramble data in the data portion of the PHY data unit. One or more bits of the
scrambler seed not included in the scrambler seed subfield are assumed to have a predefined

value.

[0010] In still another embodiment, a method for generating a physical layer (PHY) data unit
for transmission via a long range communication protocol includes generating a scrambler seed
subfield. The method also includes generating a signal field that includes the scrambler seed
subfield. The method further includes generating a preamble portion of the PHY data unit,
wherein the preamble portion includes the signal field. The method still further includes

generating a data portion of the PHY data unit, wherein the data portion omits a service field.

[0011] In various other embodiments, any combination of the following features are included.
The scrambler seed subfield has a length of seven bits. A length of the scrambler seed subfield is
less than a length of a scrambler seed utilized to scramble data in the data portion of the PHY
data unit. One or more bits of the scrambler seed not included in the scrambler seed subfield are

assumed to have a predefined value.

[0012] In another embodiment, an apparatus comprises a network interface configured to
generate a physical layer (PHY) data unit according to a long range communication protocol.
The apparatus is also configured to at least generate a scrambler seed subfield, to generate a
signal field that includes the scrambler seed subfield. The apparatus is further configured to
generate a preamble portion of the PHY data unit, wherein the preamble portion includes the
signal field. The apparatus is still further configured to generate a data portion of the PHY data

unit, wherein the data portion omits a service field.

[0013] In various other embodiments, any combination of the following features are included.
The scrambler seed subfield has a length of seven bits. A length of the scrambler seed subfield is
less than a length of a scrambler seed utilized to scramble data in the data portion of the PHY
data unit. One or more bits of the scrambler seed not included in the scrambler seed subfield are

assumed to have a predefined value.



WO 2012/170735 PCT/US2012/041422

[0014] In still another embodiment, a method for generating a physical layer (PHY) data unit
for transmission via a long range communication protocol includes determining whether the
PHY data unit is to be generated according to a first mode of operation or a second mode of
operation. The method also includes generating the PHY data unit such that a scrambler seed
subfield (i) is at a first location in the PHY data unit and (ii) has a first length, when it is
determined that the PHY data unit is to be generated according to the first mode of operation.
The method further includes generating the PHY data unit such that at least one of (i) the
scrambler seed subfield is at a second location in the PHY data unit different than the first
location, and (ii) the scrambler seed subfield has a second length different than the first length,
when it is determined that the PHY data unit is to be generated according to the second mode of

operation.
[0015] In various other embodiments, any combination of the following features are included.

[0016] When it is determined that the PHY data unit is to be generated according to the first
mode of operation, the method generates the PHY data unit such that the scrambler seed subfield
is in a service field of a data portion of the PHY data unit, and when it is determined that the
PHY data unit is to be generated according to the second mode of operation, the method
generates the PHY data unit such that the scrambler seed subfield is in a signal field of a

preamble portion of the PHY data unit.

[0017] When it is determined that the PHY data unit is to be generated according to the first
mode of operation, the method generates the PHY data unit such that the scrambler seed subfield
has a first length, and when it is determined that the PHY data unit is to be generated according
to the second mode of operation, the method generates the PHY data unit such that the scrambler

seed subfield has a second length shorter than the first length.

[0018] In still another embodiment, an apparatus comprises a network interface configured to
generate a physical layer (PHY) data unit according to a long range communication protocol.
The network interface is further configured to at least determine whether the PHY data unit is to
be generated according to a first mode of operation or a second mode of operation. The network
interface is also configured to generate the PHY data unit such that a scrambler seed subfield (i)

is at a first location in the PHY data unit and (ii) has a first length, when it is determined that the
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PHY data unit is to be generated according to the first mode of operation. The network interface
is still further configured to generate the PHY data unit such that at least one of (i) the scrambler
seed subfield is at a second location in the PHY data unit different than the first location, and (ii)
the scrambler seed subfield has a second length different than the first length, when it is

determined that the PHY data unit is to be generated according to the second mode of operation.
[0019] In various other embodiments, any combination of the following features are included.

[0020] The network interface is further configured to generate the PHY data unit such that the
scrambler seed subfield is in a service field of a data portion of the PHY data unit, when it is
determined that the PHY data unit is to be generated according to the first mode of operation,
and to generate the PHY data unit such that the scrambler seed subfield is in a signal field of a
preamble portion of the PHY data unit, when it is determined that the PHY data unit is to be

generated according to the second mode of operation.

[0021] The network interface is further configured to generate the PHY data unit such that the
scrambler seed subfield has a first length, when it is determined that the PHY data unit is to be
generated according to the first mode of operation, and to generate the PHY data unit such that
the scrambler seed subfield has a second length shorter than the first length, when it is

determined that the PHY data unit is to be generated according to the second mode of operation.
BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Fig. 1 is a block diagram of an example wireless local area network (WLAN) 10,

according to an embodiment.

[0023] Figs. 2A and 2B are diagrams of a short range orthogonal frequency division

multiplexing (OFDM) data unit, according to an embodiment.

[0024] Fig. 3 is a diagram of a data unit format as defined by the IEEE 802.11a/802.11g
Standard.

[0025] Fig. 4 is a diagram of a data unit format as defined by the IEEE 802.11n Standard.

[0026] Fig. 5 is a diagram of a data unit format as defined by the IEEE 802.11ac Standard,

now being developed.
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[0027] Fig. 6 is a diagram of an example long range physical layer (PHY) data unit, according

to an embodiment.

[0028] Fig. 7 is a diagram of an example long range PHY data unit, according to another

embodiment.

[0029] Fig. 8 is a diagram of an example long range PHY data unit, according to another

embodiment.

[0030] Fig. 9 is a diagram of an example long range PHY data unit, according to another

embodiment.

[0031] Fig. 10 is a flow diagram of an example method for generating a PHY data unit,

according to an embodiment.

[0032] Fig. 11 is a flow diagram of an example method for generating a PHY data unit,

according to another embodiment.

[0033] Fig. 12 is a flow diagram of another example method for generating a PHY data unit,

according to another embodiment.

[0034] Fig. 13 is a flow diagram of another example method for generating a PHY data unit,

according to another embodiment.
DETAILED DESCRIPTION

[0035] In embodiments described below, a wireless network device such as an access point
(AP) of a wireless local area network (WLAN) transmits data streams to one or more client
stations. The AP is configured to operate with client stations according to at least a first
communication protocol. The first communication protocol defines operation in a sub 1 GHz
frequency range, and is typically used for applications requiring long range wireless
communication with relatively low data rates. The first communication protocol (e.g., as
specified in the IEEE 802.11af Standard or the IEEE 802.11ah Standard) is referred to herein as a
"long range" communication protocol. In some embodiments, the AP is also configured to
operate with client stations according to one or more other communication protocols which

define operation in generally higher frequency ranges and are typically used for communication
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in closer ranges and with generally higher data rates. The closer range communication protocols

are collectively referred to herein as "short range" communication protocols.

[0036] In some embodiments, the long range communication protocol defines one or more
physical layer data unit formats the same as or similar to physical layer data unit format defined
by one or more of the short range communication protocols. In one embodiment, to support
communication over a longer range, and also to accommodate typically smaller bandwidth
channels available at lower (sub 1-GHz) frequencies, the long range communication protocol
defines physical layer (PHY) data units having a format that is similar to a PHY data unit format
defined by a long range communication protocol, but generated using a lower clock rate. In an
embodiment, the AP operates at a clock rate suitable for short range (and high throughput)
operation, and down-clocking is used to generate a new clock signal to be used for the sub 1
GHz operation. As aresult, in this embodiment, a PHY data unit that conforms to the long range
communication protocol ("long range data unit") maintains a physical layer format of a data unit
that is similar to a short range communication protocol ("short range data unit"), but is
transmitted over a longer period of time. Additionally, in some embodiments, the long range
communication protocol defines one or more additional communication modes having even

lower data rates and intended for extended range operations.

[0037] In some embodiments, because the long range data units are transmitted at a slower
rate than short range data units and because the overall length of PHY data units is sometimes
limited, the degree of overhead caused by PHY preamble information and other PHY overhead
information in the long range data units is much greater as compared to the degree of overhead
caused by such information in the short range data units. For example, a service field is included
in PHY data units that conform to the IEEE §02.11a, 802.11g, and 802.11n Standards. As
specified in the IEEE 802.11a, 8§02.11g, and 802.11n Standards, the service field has a length of
two bytes. In some expected use scenarios of long range communication protocols, the payload
of a PHY data unit may be on the order of two bytes. Thus, a service field as specified in the
IEEE 802.11a, 802.11g, and 802.11n Standards contributes significantly to overhead in a long

range communication protocol, at least in some scenarios.

[0038] In embodiments described below, example PHY data unit formats are described in

which a service field, such as specified in the IEEE 11a, 802.11g, and 802.11n Standards, is
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significantly reduced in size or removed altogether to reduce overhead when using a long range

protocol.

[0039] Fig. 1is a block diagram of an example wireless local area network (WLAN) 10,
according to an embodiment. An AP 14 includes a host processor 15 coupled to a network
interface 16. The network interface 16 includes a medium access control (MAC) unit 18 and a
physical layer (PHY) unit 20. The PHY unit 20 includes a plurality of transceivers 21, and the
transceivers 21 are coupled to a plurality of antennas 24. Although three transceivers 21 and
three antennas 24 are illustrated in Fig. 1, the AP 14 can include different numbers (e.g., 1, 2, 4,

5, etc.) of transceivers 21 and antennas 24 in other embodiments.

[0040] The WLAN 10 includes a plurality of client stations 25. Although four client stations
25 are illustrated in Fig. 1, the WLAN 10 can include different numbers (e.g., 1, 2, 3, 5, 6, etc.)
of client stations 25 in various scenarios and embodiments. At least one of the client stations 25
(e.g., client station 25-1) is configured to operate at least according to the long range
communication protocol. In some embodiments, at least one of the client stations 25 (e.g., client
station 25-4) is a short range client station that is configured to operate according to one or more

of the short range communication protocols.

[0041] The client station 25-1 includes a host processor 26 coupled to a network interface 27.
The network interface 27 includes a MAC unit 28 and a PHY unit 29. The PHY unit 29 includes
a plurality of transceivers 30, and the transceivers 30 are coupled to a plurality of antennas 34.
Although three transceivers 30 and three antennas 34 are illustrated in Fig. 1, the client station
25-1 can include different numbers (e.g., 1, 2, 4, 5, etc.) of transceivers 30 and antennas 34 in

other embodiments.

[0042] In an embodiment, one or both of the client stations 25-2 and 25-3, has a structure the
same as or similar to the client station 25-1. In an embodiment, the client station 25-4 has a
structure similar to the client station 25-1. In these embodiments, the client stations 25
structured the same as or similar to the client station 25-1 have the same or a different number of
transceivers and antennas. For example, the client station 25-2 has only two transceivers and

two antennas, according to an embodiment.
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[0043] In various embodiments, the PHY unit 20 of the AP 14 is configured to generate data
units conforming to the long range communication protocol and having formats described
hereinafter. The transceiver(s) 21 is/are configured to transmit the generated data units via the
antenna(s) 24. Similarly, the transceiver(s) 24 is/are configured to receive the data units via the
antenna(s) 24. The PHY unit 20 of the AP 14 is configured to process received data units
conforming to the long range communication protocol and having formats described hereinafter,

according to various embodiments.

[0044] In various embodiments, the PHY unit 29 of the client device 25-1 is configured to
generate data units conforming to the long range communication protocol and having formats
described hereinafter. The transceiver(s) 30 is/are configured to transmit the generated data units
via the antenna(s) 34. Similarly, the transceiver(s) 30 is/are configured to receive data units via
the antenna(s) 34. The PHY unit 29 of the client device 25-1 is configured to process received
data units conforming to the long range communication protocol and having formats described

hereinafter, according to various embodiments.

[0045] A brief description of prior art PHY data unit formats is provided below as
background.

[0046] Fig. 2A is a diagram of a prior art short range PHY data unit 200 specified by the IEEE
802.11a Standard. The PHY data unit 200 includes a preamble having a legacy short training
field (L-STF) 202, generally used for packet detection, initial synchronization, and automatic
gain control, etc., and a legacy long training field (L-LTF) 204, generally used for channel
estimation and fine synchronization. The PHY data unit 200 also includes a legacy signal field
(L-SIG) 206, used to carry certain physical layer (PHY) parameters of with the data unit 200,
such as modulation type and coding rate used to transmit the PHY data unit 200, for example.
The PHY data unit 200 also includes a data portion 208. Fig. 2B is a diagram of example data
portion 208 (not low density parity check encoded), which includes a service field, a scrambled
physical layer service data unit (PSDU), tail bits, and padding bits, if needed. The PHY data unit
200 is designed for transmission over one spatial or space-time stream in single input a single

output (SISO) channel configuration.
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[0047] Fig. 3 is a diagram of a prior art short range PHY data unit 300 specified by the IEEE
802.11a and 802.11g Standards. The data unit 300 includes a preamble 302 and a data portion
304. The data portion 304 includes a service field 306. The service field 306 has a length of
sixteen bits (two bytes). The seven most significant bits (MSB) are defined as scrambler seed
bits 308, and the nine least significant bits are reserved service bits 310. The service field 306 is
generally used to define an initial state of a scrambler used to scramble information bits in the
data portion 304 for purposes of improving reception of the data portion 304. The PHY data unit
300 is designed for transmission over one spatial or space-time stream in a single input, single

output (SISO) channel configuration.

[0048] Fig. 4 is a diagram of two prior art PHY data units 400 according to the IEEE 802.11n
Standard. The data units 400 includes a preamble 402 and a data portion 404. The data portion
404 includes a service field 406. The service field has a length of sixteen bits. The seven most
significant bits (MSB) are defined as scrambler seed bits 408, and the nine least significant bits
(LSB) are reserved service bits 410. The PHY data units 400 are designed for transmission over
one or more spatial or space-time streams in a multiple user multiple input multiple output

(MIMO) channel configuration.

[0049] Fig. 5 is a diagram of a prior art PHY data unit 500 according to the IEEE 802.11ac
Standard, which is in the process of being standardized. The PHY data unit 500 includes a
preamble 502 having a legacy short training field (L-STF) 504, legacy long training field (L-
LTF) 506 and a legacy signal (L-SIG) 508 for providing at least some information to legacy
stations (e.g., client stations configured to communicate according to the IEEE 802.11a, the

IEEE 802.11g, or the IEEE 802.11n Standards).

[0050] The data unit 500 is designed for transmission in a multiple user, multiple input
multiple output (MIMO) channel configuration. The preamble 502 includes a very high
throughput (VHT) signal field A (VHT-SIG-A) 510 that specifies information regarding the
PHY data unit 500. The preamble 502 also includes a VHT short training field (VHT-STF) 512,
generally used for packet detection, initial synchronization, and automatic gain control, etc., a
VHT long training fields (VHT LTF) 514, generally used for channel estimation and fine
synchronization, and a very high throughput signal field B (VHT-SIG-B) 516. The PHY data
unit 500 also includes a data portion 518 with a service field 520. The service field 520 has a

10
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length of sixteen bits (two bytes). The seven most significant bits (MSB) are defined as
scrambler seed bits 522. One bit of the service field is defined as a reserve service bit 524. The
eight least significant bits (LSB) of the service field are used as a cyclic redundancy check
(CRC) field 526 for the VHT-SIG-B 516.

[0051] Fig. 6 is a diagram of an example PHY data unit format 600 for use in a long range
communication protocol, according to an embodiment. The AP 14 is configured to transmit the
PHY data unit 600 to the client station 25-4 via orthogonal frequency division multiplexing
(OFDM) modulation, according to an embodiment. In an embodiment, the client station 25-4 is

also configured to transmit the data unit 600 to the AP 14.

[0052] The PHY data unit 600 includes a preamble 602, generally used for packet detection,
synchronization, and automatic gain control, etc., as well as to provide PHY information for use
in decoding the data unit. The PHY data unit 600 also includes a data field 604 having a service
field 606 and a data portion 608. The service field 606 includes a scrambler seed 610. The
scrambler seed 610 has seven bits (e.g., Xy . . . X¢), in an embodiment. The scrambler seed 610
conforms to the IEEE 802.11 a, b, g, n Standards requiring the scrambler seed to be a non-zero
pseudo random value, in an embodiment. The scrambler seed 610 corresponds to an initial state

of a scrambler used to scramble bits in the data portion 608.

[0053] In an embodiment, the seven most significant bits (MSBs) of the service field 606
correspond to the scrambler seed 610 and the least significant bit (LSB) corresponds to a
reserved bit 614.

[0054] In another embodiment, the service field 606 has another suitable length of more than
one byte. In another embodiment, the service field 606 has another suitable length of less than
one byte. One or more bits of the service field 606 are utilized as a scrambler seed field. In
some embodiments, a suitable number of bits of the scrambler seed 608 are fixed to a logic

value, such as one (1).

[0055] Generating a data unit with an eight bit service field results in a data unit with an
amount of PHY protocol information (as opposed to payload data) that is considerably less than
the amount of PHY protocol information in prior art physical layer (PHY) formats. This is

especially useful in at least some embodiments of long range communication protocols, such as

11
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protocols of the IEEE 802.11ah/af standards. By reducing the amount of PHY overhead data,
more of the PHY data unit can be devoted to payload information, and overall data throughput is
increased, at least in some embodiments and/or scenarios. As discussed above, in some
envisioned uses of long range communication protocols, a size of a PHY service data unit
(PSDU) may commonly be on the order of ten bytes. In one example scenario of a long range
communication protocol that generally corresponds to a short range PHY data unit but with data
repeated four times (4X repetition mode), a sixteen bit service field could occupy as many as

three OFDM symbols, which may be a significant portion of the overall PHY data unit.

[0056] In some embodiments, the long range protocol operates in at least two modes including
(i) a normal or regular mode and (ii) an extended range or low rate mode. The low rate mode
may correspond to a slower clock rate as compared to the regular mode, and thus data rates in the
low rate mode are generally lower than data rates in the regular mode, in some embodiments. In
an embodiment, the PHY data unit format 600 is utilized in both the regular mode and the low
rate mode. In another embodiment, the PHY data unit format 600 is utilized in the low rate
mode, whereas another suitable PHY data unit format 600 is utilized in the regular mode. For
example, in an embodiment, a PHY data unit format with a longer service field (as compared to

the PHY data unit format 600), such as a 16-bit service field, is utilized in the regular mode.

[0057] Fig. 7 is a diagram of another example PHY data unit format 700 for use in a long
range communication protocol, according to an embodiment. The AP 14 is configured to
transmit the PHY data unit 700 to the client station 25-4 via orthogonal frequency division
multiplexing (OFDM) modulation, according to an embodiment. In an embodiment, the client

station 25-4 is also configured to transmit the data unit 700 to the AP 14.

[0058] The data unit 700 includes a preamble portion 702 and a data portion 704. The
preamble portion 702 includes a short training field (STF) 706, and a long training field (LTF)
708. The preamble portion 702 also includes a signal field (SIG) 710, used to carry certain
physical layer (PHY) parameters associated with the data unit 700, such as modulation type and

coding rate used to transmit the data unit 700, for example.

[0059] The data portion 704 omits scrambler seed field. In an embodiment, the data portion
704 omits a service field, unlike the IEEE 802.11a, g, n Standards, for example.

12



WO 2012/170735 PCT/US2012/041422

[0060] In an embodiment, a scrambler seed subfield 714 is included in the signal field 710. In

an embodiment, the scrambler seed subfield 714 has a length of seven bits (i.e., Xp . . . X¢).

[0061] In another embodiment, scrambler seed subfield 714 has a length of less than seven
bits. In an embodiment, when the scrambler seed subfield 714 has a length of less than seven
bits (i.e., N bits, where 1 <N < 7), the scrambler seed subfield 714 represents the N LSBs of a
scrambler seed having a length of M, where M > 7. In an embodiment, stations that operate
according to the long range protocol assume that the M-N remaining bits of the scrambler seed

are set to a certain value, such as all ones, all zeros, etc.

[0062] In an embodiment, the scrambler seed subfield 714 has a length of four bits and
corresponds to the four LSBs of a 7-bit scrambler seed. In an embodiment, the remaining three
most significant bits (MSB) are assumed to be all ones. Such a scrambler seed meets the
randomization requirements of the IEEE 802.11a,g,n Standards, which require the initial

scrambler seed value to be a pseudo random non-zero value.

[0063] Fig. 8 is a diagram of another example PHY data unit format 800 for use in a long
range communication protocol, according to an embodiment. The AP 14 is configured to
transmit the PHY data unit 800 to the client station 25-4 via orthogonal frequency division
multiplexing (OFDM) modulation, according to an embodiment. In an embodiment, the client

station 25-4 is also configured to transmit the data unit 800 to the AP 14.

[0064] The data unit 800 includes a preamble portion 802 and a data portion 804. The
preamble portion 802 includes a short training field (STF) 806, and a long training field (LTF)
808. In an embodiment, the STF 806 is shorter in duration than the STF 706 (Fig. 7). The
preamble portion 702 also includes a signal field (SIG) 810, used to carry certain physical layer
(PHY) parameters associated with the data unit 800, such as modulation type and coding rate
used to transmit the data unit 800, for example. The data unit also includes other LTFs 814, at

least in some scenarios.

[0065] The data portion 804 omits scrambler seed field. In an embodiment, the data portion
804 omits a service field, unlike the IEEE 802.11a, g, n Standards, for example.

[0066] In an embodiment, a scrambler seed subfield 818 is included in the signal field 810. In

an embodiment, the scrambler seed subfield 818 has a length of seven bits (i.e., Xp . . . X¢).
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[0067] In another embodiment, the scrambler seed subfield 818 has a length of less than seven
bits. In an embodiment, when the scrambler seed subfield 818 has a length of less than seven
bits (i.e., N bits, where 1 <N < 7), the scrambler seed subfield 818 represents the N LSBs of a
scrambler seed having a length of M, where M > 7. In an embodiment, stations that operate
according to the long range protocol assume that the M-N remaining bits of the scrambler seed

are set to a certain value, such as all ones, all zeros, etc.

[0068] In an embodiment, the scrambler seed subfield 818 has a length of four bits and
corresponds to the four LSBs of a 7-bit scrambler seed. In an embodiment, the remaining three
most significant bits (MSB) are assumed to be all ones. Such a scrambler seed meets the
randomization requirements of the IEEE 802.11a,g,n Standards, which require the initial

scrambler seed value to be a pseudo random non-zero value.

[0069] In an embodiment, the PHY data unit format 800 is utilized in the regular mode of the
long range protocol, whereas the PHY data unit format 700 (Fig. 7) is utilized in the low rate
mode. In another embodiment, the PHY data unit format 700 (Fig. 7) is utilized in the low rate
mode, whereas another suitable PHY data unit format 600 is utilized in the regular mode. For
example, in an embodiment, a PHY data unit format with a longer service field (as compared to

the PHY data unit format 700), such as a 16-bit service field, is utilized in the regular mode.

[0070] Fig. 9 is a diagram of an example signal field 950 included in a PHY data unit,
according to an embodiment. In an embodiment, the signal field 950 is utilized as the signal
field 710 of the PHY data unit 700 (Fig. 7). In an embodiment, the signal field 950 is utilized as
the signal field 810 of the PHY data unit 800 (Fig. 8). In other embodiments, the signal field 950

is utilized in other suitable PHY data units.

[0071] The signal field 950 includes a Length subfield 962, a Scrambler seed/Nsts subfield
964, a Reserved subfield 966, a cyclic redundancy check (CRC) / Parity check subfield 968, and
a Tail subfield 970. In an embodiment, the Scrambler seed/Nsts subfield 964 has a length of four
bits. In other embodiments, the subfield 964 has another suitable length.

[0072] In an embodiment, a value equal to a first value (e.g., a value equal to zero) in the
Length field 962 indicates that the packet is a null data packet (NDP) sounding packet. In this

case, the Scrambler seed/Nsts subfield 964 is not needed to indicate a value of the scrambler seed
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because there is no payload portion of the PHY data unit to be scrambled. In an embodiment,
when the Length field 962 is set to the first value (e.g., zero), the Scrambler seed/Nsts subfield
964 is interpreted to correspond to a number of spatial streams utilized to transmit the NDP
sounding packet, whereas when the Length field 962 is not equal to the first value, the Scrambler

seed/Nsts subfield 964 is interpreted to correspond to the N LSBs of the M-bit scrambler seed.

[0073] For example, in an embodiment in which four bits are allocated for the Scrambler
seed/Nsts subfield 964, when the Length field 962 is set to the first value (e.g., zero), the two
LSBs of the Scrambler seed/Nsts subfield 964 are interpreted as the number of spatial streams
(Nsts) and the 2 MSBs are reserved. On the other hand, when the Length field 962 is not equal
to the first value, the four bits of the Scrambler seed/Nsts subfield 964 are interpreted as the four
LSBs of the scrambler seed, and the 3 MSBs of the scrambler seed are assumed to be all ones, all

zeros, or some other suitable value.

[0074] In an embodiment, the signal field 950 is included in a preamble portion of a PHY data
unit. In an embodiment in which at least the signal field 950 is modulated using binary phase
shift keying (BPSK), encoded with a binary convolutional code (BCC) of rate 2, each bit is
repeated four times, the Length field 962 has a length of eight bits, the Scrambler seed/Nsts
subfield 964 has a length of four bits, and the tail field 970 has a length of six bits, the 18 bits of
the Length field 962, Scrambler seed/Nsts subfield 964, and the tail field 970 occupies three
OFDM symbols.

[0075] Fig. 10 is a flow diagram of an example method 1000 for generating a PHY data unit
according to a long range communication protocol, according to an embodiment. With reference
to Fig. 1, the method 1000 is implemented by the network interface 16 of the AP 14. In one such
embodiment, the PHY processing unit 20 is configured to implement the method 1000.
According to another embodiment, the MAC processing 18 is also configured to implement at
least a part of the method 1000. With continued reference to Fig. 1, in yet another embodiment,
the method 1000 is implemented by the network interface 27 (e.g., the PHY processing unit 29
and/or the MAC processing unit 28) of the client station 25-1. In other embodiments, the method

1000 is implemented by other suitable network interfaces.
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[0076] Atblock 1002, a preamble portion of the PHY data unit is generated. For example, in
one embodiment, the preamble portion 602 of Fig. 6 is generated. In other embodiments,
another suitable PHY data unit preamble is generated. In an embodiment, the preamble portion

602 is generated according to a long range communication protocol.

[0077] Atblock 1008, a service field is generated, where the service field has a length of eight
bits or less. In an embodiment, seven bits of the service field are defined as a scrambler seed,
and one bit of the service field is defined as reserved. In other embodiments, (i) the service field
has a length of less than eight bits (e.g., 1, 2, 3, 4, 5, 6 or 7 bits), (ii) less than seven bits of the
service field are defined as the scrambler seed (e.g., 1, 2, 3, 4, 5 or 6 bits), and/or (iii) the
remaining zero or more bits are defined as reserved. In an embodiment, the service field

generated at block 1008 is the service field 606 of Fig. 6.

[0078] Atblock 1012, a data portion of the of the PHY data unit is generated to include the
service field generated at block 1008. For example, in one embodiment, the data portion 604 of
Fig. 6 is generated. In other embodiments, another suitable PHY data unit data portion is
generated. In an embodiment, the data portion is generated according to a long range
communication protocol. In an embodiment, the data portion is generated using the scrambler
seed information in the service field. In an embodiment, when the service field includes less
than seven bits of scrambler seed information, generating the data portion includes assuming that

one or more other bits of a scrambler seed are a predefined value.

[0079] Fig. 11 is a flow diagram of another example method 1100 for generating a PHY data
unit according to a long range communication protocol, according to an embodiment. With
reference to Fig. 1, the method 1100 is implemented by the network interface 16 of the AP 14.
In one such embodiment, the PHY processing unit 20 is configured to implement the method
1100. According to another embodiment, the MAC processing 18 is also configured to
implement at least a part of the method 1100. With continued reference to Fig. 1, in yet another
embodiment, the method 1100 is implemented by the network interface 27 (e.g., the PHY
processing unit 29 and/or the MAC processing unit 28) of the client station 25-1. In other

embodiments, the method 1100 is implemented by other suitable network interfaces.

16



WO 2012/170735 PCT/US2012/041422

[0080] Atblock 1104, a scrambler seed subfield is generated. In an embodiment, the
scrambler seed subfield includes a full scrambler seed value (e.g., all bits of the scrambler seed
value) used for scrambling data to be included in a PHY data unit. In another embodiment, the
scrambler seed subfield includes only a portion of the full scrambler seed value used for
scrambling data to be included in a PHY data unit. For example, in embodiments in which the
full scrambler seed value has a length of seven bits, the scrambler seed subfield includes only a
portion of the seven bits of the full scrambler seed value (e.g., six bits, five bits, four bits, three
bits, two bits, or one bit). In embodiments in which the scrambler seed subfield includes only a
portion of the full scrambler seed value, the scrambler seed subfield corresponds to the LSBs of
the full scrambler seed value, and the MSBs are assumed to be a predefined value such as all
ones, all zeros, or some other suitable value. In another embodiment in which the scrambler seed
subfield includes only a portion of the full scrambler seed value, the scrambler seed subfield
corresponds to the MSBs of the full scrambler seed value, and the LSBs are assumed to be a

predefined value such as all ones, all zeros, or some other suitable value.

[0081] In an embodiment, the scrambler seed subfield is generated as discussed with regard to
the example scrambler seed subfield 714 of Fig. 7. In an embodiment, the scrambler seed
subfield is generated as discussed with regard to the example scrambler seed subfield 818 of Fig.
8. In an embodiment, the scrambler seed subfield is generated as discussed with regard to the

example scrambler seed subfield 964 of Fig. 9.

[0082] Atblock 1108, a signal field of PHY data unit preamble is generated to include the
scrambler seed subfield generated at block 1104. In an embodiment, the signal field is generated
as discussed with regard to the example signal field 710 of Fig. 7. In an embodiment, the signal
field is generated as discussed with regard to the example signal field 810 of Fig. 8. In an
embodiment, the signal field is generated as discussed with regard to the example signal field
950 of Fig. 9.

[0083] Atblock 1112, a PHY data unit preamble of a PHY data unit is generated to include
the signal field generated at block 1108. In an embodiment, the preamble is generated as
discussed with regard to the example preamble portion 702 of Fig. 7. In an embodiment, the

preamble is generated as discussed with regard to the example preamble portion 802 of Fig. 8.
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[0084] Atblock 1116, a PHY data unit is generated to include the preamble generated at block
1112, In an embodiment, the PHY data unit is generated as discussed with regard to the example
PHY data unit 700 of Fig. 7. In an embodiment, the PHY data unit is generated as discussed
with regard to the example PHY data unit 800 of Fig. 8. In an embodiment, the PHY data unit
generated at block 1116 includes a data portion, and bits in the data portion are scrambled using

a scrambler seed value corresponding to the scrambler seed subfield generated at block 1104,

[0085] Fig. 12 is a flow diagram of an example method 1200 for generating a PHY data unit
according to a long range communication protocol, according to an embodiment. With reference
to Fig. 1, the method 1200 is implemented by the network interface 16 of the AP 14, in an
embodiment. For example, in one such embodiment, the PHY processing unit 20 is configured
to implement the method 1200. According to another embodiment, the MAC processing 18 is
also configured to implement at least a part of the method 1200. With continued reference to
Fig. 1, in yet another embodiment, the method 1200 is implemented by the network interface 27
(e.g., the PHY processing unit 29 and/or the MAC processing unit 28) of the client station 25-1.

In other embodiments, the method 1200 is implemented by other suitable network interfaces.

[0086] Atblock 1202, it is determined whether the PHY data unit is to be generated according
to (i) a regular mode of the long range protocol or (ii) a low rate mode of the long range protocol.
If it is determined at block 1202 that the PHY data unit is to be generated according to the
regular mode, then the PHY data unit is generated according to a first data unit format at block
1206. In an embodiment, block 1206 includes generating the PHY data unit such that a
scrambler seed field (i) is at a first location in the PHY data unit and (ii) has a first length.

[0087] On the other hand, if it is determined at block 1202 that the PHY data unit is to be
generated according to the low rate mode, then the PHY data unit is generated according to a
second data unit format at block 1210. In an embodiment, block 1210 includes generating the
PHY data unit such that the scrambler seed field is at least one of (i) at a second location in the
PHY data unit different than the first location, and (ii) has a second length different than the first
length.

[0088] For example, in an embodiment, when the PHY data unit is generated according to the

regular mode, the scrambler seed subfield is located in a service field of a payload portion of the
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PHY data unit, whereas when the PHY data unit is generated according to the low rate mode, the
service field is omitted from the payload portion of the PHY data unit and the scrambler seed
subfield is located in a signal field of a preamble portion of the PHY data unit. As another
example, in an embodiment, when the PHY data unit is generated according to the regular mode,
the scrambler seed subfield has a length equal to a length of a full scrambler seed value, whereas
when the PHY data unit is generated according to the low rate mode, the scrambler seed subfield
has a length that is less than a length of a full scrambler seed value. As another example, in an
embodiment, when the PHY data unit is generated according to the regular mode, (i) the
scrambler seed subfield is located in a service field of a payload portion of the PHY data unit and
(ii) the scrambler seed subfield has a length equal to a length of a full scrambler seed value,
whereas when the PHY data unit is generated according to the low rate mode, (i) the service field
is omitted from the payload portion of the PHY data unit and the scrambler seed subfield is
located in a signal field of a preamble portion of the PHY data unit and (ii) the scrambler seed
subfield has a length that is less than a length of a full scrambler seed value.

[0089] Fig. 13 is a flow diagram of an example method 1300 for generating a PHY data unit
according to a long range communication protocol, according to an embodiment. With reference
to Fig. 1, the method 1300 is implemented by the network interface 16 of the AP 14, in an
embodiment. For example, in one such embodiment, the PHY processing unit 20 is configured
to implement the method 1300. According to another embodiment, the MAC processing 18 is
also configured to implement at least a part of the method 1200. With continued reference to
Fig. 1, in yet another embodiment, the method 1300 is implemented by the network interface 27
(e.g., the PHY processing unit 29 and/or the MAC processing unit 28) of the client station 25-1.

In other embodiments, the method 1300 is implemented by other suitable network interfaces.

[0090] Atblock 1304, it is determined whether the PHY data unit is to be generated according
to (i) a regular mode of the long range protocol or (ii) a low rate mode of the long range protocol.
If it is determined at block 1304 that the PHY data unit is to be generated according to the
regular mode, then the PHY data unit is generated according to a first data unit format at block
1308. In an embodiment, block 1308 includes generating the PHY data unit such that a service
field (i) is located in a payload portion of the PHY data unit and (ii) has a first length.
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[0091] On the other hand, if it is determined at block 1304 that the PHY data unit is to be
generated according to the low rate mode, then the PHY data unit is generated according to a
second data unit format at block 1312, In an embodiment, block 1312 includes generating the
PHY data unit such that (i) the service field is omitted from the payload portion, or (ii) has a
second length different than the first length.

[0092] For example, in an embodiment, when the PHY data unit is generated according to the
regular mode, the service field (including a scrambler seed subfield) is included in the payload
portion of the PHY data unit, whereas when the PHY data unit is generated according to the low
rate mode, the service field is omitted from the payload portion of the PHY data unit and the
scrambler seed subfield is located in a signal field of a preamble portion of the PHY data unit.
As another example, in an embodiment, when the PHY data unit is generated according to the
regular mode, the service field has a first length and is included in the payload portion of the
PHY data unit, whereas when the PHY data unit is generated according to the low rate mode, the
service field has a second length and is included in the payload portion of the PHY data unit. In
an embodiment, the second length is shorter than the first length.

[0093] In an embodiment, an apparatus includes a network interface configured to implement
the method 1300.

[0094] At least some of the various blocks, operations, and techniques described above may
be implemented utilizing hardware, a processor executing firmware instructions, a processor
executing software instructions, or any combination thereof. Also, some of the various blocks,
operations, and techniques may be performed in a different order (and/or concurrently) and still
achieve desirable results. When implemented utilizing a processor executing software or
firmware instructions, the software or firmware instructions may be stored in any computer
readable memory such as on a magnetic disk, an optical disk, or other storage medium, in a
RAM or ROM or flash memory, processor, hard disk drive, optical disk drive, tape drive, etc.
Likewise, the software or firmware instructions may be delivered to a user or a system via any
known or desired delivery method including, for example, on a computer readable disk or other
transportable computer storage mechanism. Also, software or firmware instructions may be
delivered to a user or a system via a communication channel such as a telephone line, a DSL line,

a cable television line, a fiber optics line, a wireless communication channel, the Internet, etc..
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The software or firmware instructions may include machine readable instructions that, when

executed by the processor, cause the processor to perform various acts.

[0095] When implemented in hardware, the hardware may comprise one or more of discrete

components, an integrated circuit, an application-specific integrated circuit (ASIC), etc.

[0096] While various aspects of the present disclosure have been described with reference to
specific examples, which are intended to be illustrative only and not to be limiting, changes,
additions and/or deletions may be made to the disclosed embodiments without departing from

the scope of the claims.
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CLAIMS

What is claimed is:

1. A method for generating a physical layer (PHY) data unit for transmission via a
long range communication protocol, the method comprising:
generating a preamble portion of the PHY data unit,
generating a service field, wherein the service field has a length of eight or less bits; and
generating a data portion of the PHY data unit to include the service field having the
length of eight bits or less.
2. The method of claim 1, wherein:
seven bits of the service field correspond to a scrambler seed, and
one bit of the service field corresponds to a reserved field.
3. The method of claim 1, wherein:
the service field includes a scrambler seed subfield, and
a length of the scrambler seed subfield is less than a length of a scrambler seed utilized to
scramble data in the data portion of the PHY data unit.
4, The method of claim 3, wherein one or more bits of the scrambler seed not
included in the scrambler seed subfield are assumed to have a predefined value.
5. An apparatus comprising:
a network interface configured to generate a physical layer (PHY) data unit according to
a long range communication protocol at least by
generating a preamble portion of the PHY data unit,
generating a service field, wherein the service field has a length of eight or less
bits, and
generating a data portion of the PHY data unit to include the service field having the length of
eight bits or less.
6. The apparatus of claim 5, wherein:
seven bits of the service field correspond to a scrambler seed, and
one bit of the service field corresponds to a reserved field.
7. The apparatus of claim 5, wherein:

the service field includes a scrambler seed subfield, and
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a length of the scrambler seed subfield is less than a length of a scrambler seed utilized to
scramble data in the data portion of the PHY data unit.

8. The apparatus of claim 7, wherein one or more bits of the scrambler seed not
included in the scrambler seed subfield are assumed to have a predefined value.

9. A method for generating a physical layer (PHY) data unit for transmission via a
long range communication protocol, the method comprising:

generating a scrambler seed subfield;

generating a signal field that includes the scrambler seed subfield;

generating a preamble portion of the PHY data unit, wherein the preamble portion
includes the signal field; and

generating a data portion of the PHY data unit, wherein the data portion omits a service
field.

10.  The method of claim 9, wherein the scrambler seed subfield has a length of seven
bits.

11.  The method of claim 9, wherein a length of the scrambler seed subfield is less
than a length of a scrambler seed utilized to scramble data in the data portion of the PHY data
unit.

12. The method of claim 11, wherein one or more bits of the scrambler seed not
included in the scrambler seed subfield are assumed to have a predefined value.

13.  An apparatus comprising:

a network interface configured to generate a physical layer (PHY) data unit according to
a long range communication protocol at least by

generating a scrambler seed subfield,

generating a signal field that includes the scrambler seed subfield,

generating a preamble portion of the PHY data unit, wherein the preamble portion
includes the signal field, and

generating a data portion of the PHY data unit, wherein the data portion omits a
service field.

14.  The apparatus of claim 13, wherein the scrambler seed subfield has a length of

seven bits.
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15.  The apparatus of claim 13, wherein a length of the scrambler seed subfield is less
than a length of a scrambler seed utilized to scramble data in the data portion of the PHY data
unit.

16.  The apparatus of claim 15, wherein one or more bits of the scrambler seed not
included in the scrambler seed subfield are assumed to have a predefined value.

17. A method for generating a physical layer (PHY) data unit for transmission via a
long range communication protocol, the method comprising:

determining whether the PHY data unit is to be generated according to a first mode of
operation or a second mode of operation; and

when it is determined that the PHY data unit is to be generated according to the first
mode of operation, generating the PHY data unit such that a scrambler seed subfield (i) is at a
first location in the PHY data unit and (ii) has a first length;

when it is determined that the PHY data unit is to be generated according to the second
mode of operation, generating the PHY data unit such that at least one of

(i) the scrambler seed subfield is at a second location in the PHY data unit
different than the first location, and

(ii) the scrambler seed subfield has a second length different than the first
length.

18. The method of claim 17, wherein:

when it is determined that the PHY data unit is to be generated according to the first
mode of operation, generating the PHY data unit such that the scrambler seed subfield is in a
service field of a data portion of the PHY data unit; and

when it is determined that the PHY data unit is to be generated according to the second
mode of operation, generating the PHY data unit such that the scrambler seed subfield is in a
signal field of a preamble portion of the PHY data unit.

19. The method of claim 17, wherein:

when it is determined that the PHY data unit is to be generated according to the first
mode of operation, generating the PHY data unit such that the scrambler seed subfield has a first
length; and
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when it is determined that the PHY data unit is to be generated according to the second
mode of operation, generating the PHY data unit such that the scrambler seed subfield has a
second length shorter than the first length.
20.  An apparatus comprising:
a network interface configured to generate a physical layer (PHY) data unit according to
a long range communication protocol at least by
determining whether the PHY data unit is to be generated according to a first
mode of operation or a second mode of operation, and
when it is determined that the PHY data unit is to be generated according to the
first mode of operation, generating the PHY data unit such that a scrambler seed subfield (i) is at
a first location in the PHY data unit and (ii) has a first length,
when it is determined that the PHY data unit is to be generated according to the
second mode of operation, generating the PHY data unit such that at least one of
(i) the scrambler seed subfield is at a second location in the PHY data unit
different than the first location, and
(ii) the scrambler seed subfield has a second length different than the first
length.
21.  The apparatus of claim 20, wherein the network interface is configured to:
when it is determined that the PHY data unit is to be generated according to the first
mode of operation, generate the PHY data unit such that the scrambler seed subfield is in a
service field of a data portion of the PHY data unit, and
when it is determined that the PHY data unit is to be generated according to the second
mode of operation, generate the PHY data unit such that the scrambler seed subfield is in a signal
field of a preamble portion of the PHY data unit.
22.  The apparatus of claim 20, wherein the network interface is configured to:
when it is determined that the PHY data unit is to be generated according to the first
mode of operation, generate the PHY data unit such that the scrambler seed subfield has a first
length, and
when it is determined that the PHY data unit is to be generated according to the second
mode of operation, generate the PHY data unit such that the scrambler seed subfield has a second

length shorter than the first length.
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FIG. 9
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Scramble CRC/ . .
LENGTH seed/ Nsts Parity 6-bit Tail] Rsvd
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FIG. 10
1004
GENERATE A PREAMBLE PORTION
l 1008

GENERATE SERVICE FIELD WITH A LENGTH OF
EIGHT OR LESS BITS

l 1012

GENERATE A DATA PORTION
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FIG. 11

1104

GENERATE A SCRAMBLER SEED SUBFIELD

l 1108

GENERATE A SIGNAL FIELD THAT INCLUDES THE
SCRAMBLER SEED SUBFIELD

l /1112

GENERATE A PREAMBLE PORTION THAT
INCLUDES THE SIGNAL FIELD

l - 1116

GENERATE A PHY DATA UNIT THAT INCLUDES
THE PREAMBLE PORTION
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FIG. 12

’_1200

1202

IS THE DATA UNIT TO BE
GENERATED ACCORDING TO
REGULAR MODE?

REGULAR
MODE

LOW RATE
MODE

1210

1206
4

GENERATE DATA UNIT SUCH
THAT SCRAMBLER SEED FIELD
IS AT LEAST ONE OF (i) AT A
SECOND LOCATION
DIFFERENT THAN THE FIRST
LOCATION, OR (i) HAS A
SECOND LENGTH DIFFERENT
THAN THE FIRST LENGTH

GENERATE DATA UNIT SUCH
THAT SCRAMBLER SEED FIELD
IS AT A FIRST LOCATION AND
HAS A FIRST LENGTH
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o 1300

1304

IS THE DATA UNIT TO BE
GENERATED ACCORDING TO
REGULAR MODE?

REGULAR
MODE

LOW RATE
MODE

1312

/1308

GENERATE DATA UNIT SUCH
THAT ONE OF (i) OMITS THE
SERVICE FIELD FROM THE
PAYLOAD, OR (i) HAS A
SECOND LENGTH DIFFERENT

GENERATE DATA UNIT SUCH
THAT SERVICE FIELD IN
PAYLOAD HAS A FIRST
LENGTH

THAN THE FIRST LENGTH
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FIG. 13

o 1300

1304

IS THE DATA UNIT TO BE
GENERATED ACCORDING TO
REGULAR MODE?

REGULAR
MODE

LOW RATE
MODE

r 1312 r 1308
GENERATE DATA UNIT SUCH GENERATE DATA UNIT SUCH
THAT ONE OF (i) OMITS THE L:ﬁgig‘ﬂig K'EILF?S'E
SERVICE FIELD FROM THE oS
PAYLOAD, OR (i) HAS A
SECOND LENGTH DIFFERENT

THAN THE FIRST LENGTH

SUBSTITUTE SHEET (RULE 26)
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