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1. Overview

Wireless personal area networks (WPANS) are used to convey information over relatively short distances
among arelatively few participants. Unlike wireless|ocal area networks (WLANS), connections effected via
WPANSs involvelittle or no infrastructure. This allows small, power efficient, inexpensive solutions to be
implemented for awide range of devices.

The term WPAN in this document refers specifically to awireless personal area network as defined by this

document. The terms“wireless personal area network,” “WPAN,” and “802.15.3a WPAN" in this document
are synonymous.

1.1 Scope

This standard defines an alternate PHY specification, in conjunction with the 802.15.3 MAC, for high data
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rate wireless connectivity with fixed, portable and moving devices within or entering a personal operating
space. A goal of this standard will beto achieve alevel of interoperability or coexistence with other 802.15™
standards. It is also the intent of this standard to work toward alevel of coexistence with other wireless
devices in conjunction with coexistence task groups such as 802.15.2™.

Based on the previous calls for applications collected for 802.15.3a, there remained a significant group of
applications that could not be addressed by 802.15.3™. High data rates are required for time dependent and
large file transfer applications such as video or digital still imaging without sacrificing the requirements of
low complexity, low cost and low power consumption with 110 Mb/s being proposed as the lowest rate for
these types of data.

It is possible, for example, that several data rates would be supported for different consumer applications.
Consequently, the notions of cost, frequency band, performance, power and data rate scalability were
addressed in the devel opment of this standard. A personal operating space is a space about a person or object
that typically extends up to 10 m in all directions and envelops the person whether stationary or in motion.
Personal operating space use models permit more freedom over the design of the radio than in medical or
enterprise LAN applications where the primary goal islink robustness at long range. In an areacovered by a
WLAN, itisexpected that arobust link would be established anywhere within the coverage area without any
special action on the part of the user. Link robustnessisequally important for aWPAN but it is acceptable to
take an action like moving closer to establish it. Consequently, WPAN standards are able to focus on other
priorities, such as cost, size, power consumption and data rate.

1.2 Purpose

The purpose of this standard isto provide for low complexity, low cost, low power consumption (compara
ble to the goals of 802.15.1) and high data rate wireless connectivity among devices within or entering the
personal operating space. The data rate is high enough, 20 Mb/s or more, to satisfy a set of consumer multi-
media industry needs for WPAN communications. This standard also addresses the quality of service capa
bilities required to support multimedia data types.

2. References

NOTE—The |IEEE standards referred to in this clause are trademarks of the Institute of Electrical and Electronics Engi-
neers, Inc.

3. Definitions
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4. Acronyms and abbreviations
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6. Layer Management

6.3 MLME SAP interface

Table 1—Addition to table in clause 6.3

Name Request Indication Response Confirm
MLME-RANGE 6.3.23.1 6.3.23.2 6.3.23.3 6.3.23.4
MLME-FET 6.3.24.1 6.3.24.3 6.3.24.2 6.3.24.4
MLME-InterferNoiseTemp 6.3.25.1 6.3.25.2 6.3.25.3 6.3.25.4

6.3.23 Ranging

This mechanism supports range determination between two DEV's. The primitive's parameters are defined in
Table 2.

Table 2—MLME-RANGE primitive parameters

Name Type Valid Range Description
SrclD Integer Any valid DEVID as The device ID of the
definedin 7.2.3 source
DestID Integer Any valid DEVID as The device ID of the desti-
defined in 7.2.3 nation
Timeout Integer Asdefined in 6.3.23.4.2 The time limit for the
reception of the returned
range token #2 as shown
in clause TBD
Reason Code Integer Asdefined in 6.3.23.4.2 Indicates the result of the
command

6.3.23.1 MLME-RANGE.request

This primitive is used to request that the range between two devices be mesured. The semantics of the prim-
itive are as follows:

MLME-RANGE.request (DestID, SrcID, Timeout)
The parameters are defined in Table 2.
6.3.23.1.1 When generated

This primitive is generated by the source DME to request a range measurement.
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6.3.23.1.2 Effect of receipt

When a DEV MLME receives this primitive from its DME, it will generate a RANGE command, which it
will send to the Destination PNID. The Destination PNID, upon receiving the RANGE command, will gen-
erate an MLME-RANGE.indication.

6.3.23.2 MLME-RANGE.indication

This primitive is used to indicate a received RANGE command. The semantics of the primitive are as fol-
lows:

MLME-RANGE.indication (DestID, SrclD, Timeout)

The parameters are defined in Table 2.

6.3.23.2.1 When generated

This primitive is sent by the non-initiating MLME to its DME upon receiving a RANGE command.
6.3.23.2.2 Effect upon receipt

When the Destination DME receives this primitive, it will determine whether to accept or reject the source
DEV request for a range measurement. The Destination DME will then send a MLME-RANGE.response
with appropriate parameter values to its MLME viathe MLME-SAP.

6.3.23.3 MLME-RANGE.response

This primitiveis used to initiate aresponse to an MLME-RANGE.indication. The semantics of the primitive
are asfollows:

MLME-RANGE.response (DestID, SrcID, ReasonCode)

The parameters are defined in Table 2.

6.3.23.3.1 When generated

This primitive is generated by the Destination DME upon receiving an MLME-RANGE.indication.
6.3.23.3.2 Effect upon receipt

When the destination MLME receives this primitive from its DME, it will either initialize the ranging state
machine in anticipation of exchanging ranging tokensor it will reject the ranging request with a ReasonCode
indicating the reason for the request being denied.

6.3.23.4 MLME-RANGE.confirm

This primitive is used to inform the initiating source DME whether the requested ranging token exchange
will commence or was the ranging request rejected. The semantics of the primitive are as follows:

MLME-RANGE.confirm (DestID, SrclD, ReasonCode)

The parameters are defined in Table 2.
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6.3.23.4.1 When generated

The initiating source MLME sends this primitive to its DM E to confirm whether a ranging token exchangeis
pending.

6.3.23.4.2 Effect upon receipt

When the initiating source MLME receives a ReasonCode = ExchangeTokens it shall initiate the ranging
token exchange as per clause 7.5.11. When the ReasonCode = DoNotExchangeTokens the source MLME
shall terminate the ranging token exchange procedure and perhaps attempt ranging later. When the Reason-
Code = RangingNotSupported the source MLME shall terminate the ranging token exchange and shall not
initiate another range measurement with that particular destination DEV. If the second token is not received
by the source DEV within the time specified by parameter "Timeout" then the ReasonCode shall be set to
ReasonCode=TimeoutFailure.

6.3.24 Frequency Exclusion Table (FET)

These primitives are used by the MAC and DME (see clause 6.1) to management the FET; that is, to “get”
and “set” the FET. The parameters used for these primtives are defined in Table 3.

Table 3—MLME-FET primitive parameters

Name Type Valid Range Description

DestID Integer Any valid DEVID The device ID of the source
asdefinedin 7.2.3

SrclD Integer Any valid DEVID The device ID of the destination
asdefinedin 7.2.3

FET Integer Vector Asdefinedin 7.5.11 | Thetime limit for the reception
of thereturned range token #2 as
shown in clause TBD

ERR_FET Enumeration Successful, Indicates the result of the
Unsuccessful MLME request

6.3.24.1 MLME-FET.request

This primitive is used by the management entity to get the FET; that is, the requesting managment identity
desires a copy of the local FET table. The semantics of this primtive are

MLME-FET.request (DestID, SrcID)
6.3.24.1.1 When generated

Thisprimitive is sent by the management entity (DME or MAC) as arequest to the MLME to suppy the FET
to the requesting DEV.

6.3.24.1.2 Effect of receipt

The target MLME, upon receiving an MLME-FET.request, sends the FET table viaa MLME-FET.response
primitive.
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6.3.24.2 MLME-FET.response

This primitive is used by the MLME to suppy a copy of the stored FET to the requesting management entity.
The semantics of this primtive are

MLME-FET.response (DestID, SrcID, FET, ERR_FET)
6.3.24.2.1 When generated

This primitive is sent by the target MLME to the requesting management, in response to an MLME-
FET.request, along with a copy of the FET.

6.3.24.2.2 Effect of receipt

The MLME copiesthe FET and sends it to the DEV specified in the OriglD, along with the appropriate error
message.

6.3.24.3 MLME-FET.indication

This primitive is used by the management entity to set the FET. The semantics of this primtive are
MLME-FET.indication (DestID, SrcID, FET)

6.3.24.3.1 When generated

This primitive is sent from the management entity (DME or MAC) to the MLME to send anew FET to the
indicated DEV. The DEV can be either local or remote.

6.3.24.3.2 Effect of receipt

The MLME, upon receiving this primitve from the management entity, will store the FET and send an error
message to the orginating DEV viaan MLME-FET.confirm.

6.3.24.4 MLME-FET.confirm

This primitive is used by the MLME to confirm that a copy of the FET has been stored in the MLME. An
error message shall be sent back to the originating ID. The semantics of this primtive are

MLME-FET.confirm (DestID, SrclD, ERR_FET)
6.3.24.4.1 When generated

This primitive is sent by the target MLME to the originating management entity in response to an MLME-
FET.indication.

6.3.24.4.2 Effect of receipt

The management entity reads to the error code to ascertain if the command was executed correctly.

6.3.25 Interference Noise Temperature

These primitives are used by the MAC and DME (see clause 6.1) to manage the transmitted power on a per

OFDM freguency bin basisin compliance with the concept of interference noise temperature. They are used
to adjust the transmit PSD over the UWB bandwidth based upon noise temperture estimates generated by the
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receive function. The specification of the algorithms for generting the noise temperature estimates is outside
of the scope of this standard. The Noi TempTxVector isalocal primitive that is not shared over the network.
The parameters used for these primtives are defined in Table 3.

Table 4—MLME-NoiTempTxVector primitive parameters

Name Type Valid Range Description
Noi TempTxVector Integer Vector 1818 octets Thereare 1818 4.125 MHz wide
frequency bins over the UWB
band from 3.1 GHz to 10.6 GHz.

Each TX freguency bin has an
associated octet weighting. The
default value is decimal 1.0.

ERR_Noi TempTxVector Enumeration Successful, Indicates the result of the
Unsuccessful MLME request

6.3.25.1 NoiTempTxVector.request

This primitive is used by the management entity when requesting a copy of the NoiTempTxVector. The
semantics of this primtive are

MLM E-Noi TempTxVector.request ()
The target is aways the local MLME. The Noi TempTxVector is not transported across the wireless link.
6.3.25.1.1 When generated

This primitive is generated whenever the management entity needs a copy of the NoiTempTxVector in order
to properly weight each of the OFDM sub-carriers prior to a packet transmission.

6.3.25.1.2 Effect of receipt
The MLME shall send the Noi TempTxVector via the Noi TempTxVector response.
6.3.25.2 NoiTempTxVector.indication

Thisprimitive is used by the management entity to indicate that a new NoiTempTxVector is being sent to the
MLME for storage. The semantics of this primtive are

MLME-Noi TempTxVector.indication (Noi TempTxVector)
The target is always the local MLME. The Noi TempTxVector is not transported across the wireless link.
6.3.25.2.1 When generated

This primitive is generated whenever the management entity has a new NoiTempTxVector that needs to be
copied into the local MLME.



January, 2004 IEEE P802.15-3a/541r0

6.3.25.2.2 Effect of receipt

The local MLME, when receiving the indication shall store the NoiTemTxVector and return a confirm mes-
sage with the proper error message.

6.3.25.3 NoiTempTxVector.response

This primitive is used by the MLME to send a copy of the Noi TempTxVector to the requesting management
entity. The semantics of this primtive are

MLME-Noi TempTxVector.response (Noi TempTxVector, ERR_NoiTempTxVector)

The target is always the local management entity. The NoiTempTxVector is not transported across the wire-
less link.

6.3.25.3.1 When generated

Thisprimitive is generated by the local MLME to send a copy of the NoiTempTxVector for use in setting the
OFDM sub-carrier levels prior to a packet transmission. The error codes are given in Table 4.

6.3.25.3.2 Effect of receipt

The local management entity shall check the ERR_NoiTempTxVector parameter prior to using the Noi-
TemTxVector to make sureit isvalid.

6.3.25.4 NoiTempTxVector.confirm

This primitive is used by the MLME to send a confirmation message to the local management entity to indi-
cate the reception of a new NoiTempTxVector. The semantics of this primtive are

MLME-Noi TempTxVector.response (Noi TempTxVector, ERR_NoiTempTxVector)

The target is always the local management entity. The NoiTempTxVector is not transported across the wire-
less link. The ERR_NoiTempTxVector is defined in Table 4.

6.3.25.4.1 When generated

This primitive is generated in response to an indication to confirm that the Noi TempTxVector was success-
fully received.

6.3.25.4.2 Effect of receipt

The local management entity reads the ERR_Noi TempTxVector parameter to ascertain that the NoiTempTx-
Vector was successfully loaded into the MLME.
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7. MAC Frame Formats

7.5 MAC command types

Table 5—Addition to table of clause 7.5

Cor\r)arn?ggltg_pb%hex Command name Sub-clause Associated mersnet():grrslewip
(if requred)
0x001D Ranging 7.5.10 X
0x001E FET request 75111 X
Ox001F FET response 75112 X

7.5.10 Ranging

The ranging command is used to initiate a ranging token exchange between two devices. The issuance of a
ranging command shall result in the following activity between DEV A and DEV B:

1) DEV A sendsaranging tokento DEV B

2) DEV B holdsonto the token for atime t and then sends the token back to DEV A
3) Next DEV A sendsasecond ranging token to DEV B

4) DEV B holds onto the token for atime 2t and then sends the token back to DEV A
5) DEV A calculates the ranging information as discussed above

The source device calculates the ranging information. If the destination device wants range information it
will have to send aranging command in the reverse direction. The command structure is shown below.

Table 6—Ranging Command

Octets 2 2 2 2 1 1
Command Length Source PNID Destination Timeout uS Reason Code
Type PNID

The Timeout field has the resolution of uS and is used to timeout the ranging process.
The reason code field has the following values:

ExchangeTokens = 0x01

DoNotExchangeTokens = 0x02

RangingNotSupported = 0x03

TimeoutFailure = 0x04

The definition of the reason codes is presented in clause 6.3.23.4.2.
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7.5.11 Frequency Exclusion Table

The Frequency Exclusion Table shall be formatted asillustrated in Figure 1. Thistable is used to communi-
cate which OFDM sub-carriers the responding DEV wants to avoid using for data information. These
OFDM sub-carriers carriers may or may not actually be transmitted depending upon loca regulatory
requirements.

octets: 0-3072 1

FET Vector Length(=0-3072)

Figure 1—Frequency Exclusion Table (FET) format

There are 1818 frequency bins between 3.1 GHz and 10.6 GHz, each 4.125 MHz wide. A particular fre-
guency bin can be indexed by a 3 octet hex number. Each FET vector numerically represents an indexing of
the possible OFDM sub-carriers where an FET vector of value 0x000 represents the subcarrier starting at 3.1
GHz and an FET vector of value 0x71A represents the subcarrier ending at 10.59925 GHz. The maximum
number of excluded OFDM frequency binsis 1024.

7.5.11.1 FET request
The FET request command shall be formatted as illustrated in Figure 2. This command may be sent by any

DEV in the piconet to any other DEV in the piconet, including the PNC, to request the current channel con-
dition as experienced at the target DEV.

octets: 2 2

Length (=0) Command type

Figure 2—FET request command format

7.5.11.2 FET response

The FET response command shall be formatted asillustrated in Figure 3. This command is sent by the target
DEV in response to the originating DEV's request for a copy of the FET table. The FET tableis defined in
Figure 1.

octets: 1-3073 2

FET Table Command type

Figure 3—FET response command format
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8. MAC Functional Description
8.11.3 Frequency Exclusion Table (FET)

The FET can be used either for compliance to regulatory domain requirements or as a method of dealing
with interference. The UWB OFDM band may be thought of as consisting of 4.125 MHz wide OFDM fre-
guency bins evenly spaced from the bottom to the top of the UWB frequency band. The actual width of the
UWSB fregquency band is regulatory region dependent and each regulatory region may have “keep out” bands
where insignificant UWB energy is not allowed to be transmitted. (Note that the fundamental 500 MHz fre-
guency block required in the United States may not be common to al regulatory domains). This necessitates
being able to shape the frequency spectrum as per regulatory domain requirements. In addition, in those
cases where the UWB DEV can determine that operation on a particular OFDM frequency bin is subject to
interference, or may result in interference, that DEV may desire to not utilize that particular frequency bin.
The frequency exclusion table can be used to determine which OFDM subcarriers within the 7.5 GHz UWB
frequency band are actually carrying information. The subcarriers that are not carrying information may
either be modulated with a random sequence or may be turned or phased off.

The FET tabular information is stored in the MLME and can be set or read by the DME or MAC. In addi-
tion, a command can be issued to read a remotes FET in order to determine the remote DEV's OFDM fre-
quency bin status. Two DEV's may match the OFDM tone usage by comparing FET tables and generating
common masks. Note that the allocation of bits to active tones is beyond the scope of this standard. One
common method isto FEC across the OFDM freguency bins to avoid water pouring bit loading algorithms.
The FET tables can be used to assist in FEC decoding by indicating where erasures should be inserted.

8.11.3.1 FET MSC
Of interest is the case where alocal DEV requests the transmission of the FET from another remote DEV.

The local DEV sends an FET request (7.5.11.1) which solicits an FET response (7.5.11.2) as shown in Fig-
ure 4.

DEV-1 DEV-1 DEV-2 DEV-2
DME MAC/MLME MAC/MLME DME
MLME-FET.request
™ | FET request command
-
Imm-ACK MLME-FET.request
- L
MLME-FET.response
FET response command (FET Table)
-
(FET Table)
MLME-FET.response Imm-ACK
|
(FET Table)

Figure 4—FET Request MSC
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8.16 Ranging and Ranging Token Exchange

Figure 1illustrates the message sequence invol ved when requesting a range measurement. The ranging com-
mand initiates the precise exchange of a ranging token between the source DEV and the destination DEV as
shown in the message sequence chart below.

Dev A Dev B
ranging command
-
ACK command
-
1 Send Ranging Token #1
T0) > | T1)
delay t
Return Ranging Token #1
T'3) | - ang T42)
) Send Ranging Token #2
T2(0) > | TX(1)
delay 2t
T2(3) - Return Ranging Token #2 T2(2)

Figure 5—MSC for ranging token exchange
Device A must receive the second token from device B within the amount of time indicated in the command

Timout field. The ranging token itself is PHY dependent and is described in clause 12.x. The time of flight
between the two devices is then calculated as

Thiighe = {T'(3)- THO)} - {TA3)- TX0)}/2]

where the time epochs are defined in Figure 1. The calculated range is then stored as PHY Management
object PHY PIB_Range (clause 12.x.x).
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12. UWB Physical Layer

12.1 Introduction

This clause specifies the PHY entity for a UWB system that utilizes the unlicensed 3.1 - 10.6 GHz UWB
band, as regulated in the United States by the Code of Federal Regulations, Title 47, Section 15. The UWB
system provides awireless PAN with data payload communication capabilities of 55, 80, 110, 160, 200, 320,
and 480 Mb/s. The support of transmitting and receiving at data rates of 55, 110, and 200 Mb/s is mandatory.
The proposed UWB system employs orthogonal frequency division multiplexing (OFDM). The system uses
atotal of 122 sub-carriers that are modulated using quadrature phase shift keying (QPSK). Forward error
correction coding (convolutiona coding) is used with a coding rate of 11/32, %, 5/8, and ¥%. The proposed
UWB system also supports multiple modes of operations. a mandatory 3-band mode (Mode 1), and an
optional 7-band mode (Mode 2).

12.1.1 Overview of the proposed UWB system description
12.1.1.1 Mathematical description of the signal

The transmitted signals can be described using a complex baseband signal notation. The actual RF transmit-
ted signal isrelated to the complex baseband signal as follows:

e () =R gfk (t =KTgm ) exp(] Zﬂkt)}

where Re(') represents the real part of a complex variable, r(t) is the complex baseband signal of the kth

OFDM symbol and is nonzero over the interval from O to TSYM' N is the number of OFDM symbols, Tgy
is the symbol interval, and f, is the center frequency for the k' band. The exact structure of the k™" OFDM
symbol depends on its location within the packet:

rpreamble,k (t) O s k < N preamble
rk (t) = rheader,k—Npreanble (t) N preamble sk< Nheader
rdata,k—Npreanble (t) Nheader < k < Ndata

The structure of each component of r(t) as well as the offsets Ny eampie: Nheader: @d Nyata Will be described
in more detail in the following sections.

All of the OFDM symbolsr(t) can be constructed using an inverse Fourier transform with a certain set of
coefficient Cn, where the coefficients are defined as either data, pilots, or training symbols:



January, 2004

r.(t) =

0

Ng /2

> C,exp(j2mA, )t -Tep)

n=—Ng /2

0

t0[0.Ter]

tU[Tep, Teer +TCP]

EO[Teer +Teps Teer

IEEE P802.15-3a/541r0

+TCP +TGI ]

The parameters 4 and Ngr are defined as the subcarrier frequency spacing and the number of total subcarri-
ers used, respectively. The resulting waveform has a duration of Tger = 1/ 4. Shifting the time by Tp cre-
ates the "circular prefix" which is used in OFDM to mitigate the effects of multipath. The parameter Tg is
the guard interval duration.

12.1.1.2 Discrete-time implementation considerations

The following description of the discrete time implementation is informational. The common way to imple-
ment the inverse Fourier transform is by an inverse Fast Fourier Transform (IFFT) algorithm. If, for exam-
ple, a128-point IFFT is used, the coefficients 1 to 61 are mapped to the same numbered IFFT inputs, while
the coefficients -61 to -1 are copied into IFFT inputs 67 to 127. The rest of the inputs, 62 to 66 and the O
(DC) input, are set to zero. This mapping isillustrated in Figure 1. After performing the IFFT, a zero-padded
prefix of length 32 is pre-appended to the IFFT output and a guard interval is added at the end of the IFFT
output to generate an output with the desired length of 165 samples.

Frequency-Domain Inputs

NULL ——
#l—
#2 —

#61 —
NULL ——
NULL ——
NULL —
NULL —
NULL ———
#-61 —

#-2 —]
#-1—

61
62
63

65
66

67

126
127

6l | —
62 —
63 ——

65 —
66

67 —

126 —
127 —

s;NdinO ureWoOg-awW 11
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Figure 6—Input and outputs of IFFT
12.1.2 Scope

This subclause describes the PHY services provided to the |EEE 802.15.3 wireless PAN MAC. The OFDM
PHY layer consists of two protocol functions, as follows:

a) A PHY convergence function, which adapts the capabilities of the physical medium dependent
(PMD) system to the PHY service. This function is supported by the physical layer convergence
procedure (PLCP), which defined a method of mapping the |EEE 802.15 PHY sublayer service data
units (PSDU) into a framing format suitable for sending and receiving user data and management
information between two or more stations using the associated PMD system.

b) A PMD system whose function defines the characteristics and method of transmitting and receiving
data through a wireless medium between two or more stations, each using the OFDM system.

12.1.3 UWB PHY function

The UWB PHY contains three functional entities: the PMD function, the PHY convergence function, and
the layer management function. The UWB PHY service is provided to the MAC through the PHY service
primitives.

12.1.3.1 PLCP sublayer

In order to alow the IEEE 802.15.3 MAC to operate with minimum dependence on the PMD sublayer, a
PHY convergence sublayer is defined. This function simplifies the PHY service interface to the IEEE
802.15.3 MAC services.

12.1.3.2 PMD sublayer

The PMD sublayer provides a means to send and receive data between two or more stations.

12.1.3.3 PHY management entity (PLME)

The PLME performs management of the local PHY functions in conjunction with the MAC management
entity.

12.2 UWB PHY specific service parameter list
12.2.1 Introduction

Some PHY implementations require medium management state machines running in the MAC sublayer in
order to meet certain PMD requirements. This PHY-dependent MAC state machines reside in a sublayer
defined as the MAC sublayer management entity (MLME). In certain PMD implementations, the MLME
may need to interact with the PLME as part of the normal PHY SAP primitives. These interactions are
defined by the PLME parameter list currently defined in the PHY services primitives as TXVECTOR and
RXVECTOR. Thelist of these parameters, and the values they may represent, are defined in the PHY speci-
fication for each PMD. This subclause addresses the TXVECTOR and RXVECTOR for the OFDM PHY.

12.2.2 TXVECTOR parameters

The parameters in Table 1 are defined as part of the TXVECTOR parameter list in the PHY-
TXSTART.request service primitive.
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Table 7—TXVECTOR parameters

Par ameter Associate Primitive Value
LENGTH PHY-STXSTART.request 1-4095
(TXVECTOR)
DATARATE PHY-TXSTART.request 55, 80, 110, 160, 200, 320 and 480
(TXVECTOR) (Support for 55, 110 and 200 Mbps
datarates is mandatory.)
SCRAMBLER_INIT PHY-TXSTART.request Scrambler initialization: 2 null bits
(TXVECTOR)
TXPWR_LEVEL PHY-TXSTART.request 1-8
(TXVECTOR)

12.2.2.1 TXVECTOR LENGTH
The allowed values for the LENGTH parameter are in the range 1-4095. This parameter is used to indicate
the number of octets in the frame payload (which does not include the FCS), which the MAC is currently

requesting the PHY to transmit. This valueis used by the PHY to determine the number of octets transfers
that will occur between the MAC and the PHY after receiving arequest to start the transmission.

12.2.2.2 TXVECTOR DATARATE

The DATARATE parameter describes the bit rate at which the PLCP shall transmit the PSDU. Its value can
be any of the rates defined in Table 1. Data rates of 55, 110, and 200 Mb/s shall be supported; other rates
may also be supported.

12.2.2.3

The SCRAMBLER_INIT parameter consists of 2 null bits used for the scrambler initialization.

12.2.2.4 TXVECTOR TXPWR_LEVEL

The allowed vaues for the TXPWR_LEVEL parameter are in the range from 1-8. This parameter is used to
indicate which of the available TxPowerLevel attributes defined in the MIB shall be used for the current
transmission.

12.2.3 RXVECTOR parameters

The parametersin Table 2 are defined as part of the RXVECTOR parameter list in the PHY-RXSTART.indi-
cate service primitive.

12.2.3.1 RXVECTOR LENGTH

The allowed values for the LENGTH parameter are in the range 1-4095. This parameter is used to indicate
the value contained in the LENGTH field that the PLCP has received in the PLCP header. The MAC and the
PLCP will use this value to determine the number of octet transfers that will occur between the two sublay-
ers during the transfer of the received PSDU.
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Table 8—RXVECTOR parameters

Parameter Associate Primitive Value
LENGTH PHY-RXSTART.indicate 1-4096
(RXVECTOR)
RSSI PHY-RXSTART.indicate 0-RSSI maximum
(RXVECTOR)
DATARATE PHY-RXSTART.indicate 55, 80, 110, 160, 200, 320 and 480
(RXVECTOR)

12.2.3.2 RXVECTOR RSSI

The allowed vaues for the receive signa strength indicator (RSSI) parameter are in the range from 0
through RSSI maximum. This parameter is a measure by the PHY sublayer of the energy observed at the
antenna used to receive the current PSDU. RSSI shall be measured during the reception of the PL CP pream-
ble. RSSI is to be used in a relative manner, and it shall be a monotonically increasing function of the
received power.

12.2.3.3 RXVECTOR DATARATE

DATARATE shall represent the datarate at which the current PPDU was received. The allowed values of the
DATARATE are 55, 80, 110, 160, 200, 320, or 480.

12.3 UWB PLCP sublayer
12.3.1 Introduction

This subclause provides a method for converting the PSDUs to PPDUs. During the transmission, the PSDU
shall be provided with a PL CP preamble and header to create the PPDU. At the receiver, the PLCP preamble
and header are processed to aid in the demodulation, decoding, and delivery of the PSDU.

12.3.2 PLCP frame format

Figure 2 shows the format for the PHY frame including the PLCP preamble, PLCP header (PHY header,
MAC header, header check segquence, tail bits, and pad bits), MAC frame body (frame payload plus FCS),
tail bits, and pad bits. Additionally, an optional band extension sequence will be included after the PLCP
header when frame payload is transmitted using Mode 2.

The PHY layer first pre-appends the PHY header plus the tail bits to the MAC header and then calcul ates the
HCS over the combined headers and tail bits. The tail bits are added after the PHY header in order to return
the convolutional encoder to the "zero state”. The resulting HCS is appended to the end of the MAC header
along with an additional set of tail bits. Pad bits are also added after the tail bits in order to align the data
stream on an OFDM symbol boundary.

Tail bits are also added to the MAC frame body (i.e., the frame payload plus FCS) in order to return the con-
volutional encoder to the "zero state”. If the size of the MAC frame body plustail bitsare not an integer mul-
tiple of the bitsOFDM symbol, then pad bits (PD) are added to the end of the tail bitsin order to aign the

data stream on the OFDM symbol boundaries.
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Reserved | Band Extension | Reserved | RATE | Reserved | LENGTH | Reserved | Scrambler Init | Reserved
1hit 3 hits 1hit 4bits | 1hit 12 bits 1hit 2 hits 3hit
\ —
~ — -
~~  — -
. . Optiond .
PHY | Tal | MAC Tail | Pad Frame Payload Tail | Pad
PLCPPreamble | | ier | Bits | Header | TS| its | its EX'E‘;’OH VariadleLength: 0 - 4095 bytes FCS| Bits | Bits

le—— PLcPHeader —— le—— 55,80, 110, 160, 200, 320, 480 Mbls ———»]

55 Mb/s

Figure 7—PLCP frame format for a Mode 1 device

The PLCP preamble is sent first, followed by the PLCP header, followed by an optional band extension
sequence, followed by the frame payload, the FCS, the tail bits, and finally the pad bits. As shown in Figure
2, the PLCP header is always sent at an information data rate of 55 Mb/s. The PLCP header is dways trans-
mitted using Mode 1. The remainder of the PLCP frame (frame payload, FCS, tail bits, and pad bits) is sent
at the desired information data rate of 55, 80, 110, 160, 200, 320, or 480 Mb/s using either Mode 1 or Mode

2.

12.3.2.1 RATE-dependent parameters

The data rate dependent modul ation parameters are listed in Table 3.

Table 9—Rate-dependent parameters

Conjugate Overall Coded bits
Data Rate Modulation Coding Symmetric Time Spreadin per OFDM
(Mb/s) Rate (R) Input to Spreading Gain 9 symbol
FFT (Nceps)
55 QPSK 11/32 Yes Yes 4 100
80 QPSK 12 Yes Yes 4 100
110 QPSK 11/32 No Yes 2 200
160 QPSK 12 No Yes 2 200
200 QPSK 5/8 No Yes 2 200
320 QPSK 12 No No 1 200
480 QPSK 3/4 No No 1 200

12.3.2.2 Timing-related parameters

A list of the timing parameters associated with the OFDM PHY islisted in Table 4.

12.3.3 PLCP preamble

A standard PLCP preamble shall be added prior to the PL CP header to aid receiver algorithms rel ated to syn-
chronization, carrier-offset recovery, and channel estimation. The standard PL CP preamble, which is shown
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Table 10—Timing-related parameters

Parameter Value
Ngp: Number of data subcarriers 100
Ngpp: Number of defined pilot carriers 12
Ngg: Number of total subcarriers used 10
Nsr: Number of total subcarriers used 122 (=Ngp + Ngpp + Ngg)
Ag: Subcarrier frequency spacing 4.125 MHz (=528 MHZz/128)
Teer: |FFT/FFT period 242.42 ns (UAg)
Tcp: Cyclic prefix duration 60.61 ns (=32/528 MHz)
Tg): Guard interval duration 9.47 ns (=5/528 MHz)
Tsym: Symbol interval 3125ns(Tep+ Teer + Tg))

in Figure 3, consists of three distinct portions: packet synchronization sequence, frame synchronization
sequence, and the channel estimation sequence. The packet synchronization sequence shall be constructed
by successively appending 21 periods, denoted as { PS, PS,, ..., PSyg }, of atime-domain sequence. Each
piconet will use a distinct time-domain sequence. These time-domain sequences are defined in Table 5
through Table 8. Each period of the timing synchronization sequence shall be constructed by pre-appending
32"zero samples’ and by appending aguard interval of 5 "zero samples’ to the sequences defined in Table 5
through Table 8. This portion of the preamble can be used for packet detection and acquisition, coarse carrier
frequency estimation, and coarse symbol timing.

Similarly, the frame synchronization sequence shall be constructed by successively appending 3 periods,
denoted as{ FS,, FS;, FS,}, of an 180 degree rotated version of the time-domain sequence specified in Table
5 through Table 8. Again, each period of the frame synchronization sequence shall be constructed by pre-
appending 32 "zero samples" and by appending a guard interval of 5 "zero samples’ to the sequences
defined in Table 5 through Table 8. This portion of the preamble can be used to synchronize the receiver
algorithm within the preamble.

Figure 8—Standard PLCP preamble format

Finally, the channel estimation sequence shall be constructed by successively appending 6 periods, denoted
as{CE,, CEy, ..., CEg}, of the OFDM training symbol. Thistraining symbol is generated by passing the fre-
guency-domain sequence, defined in Table 9, though the IFFT, and pre-appending the output with 32 "zero
samples’ and appending and a guard interval consisting of 5 "zero samples’ to the resulting time-domain
output. This portion of the preamble can be used to estimate the channel frequency response, for fine carrier
frequency estimation, and fine symbol timing.

Note: The time domain sequences in Tables 5-8 should be normalized appropriately in order to have the
same average power as the signals which are defined in the frequency domain (and are thus passed through
an |FFT operation), such as the channel estimation sequence defined in Table 9, and the payload samples.
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0..0-C,~C, ... C,,,00000

0..0C,C,..C,,00000 \ s

4
\

Packet Sync Sequence | Frame Sync Sequence | Channd Est Sequence
21 OFDM symbols 3 OFDM symboals 6 OFDM symbads
< 9.375us >

In addition to a standard PLCP preamble, a streaming-mode PLCP preamble is also defined in this section.
In the streaming packet mode, the first packet shall use the standard PLCP preamble, while the remaining
packets (second packet and on), which are separated by a MIFS time, shall use the streaming-mode PLCP
preamble instead of the standard PL CP preamble. The streaming-mode PLCP preamble, which is shown in
Figure 4, consists of three distinct portions. packet synchronization sequence, frame synchronization
sequence, and the channel estimation sequence. The packet synchronization sequence shall be constructed
by successively appending 6 periods, denoted as { PS,, PSy, ..., PSg }, of atime-domain sequence. Each
piconet will use a distinct time-domain sequence. These time-domain sequences are defined in Table 5
through Table 8. Each period of the timing synchronization sequence shall be constructed by pre-appending
32"zero samples’ and by appending aguard interval of 5 "zero samples’ to the sequences defined in Table 5
through Table 8. This portion of the preamble can be used for packet detection and acquisition, coarse carrier
frequency estimation, and coarse symbol timing.

Similarly, the frame synchronization sequence shal be constructed by successively appending 3 periods,
denoted as{ FS, FS,, FS,}, of an 180 degree rotated version of the time-domain sequence specified in Table
5 through Table 8. Again, each period of the frame synchronization sequence shall be constructed by pre-
appending 32 "zero samples" and by appending a guard interval of 5 "zero samples’ to the sequences
defined in Table 5 through Table 8. This portion of the preamble can be used to synchronize the receiver
algorithm within the preamble.

Finally, the channel estimation sequence shall be constructed by successively appending 6 periods, denoted
as{CEg, CEy, ..., CEg}, of the OFDM training symbol. Thistraining symbol is generated by passing the fre-
guency-domain sequence, defined in Table 9, though the IFFT, and pre-appending the output with 32 "zero
samples’ and appending and a guard interval consisting of 5 "zero samples’ to the resulting time-domain
output. This portion of the preamble can be used to estimate the channel frequency response, for fine carrier
frequency estimation, and fine symbol timing.

Figure 9—Streaming-mode PLCP preamble format for a Mode 1 device
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Table 11—Time-domain packet synchronization sequence for Preamble Pattern 1

”E%Lrjnegrie Value S;qe?negrie Value Séelqeumegr::te Value Séelqeumegr::te Value
Co 0.6564 Cap -0.0844 Ces -0.2095 Cos 0.4232
C -1.3671 Cas 1.1974 Ces 1.1640 Co7 -1.2684
C, -0.9958 Cas 1.2261 Ces 1.2334 Cog -1.8151
Cs -1.3981 Cas 1.4401 Co7 1.5338 Coo -1.4829
o 0.8481 Cas -0.5988 Ces -0.8844 Ci00 1.0302
Cs 1.0892 Cay -0.4675 Cso -0.3857 Cio1 0.9419
Cs -0.8621 Cag 0.8520 Coo 0.7730 Cio2 -1.1472
(o 1.1512 Cag -0.8922 Cn -0.9754 Cios 1.4858
Csg 0.9602 Cuo -0.5603 Cr -0.2315 Cio4 -0.6794
Co -1.3581 Cu 1.1886 Crs 0.5579 Cios 0.9573
Cio -0.8354 Cyp 1.1128 Coa 0.4035 Cio6 1.0807
Cny -1.3249 Cys 1.0833 Crs 0.4248 Cio7 1.1445
Cio 1.0964 Cu -0.9073 Cre -0.3359 Cios -1.2312
Cis 1.3334 Cus -1.6227 Cry -0.9914 Ci09 -0.6643
Cus -0.7378 Cus 1.0013 Crg 0.5975 Ci10 0.3836
Cis 1.3565 Cyz -1.6067 Crg -0.8408 Ciny -1.1482
Cis 0.9361 Cug 0.3360 Cao 0.3587 Ciiz -0.0353
Cy7 -0.8212 Cyo -1.3136 Cqy -0.9604 Ciis -0.6747
Cis -0.2662 Cso -1.4448 Csp -1.0002 Ciia -1.1653
Cig -0.6866 Cs; -1.7238 Cas -1.1636 Cuis -0.8896
Cxo 0.8437 Csp 1.0287 Cay 0.9590 (o 0.2414




January, 2004

IEEE P802.15-3a/541r0

Table 11—Time-domain packet synchronization sequence for Preamble Pattern 1

S;qelr;egrfte Value Séﬁlr;?r?te Value ?Eelq;negrﬁ:te Value ?Eelq;negrfte Value
Cpy 1.1237 Css 0.6100 Cgs 0.7137 Ci17 0.1160
Cy -0.3265 Csy -0.9237 Css -0.6776 Cu1s -0.6987
Cys 1.0511 Cos 1.2618 Cgy 0.9824 Ciag 0.4781
Coy 0.7927 Csg 0.5974 Cag -0.5454 Ci2 0.1821
Cos -0.3363 Cs; -1.0976 Cgg 1.1022 Cio1 -1.0672
Cos -0.1342 Csg -0.9776 Cao 1.6485 Ci -0.9676
Cyy -0.1546 Csg -0.9982 Co1 1.3307 Cio3 -1.2321
Cog 0.6955 Ceo 0.8967 Cop -1.2852 Ci24 0.5003
Cyo 1.0608 Cs1 1.7640 Cos -1.2659 Ciss 0.7419
Cs -0.1600 Cs -1.0211 Coq 0.9435 Ci -0.8934
Cy 0.9442 Cs3 1.6913 Cos -1.6809 Cio7 0.8391

Table 12—Time-domain packet synchronization sequence for Preamble Pattern 2

S;(élrjnegrie Value S:I%Lrjnegr::te Value ?;qeumegr::te Value ?;qeumegr::te Value
Co 0.9679 [ -1.2905 Ces 1.5280 Cog 0.5193
C, -1.0186 Cas 1.1040 Ces -0.9193 Co7 -0.3439
C, 0.4883 Cay -1.2408 Ces 1.1246 Cog 0.1428
Cs 0.5432 Cas -0.8062 Co7 1.2622 Coo 0.6251
o -1.4702 Cas 1.5425 Ces -1.4406 Ci00 -1.0468
Cs -1.4507 Ca7 1.0955 Cso -1.4929 Cio1 -0.5798
Cs -1.1752 Cag 1.4284 Coo -1.1508 Cio2 -0.8237
(o -0.0730 Cag -0.4593 Cn 0.4126 Cio3 0.2667
Csg -1.2445 Cuo -1.0408 Co -1.0462 Cios -0.9563
Co 0.3143 Cy 1.0542 Crs 0.7232 Cios 0.6016
Cio -1.3951 Cyp -0.4446 Coa -1.1574 Cio6 -0.9964
Cuy -0.9694 Cus -0.7929 Crs -0.7102 Cio7 -0.3541
Cio 0.4563 Cu 1.6733 Cre 0.8502 Cios 0.3965
Cis 0.3073 Cus 1.7568 Cry 0.6260 Ci09 0.5201
Cus 0.6408 Cus 1.3273 Crg 0.9530 Ci10 0.4733
Cis -0.9798 Cyz -0.2465 Cro -0.4971 Cin -0.2362
Cie -1.4116 Cug 1.6850 Cao -0.8633 Ciaz -0.6892
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Table 12—Time-domain packet synchronization sequence for Preamble Pattern 2

S;qelr;egrfte Value Séﬁlr;?r?te Value ?Eelq;negrﬁ:te Value ?Eelq;negrfte Value
Cq7 0.6038 Cag -0.7091 Ca1 0.6910 Ci13 0.4787
Cig -1.3860 Csgo 1.1396 Ca -0.3639 Ci14 -0.2605
Cio -1.0888 Cs1 15114 Cgs -0.8874 Ci1s -0.5887
Cxo 1.1036 Csp -1.4343 Cay 1.5311 Cis 0.9411
Cx 0.7067 Cs3 -1.5005 Cgs 1.1546 Ci17 0.7364
Cpo 1.1667 Cgy -1.2572 Cgs 1.1935 Cuis 0.6714
Cps -1.0225 Css 0.8274 Cg7 -0.2930 Ci1o -0.1746
Coy -1.2471 Cse -1.5140 Cgg 1.3285 Ci20 1.1776
Cos 0.7788 Cs; 11421 Cgo -0.7231 Cio1 -0.8803
Cye -1.2716 Csg -1.0135 Coo 1.2832 Cizo 1.2542
Cyy -0.8745 Csg -1.0657 Coy 0.7878 Cios 0.5111
Cog 1.2175 Ceo 1.4073 Cgo -0.8095 Ci -0.8209
Cog 0.8419 Ce1 1.8196 Cos -0.7463 Cizs -0.8975
Cso 1.2881 Cer 1.1679 Cos -0.8973 Ciz6 -0.9091
Cay -0.8210 Ces -0.4131 Cos 0.5560 Cro7 0.2562

Table 13—Time-domain packet synchronization sequence for Preamble Pattern 3

?Eelcgrjnegr;e Value ?Eelcgrjnegr%e Value ?Eelqeumegr;:te Value ?;qeumegr;:te Value
Co 0.4047 [ -0.9671 Ces -0.7298 Cop 0.2424
C, 0.5799 Cas -0.9819 Ces -0.9662 Co7 0.5703
C, -0.3407 Cay 0.7980 Ces 0.9694 Cog -0.6381
Cs 0.4343 Cas -0.8158 Co7 -0.8053 Coo 0.7861
Cy 0.0973 Css -0.9188 Ces -0.9052 Ci00 0.9175
Cs -0.7637 Cay 1.5146 Ceso 1.5933 Cio1 -0.4595
Cs -0.6181 Cag 0.8138 Coo 0.8418 Cio2 -0.2201
(o -0.6539 Cag 1.3773 Cn 1.5363 Cios -0.7755
Cs 0.3768 Cuo 0.2108 Cr 0.3085 Cios -0.2965
Co 0.7241 Cu 0.9245 Crs 1.3016 Cios -1.1220
Cio -1.2095 Cup -1.2138 Cr -1.5546 Cios 1.7152
Cn 0.6027 Cys 1.1252 Cos 1.5347 Cio7 -1.2756
Cip 0.4587 Cu 0.9663 Cre 1.0935 Cio8 -0.7731
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Table 13—Time-domain packet synchronization sequence for Preamble Pattern 3

S;qelr;egrfte Value Séelqeumegrﬁ:te Value ?Eelq;negrﬁ:te Value ?Eelq;negrfte Value
Ciz -1.3879 Cus -0.8418 Crr -0.8978 Ci09 1.0724
Cu -1.0592 Cus -0.6811 Css -0.9712 Ci10 1.1733
Cis -1.4052 o -1.3003 Crg -1.3763 Cin 1.4711
Cis -0.8439 Cug -0.3397 Cso -0.6360 Ci12 0.4881
Cy7 -1.5992 Cuo -1.1051 Cqy -1.2947 Cii3 0.7528
Cis 1.1975 Cgo 1.2400 Cgo 1.6436 Ciia -0.6417
Cio -1.9525 Cs1 -1.3975 Cas3 -1.6564 Ci1s 1.0363
Cxo -1.5141 Csy -0.7467 Cay -1.1981 Ci1s 0.8002
Cx 0.7219 Cs3 0.2706 Cgs 0.8719 Ci17 -0.0077
Cyy 0.6982 Csy 0.7294 Cgs 0.9992 Ci1s -0.2336
Cys 1.2924 Cog 0.7444 Cgy 1.4872 Ciag -0.4653
Co4 -0.9460 Csg -0.3970 Cgg -0.4586 Ci20 0.6862
Cog -1.2407 Cs7 -1.0718 Cao -0.8404 Cio1 1.2716
Co 0.4572 Csg 0.6646 Coo 0.6982 Cizo -0.8880
Cyy -1.2151 Cso -1.1037 Co1 -0.7959 Cins 1.4011
Cog -0.9869 Cso -0.5716 Cop -0.5692 Ci2a 0.9531
Cyo 1.2792 Ces1 0.9001 Co3 1.3528 Cios -1.1210
Cso 0.6882 Cep 0.7317 Coy 0.9536 Cis -0.9489
Ca 1.2586 Ces 0.9846 Cos 1.1784 Cio7 -1.2566

12.3.4 PLCP header

The OFDM training symbols shall be followed by the PHY header, which containsthe BAND EXTENSION
field, the RATE of the MAC frame body, the length of the frame payload (which does not include the FCS),
and the seed identifier for the data scrambler. The BAND EXTENSION field specifies the mode of trans-
mission for the frame payload. The RATE field conveys the information about the type of modulation, the
coding rate, and the spreading factor used to transmit the MAC frame body.

The PLCP header field shall be composed of 28 bits, as illustrated in Figure 5. Bit 0 shall be reserved for
future use. The next three bits 1 to 3 shall encodethe BAND EXTENSION fidld. Bit 4 shall be reserved for
future use. Bits 5-8 shall encode the RATE. Bit 9 shall be reserved for future use. Bits 10-21 shall encode the
LENGTH field, with the least significant bit (L SB) being transmitted first. Bit 22 shall be reserved for future
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Table 14—Time-domain packet synchronization sequence for Preamble Pattern 4

S;qelr;egrfte Value Séﬁlr;?r?te Value ?Eelq;negrﬁ:te Value ?Eelq;negrfte Value
Co 1.1549 Ca, -1.2385 Ces 1.3095 Cos -1.0094
Cq 1.0079 Ca3 -0.7883 Ces 0.6675 Co7 -0.7598
C, 0.7356 Cay -0.7954 Ces 1.2587 Cog -1.0786
Cs -0.7434 Cas 1.0874 Cq7 -0.9993 Cgo 0.6699
Cy -1.3930 Cas 1.1491 Css -1.0052 Ci00 0.9813
Cs 1.2818 Cs7 -1.4780 Ceo 0.6601 Cio1 -0.5563
Cs -1.1033 Cag 0.8870 Cro -1.0228 Cio2 1.0548
C; -0.2523 Cag 0.4694 Cn -0.7489 Cio3 0.8925
Cg -0.7905 Cup 1.5066 Cs, 0.5086 Cioa -1.3656
Co -0.4261 Cy 1.1266 Crs 0.1563 Cios -0.8472
Cio -0.9390 Ca 0.9935 Cs 0.0673 Ci06 -1.3110
Cu 0.4345 Cus -1.2462 Crg -0.8375 Cio7 1.1897
Ciz 0.4433 Cu -1.7869 Cre -1.0746 Cios 15127
Cis -0.3076 Cus 1.7462 Cr 0.4454 Cio09 -0.7474
Cua 0.5644 Cus -1.4881 Crg -0.7831 Cuo 1.4678
Cis 0.2571 Cy7 -0.4090 Cro -0.3623 Cinn 1.0295
Cie -1.0030 Cug -1.4694 Cao -1.3658 Ciiz -0.9210
Cy7 -0.7820 Cug -0.7923 Csgy -1.0854 Cii3 -0.4784
Cis -0.4064 Cso -1.4607 Cep -1.4923 Ciia -0.5022
Cig 0.9034 Csy 0.9113 Cas 0.4233 Cuis 1.2153
Cxo 1.5406 Csp 0.8454 Cay 0.6741 Cui6 1.5783
Cyy -1.4613 Css -0.8866 Ces -1.0157 Ci7 -0.7718
Cyp 1.2745 Csy 0.8852 Cas 0.8304 Cuis 1.2384
Cys 0.3715 Css 0.4918 Cg7 0.4878 Ciig 0.6695
Cos 1.8134 Css -0.6096 Cag -1.4992 Ci2 0.8821
Cos 0.9438 Cs7 -0.4321 Cag -1.1884 Cin 0.7807
Cyx 1.3130 Csg -0.1327 Coo -1.4008 Ciz 1.0537
Cyy -1.3070 Csg 0.4953 Coy 0.7795 Cip3 -0.0791
Cog -1.3462 Cso 0.9702 Cop 1.2926 Cioa -0.2845
Cyo 1.6868 Cs1 -0.8667 Cos -1.2049 Ciss 0.5790
Cso -1.2153 Cep 0.6803 Coy 1.2934 Cis -0.4664
Ca -0.6778 Ce3 -0.0244 Cos 0.8123 Cio7 -0.1097
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Table 15—Frequency-domain OFDM training sequence

N;Jrr%nbeer Value N;Jrrc:lnbeer (s NI?nnbeer Value NI?nnt?er Value
-56 (1-)/sart(2) -28 (1-)/sart(2) 1 (L+j)/srt(2) 29 (1+j)/sart(2)
-55 (-1+j)/sart(2) -27 (1-)/sart(2) 2 (-1-j)/sart(2) 30 (-1-j)/sart(2)
-54 (-1+j)/sart(2) -26 (-1+)/sart(2) 3 (1+)/sart(2) 31 (-1-j)/sart(2)
-53 (1-)/sart(2) -25 (-1+j)/sart(2) 4 (-1-j)/sart(2) 32 (1+)/sart(2)
-52 (1-)/sart(2) -24 (-1+j)/sort(2) 5 (-1-j)/sart(2) 33 (-1-j)/sart(2)
-51 (1-)/sart(2) -23 (1-)/sart(2) 6 (-1-j)/sqrt(2) 34 (-1-j)/sart(2)
-50 (-1+j)/sart(2) -22 (-1+j)/sart(2) 7 (-1-j)/sart(2) 35 (-1-j)/sart(2)
-49 (1-)/sart(2) -21 (-1+j)/sart(2) 8 (-1-j)/sart(2) 36 (-1-j)/sart(2)
-48 (-1+j)/sart(2) -20 (2-j)/sart(2) 9 (2+j)/sart(2) 37 (2+j)/sart(2)
-47 (-1+j)/sort(2) -19 (-1+j)/sart(2) 10 (1+))/sgrt(2) 38 (1+j)/sart(2)
-46 (-1+j)/sart(2) -18 (-1+j)/sart(2) 11 (1+j)/sart(2) 39 (-1-j)/sart(2)
-45 (1-)/sart(2) -17 (-1+j)/sart(2) 12 (-1-j)/sqrt(2) 40 (-1-j)/sart(2)
-44 (-1+j)/sart(2) -16 (-1+j)/sart(2) 13 (1+))/sgrt(2) 41 (-1-j)/sart(2)
-43 (-1+j)/sgrt(2) -15 (14)/sqrt(2) 14 (-1-))/sqrt(2) 42 (-1-j)/sart(2)
-42 (-1+j)/sart(2) -14 (-1+4j)/sart(2) 15 (1+)/sart(2) 43 (-1-j)/sart(2)
-41 (-1+j)/sgrt(2) -13 (1-)/sqrt(2) 16 (-1-))/sqrt(2) 44 (-1-j)/sart(2)
-40 (-1+j)/sart(2) -12 (-1+j)/sart(2) 17 (-1-j)/sart(2) 45 (1+j)/sart(2)
-39 (-1+j)/sgrt(2) -1 (1-)/sqrt(2) 18 (-1-j)/sart(2) 46 (-1-j)/sart(2)
-38 (1-)/sart(2) -10 (1-)/sart(2) 19 -(1-j)/sart(2) 47 (-1-j)/sart(2)
-37 (-1+j)/sart(2) -9 (2-j)/sart(2) 20 (1+j)/sart(2) 48 (-1-))/sart(2)
-36 (1-)/sart(2) -8 (-1+j)/srt(2) 21 (-1-j)/sart(2) 49 (1+)/sart(2)
-35 (-1+j)/sart(2) -7 (-1+j)/srt(2) 22 (-1-j)/sgrt(2) 50 (-1-j)/sart(2)
-34 (-1+j)/sart(2) -6 (-1+j)/sart(2) 23 (1+j)/sart(2) 51 (1+j)/sart(2)
-33 (-1+j)/sart(2) -5 (-1+4j)/sart(2) 24 (-1-j)/sart(2) 52 (1+j)/sart(2)
-32 (1-)/sart(2) -4 (-1+j)/sort(2) 25 (-1-j)/sart(2) 53 (1+)/sart(2)
-31 (-1+j)/sqrt(2) -3 (1-)/sqrt(2) 26 (-1-j)/sart(2) 54 (-1-j)/sart(2)
-30 (-1+j)/sort(2) -2 (-1+j)/sart(2) 27 (1+))/sgrt(2) 55 (-1-j)/sart(2)
-29 (14)/sart(2) -1 (14)/sart(2) 28 (1+)/sart(2) 56 (1+)/sart(2)




January, 2004 IEEE P802.15-3a/541r0

use. Bits 23-24 shall encode the initia state of the scrambler, which is used to synchronize the descrambler
of the receiver. Bits 25-27 shall be reserved for future use.

BAND
EXTENSON ~ RATE LENGTH SCRAMBLER
(3bits) (4bity (12kits) (2bits)
R|B1B2 B R|RLR2R3 R4 R| LB MB|R[sI|R R R| _
R Resarved
oﬂﬂ34ddﬂj9MMQﬂMﬂﬂﬂﬂﬂﬂmzﬂmﬂﬂﬂ

Trangmit Order (fromleft toright)

v

Figure 10—PLCP Header Bit Assighment

12.3.4.1 Band Extension Field (Band Extension)

Depending on the mode of transmission for the frame payload, the bits B1-B3 shall be set according to the
valuesin Table 10.

Table 16—Band Extension Parameters

Mode B1-B3
1 001
2 010
Reserved 000,011 - 111

12.3.4.2 Data rate (RATE)

Depending on the information data rate (RATE), the bits R1-R4 shall be set according to the valuesin Table
11.

12.3.4.3 PLCP length field (LENGTH)

The PLCP Length field shall be an unsigned 12-bit integer that indicates the number of octets in the frame
payload (which does not include the FCS, the tail bits, or the pad bits).

12.3.4.4 PLCP scramble field (SCRAMBLER)

The hits S1-S2 shall be set according to the scrambler seed identifier value. This two-bit value corresponds
to the seed value chosen for the data scrambler.

12.3.5 Header modulation

The PLCP header, MAC header, HCS, and tail bits shall be modulated using an information data rate of 55
Mbls.
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Table 17—Rate dependent parameters
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Rate (M b/s) R1-R4
55 0000
80 0001
110 0010
160 0011
200 0100
320 0101
480 0110
Reserved 0111 - 1111

12.3.6 Optional band extension

If the frame payload is transmitted using M ode 2, then an optional band extension field will follow the PLCP
header. The optional band extension field will not be used when the frame payload is transmitted using

Mode 1.

The structure of the optional band extension for Mode 2 is shown in Figure 6. This field consists of scram-
bled pad bits spanning four OFDM symbols followed by 8 repetitions of the channel estimation sequence.
The channel estimation sequence shall be constructed by passing the frequency-domain sequence, defined in
Table 9, though the IFFT, and pre-appending the output with 32 "zero samples" and appending aguard inter-
val consisting of 5 "zero samples’ to the resulting time-domain output. This portion of the preamble can be
used to estimate the channel frequency response for the upper four bands, for fine carrier frequency estima-

tion, and fine symbol timing.

Pad Pad Pad Pad
Symbol | Symbol | Symbol | Symbol
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Figure 11—Format for the optional band extension
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12.3.7 Data scramble

A side-stream scrambler shall be used for the MAC header, HCS, and MAC frame body. The PLCP pream-
ble, PLCP header, and tail bits shall not be scrambled. The polynomial generator, g(D), for the pseudo ran-
dom binary sequence (PRBS) generator shall be g(D) = 1 + D'* + D°, where D is a single bit delay

element. The polynomial not only forms a maximal length sequence, but is aso a primitive polynomial.
Using this generator polynomial, the corresponding PRBS, x,, is generated as

)% = Xn—l4 D Xn—lS

where " [J" denotes modulo-2 addition. The following sequence defines the initiaization sequence, Xit,
which is specified by the parameter "seed value" in Table 12.

Xinit:[xliw—l Xio ot Xywa X:w—ls]

where X!, represents the binary initial value at the output of the k™ delay element.

The scrambled data bits, s, are obtained as follows:

s, =b, Ox,

where b,, represents the unscrambled data bits. The side-stream de-scrambler at the receiver shall be initial-
ized with the same initialization vector, X;,;;, used in the transmitter scrambler. The initialization vector is
determined from the seed identifier contained in the PL CP header of the received frame.

The 15-bit seed value shall correspond to the seed identifier as shown in Table 12. The seed identifier value

is set to 00 when the PHY isinitialized and is incremented in a 2-bit rollover counter for each frame that is
sent by the PHY. The value of the seed identifier that is used for the frame is sent in the PLCP header.

Table 18—Scrambler Seed Selection

Seed | dentifier (bq,bp) Seed Value (X14, ..., Xg)

0,0 0011 1111 1111 111
01 0111 1111 1111 111
1,0 1011 1111 1111 111

11 1111 1117 11711 1111
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12.3.8 Tail Bits

Thetail bit field shall be six bits of "0", which are required to return the convolutional encoder to the "zero
state". This procedureimproves the error probability of the convolutional decoder, which relies on the future
bits when decoding the message stream. All tail bit fields (after the PHY header, after the HCS, and after the
MAC frame payload) shall be produced by replacing the six scrambled bits with six "zero" bits.

12.3.9 Convolutional Encoder

The PLCP header, MAC header, and HCS shall be coded with a convolutional encoder of rate R = 11/32.
The MAC frame body and tail bits shall be coded with a convolutional encoder of rate R = 11/32, 1/2, 5/8, or
3/4, corresponding to the desired data rate. The convolutional encoder shall use the rate R = 1/3 industry-
standard generator polynomials, gg = 133g, g; = 145g, and g, = 175g, as shown in Figure 7. The bit denoted
as"A" shall be the first bit generated by the encoder, followed by the bit denoted as "B", and finaly, by the
bit denoted as "C". The various coding rates are derived from the rate R = 1/3 convolutional code by
employing "puncturing". Puncturing is a procedure for omitting some of the encoded bits in the transmitter
(thus reducing the number of transmitted bits and increasing the coding rate) and inserting a dummy "zero"
metric into the convolutional decoder on the receive side in place of the omitted bits. The puncturing pat-
terns areillustrated in Figure 8 through Figure 11.

Decoding by the Viterbi algorithm is recommended.

=’? »D »D P » Output Data A
A A A A
'S;‘; | D o D o D o D s D o D
¢4 l l t N t oo t ,
™ * * r\/* r\/‘* » OJtpUt D&taB
»D » »D » D »P—> Output DaaC

Figure 12—Convolutional Encoder: Rate R=1/3, Constraint Length k=7
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Figure 13—An example of the bit stealing and bit insertion procedure (R=11/32)
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Figure 14—An example of the bit stealing and bit insertion procedure (R=1/2)
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Source Data Xol X, [ X,

Encoded Data

Bit Stolen Data
(sent/received data)
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Decoded Data Yol Y1l Ya

Figure 16—An example of the bit stealing and bit insertion procedure (R=3/4)

12.3.10 Pad bits

The number of pad bitsthat are inserted is a function of the code rate R and the number of bitsin the frame
payload (LENGTH), FCS, and tail bits. Pad bits shall be inserted in order to ensure that there is alignment on
the OFDM symbol boundaries. The number of OFDM symbols, Ngy, iS computed as follows:

Ngypm = Ceiling [Ceiling [/R x (8 x (LENGTH + FCS) + 6)] / Ncgps]

The function Ceiling (.) isafunction that returns the smallest integer value greater than or equal to its argu-
ment value. The appended bits ("pad bits") are set to "zeros" and are subsequently scrambled with the rest of
the bits.

12.3.11 Bit interleaving

The coded bit stream is interleaved prior to modulation. Bit interleaving provides robustness against burst
errors. The bit interleaving operation is performed in two stages: symbol interleaving followed by tone inter-
leaving. The symbol interleaver permutes the bits across OFDM symbols to exploit frequency diversity
across the sub-bands, while the tone interleaver permutes the bits across the data tones within an OFDM
symbol to exploit frequency diversity across tones and provide robustness against narrow-band interferers.
We constrain our symbol interleaver to interleave among 3N gps coded bits for Mode 1 devices and 7N cgpg
coded bits for Mode 2 devices, where Ncgpg is the number of coded bits per OFDM symbol.

The bit interleaving operation is described here for devices operating in Mode 1. First, the coded bits are
grouped together into blocks of 3Ngpg coded bits, which corresponds to three OFDM symbols. Each group
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of coded bitsisthen permuted using a regular symbol block interleaver of size Ncgpg X 3. Let the sequences
{U(@)} and {(j)}, wherei, j = 0,..., 3Ncgps -1, represent the input and output bits of the symbol block inter-
leaver, respectively. The input-output relationship of thisinterleaver is given by:

CBPS

S(j)=U {Floor[ N | j+3Mod(i, NCBPS)}

where the function Floor(.) returns the largest integer value less than or equal to its argument value and
where the function Mod(.) returns the remainder after division of Ncgps by i. If the coded bits available at
the input of the symbol block interleaver correspond to less than 3Nggpg coded bits, the output of the
encoder is padded out to 3Ngpg bits. Note that the pad bits are inserted at the input of the scrambler to
ensure that the pad bits do not introduce any structure.

The output of the symbol block interleaver is then passed through a tone block interleaver. The outputs of
the symbol block interleaver after grouped together into blocks of Ncgpg bits and then permuted using areg-
ular block interleaver of size N, X 10, where N+« = Ncgps/10. Let the sequences { (i)} and {V(j)}, where
i,j =0,..., Negps -1, represent the input and output bits of the tone interleaver, respectively. The input-out-
put relationship of the tone block interleaver is given by:

T(j) = S{Floor( Ni j+1OMod(i, Nm)}

where the function Mod(.) returns the remainder after division of Nqjp; by i.

12.3.12 Subcarrier Constellation Mapping

The OFDM subcarriers shall be modulated using QPSK modulation. The encoded and interleaved binary
serial input data shall be divided into groups of 2 bits and converted into complex numbers representing
QPSK constellation points. The conversion shall be performed according to the Gray-coded constellation
mappings, illustrated in Figure 12, with the input bit, by, being the earliest in the stream. The output values,
d, are formed by multiplying the resulting (1 + jQ) value by a normalization factor of Ky,p, asdescribed in
the following equation:

d=(1+jQ) X Kmop:
The normalization factor, Ky, op, depends on the base modul ation mode, as prescribed in Table 13. In practi-

cal implementations, an approximate value of the normalization factor can be used, as long as the device
conformsto the modulation accuracy requirements.

For QPSK, by determinesthe | value and b, determinesthe Q value, asillustrated in Table 14.
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Figure 17—QPSK Constellation Bit Encoding

Table 19—Modulation Dependent Normalization Factor Kygp

M odulation Kmobp

QPSK %

Table 20—QPSK Encoding Table

Input Bit (bo b1) | out Q out
00 -1 -1
01 -1 1
10 1 -1
11 1 1

12.3.13 OFDM Modulation

For information data rates of 50, and 80 Mb/s, the stream of complex numbersis divided into groups of 50
complex numbers. We shall denote these complex numbers ¢\, which corresponds to subcarrier n of

OFDM symbol k, as follows:
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Cn,k:dn+50xk n:O’l""’49’k:O’l""’NSYM -1

Cinssoyk — d(49—n)+50><k

where Ngy ) denotes the number of OFDM symbolsin the MAC frame body, tail bits, and pad bits.

For information data rates of 110, 160, 200, 320 and 480 Mb/s, the stream of complex numbersis divided
into groups of 100 complex numbers. We shall denote these complex numbers ¢, which corresponds to
subcarrier n of OFDM symbol k, asfollows:

Cox = doia00xk n=0,1,...,99,k=0,1,...,Ng,, -1

where NSYM denotes the number of OFDM symbolsin the MAC frame body, tail bits, and pad bits.

An OFDM symbol r a5 (1) is defined as

Ng Ng /2
data k (t) = Z Chk exp( J 2rM (n)AF (t _TCP )) + pmod(k,127) Z Pn exp( J ZmAF (t _TCP))
n=0 n=—Ng /2

where Ny is the number of data subcarriers, Ngr is the number of total subcarriers, and the function M(n)
defines a mapping from the indices 0 to 99 to the logica frequency offset indices -56 to 56, excluding the
locations reserved for the pilot subcarriers, guard subcarriers and the DC subcarrier (as described bel ow):
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n-56 n=0
n-55 1<n<9
n—54 10<n<18
n-53 19<n<27
n-52 28<n<36
n-51 37<n<45
n-50 46<n<49
n-49 50<n<53
n-48 54<n<62
n—47 63<n<71
n-46 72<n<80
n-45 81<n<89
n-44 90<n<98
n-43 n=99

M (n) =

The subcarrier frequency alocation is shown in Figure 13.. To avoid difficultiesin DAC and ADC offsets
and carrier feed-through in the RF system, the subcarrier falling at DC (Oth subcarrier) is not used.

Co Pugs €1 Cq P usCip CigPasCig CrPogChy CiePisCoy Cug PgCye Cug DCCyg oy Py oy Cop PigCog C7y Pog Crp Cgo Pag gy Cgo Pus Cog Cog Pss Cog

-55 -45 -35 -25 -15 -5 0 5 15 25 35 45 55
Subcarrier numbers

Figure 18—Subcarrier Frequency Allocation

12.3.13.1 Pilot Subcarriers

In each OFDM symbol, twelve of the subcarriers are dedicated to pilot signals in order to make coherent
detection robust against frequency offsets and phase noise. These pilot signals shall be put in subcarriers -55,
-45, -35, -25, -15 -5, 5, 15, 25, 35, 45, and 55. The pilot signals shall be BPSK modulated by a pseudo-ran-
dom binary sequence, generated using a linear feedback shift register (LFSR), to prevent the generation of
spectral lines. The contribution due to the pilot subcarriers for the k" OFDM symbol isgiven by theinverse
Fourier Transform of the sequence P,;:
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ij n=1545
J2 ’
] -_5-05-35-45
V2.
p = _‘1; | n=5253555
il RN
2
0 N=+1..+4+6,.. +14.+16.... +24.+36,... +44+46,... +54.+56

The polarity of the pilot subcarriersis controlled by the following pseudo-random LFSR sequence, p;:

Po.16=-11,1,1,1,-1,-1,-1,1,-1,-1,-1,-1,1,1,-1,1,-1,-1,1,1,-1,1,1,-1,1,1,1,1,1,1,-1,1, 1,1, -
1,-1 1,1,1,-1,-1,1,1,-1,-1,1,-1,1,-1,1, 1,
,-1,1,-1,-1,-1,-1,-1,1,-1,1,1,-1, 1, -1,

Only one element of this sequenceis used for an OFDM symbol.
12.3.13.2 Guard Subcarriers

In each OFDM symbol ten subcarriers are dedicated to guard subcarriers or guard tones. The guard subcarri-
ers can be used for various purposes, including relaxing the specs on transmit and receive filters. The magni-
tude level of the guard tones is not specified other than the definition below, and implementations can use
reduced power for these subcarriersif desired. The guard subcarriers shall be located in subcarriers-61, -60,
..., -57,and 57, 58, ..., 61. The same linear-feedback shift register (LFSR) sequence, p, , that is used to
scramble the pilot subcarriers is used to generate the modulating data for the guard subcarriers. The guard
subcarrier symbol definition for the ni subcarrier of the ki symbol is given as follows:

_ 1+
I:)n,k - pmod(k+|,127) ﬁ

I:)n,k = I:)—nyka n= 57,,61

j, [=01234; n=-61+I|

In this numbering, it is assumed that k=0 corresponds to the first channel estimation symbol CEj. The ele-
ments from the sequence, p;, are selected independently for the pilots and the guard subcarriersin this sec-
tion.

12.3.14 Time Domain Spreading

For data rates of 55, 80, 110, 160 and 200 Mbps a time-domain spreading operation is performed with a
spreading factor of 2. The time-domain spreading operation consists of transmitting the same information
over two OFDM symbols. These two OFDM symbols are transmitted over different sub-bands to obtain fre-
guency diversity. For example, if the device uses a time-frequency code [1 2 3 1 2 3], as specified in Table
16, the information in the first OFDM symbol is repeated on sub-bands 1 and 2, the information in the sec-



January, 2004 IEEE P802.15-3a/541r0

ond OFDM symbol is repeated on sub-bands 3 and 1, and the information in the third OFDM symbol is
repeated on sub-bands 2 and 3.

12.4 General Requirements

12.4.1 Operating Band Frequencies

12.4.1.1 Operating Frequency Range

ThisPHY operatesin the 3.1 - 10.6 GHz frequency as regulated in the United States by the Code of Federal
Regulations, Title 47, Section 15, aswell asin any other areas that the regulatory bodies have also allocated
this band.

12.4.1.2 Band Numbering

The relationship between center frequency and band number is given by the following equation:

2904 +528xn, =1.4

Band Center Frequency = &
3168+ 528%n, n, =5...13

This definition provides a unique numbering system for all channelsthat have a spacing of 528 MHz and lie
within the band 3.1 - 10.6 GHz. In this proposal, bands 1 through 3 are used for Mode 1 devices (mandatory
mode), while bands 1 through 3 and 6 through 9 are used for Mode 2 devices (optional mode). The remain-
ing channels are reserved for future use. Table 15 summarizes the band allocation.

Table 21—OFDM PHY Band Allocation

BAND_ID Lower Frequency Center Frequency Upper Frequency
1 3168 MHz 3432 MHz 3696 MHz
2 3696 MHz 3960 MHz 4224 MHz
3 4224 MHz 4488 MHz 4752 MHz
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Table 21—OFDM PHY Band Allocation
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BAND_ID L ower Frequency Center Frequency Upper Frequency
4 4752 MHz 5016 MHz 5280 MHz
5 5544 MHz 5808 MHz 6072 MHz
6 6072 MHz 6336 MHz 6600 MHz
7 6600 MHz 6864 MHz 7128 MHz
8 7128 MHz 7392 MHz 7656 MHz
9 7656 MHz 7920 MHz 8184 MHz
10 8184 MHz 8448 MHz 8712 MHz
11 8712 MHz 8976 MHz 9240 MHz
12 9240 MHz 9504 MHz 9768 MHz
13 9768 MHz 10032 MHz 10296 MHz

The frequency of operation for Mode 1 and Mode 2 devices is shown in Figure 14 and Figure 15, respec-

tively.

A Band Band
#1 #3
A -
>
3432 4488 f
MHz MHz

Figure 19—Frequency of Operation for a Mode 1 Device

A Band Band Band Band Band Band
#1 #2 #3 #6 #7 #9
>
3432 3960 4488 6336 6864 7920 f
MHz MHz MHz MHz MHz MHz

Figure 20—Frequency of Operation for a Mode 2 Device
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12.4.2 Channelization
Channelization for different piconets is achieved by using different time-frequency codes for different pico-

nets. In addition, different preamble patterns are used for the different piconets. Table 16 defines the time-
frequency codes and preamble pattern for each piconet.

Table 22—Time Frequency Codes and Preamble Patterns for Different Piconets

Channel Preamble Mode 1: Length 6 Time Mode 2: Length 7 Time Frequency
Number Pattern Frequency Code Code
1 1 1 2 3 1 2 3 1 2 3 4 5 6 7
2 2 1 3 2 1 3 2 1 7 6 5 4 3 2
3 3 1 1 2 2 3 3 1 4 7 3 6 2 5
4 4 1 1 3 3 2 2 1 3 5 7 2 4 6

12.4.3 PHY Layer Timing

The values for the PHY layer timing parameters are defined in Table 17.

Table 23—PHY Layer Timing Parameters

PHY Parameter Value
pMIFSTime 2us
pSIFSTime 10uS

pCCADetectTime 4.6875 uS

pChannel SwitchTime 9.0ns

12.4.3.1 Interframe Spacing

A conformant implementation shall support the interframe spacing parameters given in Table 18.

12.4.3.2 Receive-to-Transmit Turnaround Time

The RX-to-TX turnaround time shall be pSIFSTime. Thisturnaround time shall be measured at the air inter-

face from the trailing edge of the last received OFDM symbol to the leading edge of the first transmitted
OFDM symbol of the PL CP preamble for the next frame.
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Table 24—Interframe Spacing Parameters

802.15.3 MAC Parameter Corresponding PHY Par ameter
MIFS pMIFSTime
SIFS pSIFSTime
pBackoffSlot pSIFSTime + pCCADetectTime
BIFS pSIFSTime + pCCADetectTime
RIFS 2*pSIFSTime + pCCADetectTime

12.4.3.3 Transmit-to-Receive Turnaround Time

The TX-to-RX turnaround time shall be pSIFSTime. This turnaround time shall be measured at the air inter-
face from the trailing edge of the last transmitted symbol until the receiver isready to begin the reception of
the next PHY frame.

12.4.3.4 Time Between Successive Transmissions

The time between uninterrupted successive transmissions by the same DEV shall be pMIFSTime. Thistime
shall be measured at the air interface from the trailing edge of the last OFDM symbol transmitted to the lead-
ing edge of the first OFDM symbol of the PLCP preamble for the following frame.

12.4.3.5 Channel Switch Time

The channel switch time is defined as the interval from when the trailing edge of the last valid OFDM sym-
bol ison air until the PHY is ready to transmit or receive from the air another OFDM symbol on anew chan-
nel. The channel switch time shall not exceed pChannel SwitchTime.

12.4.4 Header Check Sequence

The combined PLCP and MAC headers shall be protected with a CCITT CRC-16 header check sequence
(HCS). The PHY parameter, pLengthHCS shall be 2 for this PHY. The CCITT CRC-16 HCS shall be the
ones complement of the remainder generated by the modulo-2 division of the protected combined PL CP and
MAC headers by the polynomial: x* + x!2 + x> +1 . The protected bits shall be processed in the trans-
mit order. All HCS calculations shall be made prior to data scrambling. A schematic of the processing order
is shown in Figure 16.
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Figure 21—CCITT CRC-16 Implementation

The CRC-16 described in this subclause is the same one used in the |EEE 802.15.3 draft standard.

12.5 Transmitter Specifications
12.5.1 Transmit PSD Mask

The transmitted spectrum shall have a 0 dBr (dB relative to the maximum spectral density of the signal)
bandwidth not exceeding 260 MHz, -12 dBr at 285 MHz frequency offset, and -20 dBr at 330 MHz fre-
guency offset and above. The transmitted spectral density of the transmitted signal mask shall fall within the
spectral, as shown in Figure 17.
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Figure 22—Transmit Power Spectral Density Mask
12.5.2 Transmit Center Frequency Tolerance
The transmitted center frequency tolerance shall be +/- 20 ppm maximum.
12.5.3 Symbol Clock Frequency Tolerance
The symbol clock frequency tolerance shall be 20 ppm maximum.

12.5.4 Clock Synchronization

The transmit center frequency and the symbol clock frequency shall be derived from the same reference
oscillator.

12.6 Receiver Specification
12.6.1 Receiver Sensitivity

For a packet error rate (PER) of less than 8% with a PSDU of 1024 bytes, the minimum receiver sensitivity
numbers for the various rates and modes are listed in Table 19.

12.6.2 Receiver CCA Performance

The start of a valid OFDM transmission at a receiver level equal to or greater than the minimum 55 Mb/s
sensitivity (-83.5 dBm) shall cause CCA to indicate busy with a probability > 90% within 4.6875 us. If the
preamble portion was missed, the receiver shall hold the carrier sense (CS) signal busy for any signal 20 dB
above the minimum 55 Mb/s sensitivity (-63.5 dBm).
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Table 25—Receiver Performance Requirements

Data Rate (Mb/s) Minimum Sensitivity (dBm) for Mode 1 Minimum Sensitivity (dBm) for Mode 2

55 -83.5 -81.5

80 -81.7 -79.7

110 -80.5 -78.5

160 -78.7 -76.7

200 -77.2 -75.2

320 -75.1 -73.1
480 -72.7 -70.7

12.7 UWB PHY Management

The PHY PIB comprises the managed objects, attributes, actions, and notifications required to manage the
PHY layer of a DEV. The encoding of the PHY data rates used in the Supported Data Rates field in the
Capability IE, 7.4.11, isgiven in Table 89.

Table 26—UWB PHY supported data rate encoding

Rate supported (Mb/s) b0 bl b2 b3 b4

The encoding of the supported PHY data rates into an octet number is accomplished by adding bits b5-b7,
all set to zero, to the encoding given in Table 89. Bit b0 is the Isb while bit 7 is the msb. Thus aDEV that
supports 11, 22 and 33 Mb/s would have a Supported Data Rates field 01000 (Isb to msb) and an octet
encoding of 0x2.

The encoding of the preferred fragment size used in the Capability IE, 7.4.11, is given in Table 90.
The encoding of the DataRate parameter used in the PLME SAP, 6.4, and the encodings of the TXDataRate

and RXDataRate parameters used in the PHY SAPB, 6.7, are based on the value for the data rate sent in the
PHY header, Table 80 and is given in Table 91.
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Table 27—UWB PHY preferred fragment size encoding

Field value

Preferred fragment size
(octets)

Table 28—Encoding of the UWB PHY data rates for the PHY SAP

Modulation

TXDataRate/

Data Rate RXDataRate value

The PHY dependent PIB values for the 2.4 GHz PHY are given in Table 92 and Table 93. The PHY PIB
characteristics group, Table 92, contains information that is common to most 2.4 GHz implementations.

The PHY PIB implementation group, Table 93, contains information that is more characteristic of a particu-
lar PHY implementation than of the PHY as awhole.



January, 2004 IEEE P802.15-3a/541r0

Table 29—PHY PIB characterisitcs group parameters

Managed Object Octets Definition Access
PHYPIB_Type 1 0x01=UWB Read only
PHY PIB_RegdomainsSupported Variable One octet for each regulatory domain Read only

supported as defined in
PHY PIB_CurrentRegDomain

PHY PIB_CurrentRegDomain 1 0x00=European Telecommunications Read only
Standards Institute (ETSI)

PHY PIB_DataRateVector 1 Encodes the data rates, defined in Table Read only
89and 11.7

PHY PIB_NumChannelsSupported 1 Vaue=0x05, see 11.2.3 Read only

PHY PIB_CurrentChannel 1 Indicates the channel that is currently Read only

being used. See 11.2.3

PHY PIB_CCAThreshold 1 The CCA threshold in dBm, encoded in Read only
2's complement format. The value is
implementation dependent but no larger
than the value listed in 11.6.5.

PHY PIB_Framel engthM ax 2 pMaxFrameBodySize, 11.2.8.1 Read only
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Table 30—PHY PIB implementation group parameters

Managed Object Octets Definition Access

PHY PIB_DiversitySupported 1 Numeric entry that indicates the number Read only
of antennas that are available.

PHY PIB_MaxTXPower 1 The maximum TX power that the DEV is | Read only
capable of using, 7.4.11, implementation
dependent.

PHY PIB_TX PowerStepSize 1 The step size for power control supported | Read only
by the DEV, 7.4.12, implementation
dependent.

PHYPIB_NumPMLevels 1 Number of power management levels Read only

supported. Therangeis 1 to 255 and the
value isimplementation dependent.

PHY PIB_PM LevelReturn 1 Vaue=0x05, see 11.2.3 Read only

PHY PIB_CurrentChannel Variable Table of vectors with number of entries Read only
given by PHY PIB_NumPMLevels. Each
vector is the time required to change
between power saving states of the PHY.
Vector number O is the time required to
changethe PHY from the off stateto a
state where it is ready to receive com-
mands. Other values are implementation
dependent.
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