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SYSTEM AND METHOD FOR TIME DIVERSITY

Claim of Priority under 35 U.S.C. §119

[0001] The present Application for Patent claims priority to Provisional Application
No. 60/592,999 entitled “METHOD OF CHANNEL INTERLEAVING IN A OFDM
WIRELESS COMMUNICATIONS SYSTEM” filed July 29, 2004, and assigned to the

assignee hereof and hereby expressly incorporated by reference herein.

BACKGROUND
Field
[0002] The present disclosed embodiments relates generally to wireless
communications, and more specifically to channel interleaving in a wireless

communications system.

Background

[0003] Orthogonal frequency division multiplexing (OFDM) is a technique for
broadcasting high rate digital signals. In OFDM systems, a single high rate data stream
is divided into several parallel low rate substreams, with each substream being used to
modulate a respective subcarrier frequency. It should be noted that although the present
invention is described in terms of quadrature amplitude modulation, it is equally
applicable to phase shift keyed modulation systems.

[0004] The modulation technique used in OFDM systems is referred to as
quadrature amplitude modulation (QAM), in which both the phase and the amplitude of
the carrier frequency are modulated. In QAM modulation, complex QAM symbols are
generated from plural data bits, with each symbol including a real number term and an
imaginary number term and with each symbol representing the plural data bits from
which it was generated. A plurality of QAM bits are transmitted together in a pattern
that can be graphically represented by a complex plane. Typically, the pattern is
referred to as a "constellation". By using QAM modulation, an OFDM system can
improve its efficiency.

[0005] It happens that when a signal is broadcast, it can propagate to a receiver by
more than one path. For example, a signal from a single transmitter can propagate along

a straight line to a receiver, and it can also be reflected off of physical objects to
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propagate along a different path to the receiver. Moreover, it happens that when a
system uses a so-called "cellular" broadcasting technique to increase spectral efficiency,
a signal intended for a received might be broadcast by more than one transmitter.
Hence, the same signal will be transmitted to the receiver along more than one path.
Such parallel propagation of signals, whether man-made (i.e., caused by broadcasting
the same signal from more than one transmitter) or natural (i.e., caused by echoes) is
referred to as "multipath”. It can be readily appreciated that while cellular digital
broadcasting is spectrally efficient, provisions must be made to effectively address
multipath considerations.

[0006] Fortunately, OFDM systems that use QAM modulation are more effective in
the presence of multipath conditions (which, as stated above, must arise when cellular
broadcasting techniques are used) than are QAM modulation techniques in which only a
single carrier frequency is used. More particularly, in single carrier QAM systems, a
complex equalizer must be used to equalize channels that have echoes as strong as the
primary path, and such equalization is difficult to execute. In contrast, in OFDM
systems the need for complex equalizers can be eliminated altogether simply by
inserting a guard interval of appropriate length at the beginning of each symbol.
Accordingly, OFDM systems that use QAM modulation are preferred when multipath
conditions are expected.

[0007] In a typical trellis coding scheme, the data stream is encoded with a
convolutional encoder and then successive bits are combined in a bit group that will
become a QAM symbol. Several bits are in a group, with the number of bits per group
being defined by an integer "m" (hence, each group is referred to as having an "m-ary"
dimension). Typically, the value of "m" is four, five, six, or seven, although it can be
more or less.

[0008] After grouping the bits into multi-bit symbols, the symbols are interleaved.
By "interleaving" is meant that the symbol stream is rearranged in sequence, to thereby
randomize potential errors caused by channel degradation. To illustrate, suppose five
words are to be transmitted. If, during transmission of a non-interleaved signal, a
temporary channel disturbance occurs. Under these circumstances, an entire word can
be lost before the channel disturbance abates, and it can be difficult if not impossible to
know what information had been conveyed by the lost word.

[0009] In contrast, if the letters of the five words are sequentially rearranged (i.e.,

"interleaved") prior to transmission and a channel disturbance occurs, several letters
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might be lost, perhaps one letter per word. Upon decoding the rearranged letters,
however, all five words would appear, albeit with several of the words missing letters.
It will be readily appreciated that under these circumstances, it would be relatively easy
for a digital decoder to recover the data substantially in its entirety. After interleaving
the m-ary symbols, the symbols are mapped to complex symbols using QAM principles

noted above, multiplexed into their respective sub-carrier channels, and transmitted.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. la shows a channel interleaver in accordance with an embodiment;
[0011] FIG. 1b shows a channel interleaver in accordance with another embodiment;
[0012] FIG. 2a shows code bits of a turbo packet placed into an interleaving buffer in
accordance with an embodiment;
[0013] FIG. 2b shows an interleaver buffer arranged into an N/m rows by m columns
matrix in accordance with an embodiment;
[0014] FIG. 3 illustrates an interleaved interlace table in accordance with an
embodiment;
[0015] FIG. 4 shows a channelization diagram in accordance with an embodiment;
[0016] FIG. 5 shows a channelization diagram with all one’s shifting sequence resulting
in long runs of good and poor channel estimates for a particular slot, in accordance with
an embodiment; and
[0017] FIG. 6 shows a Channelization diagram with all two’s shifting sequence
resulting in evenly spread good and poor channel estimate interlaces; and
[0018] FIG. 7 shows a wireless device configured to implement interleaving in

accordance with an embodiment.
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DETAILED DESCRIPTION
[0019] In an embodiment, a channel interleaver comprises a bit interleaver and a
symbol interleaver. Figure 1 shows two types of channel interleaving schemes. Both
schemes use bit interleaving and interlacing to achieve maximum channel diversity.
[0020] Figure la shows a channel interleaver in accordance with an embodiment.
Figure 1b shows a channel interleaver in accordance with another embodiment. The
interleaver of figure 1b uses bit-interleaver solely to achieve m-ary modulation diversity
and uses a two-dimension interleaved interlace table and run-time slot-to-interlace
mapping to achieve frequency diversity which provides better interleaving performance
without the need for explicit symbol interleaving,
[0021] Figure 1a shows Turbo coded bits 102 input into bit interleaving block 104. Bit
interleaving block 104 outputs interleaved bits, which are input into constellation
symbol mapping block 106. Constellation symbol mapping block 106 outputs
constellation symbol mapped bits, which are input into constellation symbol
interleaving block 108.  Constellation symbol interleaving block 108 outputs
constellation symbol interleaved bits into channelization block 110, Channelization
block 110 interlaces the constellation symbol interleaved bits using an interlace table
112 and outputs OFDM symbols 114.
[0022] Figure 1b shows Turbo coded bits 152 input into bit interleaving block 154. Bit
interleaving block 154 outputs interleaved bits, which are input into constellation
symbol mapping block 156. Constellation symbol mapping block 15 outputs
constellation symbol mapped bits, which are input into channelization block 158.
Channelization block 158 channelizes the constellation symbol interleaved bits using an
interleaved interlace table and dynamic slot-interlace mapping 160 and outputs OFDM
symbols 162.
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[0023] Bit Interleaving for modulation diversity

[0024] The interleaver of figure 1b uses bit interleaving 154 to achieve modulation
diversity. The code bits 152 of a turbo packet are interleaved in such a pattern that
adjacent code bits are mapped into different constellation symbols. For example, for
2m-Ary modulation, the N bit interleaver buffer are divided into N/m blocks. Adjacent
code bits are written into adjacent blocks sequentially and then are read out one by one
from the beginning of the buffer to the end in the sequential order, as shown in Figure
2a (Top). This guarantees that adjacent code bits be mapped to different constellation
symbols. Equivalently, as is illustrated in Figure 2b (Bottom), the interleaver buffer is
arranged into an N/m rows by m columns matrix. Code bits are written into the buffer
column by column and are read out row by row. To avoid the adjacent code bit to be
mapped to the same bit position of the constellation symbol due to the fact that certain
bits of a constellation symbol are more reliable than the others for 16QAM depending
on the mapping, for example, the first and third bits are more reliable than the second
and fourth bits, rows shall be read out from left to right and right to left alternatively.
[0025] Figure 2a shows code bits of a turbo packet 202 placed into an interleaving
buffer 204 in accordance with an embodiment. Figure 2b is an illustration of bit
interleaving operation in accordance with an embodiment. Code bits of a Turbo packet
250 are placed into an interleaving buffer 252 as shown in figure 2b. The interleaving
buffer 252 is transformed by swapping the second and third columns, thereby creating
interleaving buffer 254, wherein m=4, in accordance with an embodiment. Interleaved
code bits of a Turbo packet 256 are read from the interleaving buffer 254.

[0026] For simplicity, a fixed m=4 may be used, if the highest modulation level is 16
and if code bit length is always divisible by 4. In this case, to improve the separation
for QPSK, the middle two columns are swapped before being read out. This procedure
is depicted in Figure 2b (Bottom). It would be apparent to those skilled in the art that
any two columns may be swapped. It would also be apparent to those skilled in the art
that the columns may be placed in any order. It would also be apparent to those skilled
in the art that the rows may be placed in any order.

[0027] In another embodiment, as a first step, the code bits of a turbo packet 202 are
distributed into groups. Note that the embodiments of both figure 2a and figure 2b also
distribute the code bits into groups. However, rather than simply swapping rows or

columns, the code bits within each group are shuffled according to a group bit order for
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each given group. Thus, the order of four groups of 16 code bits after being distributed
into groups may be {1, 5, 9, 13} {2, 6, 10, 14} {3, 7, 11, 15} {4, 8, 12, 16} using a
simple linear ordering of the groups and the order of the four groups of 16 code bits
after shuffling may be {13, 9, 5, 1} {2, 10, 6, 14} {11, 7, 15, 3} {12, 8, 4, 16}. Note

that swapping rows or columns would be a regressive case of this intra-group shuffling.

[0028] Interleaved Interlace for frequency diversity

[0029] In accordance with an embodiment, the channel interleaver uses interleaved
interlace for constellation symbol interleaving to achieve frequency diversity. This
eliminates the need for explicit constellation symbol interleaving. The interleaving is

performed at two levels:

[0030] - Within or Intra Interlace Interleaving: In an embodiment, 500 subcarriers of
an interlace are interleaved in a bit-reversal fashion.
[0031] - Between or Inter Interlace Interleaving: In an embodiment, eight interlaces are

interleaved in a bit-reversal fashion.

[0032] It would be apparent to those skilled in the art that the number of subcarriers can
be other than 500. It would also be apparent to those skilled in the art that the number
of interlaces can be other than eight.

[0033] Note that since 500 is not power of 2, a reduced-set bit reversal operation shall

be used in accordance with an embodiment. The following code shows the operation:

[0034] vector<int> reducedSetBitRev(int n)

[0035] {

[0036] int m=exponent(n);

[0037] vector<int> y(n);

[0038] for (int i=0, j=0; i<n; i++,j++)

[0039] {

[0040] int k;

[0041] for (; (k=bitRev(j,m))>=n; j++);
[0042] ylil=k;

[0043] }

[0044] return y;
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[0045] }

[0046] where n=500, m is the smallest integer such that 2" > 1 which is 8, and bitRev
is the regular bit reversal operation.

[0047] The symbols of the constellation symbol sequence of a data channel is mapped
into the corresponding subcarriers in a sequential linear fashion according to the
assigned slot index, determined by a Channelizer, using the interlace table as is depicted
in Figure 3, in accordance with an embodiment.

[0048] Figure 3 illustrates an interleaved interlace table in accordance with an
embodiment. Turbo packet 302, constellation symbols 304, and interleaved interlace
table 306 are shown. Also shown are interlace 3 (308), interlace 4 (310), interlace 2
(312), interlace 6 (314), interlace 1 (316), interlace 5 (318), interlace 3 (320), and
interlace 7 (322).

[0049] In an embodiment, one out of the eight interlaces is used for pilot, i.e., Interlace
2 and Interlace 6 is used alternatively for pilot. As a result, the Channelizer can use
seven interlaces for scheduling. For convenience, the Channelizer uses Slot as a
scheduling unit. A slot is defined as one interlace of an OFDM symbol. An Interlace
Table is used to map a slot to a particular interlace. Since eight interlaces are used, there
are then eight slots. Seven slots will be set aside for use for Channelization and one slot
for Pilot. Without loss of generality, Slot 0 is used for the Pilot and Slots 1 to 7 are used
for Channelization, as is shown in Figure 4 where the vertical axis is the slot index 402,
the horizontal axis is the OFDM symbol index 404 and the bold-faced entry is the
interlace index assigned to the corresponding slot at an OFDM symbol time.

[0050] Figure 4 shows a channelization diagram in accordance with an embodiment.
Figure 4 shows the slot indices reserved for the scheduler 406 and the slot index
reserved for the Pilot 408. The bold faced entries are interlace index numbers. The
number with square is the interlace adjacent to pilot and consequently with good
channel estimate.

[0051] The number surrounded with a square is the interlace adjacent to the pilot and
consequently with good channel estimate. Since the Scheduler always assigns a chunk
of contiguous slots and OFDM symbols to a data channel, it is clear that due to the

inter-interlace interleaving, the contiguous slots that are assigned to a data channel will
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be mapped to discontinuous interlaces. More frequency diversity gain can then be
achieved.

[0052] However, this static assignment (i.e., the slot to physical interlace mapping
tablel does not change over time) does suffer one problem. That is, if a data channel
assignment block (assuming rectangular) occupies multiple OFDM symbols, the
interlaces assigned to the data channel does not change over the time, resulting in loss of
frequency diversity. The remedy is simply cyclically shifting the Scheduler interlace
table (i.e., excluding the Pilot interlace) from OFDM symbol to OFDM symbol.

[0053] Figure 5 depicts the operation of shifting the Scheduler interlace table once per
OFDM symbol. This scheme successfully destroys the static interlace assignment
problem, i.e., a particular slot is mapped to different interlaces at different OFDM
symbol time.

[0054] Figure 5 shows a channelization diagram with all one’s shifting sequence
resulting in long runs of good and poor channel estimates for a particular slot 502, in
accordance with an embodiment. Figure 5 shows the slot indices reserved for the
scheduler 506 and the slot index reserved for the Pilot 508. Slot symbol index 504 is
shown on the horizontal axis.

[0055] However, it is noticed that slots are assigned four continuous interlaces with
good channel estimates followed by long runs of interlaces with poor channel estimates
in contrast to the preferred patterns of short runs of good channel estimate interlaces and
short runs of interlaces with poor channel estimates. In the figure, the interlace that is
adjacent to the pilot interlace is marked with a square. A solution to the long runs of
good and poor channel estimates problem is to use a shifting sequence other than the all
one’s sequence. There are many sequences can be used to fulfill this task. The simplest
sequence is the all two’s sequence, i.c., the Scheduler interlace table is shifted twice
instead of once per OFDM symbol. The result is shown in Figure 6 which significantly
improves the Channelizer interlace pattern. Note that this pattern repeats every
2 x 7 = 14 OFDM symbols, where 2 is the Pilot interlace staggering period and 7 is
the Channelizer interlace shifting period.

[0056] To simplify the operation at both transmitters and receivers, a simple formula
can be used to determine the mapping from slot to interlace at a given OFDM symbol

time

1 The Scheduler slot table does not include the Pilot slot.
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os7 =R - (Rx1)pN)+5-1p6N}
where
[0058] - N =1I-1 is the number of interlaces used for traffic data scheduling, where I

is the total number of interlaces;

[0059] - 1e{0L, 1 -1} , excluding the pilot interlace, is the interlace index that Slot
s at OFDM symbol t maps to;

[0060] - t=0L--T-1 is the OFDM symbol index in a super frame, where T is the
total number of OFDM symbols in a frame2;

[oo61] - 5= 1,2,--,8 —1¢ is the slot index where S is the total number of slots;

[0062] - R is the number of shifts per OFDM symbol;

[0063] - R’ is the reduced-set bit-reversal operator. That is, the interlace used by the

Pilot shall be excluded from the bit-reversal operation.

[0064] Example: In an embodiment, I=8, R=2. The corresponding Slot-Interlace

mapping formula becomes
[0065] 1= R{(7 - (2x2)%7)+ 5 -1)%7}

[0066] where R’ corresponds to the following table:

x= R'{x}
0=0
1=4
2=>2o0rb6
3=>1
4=5
5=3

[0067] 6 =7

[0068] This table can be generated by the following code:

[0069] int reducedSetBitRev(int x, int exclude, int n)
[0070] {
[0071] int m=exponent(n);

2 OFDM symbol index in a superframe instead of in a frame gives additional diversity to frames since
the number of OFDM symbols in a frame in the current design is not divisible by 14.
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[0072] inty;
[0073] for (int i=0; j=0; i<=x; i++, j++)
[0074] {
[0075] for (; (y=bitRev(j, m))=—exclude; j++);
[0076] }
[0077] return y;
[0078]  }

[0079] where m=3 and bitRev is the regular bit reversal operation.

[0080] For OFDM symbol t=11, Pilot uses Interlace 6. The mapping between Slot and
Interlace becomes:
[0081] - Slot 1 maps to interlace of R{(7 - @x1D%7 +1-1)%7} = R{6} =7 ;

[0082] -Slot 2 maps to interlace of 91'{(7 —(2x1)%7+2~ 1)%7} =R{0} = O;

[0083] -Slot 3 maps to interlace of ® (7 —(2x1)%7+3 - 1)%7} =R{l} =4 ;

[0084] -Slot 4 maps to interlace of SR’{(7 —(@x1D%7 +4- 1)%7} =R{2}=2 ;
[0085] -Slot 5 maps to interlace of SRI{(7 —(@x1D)%7+5~ 1)%7} =R{3 =1 :

[0086] -Slot 6 maps to interlace of ER'{(? —(@x1D%7+6- 1)%7} =R{4} =5 :
[0087] -Slot 7 maps to interlace of R{7-@x1D%7 +7-1)%7}=R{5} =3 .

[0088] The resulting mapping agrees with the mapping in Figure 6. Figure 6 shows a
Channelization diagram with all two’s shifting sequence resulting in evenly spread good
and poor channel estimate interlaces.

[0089] In accordance with an embodiment, an interleaver has the following features:
[0090] The bit interleaver is designed to taking advantage of m-Ary modulation
diversity by interleaving the code bits into different modulation symbols;

[0091] The “symbol interleaving” designed to achieve frequency diversity by INTRA-
interlace interleaving and INTER-interlace interleaving;

[0092] Additional frequency diversity gain and channel estimation gain are achieved by
changing the slot-interlace mapping table from OFDM symbol to OFDM symbol. A

simple rotation sequence is proposed to achieve this goal.
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[0093] Figure 7 shows a wireless device configured to implement interleaving in
accordance with an embodiment. Wireless device 702 comprises an antenna 704,
duplexer 706, a receiver 708, a transmitter 710, processor 712, and memory 714.
Processor 712 is capable of performing interleaving in accordance with an embodiment.
The processor 712 uses memory 714 for buffers or data structures to perform its
operations.

[0094] The attached chapter describes details of further embodiments.

[0095] Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[0096] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules,. circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

[0097] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing

devices, e.g., a combination of a DSP and a microprocessor, a plurality of
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microprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

[0098] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary storage medium is coupled to
the processor such the processor can read information from, and write information to,
the storage medium. In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside in an ASIC. The ASIC
may reside in a user terminal. In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.

[0099] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.
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5 PHYSICAL LAYER

This section includes the specification of the FLO Physical layer.
5.1 Physical Layer Packets

5.1,1 Overview

The transmission unit of the Physical layer is a. Physical layer packet. A Physical layer
packet has a length of 1000 bits. A Physical layer packet carries one MAC layer packet.

5.1.2 Physical Layiet Patket Formiat:
The Physical layer packet shall use the following format:

Field Length {bits)
MAC Layer Packet - 976
FCS: L 16
Reserved: 2
TAIL 6
MAC Layer Packet: - MAG ldyer packet from: ifie OIS; Data:or
Coiitrol-Chantiel MAC; pretocol
FCS - TFrdme check sequence (sge 5i1.4)
Reserved: - The FLO: network shall set this field to
geto, The FLO-dévice shallignore this field.
TAIL - - Encoder tail bits. This field shall be set to:
all. O's.

Figure 5:1.2-1 illustrates theforthatof the Physical layer packet:

. ) Physxcal Layer Packet
e (%oooans) —>
WAC Layer Packet FCS | Reseived | TAIL
976 16: 2 6
bits: - Bits | Bﬂs Bits

Fxgure 5,1:2-1 Physmai Layér Packet Format

5.1.3Bit Transmission Order

Each field of the Physical layer packet shall be transmitted in sequence such that the-most
significant bit (MSB) is transmitted first and the least significant bit (LSB} is:transmitted
last. The MSB is the left-most bit in the figures of the deécument.
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5.1.4 Computation of the FCS Bits

The FCS computation described here shall be used for computing the FCS field in the
Physical layer packet.

The FCS shall be a CRC caleulated using the standard CRC-CCITT generator polynomial:
gl =28 ax® e KB

The FCS. shall be equal to the value computed according to the following procedure as

-shown'in Figure 5.1.4-1:

o All:shift-register elements shall be initialized to ‘1’19,

+ “The switches shall be set'in the ip position.

« “The fegister shall be clocked 6‘1:1(:&}&7&@;&}1 bit: 6f the physical layer packet éxcept for
the FCS, Reserved and TAIL bits, The physical layer packet shall be read from the
MSB-to LSB.

+ The switches shall be set in the dowr position so that the output.is. a modulo-2
addition with a 0"and the successive shift-register inputs are 0s.

o+ “The register shall be:clocked an-additional 16 times for the,16 FCS'bits.

« The outpub bits constitute all: fields of “the Physical layer packefs except ‘the
Reserved and TAIL fields:

inpit~er >
i A

1% o 13 .
’.”.‘ y "D}n‘ézaz ‘; ‘ '
"13\1 s

Figure 5:1,4-1 FGS Computatjon for the Physical Layer Packet
5.2 FLO Network Requirements
This section défines requirements specific to:the FLO network equipment ard operation.
5:2.1 Transmitter

The followirig réquirernetits shall apply to-the FLO network transmitter.

19 Initialization of the register to ones causes the CRC for'all-zero data to be non-zero.
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5.2.1.1 Frequency Parameters’

5.2.1.1.1 Transmit Frequency

The transmitter shall operate in one. of eight 6 MHz wide bands20. Each 6 MHz wide
transmit ‘band allocation is called a FLO RF Channel. Each. FLO RF Channel shall be

denoted by an index je{l,2,.8}. The transmit band.and the band center frequency for

cach FLO RF channél indéx shall be as specified in Table 5.2.1.1.1-1.

Table 5.2.1.1.1-1 FLO RF Channel Number and the Transmit Band ,Frequenc,ies

FLORE Chianhel |  FLO | Band:Center
Number ! Transmit | Frequency
i Band (MHZ) | o (MHz)

698 -704 | 701
704 - 710 707
710 - 716 713
7162722 | 719

_7o2-728 | 795

=40 | T8T
740-746 | 743

w0 fov o [ e o e

5:0.:1,1:2 Fregquency Tolerance:

The sakimum fequercy differeiice between the-actudl transmit carrier ffequiénicy and the
specified transimit frequericy shall be less than $210° of thie bafd denter frequienty: in
5.2,1.1.3 In Band Speciral Characteristics.

TBD::

5:2.1,1,4 Out.of Band Spectrym Mask
TBD.

5:9.1.1.5 Power Output Characteristics,

The transmit ERP shall beless than'46,98 dBW2! (see.[3)).

20 The FLO system also supports transmit bandwidths of 5, 7, and 8 MHz [see 6.1).

21 This corresponds to 50 kW,
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5.2.1.2 OFDM Modulation Characteristics

5.2.1.2,1 Overview

The modulation used on ‘the air-link: is Orthogonal Frequency Division Multiplexing
(OFDM) The smallest transmission interval corresponds to.otie OFDM symbol penod The
OFDM transmit symbol is comprised of many. separately modulated sub-carriers.

5.2:.1.2.2. Sub-carriers

The PLO.system shall use 4096 sub-carriers, numbered 0 through 4095.

'5.2:1:2.2.1:Sub-carziér Groups:

These sub-carriers.are divided into two separate groups as follows;

5.2.1.2.2.1,1 Guard :‘Sub-carriers

Of the available 4096 sub-carriers, 96 shall be unused. These unused sub-carriers are
called guard sub-carriers. No energy shall be transmitted on the guard sub-carriers.

‘Sith-carriers nuinbered O through 47, 2048, and 4049 through 4095 shall be used as

guardsub-carriers:

'5.9.1:2.9. 1.5 Active Sub-carriers:

“The active subs¢ariiérs shall ‘be: a group of 4000 Subrcadrriers’ WJth iridices

k{48, 2047, 2049, 4048}

‘Each active Sub-carrier shall carry antodulation symbol-

5:2.1.2.2.2- Subrcartier-Spaging;

T the FLO- system, thie 4096-sub~cartiers. shall ‘span. F bandwxd‘ch of:5.55 MHz 4t the cetiter
of the'6 Milz FLO RF Channel. The sub-carrier spacing, (Af)se shall be given by:

_ 5 55%10°

=1.35498046875 kHz
T 095, 1.35498046875 kHz

(s

5.2:1.2:2:3 Sub-carrier FfeqUeﬁt:y'

The frequenoy of the sub-carrier with index i in the ki FLO RF Channe] (see Table
5.2:1.1.1-1), feolk; i), shall be computed as:per.the followmg equation:

Teolki)= fc{k)+(z - 2048)%(4f )sc

whiere: .
Felk) is'the.center fi*gquen’cy for the k" FLO RF Channel,

(Af)sc. is the sub-carrier spacing.
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5.2.1.2.2.4 Sub-carrier Interlaces

The active sub-carriers shall be sub-divided into 8 interlaces indexed from O through 7.
Each interlace shall consist of 500 sub-carriers. The sub-carriers in an interlace shall be
spaced [8%(4f)sc] Hz apart?? in frequency, with (Af )sc being the sub-carrier spacing.

THe sub-catriers in each interlace shall span 5:.55 MHz of the FLO RF Cha 1nel bandwidth.
An active sub-carrier with iridex {'shall be allocated t0 interlace J; where j'= i mod 8. The
sub-carrier indices in each interlace shall be arranged }seguen?c‘ia’lly in ascending, order, The

numbez-{ing{'dflsub-carﬁé(rs in-an ifiterlace shall be in the range 0,1,..:499:

5:9.1.0:8 Fraine’and Chiannel Structure

The transmitted-signal is organized-into sup erframes: Each, Si;}petfi‘ame}:Shall have duration

Ty equalito 1s, -and shall consist of 1500 OFDM symbols.. The OFDM symbols-in. 2

superframe shall be.numbered 0 through 1199. The OFDM symbol interval T shall be
833.33... ps. The OFDM symbol consists of a numiber of tithe-domain baseband samples,

called OFDM chips: These chips:shall be fransmitted-at a rate of 5.55x106 per second.

The t6tal OFDM symbol interval fiE’s is corfiprised of four parts: auseful part with duration
T, afiat guaid interval with duration Teg sind o windowed ifitervals: of duration Tyer
o the: two sides; as. illustrated in Figure 5.2.1:2:3-1. Th¢re shall be an ovérlap of Tyer
befween copsectitiug OFDM symbols {see Figite 572,/1:2.11.3<1);

The efféctive. OFDN. symbiclisiterval shall-be Ty =Tiygr ¥ T+ Tirs

(e 096 mms niaGs
T, = 4096 chips =————3 -=738:018018,.. lis

i3 - =90:252252:.: 45
| 5.55x10%

T o= 17 chips=————p=3 063063, 45
re P s s %0 e

whiete T =512 chips=

-

22 with the e‘xge‘ptior‘m of interlace zero, where, two sub-carriers in the middle of this interlace are

‘separated by 16x (4f )sc, since thie subscarriet with index 204848 not ised.
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Figure 5.2.1.2.3-1 OFDM-Symbol Durstion

The total symbol dutation shall be T, =T+ Tygp

“The-effective-OFDM: symbol duiration shall Hericeforth be referted to as:the. OFDM: symme

interval, Duging:an OFDM symboliinterval,ia, modulation symbol: shall be carried on each of
the adtive sub-cartiéts::

“The FLO Physical layer channels (see Figure: 1, 5-1) are the TDM Pilot Channel, the FDM

Pilot:Chafinel, the OIS Chiannel; and fhie’ Data Channel. The TBM: Pilot. Channel the OIS
Channel, and the Data Channel shall e time: divigion: multiplesed over:a superframe; The
FDM Pilot Channel shall be:frequency. division: multiplexed with: the OIS Channel and the
Data Charinel ovér a superfraine a8 iastrated in Figure 5.2.1.2.3-2.-

The TDM Pilot Channel is comiprised of the TDM Pilot 1 Channel, the Wide-aréa
Identification Chanriel (WIC) the-Local-area Identificatién Channel (L e); the TDM Pil6t:2
Channel; the:Transition Pilot: Channel (TPC) and the. Positioning: ‘Pilot Ghannél (PPC). The
TDM Pilot. 1 Chantel, the WIC, the LIC and ‘the TDM Pilot2 Channel, shall:éach span.ong
OFDM symhoi and appear at: the beginmng of 4 superframe. A- Tranisition Pilot Channel
(TPC) spanning one OFDM symbeol shall precede and follow each Wide-area and Local-area
Data ‘'or OIS: Chaniiél transmlssmn The TRC~ ﬁankmg the Widé-area Chantiel (Wlde—area
OIS or Wide:-ares Dafa) i iswcalled: the Wide-area Transition Pilot Channgl (WIPC). The TPC
flanking the Local-area channel’ (Local-area OIS or Local-area Data Channel) transmission
is called the. Local-area Transition. Pilot ‘Cliznnel (LTPC). The WTPC and the LTPC shall
each occupy 10 OFDM symbols and tegether-occupy 20 OFDM symboals in a superframe.
The PPC shall Have variable duration and its status (presénce or absence and duration)
shall be. signaled over the OIS Chiannel. When presént, it shall span 6, 10.or 14 OFDM
symbols-at the end of the superframe When PRC is absent, two OFDM symbals: shall be
reserved at'the'end of the superfraime.

The OIS Channel shall occupy 10 OFDM symbols.in a superframe-and shall immediately
follow the first WIPC. OFDM symbol il & superframe. The OIS Channel is comprised of the
Wide-area OIS Channel and the Logal-area OIS Channel. The: Wide-area OIS Channel : and

PCT/US2005/027104
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the Local-area OIS Channel shall each have duration of 5 OFDM symbols and shall be
separated by two TPC OFDM symbols.

The FDM Pilot Channel shall span 1174, 1170, 1166 or 1162 OFDM23 symbols in a

superframe. The FDM Pilot channel is frequency division multiplexed with Wide-area and
Local-area OIS and Data Channels.

The Data Channel shall span 1164, 1160, 1156 or 1152 OFDM24 symbols. The Data,
Channel transmission plus the 16 TPC OFDM symbol transmissions immediately preceding
or following each data channel ‘transmission are divided into4 frames.

Let

P be the hiimber 6f*GFDM symbols i the PPC:or the-number of Réserved OFDM
symboisan the case where. the PPCis.absent i a ‘superframe:

W bé the number of OFDM symbdl‘s -associated with the Wide-area Data Channel in a
frame..

L be the number of OFDM symbols associated with the Local-are Data Channel in a
frame,.

F'be the.number of OFDM symbols;in a frame,
Theén these frarme: parameters: shalll berélated. by the: followmg Het of équations:
P =2
P= 095 =
4
WL+

Figure 5:2.1:2.3-2 illustrates. the superfiame and the channel striicturé in térms: of P, W
and Li

23 Thesé values corresponid to eithér 2 Reserved OFDM symbols or 6, 10.and 14 PPC'OFDM: §¥mibols,
respsctwely, being présént ineach superframe

24 These values corréspond o either 2 Réserved OFDM symbols or 6; 10:and 14 PPCOFDM ‘symbols,
respectively, being present in each superframe.
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FRAME 1 eaoo FRAME 4

k OF{;JM o oﬁsﬁu_)i“ OF%M_);‘—OF%!ﬁk DM F=295 P;?' N, 1’:1295-‘}:2 "
’ : : ] OFDM Symbols
P Mﬁ OFDM Symbols \ OFDM Symibols ~ !
OFDM symbeé ys o N Pef2,61014) |
e Fd —— 1 8uperframe;= 1200 OFDM Symbicts =4 5™ o
# \

Figure 5.2.1.2/3-2 FLO SupeiFraine and Channel Struéture

When the PPC is absent, each frame shall span 295 OFDM symboals and have duration TF
equal to 245.8333.., ms (see Figure 5.2. 1.2.3-2); mote there are two Reseived OFDM
symbeols at: the ‘end of each superframe, When the PPC is present -at ‘the end of the

siperfranié, ‘each fraime shall spah & variable humber of OFDM sytabols- as ‘$pecified in.
Tablé 5.2.1,.28-1.

‘Table 5:2.1.2.3:1 Frame Duration for Diffesent Number of PPC OFDM Symbols
Number of; .PPC OFDM Frame Durahon (F) in | Frame Durationin.
6 245
10 | 93 244.166...
14 , 292 243338

The Dafa: Channel during each frame shall ‘be- time- division: muitiplexed between the

Local-area: Data Channel and ‘the Wide-aréa Dafa ‘Charnél. Thé fraction of the frame

I %100'% and may vary from 0 to 100%.

‘The Physical layer packets trafismitted over the OIS Channel are called OIS packets-and

the Physical layer packets transmitted over the:Data. Ghantel 4re called Data. packets.;

5.2.1.2.4 Flow Components-and Layered Modulation

The audio or video conteérit-associated with 4 flow multicast-over the FLO network may be
sent in, two. components, i.. a base (B):component that enjoysiwidespread receptlon and an
enhanceémerit {E) coniponent. that improves upon the ~audio-visual experience. ‘provided by
the bas€ component over a moré limited coverage area.

The base ‘and ‘the enhancement comporient Physical*layer packets dre Jointly. miapped to
modulation symbols. This FLO feature is known as layered modulation.
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5.2.1.2.5 MediaFLO Logical Channel

PCT/US2005/027104

The Data packets transmitted by the Physical layer are associated with one or more virtual
channels called MediaFLO Logical Channels (MLC). An MLC is a decodable component of a
FLO service that is of independent reception interest to a FLO device. A service may be sent
over multxple MLCs. However; the base and enhancemerit component of an:audio,or video
flow associated with a:service shall be transmitted over-a single MLC.

5.2.1.2:6 FLO Transmit Modes

The .combination:of modulation: type and the/inner code. rate is called the “transmit mode”.
‘The FLO systen:shall support the twelve transinit modes:listed in Table 5.2:1:2:6-1,

In the FLO: network, the ‘transmit- mode is fixed when an. MLC is. mstantlated and, is
changed. irifrequently. This restriction is imposed ifi'order fo. miaitithin a constant coverage

area for each MLC,

Table 5:2.1.2,6-1 FLO Transmit Modes

Mode Modulation Turbo Code Rate {see
Number | 50.1.286.176.1 52 1996162, 5.2:1:2.96.1.1 &
DT 5:9:1.2.9.2:7)
1. 1/9
3 16 1/2
4 16-0AM 2/8
528 __OPSK 1/5.
6 Layered Modulatlon with energy ratio 4 | 1480
7 Layered Modulation with energy ratio4 1
8 Layered Modulation with energy ratio 4 2/3
9 Layered Modulation with energy ratio 6.25 1/8
10 Layered Modulation with energy ratio 6.25 1/2
11 Layered Modulation with energy ratio 6.25 2/3

5.2.1.2.7 FLO Slots

In the FLO network, the smallest; upit of bandwidth allocated 'to a MLC over an OFDM
symbol corresponds 1o a grotp of 500 modulation symbols: This.group.of 500 modulation.
syribols is-ealled g, slot. The schedudler funiction (in the MAC layer) allscates: §lots to MLCs

25 This-mode 15 used for the OIS chantel only.
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during the data portion of the superframe. When the scheduler function allocates
bandwidth for transmission to a MLC in an OFDM symbol, it does so0 in integer units of
slots.

There are 8 slots during every OFDM symbol26, These slots shall be numbered 0 through 7.

‘The WIC and LIC channels shall each occupy 1 slot: The TDM Pilot 2 Channel ‘shall.occupy
4 slots, The TPC: (Wlde-area ‘and Local-area) shall occupy. ali 8 slots: The- ‘FDM Pilst Channel

shall:occupy 1 slot with index 0 and the OISy Data Channel may occupy upte 7 slots with
indices 1 through 7. Each slot shall be transmitted over-an interlace. The mapping from
slot to interlace variés from OFDM. symbol to:OFDM symbol and.is" described i11.5.2:1:2. 10,

5,211.2.8FLO Data Rate's

Iii the: FLO: systern. the. caloulation of data; rates is complicated by the fact that differerit
MLCs may utilize different modes. The computation of data rates is 'simplified by assuming

that all MLCs use the sameé transmit mode: Table 5.2.1.2.8-1 gives the Physical layer data
rates for the. different transmit miodes assuming all 7 data slots-are used.

Table 5.2.1.2.8-1 FLO Transmit Modes and Physical Layer Data Rates

Transmit | Slotsper Physicil Layer |  Physical Layer Data;
‘Mode: Packet: Rate?” (Mbps)
0 g 2§
1 2 4.2
5 T I - 84
4 8/4 . 112
6 5.6
7 2 8.4
‘ & ) 372 - 11.0: ‘
- 10 2 8.4
1 3/2. _ 11.2:

2?5:'-‘Ii‘,xcepf:’for the TDM Pilot 1 Channel in 2 superframe;

#7The overhead due to the TDM Pilot channel and the outer code is not subtracted. This'is the rate at
which data is transrmtted durmg thc Data channel For modes 6 thmugh 11, the rate: quoted is the
combined rate of the two componerts. The rate for each component-will be half of this value,
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5.2.1.2.9 FLO Physical Layer Channels
The FLO Physical layer is comprised of the following sub-channels:
¢ The TDM Pilot Channel.
s The Wide-area OIS Channel,
+ The Local-area OIS Charinel..
» TheWide-area FDM Pilot Channel.
* TheLocal-area FDM Pilot Channel..
- 'The'Wide-area Data Channel.,
’»  'The Local-aréa Data Ghanniel.
5.2.1.2.9.1 TDM Pilot Channel
The TDM Pilot Channel is comprised of the follbvtiirgg“component,~chanr_lélsf;
5.2.1:2,9.1.1 TDM Pilot 1 Channel.

The TDM Pﬂot 1. Channel »:shall span one OFDM symbol. It.shall be transmiited at the.
FDM symb Sup signals the stait of anew superfame: It may be
used by the FL@ device. fot detemunmg the coarse OFDM symbol timifig;. the supérfftame
bounda:y and'the-carrier frequency offset. ‘

The TDM Pilot 1 wavefoxm shall be: generated ini the transmiitter- usmg thie- Steps: illustrated
in Figure5,2, 12 .1.1-1

“TOM Pilot 1 | - _

ﬁxefi F’attem Mab;:;fsigg of' Mappmg of R
Modulation || ‘Symbiols fo —»  Gomirion

(fr@ma PN Svme]S “subcarriers 4 @perat;@n

sequence)

Figure 5,2.1,2,9,1.1-1 TDM Pilot 1 Packet Processing in the Transmitter

5.2:1:2.9:1. 1.1 TDM Pilot 1-Sub-cartiers

The TDM Pilot 1 OFDM symibol shall' be comprised of 124 non-zero stib-carriers in the
frequency dotnain, which are umformly spaced. among the Active sub-earriers; (see
5,2.1.2.2.1.2). The:ith TDM Pilot 1 sub-carrier shall _correspond, tg the sub-carrier indexj J
defined. ds follows:

_' 64+ ()% 32,V 1€ {0,1..61}
64 + (i+1)% 32,7 1 € {62;... 123},

Note that the TDM Pilot. I Charinel doesriot use the sub-carrier with index 2048.
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5.2.1,2.9:1.1.2 TDM Pilot 1 Fixed Information Pattern

The TDM Pilot 1 sub-carriers shall be modulated with a fixed information pattern. This
pattern shall be generated using a 20-tap linear feedback shift register {LFSR) with
generator sequence h(D) = D20+D17+] and initial state ‘1 1110000100000000000°, Each

output bit shall be obfained as follows: if the LFSR. &tate is the vector

[s20515518517Si6515 S14518572511 810056575655 9483 %] then, the outpult bit shall be [s;5 @ 4]

where ® denotes modulo-2 addition?8. The LFSR structure shall be as specified in Figure
5,2.1.2.9.1.1.2-1,

The fixed information pattern shall correspond to fhe first 248 output bits. The: first 35-bits.

of the fixed pattern. shall be ‘11010100100110110111001100101100001°, “with. “110°

‘appearing first,

[f 1T 1 1 00 0071 0 0000 606 06 0 0 0]
x_o xl9 xls xl7 xlﬁ xls _x_” xw x]z x,u xu) 'v9 xg x'7 xﬁ xﬁ x4 x3 xZ x

' 7  Modulo2Addon, ]

PN SEQUGH te
Omput
Figure 5.2/1:2/9,1.1,2-1 PN Sequence Generator for Modulating the TDM Pilot 1

Thie 248-bit: TDM Pilot 1 fixed pattern is icalled the TDM-Pilot 1 Tnformation packet: and is
denoted’as P11,

Each group: of two ‘eonseoutive bits, in: the PIT packet shall. be used to geniérite QPSK
modulatlon symbols;,

5:2,1.2/9,1.1.3 Modulatién Symbols Mapping:

In the TDM Pilof 1 mfarmauon packet, each group of two consecutive ‘bits, P1I(2i). and
PII2i+1),:4 = 0,1,...128; which are Iabeled as:80 and-si;respectively, shall’ be mapped into:d
complex modulation symbol Ms= (my, mQ) with D = 4 as specified?® in: Table

5:2.1.2:9.1.1.8+1, Figure 5.2.1.2.9.1.1.3-1 -shows. the SIgnal constellationi for the ‘QPSK
modulation. -
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Table 5.2.1.2.9.1.1.3-1 QPSK Modulation Table

Input bits Modulation Symbols MS

s1 So ‘my mg

- = O | D

- |O = 1a
I
o)
w}

QChannel
k

1
Charitiel,

¥
+'g
v

e

*“
s ‘\,_

-7 D

‘Figure 5:2,1.2:9.1.1,8-1 Signal Constellation for QPSK Modulation

5.2:1.2.9:.1. 1.4 Modulation SymBols’to:Sub-carrier Mapp ing:

The ith modulation syinibol MS(), 1 = 0;1;...,128, Shall Be mapped to- the. sub-carries with
index. j as specified in 5:2:1.2:9.1.1.1..

5.2.1.2:9.1.1.5 OFDM:Common Cperation:

“The modulated TDM Pilot 1 sub-earriers shall undergo commor operations as specified in

52,1.2:11

5.2.1.2.9:1.2 Wide-area Identification Channel (WIC)

The Wide-area Identification Channel (WIC) shall span one OEDM symbol. 1t shall be
traﬁsmiff(;d at OFDM symbol index 1 in a superframe. It follows ‘the TDM Pilét 1 OFDM
symbol. This.is an.overhiead channel that is used-for conveying the Widesarea Differentiator
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informiationi to FLO réceivers. All transmit waveforms ‘within a Wide-area3® shall be
scrambled using the 4-bit Wide-area Differentiator corresponding to that area.

For the WIC OFDM symbol in a superframe only 1 slot shall be allocated. The allocated slot
shall use as-input a. 1000-bit fixed pattern, with each bit set-to zero. The input bit pattern

shall. e processed according to the steps illustrated in Figure 5,2.1,2.9.1.2-1. No

processing -shall be performed for the un-allocated slots.

Fixed Patternfor TDM Pilot 2/WIC/ Filling Bits e ‘,
LICIFDM Pilot/TPG/Unallocated ——w|  into || Slot Buifer
_ Slotsiin DataChanngl/Resetved ‘Slot Buffers | Serambling
' OFDM:Symbols’ :
Mapping of | ,
OFDM syﬁfé@% to Mapping of Magg{;g of

Common M |nferlace [*—] slotsto |fa— Modulation [
Operatxen gubc;érrie“rs interlaces Symbols ’

Flgure 5:2,1,2,9,1,2:1 TDM Pilot:2. /WIC[LICIFDM Pilot, /TPC/Unallucatad Slots in
Data Chaniiél/Resetved OFDM Symbol Fized Pattern Progessing in the Transmitter -

1:SlotAllocation.

52.1.2:0.1.9:

Crshall be allgeated the slotwith ndex 3. The allocated. did tnzallocated slotsiin the
WIC OFDM symbol-are iflustrated in Figure 5.2,1:2.9.12.1-1, The slot index-chosen i& ‘the
one that mdpsto interlace 0 forOFDM symibol indéx ] (see 5:2:1:2,10)..

30 ncluding Local-areca chaynnélsbh‘t excluding the TDM Pilot 1:.Channel.and the PFC..
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slot 7 Un-allocated
. sloté Un-allocated
Cslots | Un-allocated
Cosoa | | Onaissated
slot3
: ;s:’ot:'z : 'Un-q]h#céted
- slotd 5; Uiglecatsd
slotg -Unallogated
l'DI;DMU
Symiio)
Index‘t

Figure 5.2.1.2.9.1.2,1-1 WIC Slot Allocation

5:2:1.2:9:1.2:2 Fillinig of Slot Buffer:

The buffer for the alldcated slot shdll be: completely filled with:a, fixed pattern consisting of
10007bits; with eachbit'sét to ‘07, Thebuffers for the un-aliveated siots shall be loft empty.

5:21,2.9.1:2.3 Slot: Serambling

The bits oficiach allosated slot buffer shall be XORd; sequenttally swith: the scramblér: ‘output

‘bits to rando \mxze the blts pnor to modulat:on “The:scrambled slot buffer corresponding te-

i ambhng sequefite used for any

slot: buffér: e.pends Qn thc OFDM syinbol mdex and the slot indek.

The serambling bit sequénce shall be equivilent to one genétated Wwith a 20-tap. lingar

feedback shift register’ (LFSR) with: the generdtor: sequence h(D) D20+Di%+ 1, a5 shown in
Figure 5.2.1:2:9,1.2:3-1: The transmittér-shall uisé.a, single LFSR for &l transmissions.

At. the: start. of every OFDM. symbol, the: LFSR shall be initialized to the state

IdadgdldocsczcxCoboalnagaaavaﬁas%asagalao} which depends: on the cliannel type (the TDM
Pilot or the Wide-area: or the Local-area Channel), and ‘the OFDM’ symbol index in a

‘superframe..

Bits ‘dsdadido”shall be set as follows:

+ TFor all the Wide-area channels (the WIC, the 'WTPG, the Widle-area OIS and the
Wide-area Data Channe]), the Local-area: channels (the LI, the LTPC; the Lodal-
.area ‘OIS and the Local-area Data Chiannel), theé TDM Pilot' 2. Channél and ‘the 2.
Reserved OFDM symhols when the PPG is absent, these bits:shall be set to the 4-bit
Wide-grea Differentiator (WID)..
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Bits ‘cacacice’ shall be set as follows:

« For the TDM Pilot 2 Channel, the Wide-area OIS Channel, the Wide-area Data
Channel, the WTPC and the WIC. these bits shall be set to ‘0000’

* For the Local-area OIS Channel, the LTPC, the LIC, the Local-area Data.Channel
and the 2: Rés‘ei’sféd-.,OFDMfs'yﬁmbol&v?lién., the PPC is absent, these bits shall be-set-
to.the 4-bit Local-area Differentiator (LID),

Bit bois a reserved bit and shall be set to ‘1%,

Bits-ayo through ap shall ccrrespond' to the QFDM .symbdl index number in a Superfi'amie;
which'ranges from 0.through 1199.
The scra:nb]xng Sequence foreach ‘slot shall e genexated by a modulo-2:iriner product of

the 20-bit state vector of the sequence: generator-and a 20-bit mask associated with thaf
slot index as specified in-Table 5:2.1.2.9.1.2.3-1:

Table 5.2.1.2:9.1.2,3-1 Mask Associated with Different Slots

Slots

Index [ms|msin 7[Mmusim s|mys musjmizimay mio);

B
B
oy

ol olololo|alole |

s |m7 |1 | ms

B

Ty |

oo lole |

P PO R T FUR NS P o P
erl L PN - o |8 |- ,d
oo lo|elels ole
o |o |ol|s|ele e |o
o |={elololo|ole
o|ololale|elole
ol ol ol e lo e
ool [Hle e |s
o =lalo|s|c|s|s
=3 -*"":\;i@” o = o = =
gl mlelo|elwls s

o e [ fes b0 e
ol é|olole ol lk
ol Ol O~ |

Fol e o)

Xea o= &S |~ a &
@ o elole|~|o I=)

The shift tegister shall be teloaded with: a new: state [dadsdydsescsciciboaisasasan
asasarasanaiao] for eachslof at the: start of every OFDM symmbol.
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"oy
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Seraimblirig
Sequence
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#p
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 Moduler2: |
"Additicn

&l

-—m — —,D —

a.
‘s,

ay

® o~ O

ay,
ag:

|

ag

- Figiite 5.2.1.2.9.1.2.3-1 Slot Bit Seranmibler.

s §:2.1.2.9.1.2:4 Modulation ‘Symbol Mapping,

S

Each group of two consecutive bits from the i scrambled slot buffer, ‘SB, 2k). and
s SB{, 2K+ 1), i3, k = 0,1,.:499; whicH afé-labsled as'so and s, respectivély; shall be
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mapped into a complex modulation. symbol MS= (my, mg) as specified in Table

5.2.1.2.9.1.1.3-1 with3! D = 2. Figure 5.2.1.2.9.1.1.3-1 shows the signal constellation for
the QPSK modulation.

5.2.1.2.9.1:2.5 Slot fo Interlace Mapping

The mapping-of slots to interlaces for the WIC OFDM symbol shall ‘be as specified in
5.2.1.2:10.

5.2:1.2.9.1.2.6- Mapping of Slot:Buffer Modulation Symbols to:Interlace Sub-carriers

The 500 moduilation symbols in- the. allocated slot shall be seqifentially ass1gned to 500
interlace sub-carriers.as follows; the i%.complex modulation-symbol {where i {0,1,..:499} )

shall'be mappe,d to the it sub-carsier.ofithat interlace.

5.2.1,2.9.1.2.7 OFDM Common Operation-

The modulated WIC ‘sub-carriers shall undergo: common operations as specified in
5.2:.1.2.11, '

5:271.2.9.1.8 Local-aréa Identification: €hiannel (L1c)

The Logal-areq Identification Gharngl (LIC) shéll span oné OFDM' symbol; It shall be

“transmittted at OFDM symbbol? index2 invd 5upei‘frame< It follows the WIC chiannel OFDM

syribol. ‘This s an, overhead channelithat 1s used for comzeymg; ‘the Local:area Differentiator
information to.FLO ‘réceivers All Local-arga transmit waveforms shall 'be'serafnbled using a
4-bit Lotal-area. - Différeritiator; il cohjutiction: with: the Widé-area Differentiator,
corresponding to that-ares:

For ‘the LIC OFDM. symboI in & superframe only e smgle slot shall. be @llocated, The
allocated slot-shall'use a 10001bit fixed pattern as input. These bits shall be :set tozero.
These bits shall be processed accordirig to’the steps: illustrated. in Figure 5.2.1:219.1.2-1..
No processmg shall be: perfahned for theun-allocated slots:

5;2.1.2/9.1.3,1Slot; Allocation.
Tha" 'LIC‘ ‘s’l‘i“afl b’e éllo‘cateﬁ fﬁe slot wifli index 5" 'ﬂi’e all"dc’afed and un—alla‘c'ated slots in the

ohe that maps 1:0 mterlace 0 for OFDM symboi 1ndex2 (see‘.5.2.1.2.10)

31 The value of D is chosen to keep the OFDM symbol energy constant, since. only-¢ 500 of the 4000
available sub-carriers are used.
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siot 7 Un-alidcated

- slots Un-atiocaled.

slots

| slot4 Un-allcated

[ gt | “Un-allocated

stz | unalocaied

- siot Unjallocated

Degotd Un-allocated

1 oM
Symbst
2 lndex2 .

Figure 5:2,1.2.9:1,3.1:1 LIC Slot Allocation

5:2:1.2:9:%.312 Filling of Slot Biiffer

‘The buffér for; the: allocated slot-shall be:completely filled with a fixed ‘pattern- consisting of

1000"bits, with eaohy bit'set £6 0% The buiffers for the tri-allocated slots $hall be left empty:

5:211:2:9.1.8:8 Slot Scramblinig

“The: bits:of "the: LIC -8lot buffer shall be scrambled a8 specified in' 5:2.1.2.9.1.2.3: The

serambled slot buffer is-deroted by SBi

5.2.1.2.9.1.3:4 Medulation Symbol Mapping

Each group of two. consecutive: bifs ftom the it scrambled slot buffer, SE; 2k) and
8B, 2k + 1); i=5, ¥ = 0,1,...499, which are ldbeled as sy and s, respectively, shall be
mapped into .a cemplex: ;,modulatmn symbol MS= {my,, mQ) as specified in Table
5.2.1.2:9.1.1:841 with82 D = 9, Flgure 5.2,1.2.9.1,18-1 shows the: signal constellation for
the QPSK modulation.

5:2.1.2:9.1.3:5 Slot toTriterlace Mapping

The mapping of slots. fo intérlaces for the LIC QFDM symbol shall be ‘as specified in
52.1.2.10:

32'The value of D is chosen-to-keep the OFDM symbol energy constant; -since only 500-of the 4000
available subscarriers are used.
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5.2.1.2.9.1.3.6 Mapping of Slot Buffer Modulation Symbols to Interlace Sub-carriers

The 500 modulation symbols in the allocated slot shall be sequentially assigned to 500
interlace sub-carriers as follows: the it complex modulation symbol {where i {0,1,...499})

shall be mapped to the ith sub-carrier of that interlace.
5.2.1,2:9.1.8,7 OFDM Common Operation

The: modulated LIC sub-carriers shall undergo common operations as specified. in
5.2,1.2.11.

§:2.1.2.9.1.4:TDM Pilot;2 Channel
The 'I"DM"}?i'iof ;2 ‘Channél Shaii span one OFDM symEoi" It s‘héll :"be transmit'teé af'OF“I’)M

OFDM symbo,l ’ummg correctxons in the FLO receivers.

For the TDM Pilot 2.0FDM symbol in each superframe only 4 slots shall be-allocated, Each
allocated slot shall use as inputa 1000-bit fixed pattern, with each bit set to zero. These
bit§ shall be processed ‘aceoiding. to the steps illustrated in Figure 5.2.1.2.9.1.2-1. No
processing shall be performed: for theun-allocated slots..

In Flgure 59,1, 2: 9,1, 2—1, the mappm % “S;Iots to. interléces (se‘e 5”2 1 Q 10) erisures; tﬁat

"amers thch are umform’ly spaced
The i DM Pilot 2 subscartier shall

Note that the TDM Pilot é’iﬁif;haﬁnei; does not use the sxib-@,}arﬁéf with' index 2048:
5:2.12.9:1i4.1 8ot Allocatios:
For the TDM Pilot 20FDM syiiibol, the alldcated slots/shall have indices:0), 1;2 and 7,

The allocated and un-allocated. slots in the "TDM. Pilot £ OFDM symbol are illystrated in
Figure 5:2:1.219.1.4-1.
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slot7
- slot6 Un:allocaled
- sbots | Un-zlloated
: slot4 - Un;allooa{ad
slot 3 'un-éuocatéa
" slot1
T
- OFDM’
. Symbol
;‘ lndax3 :

Fxguresz 1.2.9:1.441 TDM Pilot 2:Slot Allocation.

5:2:1.2.9.1.4.2Filling 6f Slot Buffer

“The buffer foreach allocated slot shall be - completely-filled with-4 fixed patterir-consisting of

1600 bits, with éach bit:set to‘0'./The bufférsfor'thie un-allocated slots shall be left: empty:

5:9.1,2:9.1.4.3:Slot:Scrambling

“The. bits: of: thie TDM. Pilot: 2: Chdrinel slot. buffers, shall bé ‘Serambled as spemﬁed in

5.2.1.2.9.1.2.8. The scrambled slot buffer is denoted. by $B;

5:2.1.2:9.1.4:4 Modulation Symbol Mapping

Each group ‘of two adJacent bits frdmi:thie ith scrambled-slot buffer; SB(i;2k) and: SB(i, 2k +
1), i=0,1,257, k= 0,1,..,499, which are labéled as sp and si; respectively, ‘shall: be: mappeci
into a gomplex modulafion symbal MS= {mgy mg) as specified in Table 5.2,1/2.9.1.1.3-1

with33 D <1. Figare 5.2.1.2.9.1.1.8-1 shows the' sighal coristellation for the QPSK
niodulation.,

33 The value of D is chosen to keep the OFDM symbol emergy constant, since only 2000 of
thie 4000 available sub-carriers are used.
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5.2.1.2.9.1.4.5 Slot to Interlace Mapping

The mapping of slots to interlaces for the the TDM Pilot 2 Channel OFDM symbol shall be
as specified in 5.2.1.2.10.

5.2.1,2:9.1.4:6 Mapping of Slot Buffer Modulation Symbols to Interlace Stib-carriers

The. 500 modulation symbals in an-allocated slot shall be sequentially asmgned to 500
interlace sub-carriers as follows; the it complex modulation symbol (where 1 €{0,1,...499})

shall be'mapped to thé i*® sub-carrier of that interlace.

5.2.1:2.9.1.4.7 OFDM Commion-Operation

The: modiilated TDM Pilot 2: Chantiél: subscarriérs ‘$hall undérgo comimon’ operations: as
S;Je{:lﬁed it 5.2.1.2.11.

5.2.1.2.9.1.5 Transition Pilot Channel {TPC)

The "Transition Pilot Channel consists of 2 sub-channels: the Wide-area Transition. Pilot
Channel (WTPC} arid the Local-area Transition Pilot Channel (LTPC). The TPC flanking the
Wide-srea OIS and-the Wide-area Data channel is called ‘the WTPC. The TPC: flanking the
Local«area, OIS and the Local—area Data Channel is; called the LTPC, The WIPC :spans 1
: ry. Wide-area chajnel. frarismission®* (the Wide-area
Data and the Wld&area OIS Ghannel) ey superframe The LTPC. spans 1 OFDM symbol
on. exther szlde of every Local—area Charmel transmission3S (the Local-area Data and. fthe
| ” ige] of ‘theTRPC OFDM: symbol is. two-fold: to allow
charmel estunatwn at the boundary befween the«Local—area -arid, the; W;lde~area charinels
and {0 Tacilitate timing synchronization for the first Wide-area, (or Local-area). MLC in each
frame.
The ’I‘PC spans 20 OFDM symbols m a superframe,

which. are: equally: divided bétween the
‘ 2,32, There are;nine instances where
thie L’I‘P and the WTPC transnnSsxons OCCUt" nght next o eachi othier and two' instances
where: anly onerof these channels is transmitted: Only the WTPG is transmitted after the
TDM . Pﬂot 2 :Channel; and only the LTPC is transmitted prior ‘to fhe Positioning Pilot
Chéntel (PRC); /Reserved ‘OFDM symbals.

Let

Pbe the number of OFDM: symbols i ini the PPGor the number of Reserved OFDM
symbols in the case where the PPCis.absent in a supétframe.

W be' the ritunber 6f OFDM symbols associated with the Wide-area:Data Channel in a
-L.be thentitnbei of OFDM syiiibols:associated withithe Lotal*aréa Dita Channel iti a
frame.

3% Wit the exception of the WIC.
85 Witk the excéption of the LIC.
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F be the number of OFDM symbols in a frame.

The values of P shall be 2, 6, 10 or 14. The number of Data Channel OFDM symbols in a
frame shall be F—4. The exact locations of the TPC OFDM symbols in a superframe shall
be as specified in Table 5.2.1.2.9.1.5-1.

Pable 5.2.1.2.9,1.5-1 TPC Location Indices in a Supeiframe

Tfansit’iéﬁ Index for the: | Index for the.
‘Pilot WTPC OFDM | LTPC OFDM
. Symbol ymbol
Channel: Sytmba Symbo
TDM Pilot 2 4 1
Channel ~* Wide-area
OIS Channel
Wlde—area QIS 10 11
Channel —* Local-
area., OIS 'Chalnﬁ‘el
Localaarea OIS 17

20+ WihFxi, |
{=01,3,3)

17+F><1,

arex Data Channel

Local-area Data |/ e 1199-F
Channel —
PPC/Reserved
Symbols:

Allslots in the TPE: @FD\JI :symbolsiuse as iput & 1000- bxt fixed pattern With eéach bit.sét
to zero, These bits, shdll be proeessed according. to. the steps’ illustrdted, in Figure
5.2:1.2:9.1.2-1.

5.2.1,2.9.:1.5.1 Slot-Allocation:

10 .

#

12

13

The TPC-OFDM symbol shall be allocatéd-all'8 slots with:indices 0 thiough 7.

5:2.1.2:9:1.5.2 Fillirig'of Slot: Buffer

Thie buffer for each allocated slot shall be completely filled with a fixed pattern consisting of
1000 bits, with each bit set to-‘0%
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4 5.2.1.2.9.1.5.3 Slot Scrambling
2 The bits of each allocated TPC slot buffer shall be scrambled as specified in 5.2.1.2.9.1.2.3.

3 The scrambled slot buffer is-denoted by SB.

s+ 52:1.2.9.1.5.4 Moduilation Symbol Mapping

5 Bach group of two consecutive bits-from the ith-scrambled slot buffer, 8B(i, 2k} and SBli; 2k

¢+ 1), i=0,1,2;:..7, k = 0;1,..499, which are labeled as sp and s, respectlvely, shall be
7 mapped into a complex modulation symbol MS= fmy, mg) as specified in Table

e 5:2.1.29.1.1.3-1 with D = -]—- Flgufe 5.2.1:2.9.1.1.3-1 shows 'the s1gna1 constellation for

o the QPSK:moduilation.

i 5i2,1.2.9.1.5.5 Slot to Taterlace Mapping

u. The mapping of slots: to interlaces: for the TPC OFDM symbol shall be as specified in
12 512.1.2:10.

#  5.2.1.2.9.1,5.6 Mapping of Slot Buffer Modulation Symbols,to Interlace, Sub-carriers

1 The.500-modnlation symbels it eath dllocated slot shall be sequeritially ‘assigned to-500.
i feflace subscariérs as follows: ‘the i complek fodulation symbol (where 1e{0,1;:499)

w ) shall be mappeditorthe ihsub-carderof that interlace:,

- 5.2.1.2:9.1.5.7 OFDM Common Operation

i The: modulated TPC isub-carriers: shall undergo: ‘common. operations: as specified in
B 5:2,12:01

@ 5i2.1.2:9.1.6Positioning Pilot Chaniiel /Reserved Symbols

The: Posmomn 3 :Pilot Channel (RRC) miay‘appear 4t theé end ofa superframe When present
it Hds a vatiable dugation of 6, 100t 14 OFDM symbois Whiert the PPE is! ‘Absent, theresare
two ‘Reserved OFDM. symhols at the end;of the superframe The presenge or:absence;of the:
2 PPE and'its. duration are sighdled over the OIS'Channél:

% 5i2,1.2.9.1:6.1 PositionihgPilot. Chiarinel

28  The PPC dtruchire mcludmg the itiformation: transmitted and the wavefoii geriéfiitiOh”“i‘S‘
» TBD,

s The FLO .device - may: use the PPC: either autonomousiy OF 10 conJunc‘uoh with: the GPS
%  signal to-determine its geographical location.

w  5:2.1.2.9.16.2Réserved OFDM Symbols

n  When the PPC is absent; ‘there are two Reserved OFDM ‘symbols at the end of the
2  superframe.
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‘Each group of two consecutive:bits fron: the.
+ 1), 1=0,1,2,..7, k:=0,1,...499, whith -aré’ labeled as So anid e respecﬂvely, shall be

52 1¢29 1,181 with B =142 . Figure 5:2.1.2.9.1.1.3-
‘the @PSK modulatiori..
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All slots in the Reserved OFDM Symbols use as input a 1000-bit fixed pattern, with each
bit set to zero. These bits shall be processed according to the steps illustrated in Figure
5.2.1.2.9.1.2-1.

5.2.1.2.9.1.6,2.1 Slot Allocation
The Reserved OFDM:symbol shall be allocated. all 8 slots with indices. 0 through 7.

5.2.1.2.9:1.6,2.2 Filling of Slot Buffer

The buffer for each-allocated slot shall be completely filled with a fixed pattern consisting of
1000 bits, with.each bit set.to DY

52.1:2.9:116.2.3 Slot Serambling
The bits of ‘each. allocated Reserved OFDM symbol. slot: buffer shall be scrambled as

specified i 5.2:1,2.9.1.2:3, The scrambled slot buffer is denoted by SB,

5.2.1.2.9.1:6.2.4 Modulation Symbol Mapping

e ith scrambled slot:buffer, SB(i;2k) and SBIi;2k

into: & complex modulation: symbol. ‘MS=. (mI, mQ) ‘as ‘specified in, Table

SHows the,.szgpa] constellation for

5.2:1:2.9:1:6.2:5 Slot to Interlace Mapping
‘The mapping of slots:to interlaces for the Reserved OFDM sjimbols shall'be'as spécified in

5.2,1:2:10.

¢

5.2.1:2.9.1.6.2:6 Mapping of Slot Buffér Modulation Symbols to/Tnterlace/Sub-carriers
‘The 500 miodulation symbols in, each allocated slot:shall't

sequenhally assigned to 500

‘interlace:sub-cafriers as‘follows: the i®edmplex-modulation symbol (whete: zve}{G 1;+::4995 )
shall' be:mapped to the! i sub-carriér of that interlace:

5:2.1.2:9:1.6.2:7 OFDM Commioii @perétion:

“The miodulatéd Reserved OFDM Symbol sub-carriers shall indeérgo comion-opétations’ as

specﬂ‘ed in5.2:1:2.11.

5.2.1.2.9.2 Wide-area 018 Channel

This channiel is used to convey overhiead information aboint ‘the active MLC’s associated

Aw1th the: Wide-area Data Channel such as thmr scheduled transmlssmn t1mes and slot

allocations, in the currént superframe ‘The Wide-area OIS Channel spans 5 OFDM ‘symbol
intervals:in.each supérframe (see: Fxgure 5:2.1.2; 3~2)

The Physicdl layer packet for the Wide-aréa OIS.Channel shall be processed according to
the steps {llustrated in Figure 5:2.1.2.9.2:1.
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Physical
layer . Filling Bils

Packet — E:ug;%%r " Inteiflgtlataver % nto Dafa " Ssclz?zt;g;gﬁgr}
for QIS Slot Buffers 3
Channel

Common l fac datas!otto -« M d'l' .

Operatlon nterlace interlaces odulation’ | ——

subcarriers Symbols

Figure 5.3:1.2:9.2-1 OIS Physieal Layer Packet Processing in the Transmitter

5:2.1:2.9.2.1 Encotling.

‘The Wide-area OIS Channel Physical layer packets shall be encoded with code rate R =

B ;].2

#

15

e

17

18

1/5. The encoder shall discard ‘the 6-bit TAIL field of the incoming Physical layer packet
and encode'the remaining bits with a parallel turbo encoder as specified in 5.2:1.2:9.2.1.1.
The turbo-encoder shall add an internally generated tail of 6/R (=30) output code. bits, se
that: the total number ‘of turbo encoded hits at the: outputds 1/] R times. the number of bits
inthe; mput Physmal layer packet

. &4 Turbo
OISCﬁannel i Discard 6 ; i — C Ericodedicods
PLP " | Encoder Tau_ ield [ Generate § ’ra:l ." bits:
Bits Bifs: CodedBits 7
per peF per’
Packet Packet: ‘Pagkét.
1000; 994 oo

Figure 5.2.1:2:9:2.1-1 Widlesared/Local-area OIS Chiannel Encoder

Table:5.9:1.2.9.2.1-1 Paiameters of the Wlde-areajLocal-area OIS:Channel Exc¢oder

Bits. Turho En;:o,der Code Rate: Tarbo Encoder
Input Bits Qutput bits
Newrse
1000 994 1/5 5000

5:2.1,2.9:2.1,1 Turbo.Encoder

‘The.turbp encoder employs two systematic; rectirsive, convolutional encoders connected in.

parallel, with an interleaver, the turbo interleaver, pregeding the second recursive
convolutional encoder. The two recursive eonvolitional ‘éodes. are called ‘the canstitiient
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codes of the turbo. code. The outputs of the constituent, encoders are punctured and
repeated to achieve the desired number of turbo encoded output bits.

A common constituent code shall be used for turbo codes of rates-1/5, 1/3, 1/2, and 2/3.
The transfer function for the constituent code shall be

sy = |1 Fol®) mO))
i) = [1 a0 dtn‘)‘]; |

where d(D) =1 +D2 + D3, np(D) = 1+ D+ D8, and ny(D) = 1 + D + D2 + D3,

The turbo cncoder shall generate an. output symbol sequen,ce that J,s 1dentlca1 to the ‘one

are clocked wu:h the: swﬁches inithe posmon noted

The encoded data output bits are generated by clocking the constituerit encoders. Nrurbs
times with. the switches in the up positions and puncturing the output as specified in Table
5:2.1.2:9.2.1.1-1.- Within'a punctaring pattern, a ‘0* mearis that the bit shall be deleted and

a ‘1* means that: the bit shall be passed. The.constituent encoder outputs for each bit

penod shall be passed in the sequence X, YO, Y 1 X, Y 0, Y '1 with the X output first: Bit

shall’bea punctured and rep
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Figure 5.2:1.2:9.2.1.1-1 Turbo Encoder.
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Table 5.2.1.2.9.2.1.1-1 Puncturing Patterns for the Data Bit Periods for the OIS
Channel

Code Rate

OQutput 1/5

w4
Pk
B = | | o

¥ 1

Note: Thé puncturing table is to-be réad
frot) fop:tobottor.

“Table;5,2.1,2:9,2:1,1-2 Puncturing Patterns-for the Tail Bit Periods for the OIS-
‘Cliznnel:

Output s
' % T 111 000
Y, - 111 600

Yo , . 0001id
¥y, | 000111

Note: Fot rates1/5.turbo codes; the punctuting table is to beead
fitst'from top to bottom: tepéating X; X!y ¥y, and Y’y and-then
from left to right.

5.2.1.2,9¢2.1.2 Turbo Interleaver

The: tirbo interleaver, which ds. part.of the turbo encoder, shall block interleave the turbe
encoderinput data thatds fed to the Constituent Encoder 2.

The: turbo interleaver shall be functionally. equivalent to an approach where the entire:
sequence of turbo Interleaver-inpuit bits.aré written sequentially into an array at a.sequernce-
of addresses 4fid theén the entire sequerceds read out from & séquerice of addresses. that
are defined by the procedure described below.
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Let the sequence of input addresses be from O to Ny — 1. Then, the sequence. of

interleaver output addresses shall be equivalent to those generated by the procedure
illustrated in Figure 5.2.1.2.9.2.1.2-1 and described below.36

1. Determine the turbo interleaver parameter, n, where n is the smallest integer such.
that Niyino < 2R+S, Table 5:2.1.2:9.2.1.2-1 gives ‘this parameter for the 1000-bit.
physical layer packet.

2. Initializesn (n + 5)-bit counter to:0.

3. Extract the h.most significant bits (MSBS) from the counter and add one to form a
new value: Then, discard all except: the 1, least significant bits (LSBs) of this value.

4. Obtain the n-bit qutput of the table Iookup defined in Table 5:2.1.210.2.1:2 3 with &
read.addrgss equal to the five LSBs.of the:counter, Note that this table depends.on
the valae of ..

5. Multiply the valties obtained in Steps 3 and-4, and discard all except the n LSBs.
6. Bit-reverse:the five LSBs of the counter;

*7. Form a tentative output address that ‘has its MSBs equal to thesvalue obtained in;
Step 6 and ifs LSBs equal to the value obtained in Ste

8: Accept the tentative output addréss ds an output Address. if it is less than: Nturbo’

otherwise, diseard it
'9: ‘Meérement fhe counter and repeat Steps 3 throvigh 8 until all Ny, iiterleaver
‘output addresses-are obtained:,

AMSBs | Adi | rmis A WSBs
(> o ——»
TP 1 Sclcctthc . :
“lnﬂ‘ 5) nI.SBs !
ie fLpedd |
“TaHe '
4 B)-Bit7; -
Gounter Loop |
Bt | sais
Revesse [T

Figtite 5,2:1,2,9.2:1.2-1 Tuirbo Interléaver. Output Address Calculation Procedure:

36 Thls procedure is equwalent to one. where the counter va.lues are Wntten into & Prow by
2“—column array by rows, the rows are shufﬁed atcordmg to a bl,t-reversal mle, the elements w1th1n
addresses are read out by column‘ The Imear congruenhal sequence mle e xfi + 1)= (X(@) + ) mod 2T§
where: k(O) = ¢ and ci$-a-row-specific value'from a'table: Iookup ‘
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Pable 5.2.1.2.9.2.1.2-1 Turbo Interleaver Parameter

Physical Layer
Packet Size-

Turbo
Interleaver
Block Bize

- Nauhe

Turbo
Interleaver
Parameter

A

1,800

994

5:

2 Table 5.2,1.2.9.2.1,2-2 Tarho Interleaver Lookup Table Definition

Table

' omi= 5
Index |

Entries | fndex

Table:
Entrics

n'zr 5

27 16

21

19

s | 17
18

1

15 10

3

18 20

29

| o1

17

25

29

13 23
~ ot

9!

0 foo |1 |y |er |+ | | |

25

18

’—I.
S

15 26

28

el R
(T

3 Y

13-

g

4 13 28 ‘

1 18

Rl

1 - dg

1

el

18 30

13

15

29 | 31

13

4. For the QIS Chanpel -and the Data Channel, the bit interleaving is a form of Block
s intefleaving: The-code bits of a turbo encdoded. packet-are interléaved in sich a pattetn that
¢ adjacent.code bits are mapped into different constellation symbols,

7 The'Bit Interleaver. shall reorder the turbo encoded bits asiper the fcnbwmg procedure:

y 4 For'N bits to-be intetleaved; the bit intérleaver mattix M shdll be a 4 ¢olumns: by
g N/4 rows block interleaver. The, N input bits shall be writtén into, the interleaving
0 array column-by-column sequentially. label the rows of:the matrisx M by index j,
1 wherej = 0'through N/4 -1 and row 0 is-the first row.

12 ba

1a, column shall beinterchanged.

For every row j, with even index {§j, mod 2 =0), the élements in the 27 and the3rd
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c. For every row with odd index (j mod 2 !=0), the elements in the 1%t and the 4%
column shall be interchanged.

d. Denote the resulting matrix by M. The contents of M shall be read out row-wise,
from left to right.

Figure 5:2.1.2.9.2.2-Lillustrates fhie output of the bit-interleayer for the hypothetical case
of N =20, '

steps

Figure 5,2.1.9:9,2,2-1 Bit Tnterleaver Operation Example for N =20

50.1.2:9.2.3. Data Slot Allocation'

For the Wide-ared OIS ‘Channgl; 7 data slots shall be: allocated per OFDM symbel for the
transmission of OIS Channel turbo encoded: packets. The Wide-area OIS Channel shall use
transmit mode 5. Therefore, it requites 5.data slots to accommadate: the content of a. smgle
turbo enceded packet. Sofné Widé-area OIS Channel tirbo ericoded packets may span two
consecutive OFDM symbols. The data slot allocations.are made atthe MAC layer (seed: 8).
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5.2.1.2.9.2.4 Filling of Data Slot Buffer

The bit-interleaved code bits of a Wide-area OIS Channel turbo encoded packet shall be
written sequentially into 5 consecutive data slot buffers in either one or two consecutive
OFDM symbodls as illustrated in Figure 5.2.1.2.9.2.4-1. These data. slot buffers. correspond
to slot-indices 1 thmugh 7.'Thedata slot buffer size shall be 1000 bits37. The 7 Wide-area
OIS Channel turbo encoded. packets (TEP] shall occupy consecutive :slots, over §
consecuitive' OFDM symbols in the Wideé-aréa. OIS Chaniel (see Figure 5.2.1.2. 3-2]

data slot 7

1 daitaslot: 6 |

't data slot 5

data slot. 4 §

dataslot 3 §

4 dataslot 2.4

Fdat: slot] |

Figute 5:2:1.2:9.2.4-1 Wide-area OIS Channel Tuibd Encoded Packet Mappmg fo Data
Slot: Buifers

5.2:1.2:9:2.5.Slot Scramblirig;

The- bits of €ach-allocated slot-buffersshall be sérambled as specifidd in.5.2:1.2.9.1.2/3. The
serambled slot buffer'isdenoted by-SB.

5,2.1.2:9.2.6 Mapping of Bits to Modulation Symbols

Each group of twd consecutive bits from the it scrambled slot buffer, SBIi, Zk) and SB(2k
+ 1), i 1,.2,..7, k = 0,1,...499, which are labeled as: so and sy, respectively,. shall . be

37 The data slot biffer size is 1000 bits f6r'QPSK and 2000 bits for 16-QAM and layeréd niothulation.
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mapped into a complex modulation symbol MS= (my, mg) as specified in Table

5.2.1.2.9.1.1.3-1 with D = 1/J2— . Figure 5.2.1.2,9.1.1.3-1 shows the signal constellation for
the QPSK modulation.
5:2.1.2.9.2.7 Slot to Interlace Mapping

The mapping-of slots to interlaces for the Wide-area OIS Channiel OFDM symbols: shall. be
as specified in.5.2.1.2.10,

5.2.1.2.9.2,8: Mapping of SlotBuffer Modulation.Symbols to Interlace Sub-carriers
The 500 moduiatlon symbols in each allocated slot shall be sequentially assigned to. 500
mterlace subscarriers:as per thefollowing procedure;

" Create aniempty Sub-cargier IndexV
b, Letibe an‘indexyariabiedn thexange:

e {0j511}]. Initialize ito 0.

¢. Represent ibyits.9-bit'value .

d. Bit reverse # and ‘dénote the. resulting value as-ipr. If ibr<500; then append ipr-to’ thie
SCIV.

e, If 511, then increment iby 1 and go toistep e..

. Map the symbol with index, j{j € {0,499}), i1 a dataslot to the interlacersub-carrier
with index SCIVP8[j] assigned to that data slot;

5:2.1.2.9.8,9:OFDM Corminon Operation;

The: niodulated Wide-drea 018 Chanrel sub-carfiers shall: undergy’ commion-operations as
specxﬁedm 5:2.1.2.11.

5:2.1.2.9.3 Local-area OIS Channel.

This: chantiel is used to convey:overhead information' about theactive MLGs ‘associated
with: the Local-area: Data Channel; such as-their, scheduled Aransmission times and slot
a]locatmns, if1. th "’current superframe The “ocal-area QOIS thantiel spans: 5 OEDM symbol

The Physxcal layer packet for the Local-area OIS Channel shall be processed ageording to
the steps illustrated in Figure 5.2.1,2.9.9-1,

5.2:1.2.9.8)1 Eacoding-

The Localarea OIS Channel Physical.ldyer packets shall be éncoded with code rate R =
1/5. The encoding procedure shall bé: identical to' that for the Wide-drea OIS Channel
Phys1cal layer packets as specified in'5.2,1,2.9.2.1.

5.2,1.2.9:3:2 Bit Interleaving

The Local-area O15. Channel turbo.encoded packet. shall be bit interleaved -as specified in
5.2:1.2.9:2,.

38 SCIV'needs to be computed only once dnd car bensed for all data slits.
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5.2.1.2:9.3.3 Data Slot Allocation

For the Local-area OIS Channel, 7 data slots shall be allocated per OFDM symbol for the
transmission of turbo encoded packets. The Local-area OIS Channel shall use transmit
mode 5. Therefore, it requires 5 data slots to accommodate the content of a single turbo
encoded packet Some Local-area OIS turbo-packets may span two consecutive OFDM
symbols. The data slot-allocations.are made at the MAC layer (see 4.8,

5.2:1.2.9.8:4 Filling of Data Slot Buffers

The, bit-interleaved. code bits of-a Local-area OIS Channel turbo encoded packet :shall be
Wn ten sequentlally into- 5 consecutwe data sIot buffers in ezther one or "twa consecutwe

OIS Channei turbo enco' ed packets A(TEP) shall occupy consecutlve slots over: 5
consecutive OFDM symbols in the Local-area OIS Ghannel (see Figure.5.2.1.2.9.3. 4-1).

J dataslot-7

{ dataSlot' 8

| dataslot:5 |

| dataglot. 4

| dataslot 3}

| data-slot 1

OFDM OFDM | OFDM | -OFDM
Syinbol Symbol { ‘Symbol | Symbol
index I index ¢ ifdex  §  indéx
12 L T

Figiire 5.2:1.2.9.3.4-1 Local-area OIS Turbo Encodéd Packet Mapping to Data Slot
Buffers.

5.2.1:2.9:8.5 Slot-Scrambling’

The bits of each allocated slot buffer shall be scrambled as specified in.5.2,1:2.9.1.2.3. The
Serambled slot’buffer is denvted by SB.
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1 52.1.2.9.3.6 Mapping of bits to Modulation Symbols

2 Each group of two consecutive bits from the i scrambled slot buffer, SB(i, 2k) and SB(i,

s 2k + 1), i=1,2,...7, k = 0,1,..499, which are labeled as sp and s; respectively, shall be
4+ mapped into a complex modulation symbol MS= {my, mq) as specified in Table

5, 5:2.1:2:9.1.1:3<1 with D= 1/42.. Figure 5.2.1:2:9.1.1.3-1 -shows the signal constellation for
o the QPSK modulatibn..

7 5.2.1.2.9.3.7 Slot to Intetlace Mapping

#  The mappingof slots to interlaces for the Local-area OIS Channel OFDM ‘symbols:shail be
it 5:2.1.2.9.3.8 Mappingiof Slot Buffer Modulation Symibols to.Intetface Sub-catriers.

1 This procedure shall be-identical to that.for the Wide-ared OIS Chanriel as spécified in
2 5.2.1.2,9.2;8

5 5,2,1.2.9.3.9.0FDM Common Operation

1 The modulated’ Local-area OIS Channel sub-earriers.shall undcrgo common operations as
15 specified:in :

18 5i2,1.2.9.4 Wide-area FDM Pilot Chiannel

1 ¢ area1 FDM Pﬂet Channel is tr“” s
18 ot
1%

%

ttad in conJ "“nctmn Wz’th ’che W1de—area Data

23 The allocated slot $hall ugse: 4 1000-bit. fixed pattern as input. These bits shall be:set to
s Zéro. These bits ‘shall Be ‘processed according to the Steps dlustrated i Riglare
3 52129191,

. 5:2,1.2:9/4.1 Slot Allocation:

22 The Wide-area FDM Pilot Channel shall ‘be; allocated the slot with: index 0" during every
s OFDM synmibol that- carries. either the Widesarta Data Channiel or the Widé-afea OIS
24 ‘Charinel,

o 5.2.1.2.9:4:2 Filling. of Slot Buffer-

3 The buffer for the slot allocated.to the Wide:area EDM Pilot Channel shall be. completely
a2 filled with a fixed pattern consisting: of 1000-bits; with each bit set to-0".

5 5.2:1.2.9'4:3 Slot:Scrambling.

3 The bits.of the Wide-area FDM Pilot Channel slot buffer shall be scrambled as specified. in
¥ 5:2.1.2.9.1:2.3 Thesciambled slot buffer is densted by 8B.
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5.2.1.2.9.4.4 Modulation Symbol Mapping.

Each group of two consecutive bits.of the it scrambled slot buffer, SB(i ,2k) and SB(i,2k+1),

i=0, k= 0,1,...499, which are labeled as sp and s;, respectwely, shall be mapped into a
complex modulatxon symbol MS= (ml, mg) as. specified in Table 5.2.1.2.9.1.1.3-1 with

b= 1/ V2. Figure 5.2.1.2.9.1.1:3-1 :shows the signal constellation for the QPSK modulation.

5.2.1.2.9.4.5 8lot to Interlace. Mapping

The mapping of the Wide-area FDM Pilot Channel slots to interlaces shall be as specified in
5.2.1.2,10.

5:2.1.2:9:4.6 Mapping of STof Buffér Modulatioh Symibols o Inferldce Sub-darriérs:

‘The 500 :modulation symbols in;the allocated -slot shall be sequentxally assxgned to: 500

interlace sub-carriers as follows: the it xcomplex modulation symbol (where ie{0,1,. .,499})
shall be inapped to the ith sub-carrier of that interlace.

5,2.1.2.9.4.7 OFDM Common Operation

The modulated Wide-area FDM Pilot Chatinél sub-carriers shail undergo. common
uparahons asspecified in 5:2.1.2:11,

5:2.1.2.9.5 Local:area EDM Pilot. Ohannel

bit pattem 'that may be used for Local—area channei estlmatlon and Other functwns by the
FLO device,

Forthe Local-area EDM Pilot Channel a: single: slot shall be. allocated: during every OFDM
symbol:that carries: either:the: Local-area’ Data Channel or the Local-ares: OIS Channel.

The: allocated slot shall-use a 1000-bit fixed: pattern as input. These bits shall be sset to
zero. Thésé bits ‘shall be processed according ‘to: the steps illustrated in. Figure
§:2.1.2i9.1.:2-1

5:3.1.2.9.51 Slot Allocation

The Local:area EDM Pilot:Chatnel shall be: allocated the 'slot with. index, ¢ durinig every
OFDM symbol that carries either the Local-area Data Ghannél or the ‘Locdl-area ‘OIS
Channel.

5:2,1.2;9.5.2 Filling of Pilot Slot Buiffer-

The buffer for' the slot allocated to-the Local-area FDM Pilét: Channel shall be cothpletely
filled with afixed pattern consisting:s of 1000-bits with each bit:set to- 0.

5.2,1.2.9.5:3 Slot Buffer Scrambling
The .blts of fhe Local-area FDM Pﬂot slot buffer shall be scrambled as sspecified in
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5.2.1.2.9.5.4 Modulation Symbols Mapping
Each group of two consecutive bits of the it scrambled slot buffer, SB(i,2k) and SB(i, 2k+1);

i=0, k= 0,1,...499 which are labeled as sp and si, respectively, shall be mapped into a

complex modulation symbol MS= (mp, mq) as specified in Table 5.2.1.2.9,1.1.3-1 with
D= 1/J§ Figure 5.2.1.2,9.1.1.3-1 shows thesighal-constellation for the QPSK modulatiori.

5.2.1.2.9.5.5 Slot:to' Interlace Mapping

‘The mapping of the Wide-area FDM Pilot Channel slots to interlaces shall be as specified in

5.2.1.2.10,

5.2:1:2.9:5.6 Mappingof Slot Buifer Meduldtion Symbolsto Interlace Sub-carriers;

The 500 modulation symbols in ‘the allocated slot ‘shall be sequentially ass1gned to 500
interlace sub-carriers as follows: the it complex modulation symbol. (where 1. {0,1;.. 499})

shall be mappéd to the.itb sub-carrier of that intetlace.

5.2:1.2.9.5.7 OFDM Cominof Operation

The modulated. Local-drear FDM Pilot Chéannel sub-carriers: shall undergo comimon.

operationisas speeifiedl in 5:2:1.2.11.

5,2:1:2.9.6:Wide-area' Data'Channel

“The Wide-area: Data; Channel'is used to- ALy Physzcal Jayer ‘packets meant for Wide-area.
‘multicast. The Physical layet packets for the Wlde~a.rea, Data Channel can be associated
With'ahy one:of'the active-MECS transmiitted iri the Wideé-areas

5.2:1.2.9.6.1 Wide-area Data Channel Processing for Allocated Slots;

The Physxcal layer packet for the: W:td ; area Data Channel shall-‘be processed-dctording to.
the steps illustrated in Figure 5:2.1.5

For régular modulation (QPSK and 16-QAM), the Physical layer pagketis turbo-enicoded

-and bit interleaved before being:-stored ‘in the Data slot buffer(s). For layered modulation,

the: base-coifiporient Physical layer packet anid-the enhancement-cémpohent Physical layer
packet are turbasencoded and bif interleayed independently before being multiplexed i to

'the Data slot buffer(s).
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Enhancement ; e
componem 4 Turbo N Bﬁ . SIOt Buffel‘s 3
2’;23;:?‘(“;}:;;' .| Encoder "| Interleaver v
present) :
.OFDM [Wapping of |
<. Conimon |« ] et |
 Operation Symbols _

Figure 5:2,1.2.9.6.1-1 Data Channel Physical Layer Packet Processing in, the
“Transthittes

5.2:12.9.6.1.1.Bncoding

The Wide-sfes; Data; Chiarinel Physlcal layer packets shall be:encoded with code rate R =
1/2, 18, or 2/8 encoder shall discard ‘the6-hit TAIL feld of the ingoming: Physical
layer packet and: encode-the: temaining bits with ia parallel turbo entoder ds specifigd in
5,2:1:2,9.2:1.1. { ,dgr shall add an: mternally generated tail of 6: R {= 12, 180

'9) output:code Bits, = ; tal number of turbe encoded bits: at the output is 1/R.
times the hniber of bits:i m ‘the'inplit Physical layer packet.

Figure 5,2:1:2,9;6:1:1-1 {lustrates the. encoding scheme for the Wide-area Data: ‘Channel,
Thé Wideatex Daty Channel ercoder paraméters shall be ‘as spemfieci 6 Table
5.2:112.9%6.1.1-1.
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. " . ‘Rate 1/2, 113 or 213 Turbo Turbo
Data Channel Discard 6-hit ol neader with ,
PLP g | Encoder TallField [~ Bite™ | ntomally Genarated Tail | Colea B Encoed code
per per per
1000 994 12; 2009,
1000 994 43 8600
1000 994 213 1500°
1
2 Figure 5.2,1.2.9.6.1.1-1 Data Channel Encoder
5 ‘Table 5,2.1.2.9.6:1,1:1 Parameters of theData Channél Encoder
Bits Turbo Encoder Coile Rate “Turbo Encoder
Input Bits Output bits
Nt.urbOr :
1000 994 ' 1/2 2000
1000. 1994 ' 13 ; 3000
1000; 99 we | 1500

4 5:2{1.2.9:6.1.1: 1"Tlirbo Encoder

s The tuirbo encoder used for Wide-giea Data Charnel Physmal layer packets shall-be as
8 specified n-5i2.1.2.9.2:1

The encoded ddta outp

bfc shall be passed The conistitient endoder outputs for eéich bit

ap  and : “'eans thafc 4

# ~penod $hall ‘bepassed inthe sequénde X; Yo, ¥y, X, Y5, V' With the X outpit first. ‘Bit

12 repehﬁonas not used’ 1nugcneratmg,the encoded .data ‘output: symbolsa

% The constitient encoder output syiabol pun‘cmnng for the-tail period-shall beas specified
w  inTable5:8.1.2.96.1.1.1-2. Within a. puncturing pattern, .a 0" means:that the:symbol shall
15 beideleted and a ‘1’ mieans that a symbol shall'be passéd.

#  Forrate'1/2 turbo: codes; the tail output code bits for each. 6f the fifst three tail bit periods

1w shall-be XY, and thie tail vutput.code bits.for each-of the:last three tail bit periods shall be

48 XIYP ‘

1. Forraté: 1/8 turbo codes; the tail outpuat code bits for'each of the first threé tail bit periods

2 shall be XX¥o, and the tail output code bits:for each of the last: three tail bit periods shall
2t bheX XY,

% o rate 2/3 turbo.codés, the tail: outpit code. bits for the first thres: tail bit'periods shiall be
XY, Xand XY respectively, The tail output cede bits for-thelast three tail bit periods.shall
u beXyXW¥oand X, respectively.
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: Table 5.2.1.2.9.6.1.1.1-1 Puncturing Patterns for the Data Bit Periods
Code Rate
Output 1/2 - 1/8 28
% 11 11 1111
Yo 10 11 | 1000
Yy 00 00 0000
X . 00! 00 0000
Yo | oo | om | om
vy o | .00 0000

Note: The puncturing table is to be read
from top to bottom.

2 Table 5.2.1.2.9.6.1:1.1-2 -Punctutmg ‘Patterns forthe Tail Bit Periods:
o Cod&Rate )
output | afz | i3 | a8
x| 111000 | 11190000 | 111 000
Yy 111000 | 111000 | 101000
¥y | ogoooo | cooouo: | 000000
X 000 111 000 111
Yo | ooor 000111 | 000 610
Yy | googdg: | 606600 | 660 006,

Note: For rate-1 /2 turbo-codes, the puncturmg table:ds to.be read

first fromi top § fo.bottorn and then from left to right. For Rate 1/3:

tarbs eode the puhctunng table is:to be'read faim top to bottem

repeating X 'andX’, and, then from Jeft to right. For rate=2/3 turbo

cdes, the/puncturing table is £6°'be' réad first from top to biottom
and theiftom left to: nght

3 -5:2:1.2.9:6.1.1.2 Turlid Interleaver

4 The turbo interleaver for the “Widearea: Data. .Channel shall be as specified in
5 5.2,1:2.9.2.1.2.

s 5.2.1:2.9:6.1.2'Bit Interleaving

1 “The Wide-area Data Channel turbo enicoded packets-shall be bit.inhterleaved as .speni&e&,in
i 5.21.2.922.
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5.2.1.2.9.6.1,3 Data Slot Allocation

For the Wide-area Data Channel, up to 7 data slots may be allocated per OFDM symbol for
the transmission of multiple turbo encoded packets associated with one or more MLCs. For
certain modes (2, 4, 8 and 11, see Table 5.2.1.2.8-1) a turbo encoded packet.occupies a

fraction of-a slot. However, slots are alldcated to MLCs in a manner that. avoids multiple
‘MLGs sharing slots within the same OFDM symbol.

5.2.1.2.9.6.1.4 Filling of Data Slot Buffers

The bit-interleaved code bits.of a Wide-area Data Channel turbo encoded packet shall be
writtent ifito-one or mote'data slot buffers. THese data slot buffers corféspond to-slot indices
1 through T

‘The data slot Buffer sizé shall be:1090 bits for' QPSK and 2000 bits:for. 16-QAM aiid layered

modulation..

For QPSK and 16-QAM modulation, the bit-interleaved code bits shall be sequentiaily
written into the slot buffer(s).

For 1‘ayered modﬁiaﬁbn, :the ’bit“-interléaved coda Bits corre‘sp’onding to ‘che base and the

|- By base.pbmpqnentbits.

| enfianéement component

B s bits

Figure 5.2.:1,2:9,6.1.4:1 Interléaving of Base and Enhancement component bits for
Fﬂhng the Slot Buffer for' Layered Modilation:

Fxgure 5:2.1.2.9:6.1.4-9 illustrafes. the ease wherea smgle turbo’ encoded ‘packet spans
three data slof buffers:

Tirbo Encoded Packet
T R “, “q 5’«"“""““‘"‘*«-=~~.-~..h
Data St 1 DétaSlot2 Data Slot3

Figure 5:2,1.2,9.6,1.4-2 A Data Channel Turbo Encoded Packet occlipying three Data
Slot Buffeis.

Figure 5.2.1.2:9.6:1.4-8 illustrates the:case whete a base component turbo encoded: packet
with-code rate 1/3 is, multiplexed with an enhancement component. turbo ;packet (with the
same code rate) to occupy 3 data slot buffers.
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Turbo Encoded Packet Turbo Encoded Packet
1 (Base Layer) 1 (Enhancement Layer)

Figure 5.2.1.2.9.6.1.4-3 Multiplexing of Base and Enhancement Component Turbo
Encoded packets occupying three Data Slot Buffers

‘Figute: 5.2.1.2.906, 1 A-4 illustrates the case where a Data Ghantiel tiifbo encoded packet
‘oceupies: a fraction of adata slot and four turbo. enicoded: packets are required. o fill up afi

integer-number: of data slofs.

Turbo Packet 1 Turbo Packet 2 Turbo Packet 3 Tubo-Packst 4
"\\ “" "\ 4 ."‘"”. DVERY
b ¢ s f AN
kN kY \ W A M
[ Datasiott [ Daesotz | |  Dawsmts

Figuie 5:2:1:2:9(6:1.4-4 4 Dita CHansiel Tuibo Encoded Packet Occupying 3'Datd Slot:
Buffers -

“The:thiree slots’ in the figure may spamn one OFDM" symbol or mulnple consecutive OFDM
-symbols. In either:case, the data-slot allocation: over-an OFDM symbol for: an MLC shall
“Haveconsetutiveislot indices.

Figlire5:211.2.9!6;1.4-5 illusiratesia snapshot of slot allocations to five different MLCs over
thivee ‘Coriseetitive OFDM symbo]s fi aframe., T the figiite; TEP ryni: denotes pi- turbo
encoded packet for the;m*MEG, In-that figure;

s+ MLE 1 uses tratismit miode O and requires three slots for each turho: encotied
packet. Ttuses:3 consecutive OFDM symbols to-send one turbo-encoded packet:

+  MEEZ usesitransmit mode; 1. and utilizes 2 slots. to transmijt a single:turbo encoded
packet. Tt uges OFPM syrmibolsn and n#1; to sendwo turbo encoded packets.

s MLG 3 uSes transmit niode 2 and requzres 1.5 slots: for" transmitting ofie- turbo
encoded packet It uses thiee conseciitive OFDM symbols to, transmit 6 turbo.
encoded paclets:

» MLC 4 uses transmlt mode 1 and requlres 2 slots to transm1t el smgle turbo

packets

» MLC 5 uses transmit mode 3 and rfequires 1 slot to frarismit 4 turbo éncoded
packet. It uses one OFDM syrmbol to serid a turbo encoded packet.
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dataslot 7

dataslot 6

dataslot 5%

data.slof. 4

o006
dataslot 3

“dataslot 2’

data slot-1°

1.5:Slot. Scrambling;
The:bits of each allocated slot buffer shall be:serambled s spedified'in 5:2:1:2.9.1.2.3. The
seramibled:slot buffer is denoted by SB-

5:2.1,2:9.6.1:6 Mapping of Bits fo Modiilatior Symbols:

Por the Wide-area Data. Channel, depending on the transmit:mode; either QPSK, 16-QAM
or Layered Modulation may Fesed.

5.2.1:2:9,6:1,6: 1. QPSK Modulation

Each grotip-of tWo corisecutive:bits from the i scrambled slot buffer, SBﬁ,Qk) and-SB(i,2k

+ 1) =1,2..7, k=0, . .499; which are, Jabeled as sp and s, respectively, shall be mapped
ifito @ complex modulation: symbol MS= (g mg) as. specified in- Table 5:2,1.2:9.1.1.3-1

with D = 1/4/2". Figure 82.1:2.9.1.1.8-1 shows: the signal constellation for the QPSK
modulation,
5.2.1.2.9.6.1.6:2 16-QAM Modulation:

Each ‘group of four consecutivé. bits "fr"‘ofri ‘the: it scrambled' data 'slot ‘buffer,, SB(i,4k),
SB(i;4k+1), SB(1, 4%e+2) and ‘SB(i,4k+3), i=1,2,...7, k = 0,1,...499 shall be grouped and

mapped to a 16-QAM complex modulatmn symbol S(k)= (m;(k) mQ(k)] k =0,1,...499 as

specified in Table 5.2.1.2.9.6.1.6.2-1 with: A=1/410 . Figuré 5:2:1.2.9.6:1.6.2-1 shows the
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signal constellation. of the 16-QAM modulator, where sy=SB(i;4k), 51=SB(j,4k+1),'

$p=SB(i,4k+2), and s3 = SB(L,4k + 3).

Table 5,2.1.2.9,6.1.6.2-1 16-QAM Modulation Table
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Interléaved Bits:

Modulation Symbols

o
SBi;4k +3).

52
SB(i, A4k + 2] .

®1
SB{i;4k ¥ 1)

SB(i,4k)

my{k)

0

D.

0

0

3A.

3A

BA:

A

38

34,
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Q Channel

A $3528;89

0010 0011 0001 OQOO
] ® T3 @ L

A=110

0110 0111 ' 0191 0100

e
1

p + b + » 1 Channel

1110 1111 1101 1100
¢ L T-A @ L ]

1010: 1011 1001, 1060
o g ] 3K @ K

Figure 5.2.1.2.9/6.1:6.2+1 Signal Constellaticn for 16-QAN Modulation:

5.2. 1‘.“;‘2‘9’56.._1‘653 Eéjéi’fed Modﬁfaﬁiiﬁn‘x with Base -a':‘trﬂlﬁf!"}ﬁhanééiﬁénﬁt 'Compo‘nénfs

(,. | ; = 0, Ly
'mapped to & la_yered medulatlon complex symbol S{k)= (mylk ) mQ(k)), k 0 1, 499 as

specified in Table 5.2.1.2.9.6.1:6.3-1. If r denotes the energy ratio between the base
component. and the enhancement component then a and # shall be. glven by:

Figure:5.2:1:2:9.6:1.6.3-1 shows the: signal constellation for the layéred modulation, where
sg=SB(iAk], 's1=8B(i#kr1), 'sp=SB{#k+2), and $3:="SB(i,4k + 3): It should be noted that
the procedure for filling the:slot buffer(s) ensures (see Figure 5.2.1.2.9.6.1.4-1) that bits s
and sz eorrespornd td the enhanceinent commponent-and bits §; dnd 3 corréspond to the
base component.
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Table 5.2.1.2.9.6.1,6.3-1 Layered Modulation Table

Interleaved Bits Modulation Symbols
83 52 81 SO
SB{i,4k+3) | SBii4k+2) | SBiak+1) | SB{ak)

mglk) my{k)

0 0 0 0 P o

o a-f

o -+
b —o-P

o o
wp | B
o-B o
o—p. -~
—ovtp o
~ 06k a~f
~atf. “oHf
~atf _-up

~a=Bi ap
~of | aB
—p | -aif

m | o S [l lo o= |~ e & [~ |~ o

== e = = m mlojoleo lole o |o
Ol Gl | |laim |l o [m]|m=

-6 o

Note: =i |—"—, fi=| , Wwhete is the'ratio of the base:componitit energyto

r B= 1
Vaaen” o Yo

the enhancement component energy.
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Q Channel
4 $5525,5,

o010 o011 o001 0000

» » -— atf @ .

Aa?+5?)=1

o o011 o101 0100 '

-* » T of ® .
~a~f  —otp ' o o

] ! I 1 > -

| i I [ ! Cheniie
uio gy 10 1160

L [ ] e »
i0 1011 200i 1000

¢ ® L -upe

Figure 5:2:1,2:9,6.1,6.3-1 Signal Constellation for Layered Modulation.

5.2.1.2.9:6.1.6:4 Layered Modulation with Base Comiporient Only

The 2ndoand 4% bits:from. each ‘grb’iip of fér consecutive! bits dfrom. the it serambled slot

i, A1) -and SBE, 4k-+38), 1 =18,..77, k =0,1,,..499, which.are Tabeled as so and

31, reépécﬁvely, shall be mapped into /&, complex modulation: symbal MS= (m;, mQ) as

specified i Table 5:2.1,2.9.1.1:3-1 with D = 1z Figare 5.2.1.2:9.1,1.3-1 shows the
‘signal.constellation for the GPSK modtilation.

5.2/1,2.9:6.1.7 Slot to Interlace Mapping

slots tointerlaces for the Wide-area Data Channel OFDM symbols shall be

as spécxﬁed in°5;2{1.2.10.

5.2:1.2.9:6, 1.8 Mapping:of Slot Buffer. Modulation'Syrmibals to lnterlace Sub-carriérs

The 500 odulation synibols in edch allocated: -slot.shall bevsequéntially dssigned t6 500
interlace subrcarrers using the procedure specified in 5:2.1.2:9,2.8.

*5.2,1:2,9:6.1.9 OFDM Common Operation

The ‘modulated Wide-area Data, Channel sub-carriers shall undergo common  operation
specified in 5:2.1:2,11.

56.2:1.2.9.6.2 Wide-area Data Charinel Processihg for Unallocated: Slots

The unallocsted slots in the Wide-area Data Channel use as input a 1000-bit fixed pattern,
with each bit set'to zero, These bits shall be processed accotding 16 the steps illustrated in
F:gureSQ 1.2.9.1.2-1.
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5.2.1.2.9.6.2.1 Filling of Slot Buffer

The buffer for each unallocated slot of the Wide-area Data Channel shall be completely
filled with a fixed pattern consisting of 1000 bits, with each bit set to ‘0’

5.2.1.2:9.6.2.2 Slot Serambling

The bits. of each unallocated slot bufferin the Wide-area Data Channél shall be scrambled
as specified in 5.2.1.2.9.1.2.3. The scranibled slot buffer is denoted by SB.

5.2.1:2,9.6,2.3 Modulation Symbol Mapping

Each group of twio consecutive’ bits-from the ittscrambled slot biffer, BB, 2k) and SB(i; 2k
+ 1), 971,207, k=0 A99,. whiichi are Tabeléd ds sg atid s, respechVely, shall be: mappsd

iftto & complex médulation §ymbol MS= {imy, mg) as spemﬁed i#i Table 5.2.1.2:9.1.1.3-1.
with D = 1 /J— . F;gure 52.1.2.9.1.1.8-1 shows the signal constellation for the QPSK
modulation,

5.2.1.2:9.6.2.4 Slot to-Interlace Mapping

Themapping of slofs to interlaces for the unallocated slot$ in. the. Wide-area Data Channel
OFDM:symbol shall be.as.specified’ih 5:2.1.2:10

5:2.1.2:9,6:2:5 Mappingof Slot. Buffe;‘ Modulation Symbols to Tnterlace Sub-carriers,

The: 500" modulation. symbo in ‘the slot buffer shall be sequentlally ass1gned to- 500
ifiterlate silb-catriers as.follows: the:it: complex miodulation: §yrnbol (where ie{0;1,., 499})

shall be.mapped to the i sub-tarsier of thet interlace.

5:2.1.2.9.6.2.6. OFDM Common-Opefation:

This modulated Wide-dred Data ‘Chiannél OFDM symbol subscarriers sHall iindergo
coinmon. operatmns asspeéified in.5.2.1.2.1%

5:3.12.9.7 Local-area Data. 'C-'ﬁannei"-

Thie Local-area. Didta Channel’is used: to carry Physwal layer packets meant for Local-area
multicast. The Physical layer packets for the Local-area Data Channel can be-associated
with ahy.one of thevactive MLCS transmitted in the Local-aréa.

5.2.1.2:9.7:1 Logal-area Data Ghannel Processing for Allocated Slots.

The Physical layér packet 1 the Logal-area; Data. Chidninel shall be processed accordmg to
the steps illustratedin Figure 5.2.1/9.936.1+1..

For regular modulation: (QPSK And 16-QAM), the physical layer pdcket is ‘turbo-encoded
and bit interleaved before being stored in; the: Data slot bulfer(s). For layered modulation,
the base-componert. Physical layer packet and the enhancement-compenent Physical: ]ayer

patket-are tutbo-encoded and bit inteileaved independently before: beirig. multiplexed in to

the Data slot buffer(s).
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5.2.1.2.9.7.1.1 Encoding

The Logal-area Data, Channel Physical layer packets shall be encoded with code rates R =
1/3, Y4, or 2/3. The encoding procedure shall be identical to that for the Wide-area Data
Channel as specified in 5.2.1.2.9.6.1.1.

5.2.1,2:9.7.1.2Bit nterleaving

The Local-area Data Channel tutbo encoded packét shall be bit interleaved as specified in
5.2.1.2.9.2.2.

5:2.1,2.9.7.1.8 Data-Slot:Allocation

For the Local:area Data: Channel, fhie slot allocation shall bewas specified'in 5:2,1,2:9.6.1.3.
5.2,1.2.9.7.1.4 Fillingof Data Slot Buffers;

The procedure for filling the slot buffer for the Local-area Data Channel. shall be as
specified in 5.2,1.2.9.6,1.4.

5:2,1.:2.9:7.1:5 Slot Scrambling
The bits of each dllocated slot buffer shall be scrambled as-specified in:5:2.1.2.9:1:2.8. The

‘seratiibled slotbuiffer is deroted by SB.

’5.2:1.2.9.7.1.6 Mapping.of Slot Bits to Modulation Symbols;
For the Local-area Data Charmel, dependmg on the transmit mode QPSK 16~QAM or

Layered Modulation may.be used.

5:2:142.9:7. 1"6;1"QP’SK' Modiilation:

l@psK Gdiation: symbol as gpeclﬁed i 52.1.20.6:1:6.1.

5.2.1.2:9/7.1.6:2 16-0AM Modulation;

Each group of faur consecutive bits:from the sctambled slot buffér Shall bé mapped if 16 a
16:QAM modulation symbol as: specified 0°5,2.1.2:9.6.1.6.2..

5,2.1.2:9.7.1.6.8 Layered Modulation with Base and Enhancement Components
Each group of four conseeutive bits.from the serambled slot buffer shall be mapped in to 2,

‘layered modulation symbol as specified i 5:2.1:2:9.6:1.6.3 .

5:2.1.2.9:7.1.6.4 Layered Modulation with Base Component Only

The 2 and 4 bits from each:group.of fouir consecutive bits:from the serambled:slot briffer
shall be mapped into'a OPSK modulation. symbol as spec1ﬁed in5:2.1,2.9:6.1.6.4.

5.2.1.2.9.7.1,7 Slot to Interlace Mapping;

The mapping of é,lo,ts to interlaces for Local-area Data Chanriel OEDM symbols shall be-as:
specified i1:5.2:1.2.10.
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1 5.2.1.2.9.7.1.8 Mapping of Slot Modulation Symbols to Interlace Sub-cdrriers
2 The S00 modulation symbols in each allocated slot shall be sequentially assigned to 500
3 interlace sub-carriers using the procedure specified in 5.2.1.2.9.2.8,
4 5.2.1.2.9.7.1.9.OFDM Common Operation

§ The mmodulated Wide-area Data Chanel siib-eartiets shall ‘undergs.common operations as
¢ specified in.5.2.1.2.11.

7 5.2.1.2.9:7.2 Local-grea Data Channel Processing for Unallocated Slots

8 ‘The unallocated slots;in the Local-area Data Channel useas input-a. 1000-bit:fixed. pattern,
with: each bit set. to.z€fo. These bits'shall-be processéd aceording to the steps illustrated in
1% Flgur352129 1.2-14

n 5.2,1.2.9.7.2.1 Filling of Slot Buffers

12 The biffer for-each unallocated slot of the Local-area Data Channel shall be, completely
13 filled with, a fixed pattern consisting of 1000 bits, with each bit set to ‘0",

1 5.2,1.29:7.2:2'8lot: Serambling

45 The bits.of ‘eagh-unallocated slot buffer in the Wide-area Data Channel shall bé- $erambled
W a¥specifiedin 5:2.1.2.9.1,2:3. The scrambled:slot buffsr is devicted: ‘by-SB.

o 5i2.1.2:9.7.2:8 Modulation Symbol Mia'p;‘ ‘ﬁg

44 Bech group of two-cohseciitive: bits fiomn the sérambléd-slot buffer shall be mapped into a
4 QPSKmodulaﬁon symbol as’ specxﬁed in5:2,1,2:9:6.2.8:

o 52.1.2:9,7.2:4 Slot to Intertace Mapping:

e ‘Thezmappmg of slots to iiiterlaces for the unailocated slotsin the Locdl-area Data Channel.
2. OEDM s§mbol shall'beas specifiedin 5:2.1.2:10

A 5:2:.1.2:9.7:2:5 Mapping of Slot Buffer Modulation Syfibiols toInterlace Sub-carriers

2 The 500 modulation, symbols in the slot buffer shall be sequentially assigned ‘to 500.

25, mterlace sub-carners as- follows the it ‘complex: modulahon symbol.(where i.€{0,1;.. 4991}

45 shall be'mapped to the it sub-carrier of that interlace.

27 5.2.1.2:9.7.2.:6 OFDM Common Operation

x  This: modulated Local-area Data Channel OFDM symbol sub-carders shall undergo
2. common-operations as specified in5.2:1/2.11,

»  5:2.1.2.10 Mapping of Slots to Interlaces

u Theslot fo interlace mapping varies from one OFDM symbol. fo the next as ‘specified in this
3z section

1 There are8 slotsin-every OFDM syribol,
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The FDM Pilot Channel shall utilize slot 0. Slot O shall be assigned interlace bfjf for OFDM
symbol index jin a superframe as follows:

. if(j mod 2 = 0}, then Ip[]] =2
¢ Otherwise, [ = 6

The 'interlace assignment procedure for slot O ensures that the FDM Pilot Channe] is
assigned interlace 2 and 6 for even and odd OFDM symbol indices respectively: The

remiaining 7 interlaces in each OFDM symibol are assigned ‘to slots 1 through 7. “This is
llustrated in Figure 5.2.1.2.10-1, where P:and D denote the interlaces assigned to the slots:

occupied by the FDM Filot Channel and the Data Channel, respectively,

(D EEEE O

6 | [ 2 BBl

g °| L o
1

0 “ _,

E 10 11

OFDM‘ Symbol
Index

‘Figure.5.2.1.2:10-1Intétlace Allocations to. FDM Pilots

The'slot to interlace mapping for slots'1 though7 shall'be as follows:

1. Leti be the 3-bit value of ‘the-interlace index i (ie{0,7}). Denote the: bit-reversed
waltie: 6£ 148 ibr.

2: Let [ -deénote ‘the: ¢ intérldce ‘as, defined 'in 5.2.1.2:2.4. Permute the interlace
sequence: {od: b bl Is Is T by réplacing theindex i{i&{0; 7y} in Irwithis: to generate
the permuted sequence, PS={lsTs I» Yo 11 s Is 7).

3. Club interlaces3% I, and Ts in the PS o generate shortened interlace sequence, SIS =
$loka Infls Iy Is I Tk

4. For the OFDM symbol with indéx j (e {1,1199} J* in a superframe; perform a right
band cyclic shift*! on SIS in step.8, by a value-equal to. (2x jjmod 7to generate the
‘permuted shortenéd interlace sequence PSIS().

39 Since interlaces 2 and interlace 6 are used alternatively for the pilot; the remaining seven
interlacesare USed for ass:gnment to-dataslots.
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5. If {jmod 2 =0); then choose interlace Ts in the PSIS(j). Otherwise, choose Iz in the
PSISj).

6. For the j*t OFDM symbol interval in a superframe, the ki data slot (for
k &{1,...7} ) shall be assigned the interlace PSIS{j)[k-1].

Figure 5,2:1.2.10-2. illustrates the interlace assignment to il 8 slots over 15 consecutive

OFDM syixibol intervals. The. mappmg pattérri from slots to- interlaces repeats: after 14
consecutive OFDM symbol intervals#2,

Slot.
Index

OFDM: Symbiol L_“J1>
Tndex

Figne.5.2:1,2:10:2 Interlice Allosations to Slots

5:2:1:2.11 OPDM Cofimon Opération

This block transforins’ the: eofiiples: modildtion Syiibols:Xy, , ; Associated With-sub-catrier
index k' for OFDM symbol friterval m , into the RF transmitted signal. The operations are
illustrated in Figure 5.2,1.2.11-1.

40 p super—frame spans- 1200 OFDM synibol intervals, Slot to interlace: mapping for QFDM symbol
index 0isnotused.

41 Right hand cyclic shift'of the sequence:s = {1.2'3 4 5] by 2 yields the'sequence s(2) ={ 451 2 3.

42 The, figure ‘shows that all mterlaces gel a351gned next to the Pilot interlace about the.same. fraction
of timig, and the ¢hannel estimation performance forall interlaces is about the same.
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cosf2r folkit]

In-phase
IFT 2

Xpp, M owelie [
7 g
pre/gast’
Tfix

£9;

P Overlap |s4(f)
> Witidowing —» & »
Add

ol B, 7%
o <

D—> 5.0

addition

X

~sin[2r fo(k}t]

Vdaee

Quadrature

Fignre;5.2:1;2.11+1 OFDM,Common Operation
5:2.1.2,11. 1 TFT Opération
The complex modiilation syribols Xy .k = 01,...,4095, associated with. the m” OFDM
symbol shall be related to the continuous-time signal X (t)by the inverse Fourier
Transform (IBT) equation, Specifically,

A eper ey
e A e]éf)sc(, ; Z) ars ,fat),i for 0.

5:2:1.2.11,2 Windowing:

1ty shiall heanultiplied by the window function w(/); where

| 05 +05cos{rain t/Tye) OSESTyy
wit) = ! Tt <t % By + Ty +0y)
(0-5#0.5coslz 47 (To-t)/ Tvar)  Fiwar+Tpor # Ty) ST (2 By + Ty +T5)

“The windowed signal is-denoted by g, (¢) , where

Ynlt) =, 1] ).
In the above, Ty and Ty are:as definediin 5.2.1.2:3.

5.2.1:2:11.8 Overlap and Add

The base-barid signal spylf) shall:be’generatéd: by overlapping the windowed, contintous-
time sighals from succeéssive OFDM: symbols' by Tye. This is illustrated in Figure
5.2.1.2.11.8-L.-Specifically, spp{t) is'given by

Seplt)s Syu-mT,)

m=~n
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Previous OFDM symbol Current OFDM symbol

al. el
A o L)

T D T,

o

T, Ty

a

Y

k. |
B Ts >

Figure 5.2.1.2.11.8-1 Overlap of Windowed OFDM Symhols

- 5,2.1.2,11.4-Carrier Modulation,
The in-phaserand quadrature base-band sipnals shall beup-converted to'RF frequency and
susied to geniérate’ the RF waveformspa (i) In Figute 5:2.1.2.11-1, fo(k) is the centre
frequency.of the k™ FLO RF channel (see Table 5.2.1.1.1-1).
5.2:1.3 Synchronization and Timing
"To be provided;.

5:2.1.3:1 Timing Reference-Source
“T'o,berprovided,

5.2:1.3:2 FLOmetwork transmission time
‘Tobesprovided.

;
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CLAIMS

1. A method for interleaving, comprising:
inter-interleave subcarriers of an interlace; and

intra-interleave the interlaces.

2. The method of claim 1, wherein the number of subcarriers is 500.
3. The method of claim 2, wherein the number of interlaces is eight.
4, The method of claim 1, wherein the inter-interleave subcarriers of an interlace

involves mapping symbols of a constellation symbol sequence into corresponding
subcarriers in a sequential linear fashion according to an assigned slot index using an

interlace table.

5. A processor configured to:
interleave subcarriers of an interlace; and

interleave the interlaces.

6. A processor, comprising:
means for interleaving subcarriers of an interlace; and

means for interleaving the interlaces.

7. A readable media embodying a method for interleaving, comprising:
interleaving subcarriers of an interlace; and

interleaving the interlaces.
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