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METHOD AND APPARATUS FOR ACHIEVING FLEXIBLE 
BANDWIDTH USING VARIABLE GUARD BANDS 

[0001] 	The present application claims priority to provisional U.S. Application Serial 

No. 60/731,028, entitled "A METHOD AND APPARATUS FOR ACHEVING A 

FLEXIBLE BANDWIDTH USING GUARD CARRIERS;" filed October 27, 2005, 

assigned to the assignee hereof and incorporated herein by reference. 

BACKGROUND 

I. Field 

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

specifically to techniques for data transmission in a wireless communication system. 

II. Background 

[0003] 	Wireless communication systems are widely deployed to provide various 

communication services such as voice, video, packet data, messaging, broadcast, etc. 

These systems may be multiple-access systems capable of supporting, communication 

for multiple users by sharing the available system resources. Examples of such 

multiple-access systems include Code Division Multiple Access (CDMA) systems, 

Time Division Multiple Access (TDMA) systems, Frequency Division Multiple Access 

(FDMA) systems, Orthogonal EDMA (01-DMA) systems, and Single-Carrier FDMA 

(SC-FDMA) systems. 

[0004] 	A wireless communication system is typically designed for a specific 

bandwidth. Various system parameters such as sample rate, frame duration, etc., may 

be selected based on the system bandwidth to achieve the desired performance. The 

system may be deployed in different geographic regions where different bandwidths 

may be available. Different sets of system parameter values may then be selected for 

use for the different bandwidths. However, the parameter selection may be a difficult 

task if a large number of bandwidths are possible. Furthermore, there may be 

constraints on some parameters, which may make selection of other parameters more 

difficult or impossible. 
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[0005] 	There is therefore a need in the art for techniques to flexibly support 

different bandwidths. 

SUMMARY 

[0006] 	Techniques to support different bandwidths in a wireless communication 

system are *scribed herein. In an aspect, the system supports a configurable operating 

bandwidth using a fixed design bandwidth and variable guard bands. Values for various 

parameters such as fast Fourier transform (rI) size, cyclic prefix length, and sample 

rate may be selected based on the design bandwidth. The design bandwidth may be 

associated with K total subcarriers, where K >1. The operating bandwidth may be 

associated with N usable subcarriers, where K N >1 . Different operating bandwidths 

may be easily supported by selecting different numbers of usable subcarriers. The 

remaining K — N subcarriers are guard subcarriers that are not used for transmission. A 

transmitter and a receiver may perform processing for a transmission using the same 

It1 size, cyclic prefix length, and sample rate regardless of the selected operating 

bandwidth. 

[0007] 	In another aspect, the system may use different operating bandwidths and/or 

different parameter values for different portions of a transmission. A first operating 

bandwidth (or . a first set of subcarriers) may be used for a first portion of the 

transmission. A second operating bandwidth (or a second set of subcarriers) may be 

used for a second portion of the transmission. The first portion may correspond to a 

preamble, and the second portion may correspond to a main body of the transmission. 

The first and second portions may be associated with the same or different design 

bandwidths. Each design bandwidth may be associated with a specific set of parameter 

values to use for transmission. 

[0008] 	Various aspects and features of the disclosure are described in further detail 

below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 	FIG. 1 shows a wireless communication system. 

[0010] 	FIG. 2 shows a block diagram of a base station and a terminal. 

[0011] 	FIG. 3 shows an OFDM modulator for a fixed operating bandwidth. 
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[0012] 	FIG. 4 illustrates configurable operating bandwidth and variable guard bands. 

[0013] 	FIG. 5A shows a subcarrier structure for a fixed design bandwidth. 

[0014] 	FIG. 5B shows a subcanier structure for a configurable operating bandwidth. 

[0015] 	FIG. 6 shows an OFDM modulator for configurable operating bandwidth. 

[0016] 	FIG. 7 shows an 01DM demodulator for configurable operating bandwidth 

[0017] 	FIGS. 8 and 9 show a process and an apparatus, respectively, for 

transmission with configurable operating bandwidth. 

[0018] 	FIG. 10 shows a super-frame structure. 

[0019] 	FIG. 11 shows use of different bandwidths for different portions of a 

transmission. 

[0020] 	FIGS. 12 and 13 show a process and an apparatus, respectively, for 

transmission with different bandwidths for different portions. 

DETAILED DESCRIPTION 
[0021] 	FIG. 1 shows a wireless communication system 100 with multiple base 

stations 110. A base station is generally a fixed station that communicates with the 

terminals and may also be referred to as an access point, a Node B, an enhanced Node B 

(eNode B), etc. Each base station 110 provides communication coverage for a 

particular geographic area. The term "cell" can refer to a base station and/or its 

coverage area depending on the context in which the term is used. To improve system 

capacity, a base station coverage area may be partitioned into multiple smaller areas, 

e.g., three smaller areas. Each smaller area may be served by a respective base 

transceiver subsystem (BTS). The term "sector" can refer to a BTS and/or its coverage 

area depending on the context in which the term is used. For a sectorized cell, the BTSs 

for all sectors of that cell are typically co-located within the base station for the cell. 

[0022] 	Terminals 120 may be dispersed throughout the system. A terminal may be 

stationary or mobile and may also be referred to as an access terminal, a mobile station, 

a user equipment, a mobile equipment, a station, etc. A terminal may be a cellular 

phone, a personal digital assistant (PDA), a wireless modem, a wireless communication 

device, a handheld device, a subscriber unit, etc. A terminal may communicate with 

one or more base stations via the downlink and uplink. The downlink (or forward link) 

refers to the communication link from the base stations to the terminals, and the uplink 
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(or reverse link) refers to the communication link from the terminals to the base 

stations. 

[0023] 	A system controller 130 may couple to base stations 110 and provide 

coordination and control for these base stations. System controller 130 may be a single 

network entity or a collection of network entities. System controller 130 may comprise 

a Radio Network Controller (RNC),. a Mobile Switching Center (MSC), etc. 

[0024] 	The techniques described herein may be used for various communication 

systems such as multiple-access systems (e.g., CDMA, FDMA, TDMA, OFDMA, and 

SC-1-DMA systems), broadcast systems, wireless local area networks (WLANs), etc. 

The terms "systems" and "networks" are often used interchangeably. OFDMA systems 

and some broadcast systems utilize Orthogonal Frequency Division Multiplexing 

(OFDM). SC-1-DMA systems utilize Single-Carrier Frequency Division Multiplexing 

(SC-FDM). OFDM and SC-PDM partition the system bandwidth into multiple (K) 

orthogonal subcarriers, which are also commonly referred to as tones, subbands, bins, 

ctc. Each subcarrier may be modulated with data. OFDM sends modulation symbols in 

the frequency domain on the subcarriers whereas SC-1-VM sends modulation symbols 

in the time domain on the subcarriers. For clarity, the techniques are described below 

for an at-DM-based system, which is a system that utilizes OFDM. An 01-DM-based 

system may be an OFDMA system, a broadcast system, a system utilizing multiple 

radio technologies (e.g., 01-DM on the downlink and CDMA on the uplink), etc. 

[0025] 	FIG. 2 shows a block diagram of a base station 110 and a tetwinal 120, 

which are one of the base stations and one of the terminals in FIG. 1. At base station 

110, a transmit (TX) data processor 210 receives different types of data such as, e.g., 

traffic data from a data source (not shown) and signaling from a controller/processor 

240. As used herein, "data" generically refers to any type of data such as, e.g., traffic 

data, signaling, overhead data, control data, pilot, broadcast data, messages, etc. 

Processor 210 processes (e.g., formats, encodes, interleaves, and symbol maps) the 

different types of data and provides modulation symbols. An OFDM modulator 220 

processes the modulation symbols for OFDM and provides output samples or chips. A 

transmitter (TMTR) 222 processes (e.g., converts to analog, amplifies, filters, and 

frequency upconverts) the output samples and generates a downlink signal, which is 

transmitted via an antenna 224. 
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[0026] 	At terminal 120, an antenna 252 receives the downlink signals from base 

station 110 and possibly other base stations and provides a received signal to a receiver 

(RCVR) 254. Receiver 254 conditions (e.g., filters, amplifies, frequency downconverts, 

and digitizes) the received signal and provides received samples. An OFDM 

demodulator (Demod) 260 processes the received samples for OFDM and provides 

received symbols. A receive (RX) data processor 270 processes (e.g., detects, symbol 

demaps, deinterleaves, and decodes) the received symbols and provides decoded data 

for terminal 120. 

[0027] 	On the uplink, at terminal 120, data is processed by a TX data processor 290, 

modulated by an OFDM modulator 292, conditioned by a transmitter 294, and 

transmitted via antenna 252. At base station 110, the uplink signals from terminal 120 

and other terminals are received by antenna 224, conditioned by a receiver 230, 

demodulated by an OFDM demodulator 232, and processed by an RX data processor 

234 to recover data sent by the terminals. In general, the processing for uplink 

transmission may be similar to or different from the processing for downlink 

transmission. 

[0028] 	Controllers 240 and 280 direct the operations at base station 110 and 

terminal 120, respectively.. Memories 242 and 282 store data and- program codes for 

base station 110 and terminal 120, respectively. 

[0029] 	An OFDM-based system typically partitions a total bandwidth of W Hertz 

into K total subcarriers. K is typically a power of two in order to enable faster 

processing by using fast Fourier transform (En) and inverse MU (IFFT) operations. K 

modulation symbols may be sent on the K total subcarriers, one modulation symbol per 

subcarrier, in each 01-DM symbol period. 

[0030] 	FIG. 3 shows a block diagram of an OFDM modulator 220a, which may be 

used for OFDM modulators 220 and 292 in FIG. 2. Within OFDM modulator 220a, a 

serial-to-parallel converter 320 receives modulation symbols for data (e.g., traffic data, 

signaling, pilot, etc.) and maps these modulation symbols to the K total subcarriers. The 

mapped modulation symbols are denoted as V(k), where k is an index for subcarriers. 

An IFFT unit 324 receives K modulation symbols for the K total subcarriers in each 

OFDM symbol period, transforms the K modulation symbols to the time domain with a 

K-point IFFT, and provides a transformed symbol containing K time-domain samples. 
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Each time-domain sample is a complex value to be transmitted in one sample period. A 

parallel-to-serial converter 326 serializes the K samples of each transformed symbol. 

[0031] 	A cyclic prefix generator 328 cyclically/circularly repeats a portion (or C 

samples) of each transformed symbol to form an OFDM symbol containing K +C 

samples. The repeated portion is referred to as a cyclic prefix or a guard interval, and C 

is the cyclic prefix length. The cyclic prefix is used to combat inter-symbol interference 

(ISI) caused by frequency selective fading, which is a frequency response that varies 

across the system bandwidth. 

[0032] 	A filter 330 performs pulse shaping or windowing on the 01,1)M symbols 

from cyclic prefix generator 328. Filter 330 cyclically repeats L samples in front and L 

samples in back of each OFDM symbol. Filter 330 then filters each extended OFDM 

symbol in accordance with a desired impulse response to obtain filtered samples for the 

OFDM symbol. The pulse shaping ensures that the filtered samples conform to a 

spectral emission mask imposed on the system. Filter 330 then overlaps the pulse-

shaped OFDM symbols such that the last L filtered samples of each 01DM symbol 

overlap the.first L filtered samples of the next OFDM symbol. Filter 330 then sums the 

filtered samples for each sample period and provides the output samples, which are 

denoted as y(n) where n is an index for sample period. Because of the overlap-and-add 

operation, each OFDM symbol after pulse shaping contains K + C +L samples. An 

01DM symbol period is the duration of one OFDM symbol and is equal to K + C + L 

sample periods. 

[0033] 	As shown in FIG. 3, a transmitter may send K modulation symbols in the 

frequency domain on the K total subcarriers in each OPDM symbol period. The 

transmitter may convert the K modulation symbols to the time-domain with an LEFT to 

generate K time-domain samples. A cyclic prefix of length C and a window of length L 

may also be appended. This digital sequence of K + C + L samples may then be 

converted to an analog waveform with a digital-to-analog converter (DAC). The DAC 

may be operated at a sample rate of W, and the spacing between samples may be 1/W 

seconds. A receiver may obtain digital samples by sampling an analog received signal 

every 1/W seconds. 

[0034] 	The duration of an OFDM symbol is denoted as TomM  and may be given as: 

Tomm  = (K + C + L) /W 	 Eq (1) 
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Since an OFDM symbol is a basic unit of transmission in an OFDM-based system, time 
intervals in the system are typically given in units of Ton* For example, a data packet 
may be encoded and sent in a frame spanning NFRAME OVUM symbols. The 

transmission time for this packet would be at least NERAmE  .Tomm  seconds. The time 

interval between the start of transmission of a data packet and the end of reception of 
that data packet is often referred to as latency. It is easy to see that latencies in an 
OVUM-based system depend directly on TFFDM• 

[0035] 	As shown in equation (1), Toanivi is typically a function of bandwidth W. 
Therefore, OFDM-based systems designed for different bandwidths may have different 
latencies. This may not be desirable since some applications have strict latency 
requirements that do not depend on bandwidth. In order to ensure similar latencies for 
different bandwidths, certain system parameters such as 1,141 size, frame duration, etc., 
may be defined as a function of bandwidth. However, this parameter selection may be a 
difficult task, especially if there is a large number of possible bandwidth allocations. 
Furthermore, there may be constraints On FFT sizes, frame durations, etc., which may 
make the parameter selection more difficult or impossible. 

[0036] 	The sample rate at a receiver is typically equal to an integer multiple of the 
bandwidth W. Different sample rates may be used for different bandwidths. This may 
be disadvantageous since hardware (e.g., analog-to-digital converters) may need to be 
designed to support different sample rates. 

[0037] 	In an aspect, an OPDM-based system flexibly supports different bandwidths 
by using a. fixed design bandwidth and variable guard bands. This allows the system to 
use the same sample rate and offer similar latencies for all supported bandwidths. 
[0038] 	FIG. 4 illustrates the use of variable guard bands to support different 
bandwidths. The OFDM-based system is designed for a fixed bandwidth of W Hertz. 
The system supports a configurable operating bandwidth of B Hertz by using one or 
more guard bands at one or both ends of the operating bandwidth. The operating 
bandwidth B may be any bandwidth that is less than or equal to the design bandwidth 
W, or B W 

[0039] 	FIG. 5A shows a subcarrier structure for the design bandwidth W. The 
design bandwidth is partitioned into K total subcarriers, which may be assigned indices 
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of 1 through K. Since the design bandwidth is fixed, the total number of subcarriers is 

also fixed. 

[0040] 	FIG. 5B shows a subcarrier structure for the operating bandwidth B. The 

operating bandwidth may occupy all or a Portion of the design bandwidth. The 

subcarriers within the operating bandwidth are referred to as usable subcarriers, and the 

subcarriers outside of the operating bandwidth are referred to as guard subcarriers. A 

usable subcarrier is a subcarrier that may be modulated with data. A guard subcarrier is 

a subcarrier that is modulated with a signal value of zero, so that no power is 

transmitted on the guard subcarrier. The number of usable subcarriers, N, may be given 

as follows: 

N=K•B/W 	 Eq (2) 

The number of guard subcarriers, G, may be given as G = K—N . 

[0041] 	As shown in FIGS. 4 and 5B, the OFDM-based system can support different 

bandwidths up to W Hertz by using variable guard bands/subcarriers. For example, the 

system may be designed for a bandwidth of 10 MHz. The system may be deployed with 

an operating bandwidth of 8 MHz by using I MHz guard band on each of the two sides 

of the 8 MHz operating bandwidth. In general, the left and right guard bands may be 

• selected based on the operating bandwidth B and the design bandwidth W. The left and 

right guard bands may or may not have equal lengths. 

[0042] 	Using variable guard bands/subcarriers, the OFDM-based system can 

support different bandwidths with a single sample rate arid offer similar latencies for all 

supported bandwidths. A sample rate of 1/W may be used for the system, and the 

OFDM symbol duration may be given as shown in equation (1). The quantities on the 

right hand side of equation (1) are independent of the operating bandwidth E. Hence, 

the OFDM symbol period TOFDM and latencies are independent of the operating 

bandwidth B. 

[0043] 	FIG. 6 shows a block diagram of a design of an OFDM modulator 220b for 

configurable operating bandwidth. OFDM modulator 220b may also be used for 

OFDM modulators 220 and 292 in FIG. 2. Within OFDM modulator 220b, a serial-to-

parallel converter 620 receives modulation symbols for data (e.g., traffic data, signaling, 

pilot, etc.) and maps these modulation symbols to the N usable subcarriers. The 
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mapped modulation symbols are denoted as U(k) . A zero insertion unit 622 inserts a 

zero symbol on each guard subcarrier and provides K transmit symbols in each 01-DM 

symbol period. A zero symbol is a signal value of zero. Each transmit symbol may be a 

modulation symbol for data or a zero symbol. The transmit symbols are denoted as 

V (k) . The mapping to N usable subcarriers by unit 620 and the zero insertion by unit 

622 may be performed based on the operating bandwidth B. 

[0044] 	An IFFF unit 624 receives K transmit symbols for the K total subcarriers in 

each OFDM symbol period, transforms the K transmit symbols to the time domain with 

a K-point IFFT, and provides K time-domain samples. The K samples of each 

transformed symbol are serialized by a parallel-to-serial converter 626, appended with a 

cyclic prefix by a cyclic prefix generator 628, and filtered by a pulse-shaping filter 630 

to generate a pulse-shaped OFDM symbol. 

[0045] 	FIG. 7 shows a block diagram of a design of an 01-DM demodulator 260a. 

for configurable operating bandwidth. OFDM demodulator 260a may be used for 

01-DM demodulators 260 and 232 in FIG. 2. Within 01DM demodulator 260a, a cyclic 

prefix removal unit 710 obtains K+C +L received samples in each OFDM symbol 

period, removes C samples for the cyclic prefix and L samples for the pulse shaping 

window, and provides K received samples for the 01-D1v1 symbol period. A serial-to-

parallel converter 712 provides the K received samples in parallel form. An 141-1 unit 

714 transforms the K received samples to the frequency domain with a K-point FF1 and 

provides K received symbols for the K total subcarriers. The received symbols from 

1,1-.1 unit 714 are denoted as Y (k) 

[0046] 	A zero removal unit 716 obtains K received symbols in each OFDM symbol 

period, removes the received symbols from the G guard subcarriers, and provides N 

received symbols from the N usable subcarriers. The received symbols from unit 716 

are denoted as R(k) . A parallel-to-serial converter 728 serializes the N received 

symbols of each 0.1-DM symbol from unit 716. The zero removal by unit 716 and the 

parallel-to-serial conversion by unit 718 may be performed based on the operating 

bandwidth B. 

[0047] 	An OFDM-based system may have a single design bandwidth W and may 

use specific values for parameters such as FFT size K, cyclic prefix length C, window 
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length L, and sample rate W. Different operating bandwidths up to W may be 

supported using these fixed parameter values for K, C, L and sample rate. 

[0048] 	An ONDM-based system may also have more than one design bandwidth 

and may use a specific set of values for K, C, L, and sample rate for each design 

bandwidth. Different sets of parameter values may be selected for different design 

bandwidths, e.g., to achieve the same or similar latencies for all design bandwidths. For 

example, an OFDM-based system may be designed for bandwidths of 5 MHz and 10 

MHz using EFT sizes of 512 and 1024, respectively. The 5 MHz design bandwidth may 

be used to support operating bandwidths up to 5 MHz, or B 5_ 5 MHz. The 10 MHz 

design bandwidth may be used to support operating bandwidths from 5 to 10 MHz, or 5 

MHz < B 510 MHz. In general, any number of design bandwidths may be supported, 

and any set of parameter values may be used for each design bandwidth. Each design 

bandwidth may support an associated range of operating bandwidths up to that design 
bandwidth. 

[0049] 	Variable guard bands may be used to support different operating bandwidths, 

as described above. Variable guard bands may also be used to support different spectral 

emission masks. A spectral emission mask specifies the allowed output power levels at 

different frequencies. A more stringent spectral emission mask may require the output 

power level to be attenuated more at certain frequencies. The impulse response of the 

pulse-shaping filter is typically fixed to simplify the transmitter design. More guard 

subcarriers may be used in order to meet more stringent spectral emission mask 

requirements. 

[0050] 	Variable guard bands may also be used to avoid interference from other 

transmitters. For example, a base station in an OFDM-based system may observe high 

levels of interference from other transmitters in other systems. The base station may 

adjust its operating bandwidth in order to avoid using subcarriers with high levels of 

interference. These subcarriers may be made guard subcarriers and not used for 

transmission. 

[0051] 	FIG. 8 shows a process 800 for transmission with configurable operating 

bandwidth. Process 800 may be performed by a transmitter (e.g., a base station for 

downlink transmission) or a receiver (e.g., a terminal for downlink transmission). 

Usable subcarriers and guard subcarriers are determined based on a configurable 

operating bandwidth for a wireless communication system (block 812). The operating 
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bandwidth may be selected based on, e.g., the bandwidth available for the system, a 

spectral emission mask for the system, etc. The determination in block 812 may be 

made based on signaling, control registers, hardwired logic, software commands, etc. 

The system may be associated with a design bandwidth corresponding to K total 

subcarriers. The operating bandwidth may correspond to N usable subcanders, where K 

N > 1. The N usable subcarriers may be centered among the K total subcarriers, and 

the guard subcarriers may be evenly distributed on both sides of the operating 

bandwidth. Other arrangements of usable and guard subcarriers are also possible. 

Processing is performed for a transmission sent on the usable subcarriers (block 814). 

The transmission may comprise traffic data, signaling, pilot, etc. 

[0052] 	Process 800 may be performed by a transmitter. In this case, for block 814, 

modulation symbols may be mapped to the usable subcaniers, and zero symbols may be 

mapped to the guard subcarriers. OHM symbols may be generated based on the 

mapped modulation symbols and zero symbols. The OFDM symbols may be generated 

further based on an 141, 1 size and a cyclic prefix length that may be independent of the 

operating bandwidth. Output samples may be generated at a sample rate that may be 

independent of the operating bandwidth. 

[0053] 	Process 800 may also be performed by a receiver. In this case, for block 

814, received samples may be obtained at a sample rate that may be independent of the 

operating bandwidth and processed (e.g., OFUM demodulated) to obtain received 

symbols for the K total subcarriers. Received symbols from the usable subcarriers may 

be retained, and received symbol from the guard subcarriers may be discarded. The 

received symbols from the usable subcarriers may be processed (e.g., symbol 

demapped, deinterleaved, and decoded) to recover data sent in the transmission. 

[0054] 	The operating bandwidth may be selected from multiple bandwidths 

associated with different numbers of guard subcarriers and a fixed 01DM symbol 

duration. OFDM symbols for different operating bandwidths may be generated by 

keeping the same 01-DM symbol duration but changing the number of guard 

subcarriers. 

[0055] 	The system may be associated with a single design bandwidth. The 

operating bandwidth may be selected from a range of bandwidths supported by the 

design bandwidth. The processing in block 814 may be performed based on a set of 
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parameter values for the design bandwidth. Alternatively, the system may be associated 

with multiple design bandwidths. Each design bandwidth may support a respective 

range of operating bandwidths. The processing in block 814 may be performed based 

on a set of parameter values for a design bandwidth supporting the operating bandwidth 

selected for use. 

[0056] 	FIG. 9 shows a design of an apparatus 900 for transmission with 

configurable operating bandwidth. Apparatus 900 includes means for determining 

usable subcarriers and guard subcarriers based on a configurable operating bandwidth 

for a wireless communication system (for example module 912), and means for 

performing processing for a transmission sent on the usable subcarriers (for example 

module 914). Modules 912 and 914 may comprise processors, electronics devices, 

hardware devices, electronics components, logical circuits, memories, etc., or any 

combination thereof. 

[0057] 	In another aspect, an OFDM-based system may use different operating 

bandwidths and/or different parameter values for different portions of a transmission. 

The system may employ a preamble comprising one or more OFDM symbols and a 

main body comprising any number of OFDM symbols. The preamble may carry 

information used to demodulate and decode the transmission sent in the main body. 

The main body may carry traffic data and/or other types of data. Different operating 

bandwidths and/or parameter values may be used for the preamble and main body. 

[0058] 	FIG. 10 shows a super-frame structure 1000 that may be used for an OFDM-

based system. The timeline for transmission in the system may be divided into super-

frames. Each super-frame may have a predetermined time duration. A super-frame 

may also be referred to as a frame, a slot, or. some other terminology. In the design 

shown in FIG. 10, each super-frame includes a preamble 1010 and a main body 1020. 

Preamble 1010 includes a pilot field 1012 and an overhead field 1014. 

[0059] 	Pilot field 1012 may carry pilot and/or other signals used for various 

purposes such as system detection, time and frequency acquisition, channel estimation, 

etc. Overhead field 1014 may carry information regarding how data is sent in main 

body 1020, system information, etc. For example, overhead field 1014 may carry 

information for parameters such as the operating bandwidth, lit I size, cyclic prefix 

length, window length, frequency hop sequence, etc., used for main body 1020. Main 

body 1020 may carry data, e.g., traffic data, signaling, pilot, etc. The three fields 1012, 
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1014 and 1020 may be time division multiplexed in each super-frame as shown in FIG. 
10 in order to facilitate synchronization and data recovery. Pilot field 1012 may be sent 

first in each super-frame and may be used for detection of overhead field 1014. 

Information obtained from overhead field 1014 may be used fo recover the data sent in 
main body 1020. 

[0060] 	FIG. 11 shows a design of a structure 1100 with different design bandwidths 
and different operating bandwidths for different fields. In structure 1100, one design 

bandwidth Wp and one WI size Kp may be used for the preamble. Another design 
bandwidth WM  and another EH size KM  may be used for the main body. The operating 
bandwidth Bp and the Np usable subcarriers for the preamble may be selected based on 
the design bandwidth Wp and the Kp total subcarriers for the preamble. The operating 
bandwidth BM  and the NM  usable subcarriers for the main body may be selected based 
on the design bandwidth WM  and the KM total subcarriers for the main body. The 
parameters may be selected, e.g., as follows: 

WI, 5_ Wm, Bp  SBm , and Kp KM. 	 Eq (3) 

Different design bandwidths, operating bandwidths, .P1,1 sizes, etc. may also be used for 
the pilot and overhead fields of the preamble. 

[0061] 	Alternatively, one design bandwidth W and one 11,1 size K may be used for 
all fields, and different operating bandwidths may be used for different fields. An 
operating bandwidth of Bpilot may be used for the pilot field, an operating bandwidth of 

Boverhead may be used for the overhead field, and an operating bandwidth of Buis may be 
used for the main body. The bandwidths for the various fields may be selected, e.g., as 
follows: 

B <B <B <W pilot — overhead — main —  Eq (4) 

[0062] 	The bandwidths for different fields may be conveyed in various manners. In 
one design, the design bandwidths and operating bandwidths for the pilot field, 
overhead field, and main body are fixed and known to the terminals a priori. 
[0063] 	In another design, the design bandwidths for the pilot field, overhead field, 
and main body are fixed, and the operating bandwidths for the pilot field, overhead 
field, and/or main body are configurable. The parameter values for each configurable 
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field may be sent in another field. For example, the operating bandwidth and parameter 

values for the overhead field may be conveyed in the pilot field. The operating 

bandwidth and parameter values for the main body may be conveyed in the overhead 

field. A terminal may recover the overhead field based on parameter values lcnown to 

the terminal a priori or conveyed via the pilot field. The terminal may then recover the 

transmission sent in the main body based on the parameter values obtained from the 

overhead field. 

[0064] 	In yet another design; a small number of predetermined sets of parameter 

values may be used for a given field, e.g., the pilot field, overhead field, or main body. 

The terminals have knowledge of the predetermined sets of parameters and may attempt 

to recover the transmission on this field based on the predetermined parameter sets. 

[0065] 	A combination of the above designs may also be used for different fields. 

For example, a known set of parameter values may be used for the pilot field, a small 

number of predetermined sets of parameter values may be used for the overhead field, 

and a configurable set of parameter values may be used for the main body and conveyed 

in the overhead field. A terminal may recover the pilot based on the known set of 

parameter values. The terminal may recover the overhead based on the predetermined 

sets of parameter values and obtain the configurable set of parameter values for the 

main body. The terminal may then recover the transmission sent in the main body 

based on the configurable set of parameter values. 

[0066] 	FIG. 12 shows a design of a process 1200 that may be performed by a 

transmitter or a receiver. Processing is performed for a first portion of a transmission 

sent using a first operating bandwidth (block 1212). Processing is performed for a 

second portion of the transmission sent using a second operating bandwidth (block 

1214). The first portion may correspond to a preamble, and the second portion may 

correspond to a main body of the transmission. 

[0067] 	Process 1200 may be performed by a transmitter. In this case, signaling may 

be sent on the first set of subcarriers used for the first portion of the transmission and 

determined based on the first operating bandwidth. Data may be sent on the second set 

of subcarriers used for the second portion of the transmission and determined based on 

the second operating bandwidth. The signaling may comprise information for 

parameters for the second portion of the transmission. The parameters may comprise 
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the second operating bandwidth, an NP1 size, a cyclic prefix length, a frequency 

hopping sequence, etc. 

[0068] 	Process 1200 may also be performed by a receiver. In this case, signaling 

may be received from the first set of subcarriers, and data may be received from the 

second set of subcarriers. The signaling may be processed to obtain information for 

parameters for the second portion of the transmission. The second portion of the 

transmission may be processed based on the information obtained from the signaling. 

[0069] 	In one design, the first and second operating bandwidths are selected from a 

set of operating bandwidths available for both the first and second portions. In another 

design, the first operating bandwidth is selected from a first set of operating bandwidths 

available for the first portion. The second operating bandwidth is selected from a 

second set of operating bandwidths available for the second portion. 

[0070] 	In one design, the first and second portions are associated with one design 

bandwidth. The processing for the first and second portions may be based on a set of 

parameter values for this design bandwidth. In another design, the first and second 

portions are associated with first and second design bandwidths, respectively. The 

processing for the first portion may be based on a first set of parameter values for the 

first design bandwidth. The processing for the second portion may be based on a 

second set of parameter values for the second design bandwidth. A first set of design 

bandwidths may be applicable for the first portion, and a second set of design 

bandwidths may be applicable for the second portion. The first and second design 

bandwidths may be selected from the first and second sets, respectively. 

[0071] 	The first portion may be associated with fewer design bandwidths and/or 

fewer operating bandwidths than the second portion. This may reduce the number of 

hypotheses to evaluate to recover the transmission sent in the first portion. 

[0072] 	FIG. 13 shows a design of an apparatus 1300 for transmission. Apparatus 

1300 includes means for performing processing for a first portion of a transmission sent 

using a first operating bandwidth (for example module 1312), and means for performing 

processing for a second portion of the transmission sent using a second operating 

bandwidth (for example module 1314). Modules 1312 and 1314 may comprise 

processors, electronics devices, hardware devices, electronics components, logical 

circuits, memories, etc., or any combination thereof. 
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[0073] 	The transmission techniques described herein may be implemented by 

various means. For example, the techniques may be implemented in hardware, 

firmware, software, or a combination thereof. For a hardware implementation, the 

processing units at an entity (e.g., a base station or a terminal) may be implemented 

within one or more application specific integrated circuits (ASIC5), digital signal 

processors (DSPs), digital signal processing devices (DSPDs), programmable logic 

devices (PLD5), field programmable gate arrays (FPGAs), processors, controllers, 

micro-controllers, microprocessors, electronic devices, other electronic units designed 

to perform the functions described herein, or a combination thereof. 

[0074] 	For a firmware and/or software implementation, the techniques may be 

implemented with modules (e.g., procedures, functions, and so on) that perform the 

functions described herein. The firmware and/or software codes may be stored in a 

memory (e.g., memory 242 or 282 in FIG. 2) and executed by a processor (e.g., 

processor 240 or 280). The memory may be implemented within the processor or 

external to the processor. 

[0075] 	The previous description of the disclosure is provided to enable any person 

skilled in the art to make or use the disclosure. Various modifications to the disclosure 

will be readily apparent to those skilled in the art, and the generic principles defined 

herein may be applied to other variations without departing from the spirit or scope of 

the disclosure. Thus, the disclosure is not intended to be limited to the examples 

described herein but is to be accorded the widest scope consistent with the principles 

and novel features disclosed herein. 
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CLAIMS 

1. An apparatus comprising: 

a processor configured to determine usable subcarriers and guard subcarriers 

based on a configurable operating bandwidth for a wireless communication system, and 

to perform processing for a transmission sent on the usable subcarriers; and 

a memory coupled to the processor. 

2. The apparatus of claim 1, wherein the processor is configured to map 

modulation symbols to the usable subcarriers, to map zero symbols to the guard 

subcarriers, and to generate Orthogonal Frequency Division Multiplexing (OFDM) 

symbols based on the mapped modulation symbols and zero symbols. 

3. The apparatus of claim 2, wherein the processor is configured to generate 

the OVUM symbols based on a fast Fourier transform (1,141) size and a cyclic prefix 

length that are independent of the.operating bandwidth. 

4. The apparatus of claim 1, wherein the processor is configured to generate 

output samples at a sample rate that is independent of the operating bandwidth. 

5. The apparatus of claim 1, wherein the processor is configured to obtain 

received symbols from the usable subcarriers, to discard received symbol from the 

guard subcarriers, and to process the received symbols from the usable subcarriers to 

recover data sent in the transmission. 

6, 	The apparatus of claim 5, wherein the processor is configured to obtain 

received samples at a sample rate that is independent of the operating bandwidth, and to 

process the received samples to obtain the received symbols for the usable and guard 

subcarriers. 
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7. The apparatus of claim 1, wherein the wireless communication system is 

associated with a design bandwidth corresponding to K total subcarriers, and wherein 

the operating bandwidth corresponds to N usable subcarriers, where K N > 1. 

8. The apparatus of claim 7, wherein the N usable subcarriers are centered 

among the K total subcarriers. 

9. The apparatus of claim 1, wherein the guard subcarriers are evenly 

distributed on both sides of the operating bandwidth. 

10. The apparatus of claim 1, wherein the wireless communication system is 

associated with a single design bandwidth and the operating bandwidth is selected from 

a range of bandwidths supported by the design bandwidth, and wherein the processor is 

configured to perform processing for the transmission based on a set of parameter 

values for the design bandwidth. 

11. The apparatus of claim 1, wherein the wireless communication system is 

associated with multiple design bandwidths, each design bandwidth supporting a 

respective range of bandwidths, and wherein the processor is configured to perform 

processing for the transmission based on a set of parameter values for a design 

bandwidth supporting the operating bandwidth. 

12. The apparatus of claim 1, wherein the wireless communication system is 

associated with first and second design bandwidths, and wherein the processor is 

configured to perform processing for the transmission based on a first set of parameter 

values for the first design bandwidth if the operating bandwidth is within a first range, 

and to perform processing for the transmission based on a second set of parameter 

values for the second design bandwidth if the operating bandwidth is within a second 

range that is lower than the first range. 

13. The apparatus of claim 1, wherein the operating bandwidth is determined 

based on frequency bandwidth available for the wireless communication system. 
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14. The apparatus of claim 1, wherein the operating bandwidth is determined 

based on a spectral emission mask for the wireless communication system: 

15. The apparatus of claim 1, wherein the operating bandwidth is selected 

from a plurality of bandwidths associated with different numbers of guard subcarriers 

and a fixed Orthogonal Frequency Division Multiplexing (OHM) symbol duration. 

16. A method comprising: 

determining usable subcarriers and guard subcarriers based on a configurable 

operating bandwidth for a wireless communication system; and 

performing processing for a transmission sent on the usable subcarriers. 

17. The method of claim 16, wherein the performing processing for the 

transmission comprises 

mapping modulation symbols to the usable subcarriers, 

mapping zero symbols to the guard subcarriers, and 

generating Orthogonal Frequency Division Multiplexing (OFDM) symbols 

based on the mapped modulation symbols and zero symbols. 

18. The method of claim 16, wherein the performing processing for the 
. transmission comprises 

obtaining received symbols from the usable subcarriers, 

discarding received symbol from the guard subcarriers, and 

processing the received symbols from the usable subcarriers to recover data sent 
in the transmission. 

19. An apparatus comprising: 

means for determining usable subcarriers and guard subcarriers based on a 

configurable operating bandwidth for a wireless communication system; and 

means for performing processing for a transmission sent on the usable 
subcarriers. 
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20. The apparatus of claim 19, wherein the means for performing processing 

for the transmission comprises 

means for mapping modulation symbols to the usable subcarriers, 

means for mapping zero symbols to the guard subcarriers, and 

means for generating Orthogonal Frequency Division Multiplexing (OFDM) 

symbols based on the mapped modulation symbols and zero symbols. 

21. The apparatus of claim 19, wherein the means for performing processing 

for the transmission comprises 

means for obtaining received symbols from the usable subcarriers, 

means for discarding received symbol from the guard subcarriers, and 

means for processing the received symbols from the usable subcarriers to 

recover data sent in the transmission. 

22. An apparatus comprising: 

a processor configured to determine usable subcarriers and guard subcarriers 

based on a configurable operating bandwidth for a wireless communication system, the 

operating bandwidth selected from a plurality of bandwidths associated with different 

numbers of guard subcarriers and a fixed Orthogonal Frequency Division Multiplexing 

(OFDM) symbol duration, and to perform processing for a transmission sent on the 

usable subcarriers, the transmission comprising 01-DM symbols having the fixed 

duration; and 

a memory coupled to the processor. 

23. An apparatus comprising: 

a processor configured to perform processing for a first portion of a transmission 

sent using a first operating bandwidth, and to perform processing for a second portion of 

the transmission sent using a second operating bandwidth; and 

a memory coupled to the processor. 

24. The apparatus of claim 23, wherein the first portion corresponds to a 

preamble and the second portion corresponds to a main body of the transmission. 
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25. The apparatus of claim 24, wherein the first operating bandwidth is 

smaller than the second operating bandwidth. 

26. The apparatus of claim 23, wherein the processor is configured to send 

signaling on a first set of subcarriers used for the first portion of the transmission and 

determined based on the first operating bandwidth, and to send data on a second set of 

subcarriers used for the second portion of the transmission and determined based on the 

second operating bandwidth. 

27. The apparatus of claim 26, wherein the signaling comprises information 

for parameters for the second portion of the transmission. 

28. The apparatus of claim 27, wherein the parameters comprise the second 

operating bandwidth, a fast Fourier transform (14Y1 ) size, a cyclic prefix length, a 

frequency hopping sequence, or a combination thereof. 

29. The apparatus of claim 23, wherein the processor is configured to receive 

signaling from a first set of subcarriers used for the first portion of the transmission and 

determined based on the first operating bandwidth, and to receive data from a second set 

of subcarriers used for the second portion of the transmission and determined based on 

the second operating bandwidth. 

30. The apparatus of claim 29, wherein the processor is configured to 

process the signaling to obtain information for parameters for the second portion of the 

transmission, and to process the second portion of the transmission based on the 
information obtained from the signaling. 

31. The apparatus of claim 23, wherein the processor is configured to 

perform processing for the first portion of the transmission based on a first set of 

parameter values for a first design bandwidth applicable to the first portion, and to 

perform processing for the second portion of the transmission based on a second set of 

parameter values for a second design bandwidth applicable to the second portion. 
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32. The apparatus of claim 31, wherein the first design bandwidth is in a first 

set of design bandwidths applicable for the first portion and the second design 

bandwidth is in a second set of design bandwidths applicable for the second portion, the 

first set including fewer design bandwidths than the second set. 

33. The apparatus of claim 23, wherein the processor is configured to 

perform processing for the first and second portions of the transmission based on a set 

of parameter values for a design bandwidth applicable to the first and second portions. 

34. The apparatus of claim 23, wherein the first operating bandwidth is 

selected from a first set of operating bandwidths available for the first portion, and 

wherein the second operating bandwidth is selected from a second set of operating 

bandwidths available for the second portion. 

35. The apparatus of claim 34, wherein the first set includes fewer operating 

bandwidths than the second set. 

36. A method comprising: 

performing processing for a first portion of a transmission sent using a first 

operating bandwidth; and 

performing processing for a second portion of the transmission,  sent using a 

second operating bandwidth. 

37. The method of claim 36, further comprising: 

sending signaling on a first set of subcarriers used for the first portion of the 
transmission and determined based on the first operating bandwidth; and 

sending data on a second set of subcarriers used for the second portion of the 

transmission and determined based on the second operating bandwidth. 

38. The method of claim 36, further comprising: 

receiving signaling from a first set of subcarriers used for the first portion of the 

transmission and determined based on the first operating bandwidth; and 
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receiving data from a second set of subcarriers used for the second portion of the 

transmission and determined based on the second operating bandwidth. 

39. The method of claim 38, wherein the performing processing for the first 

portion comprises processing the signaling to obtain information for parameters for the 

second portion of the transmission, and wherein the performing processing for the 

second portion comprises processing the second portion of the transmission based on 

the information obtained from the signaling. 

40. An apparatus comprising: 

means for performing processing for a first portion of a transmission sent using a 

first operating bandwidth; and 

means for performing processing for a second portion of the. transmission sent 

using a second operating bandwidth. 

41. The apparatus of claim 40, further comprising: 

means for sending signaling on a first set of subcarriers used for the first portion 

of the transmission and determined based on the first operating bandwidth; and 

means for sending data on a second set of subcarriers used for the second portion 

of the transmission and determined based on the second operating bandwidth. 

42: 	The apparatus of claim'40, further comprising:- 

means for receiving signaling from a first set of subcarriers used for the first 

portion of the transmission and determined based on the first operating bandwidth; and 

means for receiving data from a second set of subcarriers used for the second 

portion of the transmission and determined based on the second operating bandwidth. 

43. 	The apparatus of claim 42, wherein the means for performing processing 

for the first portion comprises means for processing the signaling to obtain information 

for parameters for the second portion of the transmission, and wherein the means for 

performing processing for the second portion comprises means for processing the 

second portion of the transmission based on the information obtained from the 

signaling. 


