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SOFT HANDOFF WITH INTERFERENCE CANCELLATION IN A . 
WIRELESS FREQUENCY HOPPING COMMUNICATION 

SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is related to the following, all of which are assigned to 

the same assignee of this application. 

Co-pending U.S. Application Serial No. 06/470,160 filed May 12, 2003 

and entitled "Soft Handoff with Interference Cancellation in a Wireless Frequency 

Hopping Communication System." 

BACKGROUND 

I. Field 

[0001] The present invention relstes generally to communication, and more 

specifically to techniques for supporting soft handoff in a wireless frequency hopping 

communication system using interference cancellation. 

TI. Background 

[0002] In a frequency hopping communication system, data is transmitted on 

different frequency subbands in different time intervals, which may be referred to as 

"hop periods". These frequency subbands may be provided by orthogonal frequency 

division multiplexing (OFDM), other multi-carrier modulation techniques, or some 

other constructs. With frequency hopping, the data transmission hops from subband to 

subband in a pseudo-random manner. This hopping provides frequency diversity and 

allows the data transmission to better withstand deleterious path effects such as narrow­

band interference, jannning, fading, and so on. 

[0003] An orthogonal frequency division multiple access (OFDMA) system utilizes 

OFDM and can support multiple users simultaneously. For a frequency hopping 

OFDMA system, a data transmission for a given user may be sent on a ''traffic" channel 

that is associated with a specific frequency hopping (FH) sequence. This FH sequence 

indicates the specific subband to use for the data transmission in each hop period. 
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Multiple data transmissions for multiple users may be sent simultaneously on multiple 

traffic channels that are associated with different FH sequences. These FH sequences 

may be defined to be orthogonal to one another so that only one traffic channel, and 

thus only one data transmission, uses each subband in each hop period. By using 

orthogonal FH sequences, the multiple data transmissions do not interfere with one 

another while enjoying the benefits of frequency diversity. 

[0004] An OFDMA system may be deployed with multiple cells, where a cell 

typically refers to the coverage area of a base station. A data transmission on a given 

subband in one cell acts as interference to another data transmission on the same 

subband in a neighboring cell. To randomize inter-cell interference, the FH sequences 

for each cell are typically defined to be pseudo-random with respect to the FH 

sequences for neighboring cells. By _using pseudo-random FH sequences for different 

cells, interference diversity is achieved and a data transmission for a user in one cell 

observes the average interference from the data transmissions for other users in other 

cells. 

[0005] · In a multi-cell OFDMA system, it is desirable to support "soft handoff', 

which is also referred to as "soft handover''. Soft handoff is a process whereby a user 

communicates with multiple base stations simultaneously. Soft handoff can provide 

spatial diversity against deleterious path effects via transmission of data to or from 

multiple base stations at different locations. However, soft handoff is complicated when 

the system employs frequency hopping. This is because the FH sequences for one cell 

are pseudo-random (i.e., not orthogonal) with respect to the FH sequences for 

neighboring cells in order to randomize inter-cell interference. A user in soft handoff 

with multiple base stations may be instructed to use an FH sequence by a desigoated 

base station among the multiple base stations. The data transmission sent by the soft­

handoff user will be orthogonal to the data transmissions sent by other users of the 

designated base station, but will be pseudo-random with respect to the data 

transmissions sent by users of other base stations. The soft-handoff user would cause 

interference to the users of the other base stations and would also receive interference 

from these users. The interference degrades the performance of all affected users, 

unless it is mitigated in some manner. 

[0006] There is therefore a need in the art for techniques to support soft handoff in a 

frequency hopping OFDMA system. 
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SUMMARY 

[0007] Techniques are provided herein to support soft handoff in a wireless 

communication system (e.g., a frequency hopping OFDMA system}. Each cell in the 

system may be partitioned into one or multiple sectors. Each sector in the system may 

concurrently support a set of "non-handofi'' users and a set of "soft-handoff' users. A 

non-handoff user is one who is communicating with only one sector (i.e., not in soft 

handofi). A soft-handoff user is one who is communicating with multiple sectors 

simultaneously. 

[0008] For each sector, each non-handoff user of that sector is assigned a traffic 

chanuel by that sector and each soft-handoff user of that sector .is assigned a traffic 

channel by a "serving" or "anchor'' sector for the soft-handoff user. The serving sector 

for a soft-handoffuser is a designated sector among the multiple sectors with which the 

soft-handoff user is in communication. For each sector, the traffic channels assigned to 

the non-handoff users of that sector are orthogonal to one another and may or may not 

be orthogonal to the traffic channels assigned to the soft-handoff users of that sector, 

depending on whether or not that sector is the serving sector for the soft-handoffusers. 

[0009] For each sector, the non-handoff users of that sector may be power­

controlled such that their data transmissions can be received and decoded by that sector 

in the presence of interference from the soft-handoff users of that sector as well as the 

interference from users in other sectors. The soft-handoff users may also be power­

controlled such that their data transmissions can be decoded by their sectors while 

minimizing interference to the non-handoff users. 

(00010] Each sector processes its received signal and recovers the data transmissions 

from the non-handoff users of that sector. Once the data transmissions from the non­

handoff users have been decoded, each sector estimates the interference due to the non­

handoff users of that sector and cancels the interference from the received signal. Each 

sector further processes its interference-canceled signal to recover the data 

transmissions from the soft-handoffusers of that sector. 

[00011] Various aspects and embodiments of the invention are described in further 

detail below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[00012] The features, nature, and advantages of the present invention will become 

more apparent from the detailed description set forth below when taken in conjunction 

with the drawings in which like reference characters identify correspondingly 

throughout and wherein: 

[00013] FIG. 1 shows an OFDMA system; 

[00014] FIG. 2 illustrates frequency hopping for one sector in the OFDMA system; 

[00015] FIG. 3 shows a block diagram of a terminal; 

[00016] 

[00017] 

[00018] 

FIG. 4A shows a block diagram of a base station in a synchronous system; 

FIG. 4B shows a block diagram of a base station in an asynchronous system; 

FIG. 5 shows a block diagram of a receive (RX) data processor within the 

base station in the synchronous system; 

[00019] FIG. 6 shows a block diagram of an interference estimator and an 

interference canceller within the RX data processor; 

[00020] FIG. 7 shows a block diagram of an OFDM demodulator/RX data processor 

within the base station in the asynchronous system; 

[00021) FIG. 8 shows a block diagram of an interference estimator and· an 

interference canceiler within the OFDM demodulator/RX data processor; 

[00022] FIG. 9 shows a flow diagram for transmitting data by the terminal; and 

(00023] FIG. 10 shows a flow diagram for receiving data transmisaions from multiple 

tenninals by the base station. 

DETAILED DESCRIPTION 

[00024] The word "exemplary'' is used herein to mean "serving as an example, 

iustance, or illustration." Any embodiment or design described herein as "exemplary'' 

is not necessarily to be construed as preferred or advantageous over other embodiments 

or designs. 

[00025] FIG. 1 shows an exemplary OFDMA system 100 that supports a number of 

users. System 100 includes a number of base stations 110 that provide communication 

for a number of terminals 120. A base ststion is a fixed ststion used for communicsting 

with the terminals and may also be referred to as an access point, a Node B, or some 

other terminology. Terminals 120 are typically dispersed throughout the system, and 

each terminal may be fixed or mobile. A tenninal may also be referred to as a mobile 
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station, a user equipment (UE), a wireless communication device, or some other 

terminology. 

[00026] Each terminal may communicate with one or multiple base stations on the 

forward link and/or one or multiple base stations on the reverse link at any given 

moment. This depends on whether or not the tenuinal is active, whether or not soft 

handoff is supported, and whether or not the tenuinal is in soft handoff. The forward 

link (i.e., dowulink) refers to the communication link from the base station to the 

terminal, and the reverse link (i.e., uplink) refers to the communication link from the 

tenuinal to the base station. Jn FIG. 1, terminal 120c is in soft handoff on the reverse 

link with base stations llOa, IlOb, and 110c, tenninal120d is in soft handoffwith base 

stations llOa and llOc, and tenuinal120g is in soft handoffwith base stations I lOb and 

llOc. The remaining terminals are not in soft handoff. For simplicity, forward link 

transmissions are not shown in FIG. 1. 

[00027] A system controller 130 couples to base stations 110 and may perfonn a 

number of functions such as (1) coordination and control for base stations 110, (2) 

routing of data among these base stations, and (3) access and control of the tenuinals 

served by these base stations. 

[000281 Each base station 110 provides coverage for a respective geographic area 

102. 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 increase capacity, the coverage area of each 

base station maybe partitioned into multiple sectors (e.g., three sectors 104a, 104b, and 

104c). Each sector may be served by a corresponding 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 base station for that cell 

typically includes the BTSs for all of the sectors of that cell. The following description 

assumes that each cell is partitioned into multiple sectors. For simplicity, in the 

following description, the term "base station" is used generically for both a fixed station 

that serves a cell and a fixed station that serves a sector. The base stations for all sectors 

of the same cell are typically implemented within one physical base station for that cell. 

[00029] The techniques described herein may be used to support soft handoff, 

whereby a tenuinal concurrently communicates with multiple cells. The base stations 

for these cells are included in the tenuinal' s active set. These techniques may also be 

used to support "softer handoff', which is a process whereby a terminal concurrently 
~ 
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communicates with multiple sectors of the same cell. The base stations for these sectors 

(which are typically parts of the same physical base station) are included in the 

terminal's active set. For simplicity, in the following description, the term "soft 

handoff" generically refers to the case in which a terminal concurrently communicates 

with multiple cells as well as the case in which a terminal concurrently communicates 

with multiple sectors of the same cell. 

(00030] The techniques described herein may be used for a synchronons system in 

which the timings of the base stations in the system are synchronized to a common 

clock source (e.g., GPS). These techniques may also be nsed for an asynchronous 

system in which the timings of the base stations in the system are not synchronized. For 

clarity, various details are descnoed below for a synchronous system. Moreover, the 

primary users for each sector (defined below) are assumed to be synchronized with the 

base station for the sector. 

[00031] OFDMA system 100 utilizes OFDM, which is a modulation technique that 

effectively partitions the overall system bandwidth into a number of (N) orthogonal 

frequency subbands, where N > 1 and is typically a power of two. These subbands are 

also commonly referred to as tones, sub-carriers, bins, and frequency subchannels. 

With OFDM, each subband is associated with a respective sub-carrier fhat·may be 

modulated with data. In some OFDM systems, only N0 subbands are used for data 

transmission, Np subbands are used for pilot transmission, and N 0 subbands are not 

used and serve as guard subbands to allow the systems to meet spectral mask 

requirements, where N = N0 + Np + N0 • For simplicity, the following description 

assumes that all N subbands can be used for data transmission. 

(00032] FIG. 2 illustrates frequency hopping for one sector in the OFDMA system. 

Frequency hopping may be used to obtain various benefits including frequency diversity 

against deleterious path effects and interference randomization, as described above. For 

this example, N = 8, and the eight subbands are assigned indices of 1 through 8. Up to 

eight traffic channels may be defined whereby each traffic channel uses one of the eight 

subbands in each hop period. A hop period may be defined to be equal to the durstion 

of one or mnltiple OFDM symbols. 

(00033] Each traffic channel is associated with a different FH sequence. The FH 

sequences for all traffic channels in the sector may be generated based on an FH 
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function !, (k,T), where k denotes the traffic channel number or identifier (ID) and T 

denotes system time, which is given in units of hop periods. N different FH sequences 

may be generated with N different values of kin the FH function f,(k,T). The FH 

sequence for each traffic channel indicates the specific subband to use for that traffic 

channel in each hop period. 

[00034] FIG. 2 shows the subbands used for two traffic channels 1 and 4. The FH 

sequence and subbands for traffic channel 1 are represented by the shaded boxes. The 

. FH sequence and subbands for traffic channel 4 are represented by the diagonal-hashed 

boxes. It can be seen in FIG. 2 that each traffic channel dynamically hops from subband 

to subband in a pseudo-random manner determined by its FH sequence. In this 

example, the FH sequence for traffic channel 4, /, ( 4,T), is a vertically shifted version 

of the FH sequence for channel 1, f, (l,T). The subbands used for traffic channel 4 are 

related to the subbands used for traffic channel 1 as follows: 

/,(4,T}=(f.(l,T)+3) mod N. 

[00035] To avoid intra-sector interference, each sector may use orthogonal FH 

sequences for its traffic channels. The FH sequences ere orthogonal to one another if no 

two FH sequences use the same subband in any hop period T. This orthogonality 

condition may be attained by defining the FH sequences for each sector to be vertically 

shifted versions of one another, as shown in FIG. 2. The traffic channels for each sector 

would then be orthogonal to one another because they are associated with orthogonal 

FH sequences. By allowing only one traffic channel to use each subband in each hop 

period, interference is avoided among multiple data transmissions sent on multiple 

traffic channels in the same sector. 

(00036] For a multi-sector OFDMA system, data transmissions for users in one 

sector interfere with data transmissions for users in other sectors. To randomize inter­

sector interference, pseudo-random FH functions may be used for different sectors. For 

example, the FH function /,, (k,T) fur sector s1 may be defined to be pseudo-random 

with respect to the FH function f., (m,T) for sector s2 • In this case, the FH sequence 

used by sector s1 for traffic channel k will be pseudo-random with respect to the FH 

sequence used by sector s2 for traffic channel m, where k may or may not be equal to m. 

Interference between traffic channels k and m occurs whenever a "collision" occurs 
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between the FH sequences for these traffic channels, i.e., whenever Is, (lc, T) ==f., (m, T) 

and traffic channels lc and m both use the same subband in the same hop period. 

However, the interference will be randomized due to the pseudo-random nature of the 

FH functions f., (k,T) and f., (m,T). 

[00037] The FH sequences for each sector, may thus be defined to be: 

1. Orthogonal to each other to avoid intra-sector interference, and 

2. Pseudo-random with respect to the FH sequences for neighboring sectors to 

randomize inter-sector interference. 

With the above constraints, a user assigned with traffic channel k by one sector will be 

orthogonal to all other users assigned with other traffic channels by the same sector. 

However, this user will not be orthogonal to all users in a neighboring sector, which 

uses a different FH function. 

[00038] Referring back to FIG. 1, each sector concurrently supports a set of non­

handoff users and a set of soft-handoff users. Each user may communicate with one or 

multiple sectors, depending on whether or not the user is in soft handoff. The sector or 

sectors with which a user currently communicates are included in an "active set". For a 

non-handoff user, the active set· includes a single sector, which is the serving sector for 

that user. For a soft-handoff user, the active set includes multiple sectors, and one of 

these sectors (e.g., the strongest received sector) is designated as the serving sector for 

the soft-handoffuser. 

[00039] The non-handoff users of each sector are assigned traffic channels with 

orthogonal FH sequences by that sector and thus do not interfere with each other. Each 

soft-handoff user is assigned a traffic channel by its serving sector. Each soft-handoff 

user is orthogonal to, and does not interfere with, other users in its serving sector. 

However, each soft-bandoff user will not be orthogonal to other users in other sectors in 

its active set. Thus, the soft-bandoffusers of each sector may or may not interfere with 

the non-handoff users of that sector. This depends on whether the soft-handoff users 

have been assigned traffic channels by that sector or by some other sectors. 

(00040] For each sector, the non-handoff users of that sector may be power­

controlled such that their data transmissions can be decoded by that sector in the 

presence of interference from the soft-bandoffusers of that sector as well as interference 

from the users in other sectors. The soft-handoff users may also be power-controlled 
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such that their data trausmissions can be decoded by the sectors in their active sets while 

minimizing interference to the non-handoff users. 

(00041] In one embodiment, each sector processes its received signal and recovers 

the data transmissions from the non-handoff users of that sector. Each sector then 

estimates the interference due to the non-handoff nsers and cancels the interference 

from the received signal. Each sector further processes its interference-canceled signal 

to recover the data trausmissions from the sbft-handoffusers of that sector. 

[00042] Each sector may also be viewed as concurrently supporting a set of 

"primary" users and a set of "secondary" users. For each sector, a primary user is one 

who has been assigned a traffic channel by that sector, and a secondary user is one who 

bas been assigned a traffic channel by another sector. The primary users of each sector 

include (1) non-handoff nsers of that sector and (2) soft-handoff users whose serving 

sector is that sector. The secondary users of each sector include soft-handoff users 

whose serving sectors are some other sectors besides that sector. 

(00043) In another embodiment, each sector processes its received signal and 

recovers the data transmissions from the primary users of that sector (which include 

non-handoff users of that sector as well as soft-handoff users assigned traffic channels 

by that sector). Each sector then estimates the interference due to the primary users snd 

csncels the interference from the received signal. Each sector further processes its 

interference-canceled signal to recover the data transmissions from the secondary users 

of that sector (which are assigned traffic channels by other sectors). 

[00044] Each sector may recover the data transmissions from the users in other 

manners than the two embodiments described above, and this is within the scope of the 

invention. In general, it is desirable to cancel as much interference as possible. 

However, the ability to cancel the interference due to a given user is dependent on the 

ability to correctly decode the data transmission from that user, which may in tum be 

dependent on other factors such as, for eJ<ample, the manner in which the user is power 

controlled. 

[00045] FIG. 3 shows a block diagram of an embodiment of a terminal 120x, which 

is one of .the terminals in OFDMA system 100. Terminal 120x may be for a non­

handoff user or a soft-handoff user. For simplicity, only the transmitter portion of 

terminall20x is shown in FIG. 3. 
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[00046] Within terminal120x, an encoder/modulator 314 receives traffic data from a 

data source 312 and control data and other data from a controller 330. The traffic data 

is designated for transmission on traffic channel x, which is assigned to terminal 120x 

by the serving sector for the terminal. Encoder/modulator 314 formats, encodes, 

interleaves, and modulates the received data and provides modulation symbols (or 

simply, "data symbols"). Each modulation symbol is a complex value for a specific 

point in a signal constellation corresponding to the modulation scheme used for that 

modulation symbol. 

[00047] A transmit frequency hopping (TX FH) switch 316 receives the data symbols 

and provides these symbols onto the proper subbands for traffic channel x. Traffic 

channel x is associated with FH sequence x, which indicates the specific subband to use 

for traffic channel x in each hop period T. FH sequence x may be generated by 

controller 330 based on the FH function f. (k, T} for the serving sector. TX FH switch 

316 may also provide pilot symbols on pilot subbands and further provides a signal 

value of zero for each subband not used for pilot or data transmission. For each OFDM 

symbol period, TX FH switch 316 provides N ''transmit" symbols (which are comprised 
' of data symbols, pilot symbols, and zero-signal values) for the N subbands. 

[00048] An OFDM modulator 318 receives theN transmit symbols for each OFDM 

symbol period and provides a corresponding OFDM symbol. OFDM modulator 318 

typically includes an inverse fast Fourier transform (IFFT) unit and a cyclic prefix 

generator. For each OFDM symbol period, the IFFT unit transforms the N transmit 

symbols to the time domain using an N-point inverse FFT to obtain a "transformed" 

symbol that contains N time-domain "chips". Each chip is a complex value to be 

transmitted in one chip period. The cyclic prefix generator then repeats a portion of 

each transformed symbol to form an OFDM symbol that contains N +c. chips, where 

c;, is the number of chips being repeated. The repeated portion is often referred to as a 

cyclic prefix and is used to combat inter-symbol interference (lSI) caused by frequency 

selective fading. An OFDM symbol period corresponds to the duration of one OFDM 

symbol, which is N +CP chip periods. OFDM modulator 318 provides a stream of 

OFDM symbols. 

[00049] A transmitter unit (TMTR} 320 receives and processes the OFDM symbol 

stream to obtain a modulated signal. Transmitter unit 320 may further adjust the 
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amplitude of the OFDM symbols and/or the modulated signal based on a power control 

signal received from controller 330. The modulated signal is transmitted from an 

antenna 322 to the base station(s) in the active set for terminall20x. 

[00050] FIG. 4A shows a block diagram of an embodiment of a base station 11 Ox in 

a synchronous OFDMA system. Base station 110x is the fixed station for sector sx. 

For simplicity, only the receiver portion of base station 11 Ox is shown in FIG. 4. 

[00051] The modulated signals transmitted by the terminals within the coverage of 

base station 110x are received by an antenna 412. The received signal from antenna 

412 may include (1) one or more modulated signals from non-handoffusers of sector sx 

and' (2) one or more modulated signals from soft-handoff users of sector sx. The 

received signal is provided to and processed by a receiver unit (RCVR) 414 to obtain 

samples. An OFDM demodulator 416 then processes the samples and provides 

''received" symbols, which are noisy estimates of the combined transmit symbols sent 

by all terminals received by base station 11 Ox. OFDM demodulator 4 I 6 typically 

includes a cyclic prefix removal unit and an FFT unit. For each OFDM symbol period, 

the cyclic prefix removal unit removes the cyclic prefix in each received OFDM symbol 

to obtain a received transformed symbol. The FFT unit then transforms each received 

transformed symbol to the frequency domain with an N-point FFT to obtain N received 

symbols for theN sub bands. 

[00052] An RX data processor 420 obtains the N received symbols for each OFDM 

symbol period and processes these symbols to obtain decoded data for each terminal 

transmitting to base station 11 Ox. The processing by RX data processor 420 is 

described in detail below. The decoded data for each terminal may be provided to a 

data sink 422 for storage. 

[00053] Controllers 330 and 430 direct the operation at terminal 120x and base 

station I lOx, respectively. Memory units 332 and 432 provide storage for program 

codes and data used by controllers 330 and 430, respectively. 

[00054] FIG. 4B shows a block diagram of an embodiment of a base station 11 Oy in 

an asynchronous OFDMA system. For an asynchronous system, the timing of the 

secondary users may be different from that of the primary users. An OFDM 

demodulator/RX data processor 440 performs OFDM demodulation for each user based 

on that user's timing. OFDM demodulator/RX data processor 440 also performs 

interference cancellation on time-domain symbols, as described below. 
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[00055) The following description is for the embodiment whereby a primary user of 

sector s, is one assigned a traffic channel by sector s,, and a secondary user of sector 

s, is one assigned a traffic channel by another sector besides sector s,. A primary user 

of sector s, may be a non-handoffuser of sector s, or a soft-handoffuser of sector s, 

whose serving sector is sector s,. A secondary user of sector s, is a soft-handoff user 

of sector s, whose serving sector is another sector besides sector s,. 

[00056) FlG. 5 shows a block diagram of an embodiment of RX data processor 420 

within base station llOx in FIG. 4A for a synchronous OFDMA system. In this 

embodiment, RX data processor 420 includes P data processors 510a through 51 Op for P 

primary users, an interference estimator 520, an interference canceller 530, and S data 

processors 540a through 540s for S secondary users, where P 21 and S 21. 

(00057) For each OFDM symbol period, OFDM demodulator 416 provides N 

received symbols for the N subbands to data processors 510a through SlOp and 

interference canceller 530. One data processor 510 is assigned to recover the data 

transmission :from each primary user. The processing by data processor 51 Oa for a data 

transmission :from primary user 1 is described below. Primary user 1 is assigned traffic 

channel p 1, which is associated with PH sequence p 1. 

[00058) Within data processor 510a, an RX FH switch 514a receives theN received 

symbols for the N subbands in each OFDM symbol period. RX PH switch 514a 

provides received data symbols for traffic channel p 1 to a demodulator 

(Demod)/decoder 516a and received pilot symbols for primary user 1 to a channel 

estimator 518a. Since traffic channel p 1 dynamically hops :from subband to sub band, 

RX FH switch 514a operates in unison with TX FH switch 316 at the terminal for 

primary user pl to extract the received data symbols :from the proper subbands for 

traffic channel p 1. The PH sequence provided to RX FH switch 514a is the same PH 

sequence provided to TX PH switch 316 at the terminal for primary user 1. Moreover, 

the FH sequences are synchronized. 

(00059] A channel estimator 518a obtains received pilot symbols for primary user 1 

:from RX PH switch 514a (as shown in FIG. 5) or :from the received symbols. Channel 

estimator 518a then derives channel estimates for primary user 1 based on the received 

pilot symbols. The channel estimates may include estimates for (1) the channel gain 

between the terminal for primary user 1 and base station I lOx for each subband used for 
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data transmission, (2) the signal strength of the pilot received from primary user 1, and 

(3) possibly other measurements. 

(00060) Demodulator/decoder 516a may coherently demodulate the received data 

symbols from RX FH switch 514a with the channel estimates from channel estimator 

518a to obtain data symbol estimates for primary user 1. Demodulator/decoder 516a 

further demodulates (i.e., symbol demaps), deinterleaves, and decodes the data symbol 

estimates to obtain deeoded traffic data for primary user 1. In general, the processing 

performed by the units within base station 11 Ox for primary user 1 is complementary to 

the processing performed by the corresponding units in the terminal for this primary 

user. 

(00061) Data processors SlOa through SlOp provide deeoded traffic data and channel 

estimates for primary users 1 through P, respectively. Interference estimator 520 

receives the decoded traffic data and the channel estimates for primary users 1 through 

P, estimates the interference due to each of the P primary users, and provides 

interference estimates for the P primary users to interference canceller 530. Interference 

canceller 530 receives the N received symbols for the N subbands in each OFDM 

symbol period and the interference estimates for the P primary users. For each OFDM 

symbol period, interference canceller 530 determines the total interference due to the P 

primary users on each of the N subbands, subtracts the total interference from the 

received symbol for each subband, and provides N interference-canceled symbols for 

the N subbands. An exemplary design for interference estimator 520 and interference 

canceller 530 is described below. 

(00062) One data processor 540 is assigned to recover the data transmission from 

each secondary user. Each data processor 540 includes an RX FH switch 544, a 

demodulator/decoder 546, and a channel estimator 548, which operate in similar maoner 

as RX FH switch 514, demodulator/decoder 516, and channel estimator 518, 

respectively, within data processor 510. However, RX FH switch 544 within each data 

processor 540 is provided with the N interference-canceled symbols instead of the N 

received symbols for the N subbands. Moreover, RX FH switch 544 within each data 

processor 540 operates in unison with the TX FH switch at the terminal for the 

secondary user being recovered by that data processor. Data processors 540a through 

540s provide decoded traffic data (and possibly channel estimates) for seeondary users 1 

through S, respectively. 
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[00063] FIG. 6 shows a block diagram of an embodiment of interference estimator 

520 and interference canceller 530 within RX data processpr 420 in FIG. 4A for a 

synchronous OFDMA system. In this embodiment, interference estimator 520 includes 

P per-terminal interference estimators 620a through 620p for P primary users. One per­

terminal interference estimator 620 is assigned to estimate the interference due to each 
' primary user. The processing by per-terminal interference estimator 620a to estimate 

the interference due to primary user 1 is descnoed below. 

[00064] Within per-terminal interference estimator 620a, an encoder/modulator 622a 

receives the decoded traffic data for primary user l. Encoder/modulator 622a then 

encodes, interleaves, and modulates the decoded traffic data and provides data symbols. 

A TX FH switch 624a receives the data symbols from encoder/modulator 622a and 

provides these symbols onto the proper sub bands fer traffic channel p 1 assigned to 

primary user 1, as indicated by FH sequence p 1 associated with this traffic channel. TX 

FH switch 624a may also provide pilot symbols on the proper subbands. TX FH switch 

624a provides N transmit symbols for theN subbands in each OFDM symbol period. In 

general, the processing by encoder/modulator 622a and TX FH switch 624a is the same 

as that performed by encoder/modulator 314 and TX FH switch 316, respectively,,at the 

terminal for primary user l. 

[00065] A channel simulator 628a simulates the effects of the communication link 

between base station 11 Ox and the terminal for primary user 1. Channel simulator 628a 

receives the transmit symbols from TX FH switch 624a and the channel estimates for 

primary user 1. Channel simulator 628a then processes the transmit symbols with tbe 

channel estimates to obtain an estimate of the interference due to primary user 1. For 

example, channel simulator 628a may multiply the transmit symbol on each subband 

with a channel gain estimate for that subband to obtain an interference component on 

that sub band due to primary user 1. 

[00066] The received symbols contain signal components for the symbols transmitted 

by the primary users and the secondary users of sector s,. The interference estimate 

from channel simulator 628a is the signal component for the symbols transmitted by 

primary user 1. The interference estimate includes N interference components for theN 

subbands, where the interference component for any given subband may be zero if no 

data or pilot symbol is transmitted on that subband by primary user 1. 
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[00067) Per-terminal interference estimators 620a through 620p process the decoded 

traffic data for primary users 1 through P, respectively. Channel simulators 628a 

through 628p within per-terminal interference estimators 620a through 620p provide the 

interference estimates for primary users I through P, respectively. 

[00068] Interference canceller 530 includes N P-input summers 630a through 630n 

and N 2-input summers 632a through 632n, Le., one set of summers 630 and 632 fur 

each of theN subbands. Interference canceller 530 receives theN received symbols for 

the N subbands from OFDM demodulator 416 and the interference estimates for 

primary users 1 through P from per-terminal interference estimators 620a through 620p, 

respectively. Within interference canceller 530, summer 630a receives and sums the 

interference components on subband 1 due to the P primary users and provides the total 

interference on subband 1. Each of the other N-1 summers 630 for subbands 2 through 

N similarly receives and sums the interference components on the associated subband 

due to the P primary users and provides the total interference on that sub band. Summer 

632a receives and subtracts the total interference on subband 1 from the received 

symbol for subband I and provides the interference-canceled symbol for subband 1. 

Each of the other N-1 summers 632 for subbands 2 through N similarly receives and 

subtracts the total interference on the associated subband from the received symbol for 

that subband and provides the interference-canceled symbol for that subband. Summers 

632a through 632n provide the N interference-canceled symbols for the N subbands for 

each OFDM symbol period. 

[00069] FIG. 7 shows a block diagram of an embodiment of OFDM demodulator/RX 

data processor 440 within base station 11 Oy in FIG. 4B fur an asynchronous OFDMA 

system. In this embodiment, OFDM demodulator/RX data processor 440 includes P 

data processors 710a through 710p fur P primary users, an interference estimator 720, 

an interference canceller 730, and S data processors 740a through 740s for S secondary 

users, where P :2: 1 and S :2: 1. 

[00070] The recovered symbols from receivc;r unit 414 are provided to each of data 

processors 710a through 710p. Each data processor 710 includes an OFDM 

demodulator 712, an RX FH switch 714, a demodulator/decoder 716, and a channel 

estimator 718. OFDM demodulator 712 within each data processor 710 perfurms 

OFDM demodulation on the received symbols based on the timing of the primary user 

assigned to that data processor and provides symbol estimates for the N subbands. RX 
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FH switch 714, demodulator/ decoder 716, and channel estimator 718 then operate on 

the symbol estimates in similar manner as described above in FIG. 5 for RX FH switch 

514, demodulator/decoder 516, and channel estimator 518, respectively. Each data 

processor 740 also includes an OFDM demodulator 742 that performs OFDM 

demodulation on the interference-canceled symbols based on the timing of the 

secondary user assigned to that data processor. 

[00071] FIG. 8 shows a block diagram of an embodiment of interference estimator 

720 and interference canceller 730 within OFDM demodulator/RX data processor 440 

in FIG. 4B for an asynchronous OFDMA system. Io this embodiment, interference 

estimator 720 includes P per-terminal interference estimators 820a through 820p for P 

primary users. One per-terminal interference estimator 820 is assigned to estimate the 

interference due to each primary user. Each per-terminal interference estimator 820 

includes an encoder/modulator 822, a TX FH switch 824, an OFDM modulator 826, and 

a channel simulator. 828. Encoder/modulator 822 and TX FH switch 824 operate as 

described above in FIG. 6 for encoder/modulator 622 and TX FH switch 624, 

respectively. TX FH switch 824 provides N transmit symbols for the N subbands in 

each OFDM symbol period. OFDM modulator 826 then performs OFDM modulation 

on the N transmit symbols for each OFDM symbol period and provides time-domain 

symbols. 

[00072] Channel simulator 828 then processes the time-domain symbols with the 

channel estimates for the assigned primary user to obtain an estimate of the interference 

due to the primary user. Since different primary users may be associated with different 

timing for an asynchronous system, channel simulator 828 also performs sample rate 

conversion so that the interference estimate from the channel simulator is time-aligned 

with the received symbols. 

[00073] loterference canceller 730 includes a P-ioput summer 830 and a 2-ioput 

summer 832. loterference canceller 730 receives the received symbols from receiver 

unit 414 and the interference estimates for primary users 1 through P from per-terminal 

interference estimators 820a through 820p, respectively. Within interference canceller 

730, summer 830 sums the interference due to the P primary users and provides the total 

interference. Summer 832 subtracts the total interference from the received symbols 

and provides the interference-canceled symbols, which are processed by data processors 

7 40a through 7 40s for the S secondary users. 
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[00074) The embodiment shown in FIGS. 5 and 6 suggests that the interference due 

to all P primary users is estimated and canceled prior to recovering the data 

transmissions :from the S secondary users. A primary user of sector s, may be a soft­

handoffuser who is power-controlled by multiple sectors in that user's active set. Base 

station 11 Ox for aector s. may not be able to decode the data transmission :from this 

primary user if it is power-controlled such that it can be recovered by other aector(s) in 

the active set. If the data transmission from any primary user cannot be decoded, then 

base station 11 Ox may not attempt to estimate and cancel the interference due to that 

primary user. A base station may use partially decoded data to cancel some of the 

interference. 

[00075) The description above for FIGS. 5 and 6 also applies to an embodiment 

whereby a primary user of aector s, is a non-handoff user of aector s,, and a secondary 

user of aector s, is a soft-handoff user of sector s, (regardless of the serving sector for 

the soft-handoffuser). 

[00076) For the embodiment shown in FIGS. 5 and 6, the primary users are decoded 

first and the aecondary users are decoded next, after the interference due to the primary 

users have been estimated and canceled. It may also be possible to decode. the 

secondary users first and then the primary users next, after the interference due to the 

secondary users have been estimated and canceled. In general, the data transmissions 

from users may be decoded in any order by base station 11 Ox. The interference due to 

each successfully decoded user may be estimated and canceled to improve the signal 

quality of remaining, not yet decoded users. However, system implementation may be 

simplified ifnon-handoffusers are power-controlled such that they can be successfully 

decoded in the presence of interference from soft-handoff users. In this case, the non­

handoffusers are decoded first followed by the soft-handoffusers. 

(00077} For simplicity, FIGS. 5 and 6 show a parallel design whereby (1) one data 

processor 510 and one per-terminal interference estimator 620 is provided for each 

primary user and (2) one data processor 540 is provided for each secondary user. A 

time division multiplex (TDM) design may also be used whereby one data processor 

510 is provided and time-shared for all primary and secondary users and one per­

terminal interference estimator 620 is also provided and time-shared for all primary 

users. 



18 

(00078] FIG. 9 shows a flow diagram of a process 900 for transmitting data in a 

wireless communication system (e.g., a frequency hopping OFDMA system). Process 

900 may be performed by each terminal that is in soft handoff with multiple base 

stations for multiple sectors. 

[00079] Initially, an assignment of a traffic channel is obtained from a first base 

station (step 912). For a frequency hopping OFDMA system, the assigned traffic 

channel is associated with an FH sequence that indicates the specific subband to use for 

data transmission in each time interval (i.e., each hop period). Data is encoded and 

modulated to obtain data symbols (step 914). For a frequency hopping OFDMA 

system, the data symbols are provided on the subbands indicated by the FH sequence 

(step 916). The data symbols are further processed (e.g., OFDM modulated) for 

transmission on the assigned traffic channel to the first base atation and to a second base 

station (step 918). 

(00080] Traffic channels assigned by the first base station are orthogonal to one 

another and are not orthogonal to traffic channels assigned by the second base station. 

For a frequency hopping OFDMA system, the traffic channels assigned by the first and 

second base stations are each associated with a respective FH sequence. The FH 

sequences for the traffic channels assigned by the first base station are orthogonal'.to one 

another and are not orthogonal to the FH sequences for the traffic channels assigned by 

the second base station. 

(00081] FIG. 10 shows a flow diagram of a process 1000 for receiving data 

transmissions from multiple terminals in a wireless communication system (e.g., a 

frequency hopping OFDMA system). Process 1000 may be performed by the base 

station for each sector. For clarity, the processing by base station x for sector s, is 

descn"bed below. 

(00082] Initially, received symbols are obtained (step 1012). The received symbols 

include (1) at least one data transmission on at least one "primary" traffic channel from 

at least one primary terminal and (2) at least one data transmission on at least one 

"secondary" traffic channel from at least one secondary terminal. Primary traffic 

channels are those assigned by base station x, and secondary traffic channels are those 

assigned by other base stations (e.g., neighboring base stations of base station x). The 

primary traffic channels are orthogonal to one another and are not orthogonal to the 

secondary traffic channels. The primary traffic channels may be pseudo-random with 
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respect to the secondary traffic channels. Primary terminals are those assigned primary 

traffic channels by base station x, and secondary tenninals are those assigned secondary 

traffic channels by other base stations. Bach secondary terminal may be in soft bandoff 

with at least two base stations (which include base station x) and may be assigned a 

secondary traffic channel by another base station other than base station x. 

[00083] For an OFDMA system, the received symbols are obtained for N subbands 

from an OFDM demodulator. Also for an OFDMA system, each traffic channel is 

associated with a respective FH sequence. The "primary" FH sequences fur the primary 

traffic channels are orthogonal to one another and are not orthogonal to "secondary" FH 

sequences for the secondary traffic channels. 

[00084] The received symbols are processed to obtain decoded data for each primary 

temrinal (step 1014). Interference due to the primary terminal(s) is estimated (step 

1016) and canceled from the received symbols to obtain interference-canceled symbols 

(step 1018): The interference-canceled symbols are then processed to obtain decoded 

data for each secondary temrinal (step 1020). 

[00085] The processing for each primary tenninal may include (1) obtaining the 

received symbols on the subbands indicated by the primary FH sequence for the 

primary traffic channel assigned to the primary terminal, (2) deriving channel estimates 

for the primary terminal (e.g., based on pilot symbols received from the primary 

terminal), and (3) demodulating and decoding the received symbols for the primary 

temrinal (e.g., with the channel estin1ates for the primary terminal) to obtain the 

decoded data for the primary terminal. The processing for each secondary temlinal may 

be performed in sinrilar maoner, albeit on the interference-canceled symbols instead of 

the received symbols. 

[00086) The interference due to each primary terminal may be estimated by (1) 

encoding and modulating the decoded data for the primary terminal to obtain data 

symbols, (2) providing the data symbols on the subbands indicated by the FH sequence 

assigned to the primary tenninal, and (3) processing the data symbols with the channel 

estimates to obtain the interference due to the primary terminal. The interference due to 

each primary tenninal may be combined to obtain total interference due to the primary 

tenninal( s ). 

[00087] The techniques descn'bed herein may be used for a frequency hopping 

OFDMA system as well as other types of wireless communication systems. For 
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example, these techniques may be used for systems that employ other multi-carrier 

modulation techniques, such as discrete multi-tone (DMT). These techniques may also. 

be used for wireless communication systems that do not employ multi-carrier 

modulation and those that do not employ frequency hopping. 

(00088] The techniques described herein may be used for systems that define traffic 

channels in some other manners. For a frequency hopping OFDMA system, a traffic 

channel is defined by an associated FH sequence, which indicates the specific subband 

to use in each hop period. For a time division multiplex (TDM) system, data may be 

transmitted in time slots, and multiple traffic channels may be assigned different time 

slots. The traffic channels for each sector may be defined to be orthogonal to one 

another so that no two traffic channels use the same time slot. The traffic channels for 

different sectors may be pseudo-random so that a traffic channel for one sector may use 

the same time slot as (and thus collide with) a traffic channel for another sector. The 

techniques described herein may also be used for this TDM system. Each soft-handoff 

user is assigned one traffic channel by its serving sector. Each sector would recover the 

data transmissions from the primary users of that sector, cancel the interference due to 

the primary users, and then recover the data transmissions .from the secondary users of 

that sector. 

(00089] The techniques described herein may be used to support soft handoff on the 

reverse link, as described above. These techniques may also be used to support softer 

handoff, which is a process whereby a terminal communicates with multiple sectors of 

the same cell. The same processing may be performed at the base station and the 

.terminal for both soft handoff and softer handoff. 

[00090) The techniques described herein may also be used for the forward link. For 

example, a terminal may simultaneously receive a user-specific data transmission from 

one base station and overhead transmissions (e.g., broadcast transmissions) from 

multiple base stations on the forward link. The terminal may process its received signal 

to recover the user-specific data transmission from the one base station, estimate and 

cancel the interference due to the user-specific data transmission, and process the 

interference-canceled signal to recover the overhead transmissions from the multiple 

base stations. 

[00091) The techniques descnoed herein may be implemented by various means. For 

example, these techniques may be implemented in hardware, software, or a combination 
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thereof. For a hardware implementation, the processing units (e.g., data processors.SlO 

and 540, interference estimator 520, interference canceller 530, and so on) within a base 

station may be implemented within one or more application specific integrated circnits 

(ASICs), digital signal processors (DSPs), digital signal processing devices (DSPDs), 

progrannnable logic devices (PLDs), field programmable gate arrays (FPGAs), 

processors, controllers, micro-controllers, microprocessors, other electronic units 

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

processing units (e.g., encoder/modulator 314, TX FH switch 316, OFDM modulator 

318, and so on) within a terminal may also be implemented within one or more ASICs, 

DSPs, and so on. 

[00092] For a software implementation, the techniques descnoed herein may be 

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

functions described herein. 'The software codes may be stored in memory units (e.g., 

memory units 332 and 432 in FIGS. 3 and 4) and execnted by processors (e.g., 

controllers 330 and 430). 'The memory unit may be implemented within the processor 

or external to the processor, in which case it can be communicatively coupled to the 

processor via various means as is known in the art. 

[00093] '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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CLAIMS 

l. A method of transmitting data from a terminal in a wireless communication 

system, comprising: 

obtaining an assignment of a traffic channel from a first base station, 

wherein the traffic channel is otthogonal to at least one other traffic channel assigned by 

the first base station; 

encoding and modulating data to obtain data symbols; and 

processing the data symbols for transmission on the traffic channel to the 

first base station and to a second base station, wherein traffic channels assigned by the 

first base station are not otthogonal to traffic channels assigned by the second base 

station. 

2. The method of claim 1, wherein the transmission from the terminal is received 

and processed by the first base station prior to recovering transmissions from other 

terminals assigned with other traffic channels not otthogonal to the traffic channel 

assigned to the terminal. 

3. The method of claim 1, wherein transmissions from other terminals assigned 

with other traffic channels by the second base station are received and processed by the 

second base station prior to recovering the transmission from the terminal. 

4. The method of claim l, wherein the wireless communication system is a 

frequency hopping communication system. 

5. The method of claim 4, wherein t11e traffic channels assigned by the first base 

station and the traffic channels assigned by the second base station are each associated 

with a respective frequency hopping (FH) sequence that indicates a specific one of a 

plurality of subbands to use for data transmission in each time interval. 

6. The method of claim 1, wherein the first and second base stations are for two 

different sectors of one cell in the system. 
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7. The method of claim l. wherein the first and second base stations are for two 

different cells in the system. 

8. A method of transmitting data in a wireless frequency hopping (FH) 

communication system, comprising: 

obtaining an assignment of an FH sequence from a first base station, 

wherein the FH sequence is orthogonal to at least one other FH sequence assigned by 

the first base station; 

encoding and modulating data to obtain data symbols; 

providing the data symbols on subbands indicated by the FH sequence; 

and 

processing the data symbols for transmission to the first base station and 

to a second base station, wherein FH sequences assigned by the first base station are not 

orthogonal to FH sequences assigned by the second base station. 

9. The method of claim 8, wherein the FH sequences assigned by the first base 

station are pseudo-random with respect to the FH sequences assigned by the second 

base station. 

10. An apparatus in a wireless frequency hopping (FH) communication system, 

comprising: 

means for obtaining an assignment of an FH sequence from a first base 

station, wherein the FH sequence is orthogonal to at least on other FH sequence 

assigned by the first base station; 

means for encoding and modulating data to obtain data symbols; 

means for providing the data symbols on subbands indicated by the FH 

sequence; and 

means for processing the data symbols for transmission to the first base 

station and to a second base station, wherein FH sequences assigned by the first base 

station are not orthogonal to FH sequences assigned by the second base station. 
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II. An apparatus in a wireless frequency hopping (FH) communication system. 

comprising: 

a controller operative to obtain an assignment of an FH sequence from a 

first base station, wherein the FH sequence is orthogonal to at least on other FH 

sequence assigned by the first base station; 

an encoder and modulator operative to encode and modulate data to 

obtain data symbols; 

a switch operative to provide the data symbols on subbands indicated by 

the FH sequence; and 

an orthogonal frequency division multiplexing (OFDM) modulator 

operative to process the data symbols for transmission to the first base station and to a 

second base station, wherein FH sequences assigned by the first base station are not 

orthogonal to FH sequences assigned by the second base station. 

12. A processor readable media for storing instructions operable to: 

obtain an assignment of a frequency hopping (FH) sequence from a first 

base station, wherein the FH sequence is orthogonal to at least on other FH sequence 

assigned by the first base station; 

encode and modulate data to obtain data symbols; 

provide the data symbols on sub bands indicated by the FH sequence; and 

process the data symbols for transmission to the first base station and to a 

second base station, wherein FH sequences assigned by the first base station are not 

orthogonal to FH sequences assigned by the second base station. 
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