ABSTRACT

[00135] Techniques for allocating and mapping resources in a wireless
communication system are described. The system may use hop-porfs to facilitate
allocation and use of subcarriers. In one aspect, the. hop-ports may be partitioned into
multiple subzones, with each subzone including a configurable number of hop-ports.
The hop-ports within each subzone may be pérmuted or shuffled based on'a permutation
function. After permutation, the hop-ports in all subzones may be mapped to the
subcarriers based on local or global hoppmg In another aspect, a set of hop-ports may
be mapped to a set of subcamers A hop -port may be mapped to an unavailable
subcarrleriand=;may the‘n be’ ~rpmapped to ‘another ‘available subcarrier. In yet another
aspect, a set of hop-ports may be mapped to a set of subcarriers distributed (e.g., evenly)

across all subcarriers but avoiding subcarriers in a reserved zone.



'CLAIMS

i
1.' An apparatus for wireless communication, comprising:
at least one processor configured to partition a plurality of hop-ports into
multiple subzones, each subzone including a configurable number of hop-ports, and to
penhute the hop-ports within each subzone based on a permutation function; and

a memory coupled to the at least one processor.

2. The apparatus of claim 1, wherein the permutation function is different

for each sector.

3. The apparatus of claim 1, wherein the permutation function is different

* for each of the multiple subzones.

4. The apparatus of claim‘ 1, wherein the at least one processor is
configured to map the plurality of hop-ports in the multiple subzones, after permutation,

to a plurality of subcarriers.

5. The apparatus of clalm 4, wherein the at least one processor is
configured to° map the plurahty of hop-ports to the plurahty of subcarners based on a
second permutation function common for all of the multiple subzones and for all

sectors.

6. The apparatus of claim 4, wherein the at least one processor is
configured to identify at least one hop-port mapped to at least one subcarrier occupied
by a control segment, and to remap the at least one hop port to at least one subcarrier

assigned to the control segment.

7. The apparatus of claim 4, wherein the at least one processor is
configured to map the plurality of hop-ports further to avoid a group of reserved

subcarriers. -



8. The appqiatus of claim 1, wherein the at least one processor is
conﬁgured to map ‘a ‘block. of hop-ports in-one of the multiple subzones, after
permutation, to a block of contlguous subcamers among a plurahty of subcamers based

‘,'r.

on a second permutatmn function.

9. The apparatus of ~claim 1, wherein the at least one processor‘ is
configured to map a block of hop-ports in one of the multiple subzones, after
permutation, to a designated block of contiguous subcarriers among a plurality of

subcarriers.
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10.  The apparatus of claim 1, wherein the at least one' processor is
configured to map a block of hop-ports in one of the multiple subzones, after

permutation, to a set of subcarriers distributed across a plurality of subcarriers.

11.  The apparatus of claim 1, wherein the at least one processor is
configured to determine usable hop-ports.in the multiple subzones, and to map only the
usable hop-ports in the multiple subzones, after permutation, to a plurality of subcarriers

available for transmission.

12. A method for wireless commﬁriication, comprising:
partiti(fning"‘ a plurélitj{ .of hop-ports into multiple subzones, each subzone
including a configurable number of hop-ports; and '

permuting the hop-ports within each subzone based on a permutation function.

13. The method of claim 12, further comprising:
mapping a block of hop-ports in one of the multiple subzones, after permutation,
to a block of contiguous subcarriers among a plurality of subcarriers based on a second

permutation function.

14. The method of claim 12, further comprising:
mapping a block of hop-ports in one of the multiple subzones, after permutation,

to a designated block of contiguous subcarriers among a plurality of subcarriers.



15. The method of claim 12, further comprising:
~ mapping a block of hop:ports in one.of the multiple subzones, after permutation,

to a set of subcamers dlstrxbuted across.a plurahty of subcamers
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16.  An apparatus for wireless communication, comprising:

means for partitioning a plurality of hop-ports into multiple subzones, each
subzone including a conﬁgurable number of hop-ports; and ; _

means for permuting the hop-ports w1th1n each subzone based ona permutation

function.

17.  The apparatus of claim 16, further comprising: _
means for nrapping a block of hop-ports in one of the multiple subzones, after
permutation, to a block of contiguous subcarriers among a plurality of subcarriers based

on a second permutation function.

18. The apparatus of claim 16, further comprising:
means for mapping a block of hop- ports in one of the multlple subzones after
permutation, to a designated block of contiguous subcarriers among-a plurality of

subcarriers.

19. ~ . The apparatus of claim 16, further comprising: :
means for mapping a block of hop-ports in one of the multiple subzones, after

permutation, to a set of subcarriers distributed across a plurality of subcarriers.

20. A computer program produét, comprising:
‘a computer-readable medium comprising: , .
code for causing at least one computer to partition a plurahty of hop-
ports into multiple subzones, each subzone including a configurable number of hop-
ports; and "
code for causing the at least one computer to permute the hop-ports

within each subzone based on a permutation function.



21. An apparatus for wireless communication, comprising:

at least one processor conﬁgured to map a set of hop-ports to a set of subcarriers
based on at least .one permutatlon ﬁmction to 1dent1fy at least one hop-port in the set of
hop-ports mapped to at least one, unavallable subcarrier i in the set of subcarrlers and to
remap the at least’ one hop port to at least one avallable subcarrier outside the set of
subcarriers; and

a memory coupled to the at least one processor..

22.  The apparatus of claim 21, wherein ‘the at least one processor is
configured to determine a first group of subcarriers assigned to a control segment, to
determine a second group of subcarriers occupied by the control segment, to identify the
at least one unavailable subcarrier as belonging in the second group of subcarriers, and
to identify the at least one available éuboarrier as belonging in the first group of

subcarriers.

23, The apparatus of claim 22, wherein the control segment hops from the

first group of subcarriers to the second group of subcarriers.

24,  The apparatus of claim 22, wherein the control segment comprises a
Code Division Multiple Access (CDMA) subsegment. occupymg a group of contiguous

subcarriers in each frame in Wthh the CDMA subsegment is sent.
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25.  The apparatué of claim 22, wherein the first and second groups overlap,
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wherein the subcarriers in the second group are unavailable, and wherein the subcarriers

in the first group and ﬁot in the second group are available for remapping by hop-ports.

26. A method for wireless communication, comprising:

mapping a set of hop-ports to a set of subcarriers based on at least one
permutation function; 7 |

identifying at least one hop-port in the set of hop-ports mapped to at least one

unavailable subcarrier in the set of subcarriers; and



remapping the at least one hop-port to at least one available subcarrier outside

the set of subcarriers; and

27. The method of clalm 26, further compnsmg

determining a ﬁrst group of subcarrlers ass1gned to a control segment;

determining 2 second group of subcarriers occupied by the control segment;

ide'ntif}'fling‘tﬁe at least ‘one unavailable subcarrier as belonging in the second
group of subcarriers; and

identifying the at least one available subcarrier as belonging in the first group of

subcarriers.

28. An apparatus for wireless communication, comprising:

at least one processor configured to determine at leas:c one zone of subcarriers
usable for transmission but to be avoided, and to map a set of hop-ports to a set of
subcarriers distributed across a plurality of subcarriers and avoiding the‘subcarriers in
the at least one zone, and

a memory coupled to the at least one processor.

29.  The apparatus of claim 28, wherein the at least one zone comprises a

zone of reserved subcarriers for a control segment.

30. The apparatus of claim 28 wherein the at least one zone comprises a

zone of subcarners used for a block resource channel (BRCH)
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31. The apparatuélof‘ claim 28, wherein the subcarriers in the set are evenly .

spaced across the plurality of subcarriers.

32.  The apparatus of claim 28, wherein the plurality of subcarriers span an
entire system bandwidth, and wherein the at least one zone includes contiguous

subcarriers located away from left and right edges of the system bandwidth.



33.  The apparatus of claim 28, wherein the plurality of subcarriers span a
portion of system bandwidth, and wherein the at least one zone of subcarriers spans

remaining portion of the system bandwidth.

34. A method for w1reless communication, compnsmg
determmmg at least one zone, of subcarners usable for transmission but to be
avoided,and =~ = . . :

mapplng é set of hop-ports toa set of subcarrlexs dlstnbuted across a plurality of

subcarriers and avoiding the subcarriers in the at least one zone.

35.  Anapparatus for wireless communication, comprising:

at least one processor conﬁgured to determine a first hop-port assigned to a
control segment, to determine a second hop-port to exchange with the first hop-port, to
map the first hop-port to a first subcarrier, to map the second hop-port to a second
subcarrier, and to assign the second subcarrier to the control segment; and

a memory coupled to the at least one processor.

36. The apparatus of claim 35, wherein the at least one processor is
configured to assign the first subcarrier to a transmission assigned with the second hop-

port.-

37.  The apparatus of claim 35, wherein the at least one processor is
configured to determme a ﬁrst set of hop-ports a551gned to.the control segment and
comprising the fitst’ hop port‘ fo determme a second set of hop-ports to exchange with
the first set of hop ports and comprlslng the second hop-port to map the first set of hop-
ports to a ﬁrst set of subcarrlers to map the second set of hop—ports to a second set of

subcarriers, and to assign the second set of subcarriers to the control segment.

38.  The apparatus of claim 37, wherein the hop-ports in the first set are
distributed across a configurable number of subzones, and wherein the hop-ports in the

second set are distributed across a fixed number of hopping zones.



39. A method for wireless communication, comprising:
determining a first hop-port assigned to a control segment;
determining a second hop-port to exchange with the first hop-port;
mapping the first hop-port to a first subean*ier; '

mapping the second hop-port to a second subcarrier; and
assigning the second subcarrier to the control segment.
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40. The method of clalm 39 further compnsmg
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determlmng ‘a ﬁrst set of hop—ports as51gned ‘to the control segment and
comprising the first hop-port; |
determining a second set of hop-ports to exchange with the first set of hop-ports
and comprising the second hop-port; »
| mapping the first set of hop-ports to a first set of subcarriers;
7 mapping the second set of hop-ports to a second set of subcarriers; and

assigning the second set of subcarriers to the control segment.

41.  The method of claim 39, wherein the hop-ports in the first set are
distributed across-a configurable number of subzones, and wherein the Hop-port's in the

second set are distributed across a fixed number of hopping zones.

42.  An apparatus for wireless communication, comprising:
at least one processor configured to perform local hopping in a first time
interval, and to perform global hopping in a second time interval; and ‘

a memory coupled to the at least one processor.
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43. .\»The apparatus ef cla1m 42 wherem the at least one processor is
conﬁoured t map a block of hop—ports to a bIock of subcamers W1thm a subzone for
local hopping, and to map a block of hop-ports to a block of subcarriers anywhere
within system bandwidth for global hopping.

44,  The apparatus of claim 42, wherein the at least one processor is

configured to map a block of hop-ports to a block of contiguous subcarriers within a



“subzone for local hopping, and to map a block of hop-ports to a set of ‘subcarriers

distributed across a plurality of subcarriers for global hop‘ping.

45.  The apparatus of claim 42, wherein the first time interval is for a first
interlace and the second time interval is for a second interlace for hybrid automatic

repeat request (HARQ).

46. The apparatus of claim 42 wherem the at least one processor is
configured to perform loéal hoppmg for a first group of subcarriers in the first time
interval, and t;o perform glob,a’lr_hopp;ngsfor- a sepond group of subcarriers in the first

time interval.

47. A method for wireless communication, comprising;:
performing local hopping in a first time interval; and

performing global hopping in a second time interval.

48. The method of claim 47, wherein the performing rlocal hopping
comprises mapping a block of hop-ports to a block of supcarriers within a subzone for
local hopping, and wherein the perforrrling global hopping comprises mapping a block
of hop-ports to a block of subcarriers anywhere within system bandwidth for global

hopping.

49. The method of claim 47, wherein the performing local hopping
comprises mapping a block of hop—ports to a block of contiguous subcarriers within a
- subzone for local hopping, at‘ndv wherein the performing -global hopping comprises
mapping a block of "thop-{por,ts" to.a set of subCarriero distributed across a plurality of
subcarriers for global hopping. . |
50.  The method of claim 47, wherein llocal hopping is performed for a first
group‘ of subcarriers in the first time interval, and wherein the method further comprises

performing global hopping for a second group of subcarriers in the first time

interval.

Dated this 18t day of June, ' ~‘€
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hop-port to at least one available
subcarrier outside the set of subcarriers

FIG. 17
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1900
( Start ) =
v 1812 1912

Determine-at least one zone
of subcarriers usable for

transmissioh but t6 be avoided

Module to determine at least one
zone of subcarriers usable for
transmission but to be avoided

T

' 1o 1914

Map a set of hop-ports to
a set of subcarriers distributed
across a plurality of subcarriers
and avoiding the subcarriers
in the at least one zone

Module to map a set of hop-ports
to a set of subcarriers distributed
across a plurality of subcarriers
and avoiding the subcarriers
in the at least one zone

v

End

D

FIG. 18

FIG. 19
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2100
Start ) 2000
v 2012 ¥ L2112

Determine a first hop-port
assigned to a control segment

Module to determine a first hop-port
assigned to a control segment

v 2014

2114

Determine a second hop-port to
exchange with the first hop-port

Module to determine a second hop-
port to exchange with the first hop-port

v 2016 2116
Map the first hop-port Module to map the first
to a first subcarrier _ hop-port to a first subcarrier
Ly . .,2018 ' 2118
Map the second hop-port Module to map the second
to a second subcarrier hop-port to a second subcarrier
v 2020 2120

Assign the second subcarrier
to the control segment

Module to sssign the second
subcarrier to the control segment

v

2022

2122

Assign the first subcarrier
to a transmission assigned
with the second hop-port

Module to assign the first
subcarrier to a transmission
assigned with the second hop-port

v

-y ) FIG. 21
FIG. 20
2300
s 4
tart ) 2200
v £2212 2312
Perform local hopping Module to perform local hopping
in a first time interval in a first time interval
v 2214 /2314

Perform global hopping
in a second time interval

Module to perform global hopping
in a second time interval

v

End

) FIG.

FIG. 23
22
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RESOURCE ALLOCATION AND MAPPIN G
IN A WIRELESS COMMUNICATION SYSTEM

[0001] The present application claims priority to provisional U.S. Application Serial
No. 60/883,729, entitled" “RESOURCE ALLOCATION AND MAPPING IN A
WIRELESS COMMUNICATfON SYSTEM » and provisional U.S. Application’ Serial
No. 60/883,758," entitled “W"I_RELESS COMMUNICATION SYSTEM,” both filed

J anuary 5, 2007, assigned to the assigneehereof and incorporated herein by reference.

BACKGROUND
I Field | |
[0002] The present disclosure relates generally to communication, and more
specifically to techniques for allocating and mapping resources in a wireless

communication system.

II.  Background :

[0003]  Wireless communication systems are widely deployed to prcvide various
communication services such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the evailable 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 FDMA! (OFDMA) systems and Single-Carrier FDMA (SC-
FDMA) systems. S

[0004] A Wirele‘sscomm{i"nication system may include many base stations that can
support communication for many terminals on the forward and reverse links. The
forward link (or downlink) refers to the communication link from the base stations to
the terminals, and the reverse link (or upiink) refers to the communication link from the
terminals to the base stations. The system may have a certain amount of time frequency

resources for each link. It may be desirable to have an efficient scheme for allocating

and mapping the available resources on each link.



SUMMARY

[0005] Techniques for allocating and mapping resources in a wireless
communication system are described herein.” The system may have Nggr spbcarriers
that may.be obtained via orthogonal fre(juency division multiplexing (OFDM) or some
other modulation techmques Hop-ports may be defined to facilitate allocation and use
of the Ngpr subcamers The hop ports may be considered as loglcaI/ virtual subcarriers
that may be mapped to physwal subcarriers. In the descnptlon herein, the term
“subcarrier” refers to physwal subcarrier unless noted otherwise. 'l | »
[0006] In one aspect, a plurahty of hop-ports may be partitioned into multiple
subzones, with each subzone including a conﬁgurable number of hop-ports. The hop-
ports within each subzone may be permuted or shuffled based on a permutation
function, which may be different for each subzone and each sector. After permutation,
the plurality of hop-ports in the multiple subzones may be mapped to a plurality of
subcarriers, e.g., based on local hopping (LH), global hopping' (GH), block resource
channel (BRCH), or distributed resource channel (DRCH) which are descrlbed in detail
below. |
[0007] In another aspect, a set of hop-ports may be mapped to a set of subcarriers
based on at least one permutation function. At least one hop-port mapped to at least one
unavailable subcarrier may be identified and may be remapped to at least one available
subcarrier outside the set of subcarriers. | -
[0008] In yet another éspect, at least one zone of subcarriers usable for transmission
but to be avoided is determined. A set of hop-ports may be mapped to a set of
subcarriers dlstrlbuted (e.g., evenly) across a plurality of subcarriers and avoiding the
subcarriers in the at least one zone: ' A
[0009] In yet another aspéct; hopping may be performed after exchanging hop-ports.
A first hop-port vassigned to a control segment may be determined. A second hop-port
to exchange with the first hop-port may be determined. The first and second hop-ports
may be mapped to first and second subcarriers, respectively. The second subcarrier
may be assigned to the control segment, and the first subcarrier may be assigned to a

transmission assigned with the second hop-port.



[0010] In yet another aspect, local hopping (e.g., LH or BRCH) may be performed
in a first time interval, and global hopping (e.g., GH or DRCH) may be pérformed in a
second time interval. Local and global hopping may be performed in differént time
intervals, e.g., for different HARQ interlaces. Local and global hopping may also be
performed in the same time interval, e.g., local hopping may be performed for a first
group of subcarriers, and global hoppiné may be performed for a second group of
subcarriers. _ -

[0011] Varioqs 'asp‘ectshanfgl features of .jche disclosure are described in further detail

Cohe !

below.

_BRIEF DESCRIPTION OF THE DRAWINGS' .

[0012] FIG. 1 shows a wireless communication system.
[0013] FIG. 2 shows a superframe structure.
[0014] FIG. 3 shows a CDMA segment.
[0015] FIG. 4 shows CDMA hop zones for a CDMA subsegment.
[0016] FIG. 5§ shows a hop-port structure. |
[0017] FIG. 6 shows partitioning of hop-ports to subzones. '
[0018] FIG. 7 shows hop-port to subcarrier mapping for a GH structure.
. [0019] F1G. 8 shows hop- port to subcarrier mapping for a LH structure. -

[0020] FIG.9A showsa BRCH structure.

[0021] FIG. 9B shows a DRCH structure.

[0022]  FIG. 10A shows multiplexing mode 1 for the BRCH and DRCH structures.
[0023] FIG. 10B shows multiplexing mode 2 for the BRCH and DRCH structures.
[0024] FIG. 11 shows hop-port to subcarrier mapping for the BRCH structure.
[0025] FIGS. 12A and 12B show hop-port to subcarrier mapping for the DRCH
structure for multiplexing modes 1 and 2, respectively. ' :

[0026] FIG..13 shows hop-port exchanging for a forward link control segment (FLCS).
[0027] ‘ FIG 14 shows a pr'bcéss for inapping hop-ports to subcarﬁers.

[0028] FIG. 15 shows an apparatus for mapping hop-ports to subcarriers.

[0029] FIG. 16 shows a process for hopping with remapping.

[0030] FIG. 17 shows an apparatus for hopping with remapping.
[0031] FIG. 18 shows a process for distributed hopping. - .



[0032] FIG. 19 shows an apparatus for distributed hopping.

[0033] FIG. 20 shows a process for hopping with exchanged hop-ports.
[0034] FIG. 21 shows an apparatus for hopping with exchanged hop-ports.
[0035] FIG. 22 shows a process for performing local and global hopping.
[0036] FIG. 23 shows an apparatus for performing local and global hopping.
[0037] FIG. 24 shows a block diagram of one base station and two terminals.

DETAILED DESCRIPTION

[0038] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA and SC-FDMA
systems. The terms “system” and “network” are often used interchangeably. A CDMA
system may implement a radio technology such as cdma2000, Universal Terrestrial
Radio Access (UTRA), etc. An OFDMA system may implement a radio technology
such as Ultra Mobile Broadband (UMB), Evolved UTRA (E-UTRA), IEEE 802.16,
IEEE 802.20, Flash-OFDM®, etc. UTRA and E-UTRA are described in documents
from an organization named “3rd Generation Partnership Project” (3GPP). c¢dma2000
and UMB are described in documents from an organization named “3rd Generation
Partnership Project 2” (3GPP2). These various radio technologies and standards are
known in the art. For clarity, certain aspects of the techniques are described below for
UMB, and UMB terminology is used in much of the description below. UMB is
described in 3GPP2 C.S0084-001, entitled “Physical Layer for Ultra Mobile Broadband
(UMB) Air Interface Specification,” August 2007, which is publicly available.

[0039] FIG. 1 shows a wireless communication system 100, which may also be
referred to as an access network (AN). System 100 may include multiple base stations
11.0. A base station is a station that communicates with the terminals and may also be
referred to as an access point, a Node B, an evolved Node B, etc. Each base station
provides communication coverage for a particular 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 improve system capacity, a base station coverage area may be
partitioned into multiple smaller areas, e.g., three smaller areas 104a, 104b, and 104c.

Each smaller area may be served by a respective base station subsystem. The term



“sector” can refer to the smallest coverage area of a base station and/or a base station
subsystem serving this coverage area.

[0040] Terminals 120 may be dispersed throughout the system, and each terminal
may be stationary or mobile. A terminal may also be referred to as an access terminal
(AT), a mobile station, a user equipment, a subscriber station, a station, etc. A terminal
may be a cellular phone, a personal digital assistant (PDA), a wireless communication
device, a wireless modem, a handheld device, a laptop computer, a cordless phone, etc.
A terminal may communicate with zero, one, or multiple base stations on the forward
and/or reverse links at any given moment.

[0041] For a-centralized architecture, a system controller }30 may couple to base
stations 110 andv provide coordination alnd control for these base stations. System
controller 130 may be a smgle network entity cr a collection of network entities. For a
distributed architecture, the base stations may communicate with one another as needed.
[0042] FIG. 2 shows a design of a superframe structure 200. The transmission
timeline for each link may be partitioned into units of superframes. Each superframe
may span a particular time duration, which may be fixed or configurable. For the
forward link (FL), each superframe may include a preamble followed by M physical
layer (PHY) frames, where M may be any integer value. In general, the term “frame”
may refer to a time interval in a transmission timeline or a transmission sent during the
time interval, depending on the context in which the term is used. In one design, each
superframe includes M =25 PHY frames with indices of O through 24. The superframe
preamble may carry system information and acquisition pilots that may enable terminals
to acquire and access the system. Each PHY frame may carry traffic data, control
information/signaling, pilot, etc. For the reverse link (RL), each superframe may
include M PHY frames, where the first PHY frame may be extended by the length of
the superframe preamble on the forward link. The superframes on the reverse link may
be time aligned with the superframes on the forward link.

[0043] The base stations may transmit data and control information on each FL
PHY frame to the terminals. The terminals (e.g., if scheduled) may transmit data and
control information on each RL' PHY frame to the base stations. A base station and a
terminal may simultaneously transmit and receive data and control information via the

forward and reverse links.



[0044] The system may utilize OFDM on the forward and/or reverse link. OFDM
may partition the system bandwidth for each link into multiple (Ngpr) orthogonal
subcarriers, which may also be referred to as tones, bins, etc. Each subcarrier may be
modulated with data. The spacing between adjacent subcarriers may be fixed, and the
number of subcarriers may be dependent on the system bandwidth. For example, NFrrr
may be equal to 128, 256, 512, 1024 or 2048 for system bandwidth of 1.25, 2.5, 5, 10 or
20 MHz, respectively. Only a subset of the Nggr total subcarriers may be usable for
transmission, and the remaining subcarriers may serve as guard subcarriers to allow the
system to meet spectral mask requirements. The Ngpr total subcarriers may include
Nysasie usable subcarriers and Nguyarp guard subcarriers, where Nrrr = Nusapie +
Nguarp-

[0045] Table 1 lists some ‘parameters for the system and provides an example value
for each parameter. Other values may also be used for these parameters. For clarity,

many of the examples below are based on the example parameter values shown in Table

1.

Table 1

Symbol Description E:,i‘:lgle
Nrer Total number of subcarriers 512
NusaBLE Number of usable subcarriers 480
NgGuarp Number of guard subcarriers 32
NGUARD,LEFT Number of guard subcarriers on left edge 16
Nepma-sussegMent | Number of subcarriers for a CDMA subsegment 128
NAVAILABLE Number of nominally available subcarriers 352
NBLock Number of subcarriers per block 16

NERAME Number of OFDM symbol periods per PHY frame 8
NSUBZONEMAX Maximum number of hop-ports per subzone 64 or 128

[0046] The system may utilize a CDMA segment that can support transmission of
pilot, control information, and. some traffic data on the reverse link. The CDMA

segment may include C CDMA subsegments, where in general C>1. Each CDMA
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subsegment may occupy Ncpma-supsegMmeENT contiguous subcarriers in each CDMA

frame. A CDMA frame is a PHY frame in which the CDMA segment is sent.

[0047) FIG. 3 shows a design of a CDMA segment 300. In this design, the CDMA
segment includes one CDMA subsegment and is sent every Q PHY frames, where Q
may be equal to 4, 6, 8, etc. The CDMA subsegment may hop across the system
bandwidth from CDMA frame to CDMA frame to achieve frequency diverSity. ,

[0048] FIG. 4 shows a design of CDMA hop zones for a CDMA subsegment.
Multiple CDMA hop zones may be defined over the NysasLe usable subcarriers, with
each CDMA hop zone covering Nepma-sussegMENT contiguous subcarriers. Each pair of
CDMA hop zones may be non—overlappiiig with other pairs of CDMA hop zones. The
two CDMA hop zones in each pair may overlap, as shown in FIG. 4, with the amount of
overlap being dependent on the number of guard subcarriers. The CDMA subsegment
may occupy one CDMA hop Zoné 'in eath' CDMA frame.

[0049] The .G .CDMA subsegments _may nominally . occupy C non-overlapping

. CDMA hop Zones. For exéniple, CDMA subsegment ¢ may nominally occupy CDMA

hop zone 2*c when each pair of CDMA hop zones overlap as shown in FIG. 4. CDMA
subsegment ¢ may hop and occupy another CDMA hop zone in each COMA frame.

[0050] A subcarrier may be nominally available for transmission if it is not

nominally occupied by a CDMA subsegment and also if it is not a guard subcarrier.

The number of nominally available subcarriers, NavaiasLg, may be given as:

» ‘ Navawasie = Neger — Nguaro — € * Nepuasupseoment - ' ’ Eq (1)

Ncpma-sussegMent may be a function of PHY frame index and may be different for
different PHY frames. In particular, Ncpma-susseoMment may be dependent on whether

or not any CDMA subsegment is being sent in a PHY frame and, if yes, the number of

CDMA subsegments being sent.

[0051] The Nrr total subcarriers may Be assigned indices 0 thr()ugh_ Nrrr -1, and
the NavamasLe nominally -available subcatriers may be assigned indices 0 through
NavamasLe —1. In the example shown in FIG. 4, one CDMA subsegment nominally
occupies the.Ncpma:s SUBSEGMENT subcamers 1n CDMA hop zone 0, and ‘the NAVAILABLE

nominally available subcarriers include the remaining usable subcarriers.  The
R . ; PN

be



NavarLasLe nominally available subcarriers may not be contiguous if there are multiple
CDMA subsegments.

[0052] The system may support spatial division multiple access (SDMA) on the
forward and/or reverse link. For SDMA on the forward link, a base station may
t;ansmit data to multiple terminals simultaneously on a given subcarrier via multiple
transmit antennas. For SDMA on the reverse link, a base station may receive data from
multiple terminals simultaneously on a given subcarrier via multiple receive antennas.
SDMA may be used to improve performance (e.g., increase throughput) by supporting
multiple simultaneous transmissions on a given subcarrier. ,

[0053] FIG. 5 shows a design of an SDMA tree structure 500 that may be used for
the forward and/or reverse link. The syétem may support up to Qspma Simultaneous
transmissions on a given subcarrier. A treé structure with Qspma SDMA subtrees may
be formed, with each'SI?MA §ub;ree including NErT hop—ports: A total of Qspma*Nrrr
hop-ports may be' defined é.nd:ass’iéhed indices of 0 through Qspma*Nrer —1. Each hop-
port may be associated with an index p, where P€{0, ..., Qupya *Nppr ~ 13}

[0054]  FIG. 6 shows a design of a hop-port structure 600. The Ngpr hop-ports for
each SDMA subtree may be partitioned into Nrrr/Nsuszongmax subzones, with each
subzone including NSUBZONE,MAX consecutive hop-ports in the SDMA subtree. Thus,
subzone 0 may include hop-ports 0 through Nsypzongmax —1, subzone 1 may include
hOb-'portS NsurzoneMax t0 2Nsuszonemax —1, €tc. Nsuszongmax rhay be a configurable
value selected by the system. NavaapLe hop-ports may be usable and may be mapped
to the NavVAILABLE nominélly available subcarriers. The first S subzones may include the
usable hop-ports and may be assigned indices of 0 through S—1. The number of usable

subzones, S, may be given as:

S=|— NAVAILABLE ]’ . : . : ‘ ) { Eq (2)

N SUBZONE-MAX

where “[ 17 denotesa ceiling operator that provides the next higher integer value.

[0055] Since NavarasLe/NsuszongMax may not be an integer value, a given
subzone may includq »fewep than Nsupzongmax usable hop-ports. The NavaiLasLe

usable hop-ports‘may'bé allocated-as evenly as possible to the S subzones, e.g., with a



granularity of one block. A block includes NpLock hop-ports and may be the minimum

~ hop-port allocation for a terminal. The following qﬁantities may be computed:

N o |
Sseur = (—M) mod S , _ : | Eq(3)

N BLOCK

N svarape 1 and
Npock *S

NSUBZONE-BIG = NBLOCK *[

N AVAILABLE J

Nupzonesmarr = Narock *[ N S
. BLOCK

where “[ 17 denotes a floor operator that provides the next smaller integer value, and

“mod” denotes a modulo operation.

[0056] NsuBzONE- BIG is equal to NSUBZONE Max and includes Ngrock more hop-ports
than NsupzonE-sMALL: Each of subzones 0 through Sspyr —1 may include Nsupzone-sic
usable hop-ports,-and each of subzones Ssprjr through S—1.may include Nsypzone-sMALL
usable hop-ports. The number of usable hop-ports in subzone s may be denoted as

Nsuszone(s), for s=0, ..., S—1. As a specific example for the numerology shown in

Table 1 with one CDMA subsegment, N,yapase =352, NSUBZONE,\,IAX =64, S=6,
Seeuir =45 Noupzone.sic =604, and Ngmoonesvarr =48 . Each of the first four subzones

includes 64 usable hop-ports, each of the next two subzones includes ‘48 usable hop-
ports, and the last two subzones include unusable hop-ports.

{0057] FIG. 6 shows one design for partitioning the hop-ports into subzones. This
design can partition an arbitrary number of usable hop-ports into subzones with a
granularity of one block. The usable hop-ports rﬁay also be partitioned into subzones in
other manners. In general, the usable hop-ports may be partitioned with a hop-port
structure having any number of levels, and each level may include any number of units.
The units in each level may have equal or approximately equal sizes, as described
above, or may have widely varying sizes.!

[0058] Each hop-port may have an index p that may be decomposed as follows:



_|_P v _ :
=l | e

__[p mod NmJ '
Nsunzonemax |
b=[P mod NSUBZONE-MAXJ , and

N BLOCK

r=p mod Ny o >

where q is an index of an SDMA subtree in which hop-port p belongs,
s is an index of a subzone within SDMA subtree q in which hop-port p belongs,
b is an index of a block within subzone s in which hop-port p belongs, and

r is an index of a hop-port within block b corresponding to hop-port p.

In the description herein, the phrases “element with index x” and “element x” are used
interchangeably. An element may be any quantity.
[0059] Hop- port index’ p may thus be represented with a set of indices (q, s, b, r) and

may be expressed asa function of these indices, as follows:
P=9*N varasie +5* Nsupzone-max '*‘ b*Npggex +7 - _ Eq (5)

[0060] Hop-port p is usable if the following conditions are true:

1. s<8§,and

2. (p mod Nsuszongmax) < Nsuszone(s).

[0061] On the reverse link, a group of NgLock hop-ports (which is also referred to as
a hop-port block) may be mapped to a group of Npiock contiguous subcarﬁers (which is
also referred to as a subcarrier block). This mapping may remain fixed for the duration
of an RL PHY frame. A tile is a block of Nt ock hop-ports for the duration of one PHY
frame. _ '

[0062]- The system may support frequency hopping on the forward and/or reverse
link. With frequency hopping, information may be sent on different subcarriers in
different hop intervals. A hop interval may be any duration, e.g., a PHY frame, an

OFDM symbol period, multiple OFDM symbol periods, etc. A set of hop-ports may be



assigned for transmlsswn and ma 1y be mapped to a. specific set of subcamers in-a given
hop interval based on a mapping function. The sequence of hop-permutations for ’
different hop intervals is referred to as a hopping sequence. The hopping sequence may
~ select different sets of subcarriers in different hop intervals to obtain frequency
diversity, randomize interference, and/or other benefits. :

[0063] In one design, the system may support global hobping ‘(GH) and local
hopping (LH) structures for the forward and/or reverse link. GH and LH may also be
referred to as global hopping block (GHB) aﬁd local hopping block (LHB), respectively.
In the GH structure, a hop-port may hop over the entire system bandwidth. In the LH
structure, a hop-port may hop within a given subzone. In one design, Ngy hop-ports in
each SDMA subtree may be allocated for GH, and Ny hop-ports in each SDMA
subtree may be allocated for LH, where in general N, >0 and N,; 20. The GH hop-

- ports may hop globally over the entire system bandwidth whereas the LH hop-ports may
hop locally within their subzones. Localized hopping may also be constramed to a

reglon of other sizes, e.g., multiple subzones.
[0064] In one design of the GH structure, a given GH hop-port (GH, q, s, b, r) may

be mapped to a nomlnally ava.«.lable subcarrier, as follows:
favan-cn = \IBLOCK H : GLOBAL,GH { bMIN (s)+ I{ISJESCTOR GH (b)} +r, : Eq (6)

where HI¥. oz o is @ sector-specific and subzone-specific permutation function for GH,

HY, oaarcu is @ global permutation function for GH,

2 Niuszone (i) |
by (8) = < is the number of usable hop-port blocks before
NBLOCK .

subzone s, and

favaiL-gu is an index of a nominally available subcarrier for the GH hop-port.

[0065] Indices g, s, b and r may be determined as shown in equation set (4). In the

design shown in equation (6), block index b is provided to permutation function

H% oz o » Which maps block b to one of the Nsuszone(s)/Nerock blocks in subzone s.

HY® . o may be specific for a sector and may be a function of superframe index i,



PHY frame index j, subtree index q, and subzone index s. The output of HggSCTOR o 1S

summed with byn(s) to obtaén an intermediate index v. Index v is then provided to

permutation function HY; ops, gy » Which maps block v to one subcarrier block among

NavaiasLe/NeLock nominally available subcarrier blocks. HgLOB aLcy Mmay be the same

for all sectors and may be a function of superframe index i and PHY frame index j. The

GH hop-port is mapped to a nominally available subcarrier whose index is determined

by multiplying the output of HY, . aLca With Njock and summing the result with r.

[0066] As noted above, the C CDMA subsegments may hop across different CDMA
hop zones in different CDMA frames. When the CDMA subsegrhents hop, some
subcarriers may be displaced and other subcarriers may be newly freed. The displaced
subcarriers are subcarriers actually occupied by the hopped CDMA subsegments and
are not among the nominally occupied subcarriers. The newly-freed subcarriers are
subcarriers nominally occupied by the CDMA subsegments but not actually occupied
because of hopping. If subcarrier favai-gx is not a displaced subcarrier, then GH hop-
port (GH, q, s, b, r) may be mapped to subcarrier favai-gu. If subcarrier favai-gn is a
displaced subcarrier with index k, then GH hop-port (GH, g, s, b, r) may be remapped to
a newly-freed subcarrief with index k.

[0067] In the GH desxgn shown in equanon (6) the NSUBZONE(S)/N BLock usable hop-

port blocks in each subzon° are first permuted locally within the subzone using

HggZTOR’GH. The NavaiasLe/NeLock permuted hop-port blocks for all S subzones are

then permuted globally and mapped to all nominally available subcarrier blocks using

HY oparcn - Since HY osar oy is the same across all sectors, the subcarriers allocated to

each subzone is the same across all sectors. This may support fractional frequency

reuse (FFR) schemes. HIE. ..oy is different for different sectors in order to provide

interference diversity within each subzone. Hg¥ opcy and H@opa oy may change

every PHY frame, may repeat every 16 superframe, and may be defined based on any
permutation generation algorithm known in the art.

[0068] FIG. 7 shows an example of hop-port to subcarrier mapping for the GH
structure. In this example, three subzones 0, 1 and 2 are formed with the NavaiLasLE

usable hop-ports, each subzone includes 128 hop-ports, and one CDMA subsegment is



sent in 128 subcarriers The hop-port blocks in each subzone may first be permuted

with H‘;;CTOR GH - The permuted Hop port blocks may then be mapped to subcarrler

blocks with H(LOBALGH R tij? e

A PR

[0069] In the example shown in FIG. 7 the CDMA subsegment may nominally
occupy CDMA hop zone 0 but may hop to CDMA hop zone 1. The displaced
subcarriers are subcarriers in CDMA hop zone 1 but not in CDMA‘hop zone 0. The
newly-freed subcarriers are subcarriers in CDMA hop zone 0 but not in CDMA hop
zone 1. All hop-ports mapped to the displaced subcarriers may be remapped to the
newly-freed subcarriers.

[0070] In one design of the LH structure a given LH hop-port (LH g, S, b, r) may

be mapped to a nominally available subcarrier, as follows:
favarin = Fumecn (8) + Hifororn (0) * N oo +1 o Eq (7)

where HIE. . . is a sector-specific and subzone-specific permutation function for LH,

fumnan () = Z Ngupzone (1) is the number of usable hop-ports before subzone s, and

favaiL-Ly is an index of a nominally available subcerrier for the LH hop-port.
[0071] Indices q, S, b and r may be determined as shown in equatlon set (4). In the
design shown 1n equatron (7) block 1ndex b is prov1ded to permutatlon function

a
<

Hgg;m LH » Wthh maps block b‘to one of the NSQBZONE(S)/NBLOCK bIocks in subzone s.
The LH hop-port is mapped to a nominally available subcarrier whose -index is
determined by multiplying the output of HIE. .:;n Wwith Narock and summing the

result with r and funv.ru(s). If subcarrier favai-Lu is not a displaced subcarrier, then LH
hop-port (LH, q, s, b, r) may be mapped to subcarrier fava-Lu. If subcarrier favamr.1u is
a displaced subcarrier with index k, then LH hop-port (LH, q, s, b, r) may be remapped
to a newly-freed subcarrier with index k. ’ . _

[0072] In the LH design shown in equation (7), the Nsyszone(s)/NeLock usable hop-

port blocks in each subzone are first permuted locally within the subzone using

Hioru - The Nsuszone(s)/Nsrock permuted hop-port blocks in each subzone are

then mapped to a corresponding set of next Nsyszone(s)/NeLock nominally available



[

subcarrier blocks. HgECTé,R Ly 1s dlfferent for different sectors in order to provide
interference d1ver51ty withini ‘each ‘subzone. - The mapping of the permuted- hop-port

blocks in each subzone to subcarrier blocks is the same across all sectors. Hggscmm

may change every PHY frame, may repeat every 16 superframe, and may be defined
based on any permutation generation algorithm known in the art.

[0073] FIG. 8 shows an example of hop-port to subcarrier mapping for the LH
structure. In this example, three subzones 0, 1 and 2 are formed with the NAVAILABLE
usable hop-ports, each subzone includes 128 hop-ports, and one CDMA subsegment is

sent in 128 subcarriers. The hop-port blocks in each subzone may first be permuted

with HY¥. oz . The permuted hop-port blocks may then be mapped to subcarrier

blocks is a predetermined order. The CDMA subsegment may nominally occupy
CDMA hop zone 0 bﬁt may hop to CDMA hop zone 1. All hop-ports mapped to the
displaced subcarriers may be remapped to the newly-freed subcarriers. The hop-ports
with a given subzone may be mapped to non-contiguous subcarriers due to the
remapping. _ :

{0074} In the design described above, each CDMA subsegment may nominally
occupy a set of subcamers but may hop to another set of subcamers The usable hop-
ports may be remapped from the dlsplaced subcarriers to the newly-freed subcarrlers
based on a prqdete_mlned r¢r‘~1§1a'ppmg scheme. * In' general, the C CDMA subsegments
may hop based on a permutétion function Hcpma, which may be independent of the -
permutation functions for the usable hop-ports., Whenever a collision occurs between a
CDMA subsegment and a usable hop-port, the usable hop-port may be rcmapped based
on a suitable remapping scheme. ' '

[0075] The system may employ hybrid automatic repeat request (HARQ) to
improve reliability for data transmission. With HARQ, a transmitter may send one or
more transmissions for a packet, one transmission at a time. A receiver may receive
each transmission sent by the transmitter and may attempt to decode all received
transmissions to recover the packet. The receiver may send an acknowledgement
(ACK) if the packet is decoded correctly. The transmitter may terminate transmission
of the packet upon receiving the ACK.

[0076] Multiple (L) interlaces may be deﬁned with each interlace 1nc1ud1ng PHY
frames that are spaced apart by L PHY frames, where L may be equal to 4, 6, 8, etc. All



transmissions of a packet may be sent on one mterlace and each transmission may be
sent in one PHY frame of that 1nterlace __

[0077] The GH and LH. structures may be employed in various mantners In one
" design, either GH or LH may be used for each PHY frame and may be conﬁgurable In
another design, both GH and LH may be used for a given PHY frame, e.g., GH may be
used for Ngg subcarriers and LH may be used' for Nig subcarriers. In yet another
design, GH may be used for some PHY frames, LH may be used for some other PHY
frames, and both GH and LH may be used for yet some other PHY frames. ‘

[0078] In another design, either GH or LH may be used for each interlace and may
be configurable. In yet another design, both GH and LH may be used for a given
interlace. In yet another design, GH may be used for some interlaces, LH may be used
for some other interlaces, and both GH and LH may be used for yet some other
interlaces. ‘ _ | :

[0079] On the forward link, Ngrr —Nguarp Subcarriers may be available for
transmission, and Nrrr —Nguarp hop-ports may ‘be usable for each SDMA subtree. The
Nrrr hop-ports for each SDMA subtree may be partitioned into NFFT/NSUBZONE,MAX
subzones, with each subzone including. NsuszoNEMAX consecutive hep-ports in the
SDMA subtree. The subzone size for the forward link may or may nof be equal the
subzone size for the reverse hnk The ﬁrst S subzones may include the usable hop-

3

ports, where S may be glven as:

URERENI

i »
y

Sz[NFﬂ_Ncum‘lf. ' ) Eq (8)

N SUBZONE-MAX

[0080] The Nerr —Nguarp usable‘hop-ports may be allocated as evenly as possible
to the S subzones, e.g., with a granularity of one block as shown in equation set (3),
albeit with Navanasie replaced with Ner —Nguarp. Each of subzones 0 through
SspLit =1 may include Nsypzone-sig usable hop-ports, and each of subzones SspuiT
through S—1 may include Nsypzone-smaLL usable hop-ports. E

[0081] . In one design, the system may support BRCH and DRCH structures for the
forward and/or reverse link. In the BRCH structure, a set of hop-ports may be mapped
to a set of contiguous subcarriers that may vary across frequency over time.. The BRCH

structure may be used for frequency-selective transmissions. In the DRCH structure, a



set of hop-ports may be mapped to a set of subcarriers that may be distributed écross all
or a large portion of the system bandwrdth The DRCH structure may be used to
achieve frequency drvers1ty "j i ,
 [0082] FIG 9A shows the BRCH structure Each BRCH user may., be assigned a
~ block of NBLOCK contlguous subcamers for an entlre PHY frame. The transmission for
each BRCH user may be sent in a specific part of the system bandwidth.
[0083] FIG. 9B shows the DRCH structure. 'Each DRCH user may be assigned
NsLock subcarriers that may be spaced apart, e.g., by 32 subcarriers as shown in FIG.
9B. The subcarriers for each DRCH user may hop across a PHY frame, e.g., every two
OFDM symbol periods as shown in FIG. 9B. The tra_nsmiSsion for each DRCH user
may be sent across the system bandwidth. '
[0084] The system may support several multiplexing modes for the BRCH and
DRCH structures. In one design, two multiplexing modes 1 and 2 may be supported,
and one multiplexing may be selected for use.
[0085] FIG. 10A shows a design of multiplexing mode 1. In this design, the DRCH
structure punctures the BRCH structure, and a DRCH transmission‘reploces a BRCH
transmission whenever a collision occurs. | :
[0086] FIG. 10B shows a design of multiplexing mode 2. In this design, the DRCH
and BRCH structures are used on DRCH and BRCH zones, respectively. The spacing
between subcarriers for each DRCH user in the DRCH structure may be dependent on
the number of subcarriers in the DRCH zone.
[0087] In one des1gn the S ‘subzones may be arranged into DRCH, BRCH, and
reserved zones. The DRCH zone may 1nclude the first Nprcu-supzongs subzones 0
through Nprcn-suszones —1. The reserved zone may include the last NresgrVED-SUBZONES
subzones S-Ngreservep-suszones through S—1. The BRCH zone may include the
remaining subzones. Each subzone in the reserved zone may be mapped to a set of
contiguous subcarriers.

[0088] In one design of the BRCH structure, a given BRCH hop-port (BRCH, q, s,

b, r) may be mapped to a corresponding subcarrier, as follows:
fovar-sren = Nouaro,cerr + Norrsersren (8) + H cror (0) * Np oo +1 Eq (9)

where HE o is a sector-specific and subzone-specific permutation function for BRCH,



Norrser-BRCH(S) is the number of hop-ports before subzone s,and :'

favAIL-BRCH 1S an imlex ofa subcarrier for the BRCH hop-port.

[0089]  Indices q, s, b and r may be determined as shown in equation set (4). In the
d651gn shown in’ equatlon (9) block 1ndex b is provided to permutation function
Hggcm , ‘whrch maps block)b to .one of the NSUBZONE(S)/NBLOCK blocks in subzone s.
The BRCH hop-port is then m;pped to a subcamer whose lndex is determmed by
multlplymg the output of H‘gECTOR with NpLock and summing the result with 1, NogrsgT-
BRCH(S) and Nguarp-1err- NorrseT-Brcu(S) may be computed in different manners for
multiplexing modes 1 and 2.i BRCH hop-port (BRCH, q, s, b,'r) is usable and mapped
to subcarrier favar-sren if this subcarrier is not used by a reserved hop-port. Otherwise,
BRCH hop-port (BRCH, q, s, b, r) is not usable. - i |

[0090] In the BRCH design shown in equation (9), the Nsuszone(s)/NpLock usable
hop-port blocks in each BRCH subzone are first permuted locally within the subzone

using HSZCTOR The Nsuszone(s)/NeLock permuted hop-port blocks in each subzone are

then mapped to a corresponding set of Nsuszone(s)/NaLock subcarrier blocks for the

subzone. HE .. is different for different sectors in order to provide interference

diversity within each subzone. H .- may change every PHY frame, may repeat

every 16 superframe, and may be defined based on any permutation generation

algorithm known in the art.
[0091] FIG. 11 shows an example of hop- port to subcarrier mapping for the BRCH
structure. In thls example, four subzones 0 through 3 are formed, subzone 0 is used for

oh

DRCH, subzor*e 1 1s reserved and subzones 2 and 3 are used for BRCH The hop-port
blocks in each BRCH subzone may first be permuted with H% ... . The permuted hop-

port blocks in each BRCH subzone may then be mapped to the corresponding set of
subcarrier blocks for the BRCH subzone. ‘
[0092] In one design of the DRCH structure, a given DRCH hop-port (DRCH g, s

b, r) may be mapped to a correspondmg subcarrier, as follows
fyvaiLpren = { Norrser.oren (5 D) + Norenrocks *1'} Mm0d Nppey avan s Eq (10)

where Npreu.avais is the number of subcarriers available for DRCH,



Npren-BLocks = Npreo-avail/NeLock is the number of available subcarrier blocks,
Norrset-DReH(S, b) is an offset for block b in subzone s, and

favarL-eren is an index of a subcarrier for the DRCH hop-port.

BRI
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[0093] The offset NOFFSET-'DRCH(Sa b) may be given as:_

NOFFSET -DRCH (s, b) ZoneOffset preu NMIN DRCH-SPACING © RefPOSDRCH -
i ' b RefP N ’ Ea (D)
A mln( € OSDRCHf MAX-DRCH SPACI'NG) :

where ZoneOffsetprcy is a pseudo-random offset for the entire DRCH zone,
RefPosprcy is an offset that is dependent on a subzbne-speciﬁc and sector-
specific offset InnerOffsetpren, |
NMm-DrcH-sPACING 1S the minimum spacing between DRCH subcarriers, and

NMax-DRCH-sPACING 1S the maximum spacing between DRCH subcarrier.

. [0094] Indices q, s, b and r may be determined as shown in equation set(4). In the
design shown in equations (10) and (11), block index b and subzone index s are used to
compute a pseudo-random offset NorrseT-pRCH(S, b). The DRCH hop-port is mapped to
a subcarrier whose index is determined by multiplying Nprcu-BLocks With r, summing
the result with Norrser.prcu(s, b), and constraining to. the NDRCH_A\;AIL available |
subcarriers for DRCH. |

[0095] FIG. 12A shows an examplé of hop-port to subcarrier mapping for the
DRCH structure for multiplexing mode 1. In this example, four subzones 1 through 4
are formed with the NFFT hop—ports in on SDMA subtree, subzone 0 includes Nprcu
additional hop-ports fo; DRCH subzone 1.is reserved and subzones 2 to 4 are used for
BRCH. The hop ports in each block in the DRCH subzone may be mapped to evenly
spaced subcamers across the syStem bandwxdth but avoiding the sét of subcamers for
the reserved subzone. : _

[0096] FIG. 12B shows an example of hop-port to subcarrier mapping for the
DRCH structure for multiplexing mode 2. In this example, four subzones 0 through 3
are formed with the Nggr hop-ports in on SDMA subtree, subzone 0 is used for DRCH,
subzone 1 is reserved, and subzones 2 and 3 are used for BRCH. The hop-ports in each
block in the DRCH subzoné may be mapped to evenly spaced subcarriers within the

DRCH zone.



[0097] A set of Nrics-sLocks hop-port blocks may be allocated to a forward link
control segment (FLCS) in each forward link PHY Frame. The FLCS may carry control
information on the forward link. The hop-port blocks for the FLCS may be located
within the DRCH zone if a UseDRCHForFLCS field is set to ‘1’ or located within the
BRCH zone otherwise. The allocated hop-port blocks for the FLCS may be exchanged
with other hop-port, b‘ioc'ks Wthh may be mapped to subcarrier blocks based on the
BRCH or DRCH structure The FLCS may then occupy the subcarrler blocks to which
the exchanged hop—port blocks afe mapped. '
[0098] The following procedure may be used to enumerate all usable hop-port
blocks within a zone where the FLCS is allocated.
1. Initialize a hop-port block counter b to 0.
Initialize a counter k of usable hop-port blocks to 0.
2. If hop-port block b in SDMA subtree 0 is comprlsed of only usable hop-ports
and one of the following conditions holds:
a. UseDRCHForFLCS field equals ‘1’ and b is part of the DRCH zone;
b. UseDRCHForFLCS field equals ‘0’ and b is part of the BRCH zone;
then set FLCSUsableBlock[k] = b and increment k by 1.
3. Increment b by 1.
4. Repeat steps (2) and (3) until one of the following conditions hold:
a. UseDRCHForFLCS field equals ‘1” and DRCH hop-port blocks are exhausted.
b. UseDRCHForFLCS field equais ‘0’ and BRCH hop-port blocks are exhausted. |
5. Set TotalNumBlocks = k.
[0099] . Hop- port blocks may be allocated to the FLCS as follows:
1. Initialize a tile counter k of FLCS hop-port blocks to 0.
Imtlahze a subzone counter sto 0. , ‘.
Inmahze S counters bo, bl, .. bs 1 of hop port blocks w1th1n the S subzones to 0.
2. If by < Nsuszone(s)/Nerock and one of the following conditions holds:
a. UseDRCHForFLCS field equals ‘1°, subzone s is part of the DRCH zone,
and b, is a usable hop-port block within this subzone;
b. UseDRCHForFLCS field equals ‘0’, subzone s is part of the BRCH zone,
and b; is a usable hop-port block within this subzone;

then



a. define the k-th hop-port block FLCSHopPonBlock[k] of the FLCS to be a
block of NsLock consecutive hop-ports (BRCH, 0, s, b, 0) through (BRCH,
0, s, bs, NpLock—1) if UseDRCHForFLCS field equals ‘0’ and to a block of
NsLock consecutive hop-ports {DRCH, 0, s, b, 0) through (DRCH, 0, s, Bs,
NsLock—1) if UseDRCHForFLCS field equals “1°.
b. increment b by 1. |
c. Increment k by 1
3. Setsto (s+ I)modS
4. Ifk< Nchs BLOCKS then repeat steps @) and 3). i
[00100] The Nrrcs-sLocks hop-port blocks allocated for the FLCS may be exchanged
with other hop-port blocks .in order to improve diversity. The association of the
exchanged hop-port blocks to the allocated hop-port blocks for the FLCS may be
defined as follows. The set of usable hop-port blocks may be divided into three control
hopping zones of approximately equal sizes Mo, M; and M,, where M, =
[ TotalNumBlocks/3 ], M; = [ TotalNumBlocks/3 | if TotalNumBlocks mod 3 = 2 and M;
=| TotalNumBlocks/3 otherwise, and M; = | TotalNumBIlocks/3.
[00101] Intra-zone permutations H), HY, and HY of sizes My, M; and M,
corresponding to forward link PHY frame j of superframe i may be deﬁned as follows:
1. Set SEEDy = fruy-nasu(15%2!1°x32x4 + PilotIDx32x4 + (i mod 32)x4+ k), where
PilotID is an ID of a sector and‘ fpﬂy.HAgﬂ is a hash function.
2. H,is a permutation of size My generated with seed SEED using a pennutation
generatidn algorithm, with 0 < k < 3. H, is independent of the forward link

PHY frame mdex and is therefore constant over a superframe
3. HJ} asam-th order cychc shift of permutatlon H
H (n) Hi ((n + m) mod M ) for 0 < n < Mk, where
m = Gty siasu(PilotiD + ] + 1)) mod My,
[00102] The association of the exchanged hop-port blocks to the allocated hop-port
blocks for the FLCS in forward link PHY frame j of superframe i may be performed
according to the following procedure. - ' "
1. Initialize a counter k of FLCS hop-port blocks to 0.

Initialize a counter m of exchanged hop-ports to 0.



Initialize three counters ¢, ¢; and ¢, of usable hop-port blocks within the three
control hopping zones to 0. "
2. Setd =mmod 3.
3. Ifcqg < Mg then:
a. ‘Set exchanged hop-port block ExchHop-portBlockij[k] associated with the
k-th hop-port block FLCSHop-portBlock[k] of the FLCS to be the

(D +H(c,)) -th usable hop-port block FLCSUsableBlock[D + Hi(c)],
whereD Olfd O D Molfd— 1 andD (M0+M1)1fd 2.

b. Incrﬁement Cd by 1 " ~

c."Iné:rérr(leﬁfm by 1;‘2{1".5:}:? R T

d. Increment kbyl; =

e. Proceed to 4;

otherwise '

a. Increment m by 1;

b. - Repeat 2 and 3.

4. If k <Ngres-sLocks then repeat 2 and 3. :

[00103] When the k-th hop-port block FLCSHopPortBlock[k] of the FLCS is
exchanged with the ExchHopPortBlockij[k] hop-port block in forward link PHY frame j
of superframe i, the subcarrier block corresponding to hop-port block
FLCSHopPortBlock[k] may be mapped by hop-port block ExchHopPortBlockij[k]
while the subcarrier block correspo,nding. to hop-port block ExchHopPortBlockij k] may
be mapped by hop-port block FLCSHopPortBlock[k]. Specifically let po, pi,-..,
pnBLOCK-1 De a set of contiguous hop-portsf within hop-port block FLCSHopPortBlock[k]
and let p’o, p’1»-.., P’NBLOCK-1 be a set of contiguous hop-ports within hop-port block
ExchHopPortBlockij [k] In OFDM symbol t of forward link PHY frame j in superframe
i, the m-th hop-port w1thm hop~port block’ FLCSHopPortBlock[k] may be mapped to
the subcarrlerwmapped by hop-port P’m accordmg to the mappmg algorithm for the
BRCH or DRCH hop ports for 0<m< NBLOCK Slmllarly, the m-th hop-port within
hop-port block ExchHopPortBlockijfk] may be mapped to the subcarrier mapped by
hop-port pm accordmg to the mapping algorithm for BRCH or DRCH hop-ports for 0 <

m < Npprock-



[00104] The allocation of hop- port blocks to the FLCS is static ‘whereas the
‘ allocat1on of the a55001ated exchanged hop-port blocks depends on the forward link
PHY frame index and the superframe mdex and is also sector spe01ﬁc
. [00105]  FIG. 13 shows an example of hop-port exchange for the FLCS ‘In this
example four subzones 0 through 3 are formed with the Nrer hop-ports in on SDMA
subtree, and the FLCS is allocated four hop -port blocks FO through F3, wh1ch may be )
the first hop-port block in subzones 0 through 3, respectively. : Three control hopping
zone 0, 1 and 2 may be defined, with each control hopping zone including about 1/3 of

- the usable hop- port blocks -Hop- port block FO may be associated with an exchanged |
‘ hop-port block EO in control hopplng zone 0 hop-port block F1 may be associated with
an exchanged hop-port block’ El in control hoppmg zone 1, hop-port block F2 may be |
associated w1th an exchanged hop port block E2 in control hopping zone 2, and hop-
port block F3 may be associated with an exchanged hop-port block E3 in control
| hopping zone 0. The‘exchan.ged hop-port blocks may be selected in a pseudo-random
manner. A o S R |
[00106] Hop-port block FO may be mapped to subcarrier 'block"Sa,_:and hop-port
_block EO0 may be mapped to subcarrier block Sb. The FLCS'rnay occupy subcarrier
block Sb to which the exchanged hop-port block‘ EO ismapped, instead of subcarrier
block Sa to which the allocated hop-port block F 0is mapped. The mapping of the other
hop-port blocks to subcarrier blocks may occur in similar manner. ' "
[00107] Equatlons (6) through (11) show some designs for mapping hop-ports to
subcarriers. The mapping of hop-ports to subcarriers may also be perfo_rmed in other
manners using other functions, permutatiorrs, combinations_' of permutations, parameters,
etc. J _ |
[00108] The global and sector-speciﬁc permutation functions described above may.
be generated in various manners. ‘In.' one design, a permutation function H"b"'d may be
generated by first der1v1ng a seed based on a functron of all parameters for the

pcrmutatlon functron as follows

f- ;’ ‘,“ &, 4

SEED = fHASH (@&b,...d) ,



where fuasu(a, b, ..., d) may be a hash function of a value obtained with all of the input

ab...d may then be generated with the SEED and for

parameters a, b, ..., d. Permutation H
a particular size using any permutation generation algorithm known in the art.

[00109] FIG. 14 shows a design of a process 1400 for mapping hop-ports to
subcarriers. A plurality of hop-ports may be partitioned into multiple subzones, with
each subzone including a configurable number of hop-ports (block 1412). The hop-
ports within each subzone may be permuted based on a permutation function, which
may be different for each subzone and each sector (block 1414).

[00110] After permutation, the plurality of hop-ports in the multiple subzones may be
mapped to a plurality -of subcarriers (block 1416). For the LH and BRCH structures, a
block of hop-ports in a‘subzo'ne may be nllapped to a designated block of contiguous
subcarriers among the plurality of subcarriers. For the GH structure, a block of hop-
ports in a sub.zone may be mapped to a block of contiguous subcarriers among the
plurality of subcarriers based on a second permutation function, which may be common
for all subzones and all sectors. For the DRCH structure, a block of hop-ports in a
subzone may be mapped to a set of subcarriers distributed across the plurality of
subcarriers.

[00111] The mapping of hop-ports to subcarriers may be performed for only usable
hop-ports in the multiple subzones and may avoid a group of reserved subcarriers, if
any. At least one hop-port may be mapped to at least one subcarrier occupied by a
control segment (e.g., a CDMA subsegment) and may be remapped to at least one
subcarrier assigned to the control segment.

[00112] FIG. 15 shows a design of an apparatus 1500 for mapping hop-ports to
subcarriers. Apparatus 1500 includes means for partitioning a plurality of hop-ports
into multiple subzones, with each subzone including a configurable number of hop-ports
(module 1512), means for permuting the hop-ports within each subzone based on a
permutation function (module 1514), and means for mapping the plurality of hop-ports
in the multiple subzones, after permutation, to a plurality of subcarriers (module 1516).
[00113] FIG. 16 shows a design of a process 1600 for hopping with remapping. A
set of hop-portsv may be maﬁped to a set of subcarriers based on at least one permutation
function (block 1612). The set of hop-ports may be a block of hop-ports, a subzone of

hop-ports, etc. At least one hop-port mapped to at least one unavailable subcarrier may



be identified (block 1614) and may be remapped to at least one available subcarrier
outside the set of subcarriers (block 1616).

[00114] For blocks 1614 and 1616, a first group of subcarriers assigned to a control
segment (e.g., a CDMA subsegment) and a second group of subcarriers occupied by the
control segment may be determined. The control segment may hop from the first group
to the second group, and each group may include contiguous subcarriers. The
subcarriers in the second group may be unavailable, and the at least one unavailable
subcarrier may be among those in the second group. The subcarriers in the first group
but not in the second group may be available for remapping by hop-ports, and the at
least one available subcarrier may be among these subcarriers.

[0011S] FIG. 17 shows a design of an apparatus 1700 for hopping with remapping.
Apparatus 1700 includes means for mapping a set of hop-ports to a sef of subcarriers
based on at 16a§t one permutation function (module 1712), means for, identifying at least
one hop-port mapped to at lé:ast one unavailable subcarrier (module 1714), and means
for remapping the at least one hop-port to at least one available subcarrier outside the
set of subcarriers (module 1716).

[00116] FIG. 18 shows a design of a process 1800 for distributed hopping while
avoiding certain subcarriers. At least one zone of subcarriers usable for transmission
but to be avoided may be determined (block 1812). The at least one zone may include a
zone of reserved subcarriers for a control segment, a zone of subcarriers for BRCH, etc.
A set of hop-ports may be mapped to a set of subcarriers distributed across a plurality of
subcarriers and avoiding the subcarriers in the at least one zone (block 1814). The
subcarriers in the set may be evenly spaced across the plurality of subcarriers. The
plurality of subcarriers may span the entire system bandwidth, and the at least one zone
may include contiguous subcarriers located away from the left and right edges of the
system bandwidth, e.g., as shown in FIG. 12A. The plurality of subcarriers may also
span a portion of the system bandwidth, and the at least one zone of subcarriers may
span the remaining portion of the system bandwidth, e.g., as shown in FIG. 12B.
[00117] FIG. 19 shows a design of an apparatus 1900 for distributed hopping while
avoiding certain subcarriers. Apparatus 1900 includes means for determining at least

one zone of subcarriers usable for transmission but to be avoided (module 1912), and



means for mapping a set of hop-ports to a set of subcarriers distributed across a plurality
of subcarriers and avoiding the subcarriers in the at least one zone (module 1914).
[00118] FIG. 20 shows a design of a process 2000 for hopping with exchanged hop-
ports. A first hop-port assigned to a control segment (e.g., the FLCS) may be
determined (block 2012). A second hop-port to exchange with the first hop-port may be
determined (block 2014). The first hop-port may be mapped to a first subcarrier (block
2016), and the second hop-port may be mapped to a second subcarrier (block 2018).
The second subcarrier may be assigned to the control segment (block 2020), and the
first subcarrier may be assigned to a transmission assigned with the second hop-port
(block 2022).

[00119] The exchanging of hop-ports and mapping to subcarriers may be performed
for any number of hop-ports assigned to the control segment. In one design, a first set
of hop-ports assigned 'to the control segment and distributed across a configurable
number of subzones may be d‘e_termined. .'A second set of hop-ports to exchange with
the first set of hop-ports and distributed across a fixed number of hopping zones may be
determined. The first set of hop-ports may be mapped to a first set of subcarriers, and
the second set of hop-ports may be mapped to a second set of subcarriers. The second
set of subcarriers may be assigned to the control segment, and the first set of subcarriers
may be assigned to one or more transmissions assigned with the second set of hop-ports.
[00120] FIG. 21 shows a design of an apparatus 2100 for hopping with exchanged
hop-ports. Apparatus 2100 includes means for determining a first hop-port assigned to
a control segment (module 2112), means for determining a second hop-port to exchange
with the first hop-port (module 2114), means for mapping the first hop-port to a first
subcarrier (module 2116), means for mapping the second hop-port to a second
subcarrier (module 2118), means for assigning the second subcarrier to the control
segment (module 2120), and means for assigning the first subcarrier to a transmission
assigned with the second hop-port (module 2122).

[00121] FIG. 22 shows a design of a process 2200 for performing local and global
hopping. Local hopping (e.g., LH or BRCH) may be performed in a first time interval
(block 2212). Global hopping (e.g., GH or DRCH) may be performed in a second time
interval (block 2‘214). In ‘one design, a block of hop-ports may be mapped to a block of

subcarriers within a subzone for local hopping, and a block of hop-ports may be mapped
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to a block of subcarriers anywhere within the system bandwidth for global hopping. In
another design, a block of hop-ports may be mapped to a block of contiguous
subcarriers within a subzone for local hopping, and a block of hop-ports may be mapped
to a set of subcarriers distributed across a plurality of subcarriers for global hopping.
[00122] Local and global hopping may be performed in different time intervals, e.g.,
the first time interval may be for a first interlace, and the second time interval may be
for a second interlace for HARQ. Local and global hopping may also be performed in
the same time interval, e.g., local hopping may be performed for a first group of
subcarriers, and global hopping may be performed for a second group of subcarriers.
[00123] FIG. 23 shows a deéign of an apparatus 2300 for performing local and
global hopping. Apparatus 2300 includes means for performing local hopping in a first
time interval (module 2312), and means for performing global hopping in a second time
interval (module 2314). =~ ‘

[00124] The modulés in FIGS. 15, 17, 19, 21 and 23 may comprise processors,
electronics devices, hardware devices, electronics components, logical circuits,
memories, etc., or any combination thereof.

[00125] FIG. 24 shows a block diagram of one base station 110 and two terminals
120x and 120y in system 100. Base station 110 is equipped with multiple (T) antennas
2434a through 2434t. Terminal 120x is equipped with a single antenna 2452x.
Terminal 120y is equipped with multiple (R) antennas 2452a through 2452r, Each
antenna may be a physical antenna or an antenna array.

[00126] At base station 110, a transmit (TX) data processor 2420 may receive traffic
data from a data source 2412 for one or more terminals scheduled for data transmission.
Processor 2420 may process (e.g., encode, interleave, and symbol map) the traffic data
and generate data symbols. Processor 2420 may also generate and multiplex signaling
and pilot symbols with the data symbols. A TX MIMO processor 2430 may perform
transmitter spatial processing (e.g., direct MIMO mapping, precoding, beamforming,
etc.) on the data, signaling and pilot symbols. Multiple data symbols may be sent in
parallel on a single subcarrier via the T antennas. Processor 2430 may provide T output
symbol streams to T transmitters (TMTRs) 2432a through 2432t. Each transmitter 2432
may perform modulation (e.g., for OFDM) on its output symbols to obtéin output chips.

Each transmitter 2432 may further process (e.g., convert to analog, filter, amplify, and



upconvert) its output chips and generate a forward link signal. T forward link signals
from transmitters 2432a through 2432t may be transmitted via T antennas 2434a
through 2434t, respectively.

[00127] At each terminal 120, one or multiple antennas 2452 may receive the
forward link signals from base station 110. Each antenna 2452 may provide a received
signal to a respective receiver (RCVR) 2454. Each receiver 2454 may process (e.g.,
filter, amplify, downconvert, and digitize) its received signal to obtain samples. Each
receiver 2454 may also perform demodulation (e.g., for OFDM) on the samples to
obtain received symbols.

[00128] At single-antenna terminal 120x, a data detector 2460x may perform data
detection (e.g., matched filtering or equalization) on the received symbols and provide
data symbol estimates. A receive (RX) data processor 2470x may process (e.g., symbol
demap, deinterleave, and decode) the data symbol estimates and provide decoded data
to a data sink 2472x. At multi-antenna terminal 120y, a MIMO detector 2460y may
perform MIMO detection 6n.'the-rcceived symbols and provide data symbol estimates.
An RX data processor 2470y may process the data symbol estimates and provide
decoded data to a data sink 2472y.

[00129] Terminals 120x and 120y may transmit traffic data and/or control
information on the reverse link to base station 110. At each terminal 120, traffic data
from a data source 2492 and control information from a controller/processor 2480 may
be processed by a TX data processor 2494, further processed by a TX MIMO processor
2496 (if applicable), conditioned by one or more transmitters 2454, and transmitted via
one or more antennas 2452. At base station 110, the reverse link signals from terminals
120x and 120y may be received by antennas 2434a through 2434t, processed by
receivers 2432a through 2432t, and further processed by a MIMO detector 2436 and an
RX data processor 2438 to recover the traffic data and control information sent by the
terminals.

[00130] Controllers/processors 2440, 2480x and 2480y may control the operation at
base station 110 and terminals 120x and 120y, respectively. Processors 2440, 2480x
and 2480y may each implement process 1400 in FIG. 14, process 1600 in FIG. 16,
process 1800 in FIG. 18, process 2000 in FIG. 20, process 2200 in FIG. 22, and/or other

process for the techniques described herein. A scheduler 2444 may schedule terminals



for transmission on the forward and/or reverse link. Memories 2442, 2482x and 2482y
may store data and program code for base station 110 and terminals 120x and 120y,
respectively.

[00131] The techniques described herein may be implemented by various means. For
example, these techniques may be implemented in hardware, firmware, software, or a
combination thereof. For a hardware implementation, the processing units used to
perform the techniques at an entity (e.g., a base station or a terminal) may be
implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, electronic devices, other electronic units designed
to perform the functions described herein, a computer, or a combination thereof.

[00132] For a firmware and/or software implementation, the techniques may be
implemented with code (e.g., procedures, functions, modules, instructions, etc.) that
performs the functions described herein. In general, any computer/processor-readable
medium tangibly embodying firmware and/or software code may be used in
implementing the techniques described herein. For example, the firmware and/or
software code may be stored in a memory (e.g., memory 2442, 2482x or 2482y in FIG.
24) and executed by a processor (e.g., processor 2440, 2480x or 2480y). The memory
may be implemented within the processor or external to the processor. The firmware
and/or software code may also be stored in a computer/processor-readable medium such
as random access memory (RAM), read-only memory (ROM), non-volatile random
access memory (NVRAM), programmable read-only memory (PROM), electrically
erasable PROM (EEPROM), FLASH memory, floppy disk, compact disc (CD), digital
-versatile disc (DVD), magnetic or optical data storage device, etc. The code may be
executable by one or more computers/processors and may cause the
computer/processor(s) to perform certain aspects of the functionality described herein.
[00133] 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 and



designs described herein butis.to be accorded the widest scope consistent with the
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principles and novel features disélosed herein.

[00134] WHAT IS CLAIMED IS:
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