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1 Overview

1.1 Purpose

The purpose of this specification is to provide an air interface for interoperable mobile
broadband wireless access systems, operating in licensed bands below 3.5 GHz,
optimized for IP-data transport, with peak data rates per user in excess of 1 Mbps. This
supports various vehicular mobility classes up to 250 Km/h in a MAN environment and
targets spectral efficiencies, sustained user data rates and numbers of active users that are
all significantly higher than achieved by existing mobile systems.

1.2 Scope

The scope of this document is to develop a physical layer (PHY) specification for Mobile
Broadband Wireless Access that is optimized for the transport of IP based services.

1.3 Abbreviation

AMC Adaptive Modulation & Coding
BCH Broadcast Channel

CBPT Coded Bit Per Tone

BCS Bundle of Chunk Space

CCFPCH Common Control Format Physical Channel

CCPCH Common Control Physical Channel
CGN Cell Group Number

CN Cell Number

CP Cyclic Prefix

CQMCH Channel Quality Measurement Channel

CQMPID Channel Quality Measure Preamble Identifier

-7-
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CQMPrRS  Channel Quality Measure Preamble Resource Space

CQMRS Channel Quality Measurement Resource Space

CQMRSS Channel Quality Measurement Resource Sub-space

CRC Cyclic Redundancy Check
CS Chunk Space
DL Downlink

DN-DSDPCH Distributed & Nonspreading Type Downlink Shared Data Physical
Channel

DSB Distributed Spreading Block
DSCPCHID Downlink State Control Physical Channel Identifier
DS-DSDPCH Distributed & Spreading Type Downlink Shared Data Physical Channel

DSDCH Downlink Shared Data Physical Channel

DTP Downlink Traffic Packet

DPICH Downlink Pilot Channel

FACH Forward Access Channel

FEC Forward Error Correction

FN Frame Number

GF Galois Field

H-ARQ Hybrid Automatic Repeat Request
LDPC Low Density Parity Check

LN-DSDPCH Localized & Nonspreading Type Downlink Shared Data Physical Channel
LSB Localized Spreading Block

LS-DSDPCH Localized & Spreading Type Downlink Shared Data Physical Channel

OFDM Orthogonal Frequency Division Multiplexing
PCH Paging Channel
PFCH Path-loss Feedback Channel

-8-
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PRSS
RACH
RI

RIS
SAT
SCH
SCPCH
SFBC
SPDCH
SPEX

S-PUSRC

STBC
STCH
UACH
UFCH
UL
UNTRS
UNTRSS
UTP

UTRS

Pilot Resource Subspace
Random Access Channel
Resource Index

Resource Index Set

Single Antenna Transmission
State Control Channel

Shared Control Physical Channel
Spatial Frequency Block Code
Shared Physical Data Channel

Spatial Expansion

Successive Interference Cancellation Based Per User and Stream Rate

Control

Spatial Time Block Code

Shared Traffic Channel

Uplink ACK Channel

Uplink Feedback Channel

Uplink

Uplink Non-Traffic Resource Space
Uplink Non-Traffic Resource SubSpace
Uplink Traffic Packet

Uplink Traffic Resource Space
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2 Downlink

2.1 Physical Channels and Frame Structure
2.1.1 Transport Channel

Transport channels include Broadcast Channel (BCH), Forward Access Channel (FACH),
Paging Channel (PCH), State Control Channel (SCH) and Shared Traffic Channel
(STCH).

2.1.1.1 BCH

BCH is a transport channel used for broadcasting the information of system and cell.

2.1.1.2 FACH

FACH is a downlink transport channel.

2.1.1.3 PCH

PCH is a downlink transport channel and transmits over the entire cell.

2.1.1.4 SCH

SCH is an uplink or downlink transport channel and transmits the information for
controlling the state of the UE.

2.1.1.5 STCH

STCH is an uplink or downlink transport channel and is shared by one or more UEs.

-10 -
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2.1.2 Resource partition for channelization

This subsection describes how resource space is allocated in the downlink frame structure.
The length of a frame is Trame and a frame consists of 20 DTPs (Downlink Traffic
Packet) , each of which has Tpp=0.5 ms. The downlink frame structure is illustrated in

Figure 2-1.

DTP #0

DTP #1

DTP #2

DTP #19

Ttrame

Figure 2-1 Downlink Frame Structure

In the Figure 2-1, Tgame is 10.0 ms. The length of an OFDM symbol is 0.5/7 ms. OFDM
parameters for each channel bandwidth are defined in Table 2-1.

Table 2-1 OFDM parameters for the respective channel bandwidths

Transmission
BW

5 MHz

10 MHz

15 MHz

20 MHz

Sub-frame
duration

0.5 ms

Sub-carrier
spacing

15 kHz

Sampling
frequency

7.68 MHz
(2 x 3.84 MHz)

15.36 MHz
(4 x 3.84 MHz)

23.04 MHz
(6 x 3.84 MHz)

30.72 MHz
(8 x 3.84 MHz)

FFT size

512

1024

1536

2048

Number of
occupied
sub-carriers

301

601

901

1201

Number of
OFDM symbols
per sub frame

CP length
(us/samples)

(4.69/36) x 3,
(4.82/37) x 4

(4.75/73) x 6,
(4.82/74) x 1

(4.73/109) x 2,
(4.77/110) x 5

(4.75/146) x 5,
(4.79/147) x2

-11 -
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There are 20 DTPs in a downlink frame. A DTP consists of 7 OFDM symbols. The
numbers of time-frequency bins (resources) are 2100, 4200, 6300, and 8400 in the
channel bandwidths SMHz, 10MHz, 15MHz, and 20MHz, respectively. DTP resource
index sets for each channel bandwidth are defined in the Table 2-2. A DTP consists of 11
resource spaces and each resource space can be divided into several resource subspaces.

Table 2-2 DTP resource index sets for each channel bandwidth

Transmission BW DTP resource index set
SMHz Ry ={r10<r <2100}
10MHz Ry ={r10<r <4200}
15MHz Rore ={r|0<1 <6300}
20MHz Ry ={r0<r <8400}

Each DTP has 11 resource spaces, RSo~RS;y. Before defining RSo~RSq, it is necessary
to define chunk and bundle of chunks. Logical resource space structure of DTP is
illustrated in Figure 2-2.

Downlink
Traffic
Packet
RS,
RSg
RS
2 RSs RSs
RS;
RS. P RS0

Figure 2-2 Logical resource space structure of DTP

2.1.2.1 Downlink Chunk Space

A DTP has 20, 40, 60, and 80 chunk spaces (CS) for the channel bandwidths SMHz,
10MHz, 15MHz, and 20MHz, respectively. CS is a set of resources, and is defined in
Table 2-3.

-12 -
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Table 2-3 CS resource index set for each channel bandwidth

Transmission BW CS resource index set
SMHz o
Res, = {1 |1 € Xs00150,4-300 < 1 <2100}
i=0
10MHz "
Res, = {r [T €| X o510, 600 < 1 < 4200}
i=0
15MHz H
Res, ={T T € Xopo50,1-900 < T < 6300}
i=0
20MHz 14
Res, = {17 € X,200150,1-1200 < 7 < 8400}
i=0

n,m

Xom ={k|m=k (modn), k are nonnegative integers.}

2.1.2.2 Bundle of Chunk Space

Bundle of Chunk Space (BCS) consists of several CS’s. BCS is defined in Table 2-4 to
Table 2-7. For example, BCS; for channel bandwidth 10MHz is defined as follows;

BCS, =CS, UCS,, UCS,,

Table 2-4 BCSs for channel bandwidth 5MHz

Bundle of chunk space Index of CS

BCSy 1,7,13
BCS, 3,9,15
BCS, 511,17
BCS; 2,8, 14
BCS4 4,10, 16
BCS:s 6,12, 18
BCSs 0,19

Table 2-5 BCSs for channel bandwidth 10MHz

Bundle of chunk space Index of CS
BCSy 0,13,26
BCS, 6, 19,32
BCS; 3,16,29
BCS; 9,22,35
BCS4 12, 25,38
BCS:s 1, 14,27
BCSs 7,20, 33

-13 -
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BCS,; 4,17, 30
BCSg 10, 23, 36
BCSy 2,15,28
BCSi 8,21,34
BCSi; 5,18,31
BCSi» 11, 24, 37
BCSi3 39

Table 2-6 BCSs for channel bandwidth 15MHz

Bundle of chunk space Index of CS
BCSy 0, 20, 40
BCS, 10, 30, 50
BCS; 5,25,45
BCS; 15, 35,55
BCS4 1,21,41
BCS:s 11,31,51
BCSs 6, 26, 46
BCS; 16, 36, 56
BCSs 2,22,42
BCSy 12,32, 52
BCSyo 7,27,47
BCSi; 17,37, 57
BCSi» 3,23,43
BCSi3 13, 33,53
BCSy4 8,28, 48
BCSs 18, 38, 58
BCSi6 4,24, 44
BCSy; 14, 34, 54
BCSig 9,29,49
BCSi9 19, 39, 59

Table 2-7 BCSs for channel bandwidth 20MHz

Bundle of chunk space Index of CS
BCSy 1,27,53
BCS, 14, 40, 66
BCS, 7,33,59
BCS; 20, 46, 72
BCS4 2,28, 54
BCS:s 15, 41, 67
BCSs 8,34, 60
BCS,; 21,47,73
BCSs 3,29,55

-14 -
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BCSy 16,42, 68
BCSio 9,35,61

BCS1; 22,48, 74
BCS1» 4, 30, 56

BCSi3 17, 43, 69
BCSy4 10, 36, 62
BCSis 23,49,75
BCSi6 5,31,57
BCSy; 18,44, 70
BCSis 11,37,63
BCSy9 24, 50,76
BCSy 6,32, 58

BCS;; 19,45, 71
BCS» 12, 38, 64
BCSy; 25,51, 77
BCSy4 13, 39, 65
BCS»s 26, 52,78
BCSs6 0,79

2.1.2.3 Downlink Resource Space

Resource spaces, RSo~RS,, are defined in Table 2-8 to Table 2-12.

Table 2-8 RS, resource index for each channel bandwidth

Transmission BW Resource index set of RS,
SMHz Rps, ={r |1 e X, ,0<r <300}
10MHz Rps, =1r 1€ X, ,0<r <600}
15MHz Rps, =1{r[reX,,,0<r <900}
20MHz Rps, =1r [T € X,0,0 <1 <1200}

Table 2-9 RS; resource index for each channel bandwidth

Transmission BW Resource index set of RS,
SMHz Rgs, =1rre X,,,0<r <300}
10MHz Rps, =1r[re X,;,0<r1 <600}
15MHz Rps, =1rre X,,,0<r <900}
20MHz Rps, ={r[reX,;,0<r <1200}

-15-
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Table 2-10 RS, resource index for each channel bandwidth

Transmission BW

Resource index set of RS,

5MHz Rps, =111 € Xy, U Xy,,,0<T1 <300}
10MHz Ris, ={r[re X, U Xg5,0<1 <600}
ISMHz Ris, =11 [T € Xgq, U Xyg 5,0 <1 <900}
20MHz

RRSZ ={r|re Xlzs,z v X123,3,0 <r <1200}

Table 2-11 RS; resource index for each channel bandwidth

Transmission BW

Resource index set of RS;3

5MHz Rps, ={r[re Xg, UXg,5,1 & Ryg ,0<T <300}
10MHz Rps, =111 e Xg, U Xg5,1 & Ryg ,0<T <600}
15MHz Rps, =111 e Xg, U Xg5,T & Ryg ,0<T <900}
20MHz

Rps, ={r[ 1 e X;, U Xy, & Reg ,0<T <1200}

Table 2-12 RS, resource index for each channel bandwidth

Transmission BW

Resource index set of RSy

5MHz Res, = {r10<T <300,r & Ryg, URyy URys URy |
10MHz Ris, =1r[0<r<600,r & Ry URpg U Ry U R}
15MHz Res, = {r]0<T <900, ¢ Ryg URys URys URy |
20MHz '

Rps, ={r10<1<1200,r & Ry U Rpg U Rps, U Ry }

The sizes of RSy ~RS, are fixed, however those of RSs ~RS;ocan vary according to the
ratio of high mobility users and the geographical distribution of users. Parameters, DRS;
(Dimension of RS;), DRSg (Dimension of RSg), DRS¢ (Dimension of RSy), and DRS;
(Dimension of RS)o) represent the sizes of RS; ~RS)y, and these system parameters are
transmitted through Common Control Physical Channel (CCPCH). Resource index sets

of RS; ~RS are defined in the following way.

DRS, -1
R, = |J BCS,
i=0
DRS, +DRSg~1
Rs,= |J BCS,
i=DRS,

-16 -
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DRS, +DRSg+DRS, 1
Rw,= |J  BCS
i=DRS, +DRSg

Resource index sets for RS;g are shown in Table 2-13.

Table 2-13 RSy resource index for each channel bandwidth

Transmission BW

Resource index sets of RSy

5MHz 6
R, = BCS,
i=DRS, +DRSg +DRS,
10MHz 13
Res, = U BCS,
i=DRS; +DRS;+DRS,
15MHz 19
Res, = U BCS,
i=DRS, +DRSg +DRS,
20MHz 2
Res, = U BCS,
i=DRS; +DRS;+DRS,

Resource index sets of RSs~RS¢ are defined in Table 2-14 and Table 2-15.
Table 2-14 RSs resource index for each channel bandwidth

Transmission BW

Resource index set of RSs

SMHz Rus, = {11 € X4 N(Reg, U Ry, ),300 <1 < 600}
10MHz Res, = {1 [T € X4 N(Reg, U Ry, ),600 <1 <1200}
15MHz Res, = {1 [T € X4 N(Res, U Ry, ),900 <1 <1800}
20MHz

Res, = {1 [T € Xy N(Reg, URgg, ),1200 < < 2400}

Table 2-15 RSg resource index for each channel bandwidth

Transmission BW

Resource index set of RS¢

SMHz Res, =1r| T € X,; M (Rgs, URgs, ),300 <1 < 600}
10MHz Res, = {1 1€ X, 0 (Rgs, URss,, ),600 <1 <1200}
15MHz Res, = {1 [T € X, O (Res, URgs, ),900 <1 <1800}
20MHz

Res, = {1 [T € X, " (Res, URgs, ),1200 < 1 < 2400}

-17 -
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All resource spaces for 10MHz channel bandwidth are illustrated in Figure 2-3.

600 x 7 = 4200

600 tone
frequency
time ,
/
/
/
/
/
/
/
//
// /’/
// /
// //
RSp=4n+0
NRS;=64n+2,3
? RS3=8n+2,3 but
exclude RS;
RS-=4n+ §
) RS,=rest all
RS, RSs
RS,
RSs
RS,
RS,
vv
T#0 Ts#1

cs10

s’

cs23

cs27

cs36

/
/
/
/
/
)/ 15 tone
/
/
/
/
/
/

BCS,

BCS:
BCS;
BCS3

g DRSg
BCSs
BCS;
BCSs

DRS;

DRSg
BCSq

BCS1¢
BCS;1
BCS1;
BCS13

Time positioin : T¢#1
RSs|  Frequency position : RSg,RS1,

DRS¢

4n+0

Time position : T¢#1
RSs| Frequency position : RSe,RS1q

4n+1

Figure 2-3 Resource space partition of channel bandwidth 10MHz
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2.1.2.4 Downlink Resource Subspace

While RSy~RSs are made up of a single resource subspace, RS;~RS, are divided into
several resource subspaces.

In the case of RSy, its size parameter is given by DRS; and it is divided into 3*DRS;
resource subspaces. To define resource subspaces of RS, it is necessary to define
distributed spreading block (DSB). Let the jth distributed spreading block of BCSy be
DSB;.

— {rBCs BCS, BCS,
DSBk_] . 45% j/15 )+ jmod15° r45*LJ/15J+15+]m0d15’ r45*LJ/15J+30+jm0d15}

where rrfcsk represents the mth resource of BCSy.

Let the nth resource subspace of RS; be RSS7,,

RSS, —{r

where DSijS7 is the jth DSB of the ith BCS in RS, .

reUDSB

| n/3]+[1/10,3*1+nmod3 }

In the case of RS, its size parameter is given by DRSg and it is divided into 3*DRSg
resource subspaces. Let the nth resource subspace of RSg be RSSs p,

RSS,, = {r

RS RS ,0<1< 45}

[1/15 [#30%3%v-+(1*3*v+n+{ 1/15 [*v) mod(15*3*v) > LI/|5j*30*3*v+15*3*v+(|*3*v+n+t|/15J*v)mod|5*3*v

In the case of RSy and RS, the resource space is composed of a single chunk space, that
is, if the kth CS of RS;pis CS[®® then RSS;0,=CS;*".

In the case of RS, there is a localized spreading block (LSB) defined below. If the jth
LSB of RSSlo,k is LSBk,j,

RSS10 k RSSiox RSS;o
LSB { r3*]+1 7r3*]+2 }

where > is the mth resource of RSSq .

-19 -



{Oct 28, 2005}

DSBq

DSB: ¢

T#1 Te#2 TH3 T4 TH5 T:H6

BCSO
BCST1
BCS2
BCS3

[ ] RSS',YC —/ RSSSYC

mmm RSS;; —= RSSg,

—— RSSs; #0fRSS;,=3u 1 RSS2 # of RSSg,=3v

Emm RSS; s 1 RSSggs

mmm RSS;4 —3 RSSsg4

=== RSS;s —3 RSSgs

Figure 2-4 RSS7, and RSS g, when DRS; =2 and DRSg=2
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2.1.3 Downlink Physical Channel

2.1.3.1 DPICH (Downlink Pilot Channel)

There are 4 transmit antennas at the BS and the pilot channels for transmit antennas uses
resource spaces RSy, RS;, RS,, and RS; respectively. That is, the pilot channel for
antenna i uses RS;.

DPICH is the downlink physical channel which transmits a predefined symbol sequence
in DTP. The location of pilot symbols for the transmit antennas in each DTP is illustrated
in Figure 2-5.

There are 4 DPICHs (DPICH;, i=0, 1, 2, 3) in a DTP. The pilot symbols for transmit
antennas 0, 1, 2 and 3 are transmitted in DPICH,, DPICH;, DPICH,, and DPICH;
respectively. DPICHO and DPICH1 are common pilot channels that are always located in
DTP, but whether to use DPICH; and DPICH; depends on the UE. DPICH, and DPICH;
are used for estimating the channels of antennas 0 and 1, and also used for searching for
the cell group. However, DPICH, and DPICHj3; are used only for estimating the channels
of antennas 2 and 3.

DPICH, consists of N, :[600/ N s J:ISO symbols. Nps (=4) represents the spacing of

pilot symbols in the frequency domain.

DFj i () is a pilot symbol in single frame.

DP, (m) . 0<k <N, 1

m=0, 1, .-, N, —1

sub
Nsub represents the number of DTPs in a single frame and m denotes the DTP index.

DFj i () is given by the product of two sequences as shown below.

DR, (M =d"s{"a{®(m) 0<k<N, -1

>

where 1, i, and g represent the sector number, cell number, and cell group number,
respectively. The sector-specific code {d} ", is given by

.27l -(k mod 3)

d® =exp(j3] , 1=0,1,2.

The cell-scrambling code {s"}"";" is the same for all the subframes.
The cell group-specific code {agg)(m)}g'j(; ',m=0, 1, ..., Nyp-1, is different for different

subframe number m . The code a'® (m) is made by the differential form of {b'® (m)}"*?.
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a(my=1, a®(m)=b®(mb(m)---b{%(m) , n=1,2,---,N -1

Equivalently, it can be written as follows.

a”(m=1, a?m)=a?2(mb’ (m)

n-1
Also, (B (m)}N*?  m=1,2,---,N,, —2, is made from {b{®’(0)}\%*and {c(®(m)} ">,

b (m)=c@(mM-DbP(m-1) , m=1, 2,---, N, -2,

sub

where b{® (0) =[W™"] s s
of the 256x256 Hadamard matrix.

n=0,1---,N -2, and [W*?] , is the (n,k)th element

The code {c'®(m)}.",*is given as follows.

C,’ (M) =[W™*] n=0,1--,148 , m=0,1,---,N,,, -2,

n+75,f(g,m)+1 >

where f(g,m)is the sequence constructed by using the (15,3)-Reed Solomon code and
whose value is given at Table 2-16.

DPICH; is the physical channel transmitting the pilot symbols for the transmit antenna 1
and the sequence of the pilot symbols in DPICH; is the same sequence as in DPICH.

DPICH, and DPICH; are the physical channel transmitting the pilots for the transmit

antennas 2 and 3, respectively. The m-sequence is used as the pilot sequence for DPICH,
and DPICHs;.
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Time

Subframe

»

ale]-]ale]e]-]a]a]e[-]a]a]o]~

ale]-]ale]e]-]a]a]e[-]a]a]o]~

—>
Aouanbalg

Figure 2-5 DPICH structure
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Table 2-16 f(g,m)

0 |1 (2 |3 |4 (5|6 |7 (8 |9 |10(11 |12 |13 |14 |15 |16 |17 |18
g
0O |1 |10]2 |14 |11]|6 |5 |6 [11]14 |2 |10]1 |O |O |1 |J10|2 |14
1 |1 |2 19 |3 |10]12]10]3 |9 1 |4 |6 |6 |4 |1 |2 |9 |3
2 |1 /9 |7 |7 19 |1 [8 |12 |15]|5 |4 |5 |15]12 |8 |1 |9 |7 |7
3 |1 121108 |11 |7 |9 [13]9 |7 |11]|8 |10]12]1 12 110
4 |3 |12 (123 |O |1 |9 |15|8 |10|8& [15]9 |1 |O |3 |12]12|3
S |3 |4 |7 |14]1 [11]6 |10]10]6 |11 |1 |14 |7 |4 |3 |4 |7 |14
6 |3 (1519 |10]2 |6 |4 |5 |12|/1 |14]0 |7 |13|8 |3 |[15]9 |10
7 13 |7 |2 |7 |3 |12]11 |0 |14 |13 |13 |14 |0 |11 ]12|3 |7 |2 |7
8 |5 |6 |13|7 |14]|8 |14|7 |13|6 |5 |0 |2 |2 |O |5 |6 |13 |7
9 |5 [14]6 |10]15|2 |1 |2 |15]10]6 |14 |5 |4 |4 |5 [14]6 |10
105 |5 |8 |14 )12 |15|3 |13 |9 |13 |3 [15]12 |14 |8 |5 |5 |8 |14
115 |13 |3 |3 |13|5 |12 |8 |11 |1 |O |1 |11 |8 125 |13 |3 |3
12|17 |0 |3 |10|5 |15]2 |14 |14 |2 |15]|5 |10]3 |O |7 [0 |3 |10
1317 |8 |8 |7 |4 |5 [13]11 1214|1211 |13 |5 |4 |7 |8 |8 |7
1417 |3 |6 |3 |7 |8 |15]4 |10|9 |9 |10]4 |15|8 |7 |3 |6 |3
157 |11 |13 146 |2 |0 |1 [8 |5 |10(4 |3 |9 [12]7 |11|13 |14
16 |9 |1 |15]15|1 |9 |0 |4 |7 |13 12|13 |7 |4 |0 |9 |1 |15]|15
1719 |9 |4 |2 |0 |3 |15]|1 |5 |1 |15]3 |0 |2 |4 |9 [9 |4 |2
1819 |2 |10]|6 |3 |14 |13 |14 |3 |6 |10)2 |9 |8 |8 |9 |2 |10]6
1919 |10 1 |11 )2 |4 |2 |11 |1 |10|9 12|14 |14 |12 ]9 |10|1 |11
20117 |1 |2 |10|14 (12|13 |4 |9 |6 |8 |I15]|5 |0 |11]|7 |1 |2
21 |11 15|10 |15 |11 |4 |3 |8 |6 |5 |5 |6 |8 |3 |4 |11]15]10]15
22 (11 14 |4 |11 |8 |9 |1 |7 |0 |2 |O |7 |1 |9 |8 |11]4 |4 |11
23 |11 |12 |15]6 |9 |3 [14]2 |2 |14]3 |9 |6 |[15|12 1112|156
24 (13 |13 ]0 |6 |4 |7 |11 |5 |1 |5 |11 |7 |4 |6 |0 |13 |13|0 |6
25 |13 |5 |11 )11 |5 |13 (4 |0 |3 |9 [& |9 |3 |0 |4 |13]|5 |11 ]11
26 |13 |14 |5 |15]6 |0 |6 |15|5 |14]13 |8 |10]10|8 |13 |14 |5 |15
27 (1316 |14 12 |7 |10]|9 107 |2 |14]6 |13 |12 |12 |13 |6 |14 |2
28 |15 |11 |14 |11 150 |7 (122 |1 |1 |2 [12|7 |O [15]11 |14 |11
29 (1513 |5 |6 |14]10|8 |9 |0 |13 |2 |12 |11 |1 |4 |15|3 |5 |6
30 /15 (8 |11 ]2 |13|7 |10|6 |6 |10 |7 |13 |2 |11 |8 |15(8 |11 |2
31 [15/0 |0 151213 |5 |3 |4 |6 |4 |3 |5 |13 ]12]15|0 |O |15
3212 (1511 |12 12 |11 |15]2 |0 |8 |13 |4 |13 |8 |O |2 |15]|11 |12
3312 |7 |0 |1 |J13]1 |O |7 |2 |4 |[14]10]10|14]14 |2 |7 |0 |1
3412 |12 (145 |14 (122 |8 [4 |3 |11 ]|11]3 |4 [8 |2 |12]|14]5
3512 |4 |5 |8 |I15|6 |13 |13 |6 |15|8 |5 |4 |2 |12]2 |4 |5 |8
36 |0 |9 |5 |1 |7 |12]3 |11 |3 12 |7 |1 |5 |9 |0 |0 |9 |5 |l
370 |1 |14 )12 |6 |6 |12 14 |1 |0 |4 |15]2 |15|/4 |0 |1 |14 |12
38/0 |10|0 |& |5 (11141 |7 |7 |1 |[14]11 |5 |8 |O |10]0 |8
3910 |2 [11]5 |4 [ |1 |4 [5 |11 |2 |O |12|3 [12]0 |2 |11]5
406 |3 |4 |5 |9 |5 |4 |3 |6 |0 |10[14|14|10]0 |6 |3 |4 |5
4116 |11 |15]8 |& |15[11]|6 |4 |12]9 |0 |9 |12|/4 |6 |11 158
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4216 |0 |1 |12 |11 ]2 |9 |9 |2 |11 |12|1 |O |6 |8 |6 |O |1 |12
4316 |8 |10|1 |10 |8 |6 |12|0 |7 [15]15|7 |0 |12]|6 |8 |10]1
4414 |5 |10|8 |2 |2 |8 |10|5 |4 |0 [11 |6 |11]0 |4 |5 |10]8
4514 |13 |1 |5 |3 |8 |7 |15]/7 |8 |3 [5 |1 |[13]4 |4 |13]|1 |5
46 |4 |6 [15]1 |0 |5 |5 |0 |1 |15]6 |4 |8 |7 |8 |4 |6 |15]1
47 14 1414 |12 |1 |15]10 |5 |3 |3 |5 [10)15]1 |12 |4 |14 |4 |12
48 1104 |6 |13|6 |4 [10]|0 |12 |11 |3 |3 |11]12]|0 |10|4 |6 |13
49 |10 |12 |13 |0 |7 |14 |5 |5 |14]|7 |0 |13 ]12]10]4 |10]12]13]0
5010 (7 |3 |4 |4 |3 |7 [10]|8 |0 |5 |12|5 |0 |8 |10]|7 |3 |4
51110 (158 |9 |5 |9 |8 [15]10)12]6 |2 |2 |6 |12]10[15]|8 |9
52|18 |2 |8 |0 |13|3 |6 |9 |15]|15]9 |6 |3 |13|/0 |8 [2 |8 |0
538 [10 (3 |13 ]12|9 |9 [12|13|3 |10|8 |4 |11|4 |8 |10]|3 |13
5418 |1 [13]9 |15|4 |11 (3 |11 /4 [15]9 [13]1 |8 |8 [1 |13]9
5518 |9 |6 |4 |14|14]4 |6 |9 |8 127 |10]|7 |12 |8 |9 |6 |4
56 |14 (8 |9 |4 |3 |[10]1 |1 |10|3 |4 |9 |8 |14|0 |14[|8 |9 |4
5711410 |2 |9 |2 |0 |14|4 |8 |15]7 |7 |15]8 |4 |14]0 |2 |9
S8 |14 (11 |12 |13 |1 |13 |12 |11 |14 |8 |2 |6 |6 |2 |8 |14 |11 |12 |13
5911413 |7 |0 |0 |7 |3 [14]12/4 |1 |8 |1 |4 |12]14[3 |7 |0
60 |12 (14 |7 |9 |8 |13 |13 |8 |9 |7 |14]12 |0 |15|0 |12|14]|7 |9
61 |12 |6 |12 |4 |9 |7 |2 [13 |11 |11 13 ]2 |7 |9 |4 |12]|6 |12 |4
62 |12 |13 ]2 |0 |10 |10]0O |2 |13 )12|8 |3 |14]|3 |8 12132 |O
63 |12 |5 |9 |13 |11 |0 [15]7 |15]/0 |11 ]13]9 |5 [12]12]|5 |9 |13
1
2 2.1.3.2 CCFPCH (Control Channel Format Physical Channel)
3 CCFPCH is the downlink physical channel to inform which resource subspaces in RS,
4 are used for SCPCH (Shared Control Physical Channel). CCFPCH uses resource space
5 RS,
6
7 2.1.3.3 CCPCH (Common Control Physical Channel)
8  CCPCH is the downlink physical channel which transmits BCH, FACH, PCH, and SCH
9  transport channels at a fixed rate in DTP. CCPCH uses resource space RS;.
10
11 2.1.3.4 SCPCH (Shared Control Physical Channel)
12 SCPCH is the downlink physical channel which transmits scheduling information of
13 up/down link data channels and ARQ information. SCPCH uses basically resource space
14  RS4 and additionally resource space RS; when it is needed. CCFPCH informs which
15  resource subspaces in RS; are used for SCPCH.
16
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2.1.3.5 DSDPCH (Downlink Shared Data Physical Channel)

DSDPCH is the downlink physical channel which transmits downlink STCH transport
channel at a variable rate in DTP. This channel consists of a number of DSDSCHs
(Downlink Shared Data Subchannel). The number of DSDSCH to be used for a DSDPCH
depends on the data size of STCH to be transmitted.

There are 4 types of DSDSCHs, which are basic units of DSDPCH. If the UE speed is
high distributed type DSDSCH is used, and if the UE speed is low localized type
DSDSCH is used. If inter-cell interference is large, spreading type DSDSCH is used, and
if inter-cell interference is small, nonspreading type DSDSCH is used.

2.1.3.5.1 Distributed & Spreading type DSDSCH (DS-DSDSCH)

DS-DSDSCH is used for the UE with high speed mobility and large inter-cell
interference. This channel is also used for SCPCH. Resource space RS; is used. This
channel uses a number of scattered subcarriers, which results in frequency diversity. To
reduce inter-cell interference, spreading with spreading factor 3 is used. A DSB is made
up of 3 resources and one symbol is spread using these 3 resources of a DSB. A DS-
DSDSCH uses one resource subspace of RS;. Two transmit antennas are used.

2.1.3.5.2 Distributed & Nonspreading type DSDSCH (DN-DSDSCH)

DN-DSDSCH is used for the UE with high speed mobility and small inter-cell
interference. Resource space RSg is used. This channel uses a number of scattered
subcarriers, which results in frequency diversity. Spreading is not used A DN-DSDSCH
uses one resource subspace of RSg. Two transmit antennas are used.

2.1.3.5.3 Localized & Nonspreading type DSDSCH (LN-DSDSCH)

LN-DSDSCH is used for the UE with low speed mobility and small inter-cell
interference. Resource space RSy is used. This channel uses a number of adjacent
subcarrier (chunk), and frequency domain scheduling increases the system throughput by
multiuser diversity. Spreading is not used. An LN-DSDSCH uses one resource subspace
of RSy. Four transmit antennas are used. There are 4 LN-DSDSCHs which use the same
subcarriers. Since each stream uses an LN-DSDSCH, 4 data streams can be transmitted
over a resource subspace. If the number of CS allocated for RSy is 3*DRSo, the number
of LN-DSDSCH is 4*3*DRS,.
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2.1.3.5.4 Localized & Spreading type DSDSCH (LS-DSDSCH)

LS-DSDSCH is used for the UE with low speed mobility and large inter-cell interference.
Resource space RSy is used. This channel uses a number of adjacent subcarrier (chunk),
and frequency domain scheduling increases the system throughput by multiuser diversity.
To reduce inter-cell interference, spreading with spreading factor 3 is used. An LSB is
made up of 3 resources and one symbol is spread using these 3 resources of an LSB. An
LS-DSDSCH uses one resource subspace of RSjy. Four transmit antennas are used. As is
in LN-DSDSCH, there are 4 LS-DSDSCHs which use the same subcarriers. Since each
stream uses an LS-DSDSCH, 4 data streams can be transmitted over a resource subspace.
In case of bandwidth 10MHz, if the number of CS allocated for RSy is DRS;y, the
number of LS-DSDSCH is 4*3*DRS.

2.2 Modulation and Mapping

2.2.1 QOverview

The downlink transmission scheme is based on the conventional OFDMA. Figure 2.6

illustrates the downlink modulation scheme. First, the packets to be transmitted are
generated from the channel mapping and coding. The physical channels consist of

DPICH, CCFPCH, CCPCH, SCPCH and DSDPCH. The DSDPCH consists of DS-
DSDSCH, DN-DSDSCH, LN-DSDSCH and LS-DSDSCH. The block of channel coding
mapping and coding in Figure 2-6 is explained in Section 4 and the generation procedure
of the DPICH symbol stream is described in Section 2.1. The bit streams from channel
mapping and coding block are converted to the symbol streams by the symbol mapping.
The symbol streams of DS-DSDSCH and LS-DSDSCH are spread by multiplying the
sector-specific _spreading code. Then, the output signal of the spreading block is
multiplied by the channel gain and mapped to a frequency-time resource. In this step, the
symbols from the different channels can be mapped to the same frequency-time resource.
In this case, the symbols mapped to the same frequency-time resource are added. After
frequency-time mapping, the signal is multiplied by the cell-specific scrambling code and
OFDM-modulated by performing the IFFT and inserting the cyclic prefix. Finally, the
OFDM-modulated signals are pulse-shaped by windowing,,
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Downlink Modulation Scheme
Chag;ewa &
Sequence Symbol .
Mapping Spreading |—>» OFDM Modulation (Ant.|0)
Ch: |7
B Galn Cyclic
Seauence | Symbol Spreading — > | IFFT (| Prefix [» Windowing
Mapping Insertion
Channel 2
Channel ag‘r;e Gain
Mapping Sequence Syml?ol Spreading —
& 5 Mapping .| Freq.
Coding Chanrlel N-2 o . Gain & Time
Bit - = .
Sequence Symbol Spreadin > é_, Mapping
Mapping P 9
Change, N7 Gain OFDM Modulation (Ant. 3)
it
Sequence Sympol Spreading _>é_> Cyclic
Mapping L » | IFFT || Prefix > Windowing >
Insertion
Gain
Pilot Symbol
Mapping

Figure 2-6 Downlink modulation scheme

Scrambling

2.2.2 Symbol Mapping

=Z,-1

., are_mapped into the

The bit streams from channel mapping and coding, {bm,n}n

n=0

K=z}, -1 , .
symbol streams {Sm’k}k—o where Z and Z  are the lengths of the bit stream and

symbol _stream, respectively. The k" symbol vector of the m™ channel, /,/{I’jﬁ s 27 A4 WE: 3

L . . T~ o 1y o] -

S :[sm,k,o sm,k'qu] is the complex vector of size Ni,, x1. where N, is the {gﬁtﬂ g FA 1A W 3
. . P S e = A W

number of transmit antennas. The i™ element Snii of s, to be transmitted by the i {ﬁtﬁ S = S v 6

(| U U,

antenna is determined by the modulzltion schemes (OPSEéOAM and 64QAM) and the {g 14 e FA A WiE: 3
transmit diversity schemes (SAT, SFBC. STBC and S-PUSRC).

is given by

The complex symbol s,

_m,k 1

=M.k
Sm,k,i = (Il,out + JQi,out)>< KMOD x 2
Y NTxAnt

/{AM Q& 24 AA U 7 }
/o pt

where 1/ and Qv are real and imaginary parts of the complex modulation symbol, -
- hout S e out S S e T es T e e e e e e ,
respectively, and K,,., is the normalization factor. The normalization factor Kmop_is /{I’jﬁ A& 22 9A W™ 6 }

given by Table 2-17.
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Table 2-17 Kmop_for each modulation scheme

Modulation Kwmob
QPSK 1A2
16QAM 1~10
64QAM 142

2.2.2.1 SAT

Figure 2-7 illustrates the symbol mapping and

Table 2-18_shows the Negpr (Number of Coded Bit Per Tone) for each modulation

scheme. The bit stream of the m" channel, {bm,n}nzz

Ncapr bits, and then mapped to a complex symbol according to the modulation scheme.,

1, .
is serial-to-parallel converted to

n=0

N=KNcppy

(k+1)Negpr —1
{bm’n} —>

Symbol Mapping

M. KNcgpr

l:NCBPT .
S/p Mapping

b

m, (k+1)Neger —1
~

>

—> Snk

Figure 2-7 Symbol mapping

Table 2-18 Ncgpr_and modulation scheme

<+

Ncept W Antenna Scheme Noant
2 QPSK SAT 1
2 QPSK SFBC 2
4 QPSK SPEX 2
4 16-QAM SAT 1
4 16-QAM SFBC 2
6 64-QAM SAT 1
6 64-QAM SFBC 2
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3 16-QAM SPEX 2
2 QPSK S-PUSRC 4
4 16-QAM S-PUSRC 4
6 64-QAM S-PUSRC 4

The mapping method of each modulation scheme is shown in Table 2-19 to Table 2-21.

Table 2-19 QPSK-SAT modulation

| m.k b m.k

m,kxNegpr 0,0ut m,kxNcgpr +1 0,0ut
0 1 0 1
1 -1 1 -1

Table 2-20 16QAM-SAT modulation

m,kxNegpr & bm,kx Negpr +2 I (I)T,];:rtt bm,k><NCBPT +12 bm,k><NCBPT +3 (Tl;tl
00 1 00 1
01 3 01 3
10 -1 10 -1
11 23 11 23
Table 2-21 64QAM-SAT modulation method
m,kxNcgpr -I-bm,k><NCBPT +2 -I-bm,kxNCBPT +4 | m.k bm,kxNCBpT +1 -l-bm,kxNCBpT +32 bm,k><NCBPT +5 (Téﬁt
0,0ut
001 1 001 1
000 3 000 3
010 b 010 3
011 7 011 7
101 -1 101 -1
100 =3 100 =3
110 ==} 110 -
111 -7 111 27
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2.2.2.2 SFBC or STBC

The procedures of SFBC and STBC are the same. Figure 2-8 shows the symbol mapping
of SFBC (or STBC). The bit stream of the m" channel {bm’n}:jmil is serial-to-parallel

converted to 2x Ngg,; bits, and then mapped to the complex symbol for SFBC (or

STBC).

Symbol Mapping

'm,kx2xNcgp

b (k12N 1| 12X Neper s ) _ Sma2k0 | | Smaket0
{ m’"}n:kaxNCBPT > s o Mapping > {Sm,Zk’Sm,zkﬂ}_ s ol s
' b m,2k,1 m,2k+1,1

m, (K+1)x2xNegpr =1 |

Figure 2-8 SFBC or STBC symbol mapping

The mapping method for each modulation scheme is shown in Table 2-22 to Table 2-24.

Table 2-22 QPSK-SFBC/STBC modulation

bm,kxszCBPT I(;'éifk IFdthkH bm,kxszCBPT 4 Féjtxk (Téifk“
0 1 1 0 1 -1
1 -1 -1 1 -l 1
bm,k><2>< Negpr +2 IllTlcﬁth |(T(~)ﬁ;<k+1 bm,kaxNCBpT +3 (;T,]O%;t(k lr?o’LZIIXkJrl
0 1 -1 0 1 1
1 -1 1 1 -1 -l
Table 2-23 16QAM-SFBC/STBC modulation
bm,kaxNCBPT 1 bkaxNCBPT +2 |(Téifk bm,kaxNCBpT +2 bm,kxszCBPT +3 onjéifk
00 1 00 1
01 3 ol 3
10 -1 10 -1
11 3 11 3
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bm,kaxNCBPT +4.29m kx2xNcgor +6 I]de:k bm,kxszCBPT +5 :.bm,kxszCBPT +7 ro’j:k
00 1 00 1
01 3 01 3
10 -1 10 -1
11 23 11 23
. m,2xk+1
bm,k><2>< Negpr 2 bITI,kXZXNCBPT +2 I lr,noLzlt>< . bITI,k><2><NCBPT +l11 bm,kXZXNCBPT +3 Lo
00 1 00 -1
01 3 01 =3
10 -1 10 1
11 23 11 3
. m,2xk+1
bm,k><2><NCBPT +4.|.bm,k><2><NCBPT +6 I(;noir - bm,k><2><NCBF,T +5 .I.bm,k><2><NCBPT +7 Jou
00 -1 00 1
01 =3 01 3
10 1 10 -1
11 3 11 =3
Table 2-24 64QAM-SFBC/STBC modulation
bm,kaxNCBpT 1 m,kx2xNegpy +2 I m.2xk bm,k><2><NCE,F.T +12m,kx2xNegpr +3 2 m,2xk
0,0ut 0,0ut
bm,k><2><NCBPT +4 bm,k><2><NCBPT +5
001 1 001 1
000 3 000 3
010 b 010 3
011 7 011 7
101 -1 101 -1
100 =3 100 =3
110 -5 110 -5
111 -7 111 -7
t‘)m,k><2><NCBF.T +6J.bm,k><2><NcBPT +81 Im,Zxk bm,k><2><NCBF,T +7J.bm,k><2><NCBPT +9 1 m.2xk
1,out 1,0ut
bm,k><2><NCE,F.T +10 bm,k><2><NCBPT +11
001 1 001 1
000 3 000 3
010 S 010 3
011 7 011 A
101 -1 101 -1
100 =3 100 =3
110 ==} 110 =)
111 -7 111 -7
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bm,kaxNCBpT J-bm,kXZXNCBPT 421 | m 2kt bm,kxszCB,,T + J-bm,k><2><NCBpT 432 2kl
1,out 1,out
bm,k><2><NCB,,T +4 bkaxNCBPT +5
001 1 001 -1
000 3 000 -3
010 3 010 =
011 A 011 -7
101 -1 101 1
100 =3 100 3
110 = 110 5
111 A 111 A
bm,k><2><NCB,,T +61 l")m,k><2><NCB,,T +81 m.2xk+1 bm,kaxNCBPT +71 bm,kachBPT +9 2 m.axk+1
Iy ou o,0ut
bm,kxszCB,,T +10 bm,k><2><NCBpT +11

001 -1 001 1
000 -3 000 3
010 =S 010 3
011 -7 011 7
101 1 101 -1
100 3 100 3
110 5 110 ]
111 A 111 A

2 2223 SPEX

3 Figure 2-9 shows the symbol mapping of SPEX scheme. The bit stream of the
m" channel {bmqn}n:z

n=0

-1, . .
is serial-to-parallel converted to N g bits, and then mapped to

5  the complex symbol for SPEX scheme.

6
Symbol Mapping
m,kxNcgpr N
(k+1)xNegpr -1 lN . S SK,
{bm’n}n:kXNcBPT > S/CPBPT - Mapping Sm’k B I:Sm k O:I
I")m,(kJrl)chm,vI =1 LA
7
8 Figure 2-9 SPEX symbol mapping

9  The mapping method of each modulation scheme is shown in Table 2-25 and Table 2-26
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Table 2-25 QPSK-SPEX modulation

b | m,k m.k
m,kxNegpr 0,0ut m,kxNegpr +1 0,0ut
0 1 0 1
1 -1 1 -1
| m.k m.k
m,kxNcgpr +2 1out m,kxNeggpr +3 1,out
0 1 0 1
1 -l 1 -1

Table 2-26 16QAM-SPEX modulation

I kxNeger & brn,kxNCBPT +2 I(Té:t M kxNggor +1 bm,kxNCBPT +3 rTéEt
00 1 00 1
01 3 0l 3
10 -1 10 -1
11 -3 11 -3

m.kxNgpr +4-1-bm,k><NCBPT +6 |1'2§:t I kxNegpr +5 .me,kxNCBPT +7 r&:t
00 1 00 1
0l 3 0l 3
10 -1 10 -1
11 3 11 3

2.2.2.4 S-PUSRC

Figure 2-10 shows the symbol mapping of S-PUSRC scheme. The bit stream of the
m" channel {b,, )"

the complex symbol for S-PUSRC scheme.

is serial-to-parallel converted to N gp; _bits, and then mapped to
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Symbol Mapping

b
kxN
M,KxN¢ppr > Sm,k,O
(k+1)xNcppr -1 l:NCBPT . . Sm,k,l
{b } —> . Mapping —» S, =
m,n N=kxNcgpr S/P m, S

b m.k,2

M, (K+1)xNppr—1
“1 Sm,k,3

Figure 2-10 S-PUSRC symbol mapping

The symbol mapping is composed of two steps. The result of the first step is given by

= _ 1 mk
S IOout + JQOoutJ

and Table 2-27 to Table 2-29 show the mapping method for each modulation scheme.

Table 2-27 QPSK-S-PUSRC symbol mapping

| m,k b ~ M.k
kxNegpr 0,0ut kxNegpr +1 0,0ut
0 1 0 1
1 -l 1 -l

Table 2-28 16QAM-S-PUSRC symbol mapping

bk><NCBPT i bkxNCBPT +2 Iommlj(t bkxNCBPT +1 bkxNCBPT +3 7(;':'1’)‘;1
00 1 00 1
01 3 01 3
10 -1 10 -1
11 -3 11 =3

Table 2-29 64QAM-S-PUSRC symbol mapping

kxNegpr bkxNCBpT +2 1 PN ggor +4 |omo§t B,. Negpr +14 bkxNCBPT 131 bkxNCBPT +5 7(;',16131
001 1 001 1
000 3 000 3
010 S 010 S
011 7 011 7
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101 -1 101 -1
100 =3 100 =3
110 ] 110 ]
111 A 111 A

In the second step, the symbol vector Sy « =[Sm0 Smic1sSmk22Smu3] 1S _obtained by

multiplying §,, by the precoding vector u, =[ Uy, U, Uy, u; ] and the normahzatlon

factor as follows.

1

= (II Lout + JQ| out)>< KMOD N
NTxAnt

where

Il =1 xRe[u"]—-Qut

iout

iout x Im[u ] QI out Illguli x Im[u ]+ QI ,out X Re[u ]

2.2.3 Spreading

The spreading is applied to DS-DSDSCH and LS-DSDSCH. Figure 2-11 illustrates the
spreading method. The input symbol is spread by multiplying the sector-specific

spreading code { c{”, ¢!V, c{” }. After spreading, the symbol is given by

§m,3k+| :CI(J)sm,k , =012,

The spreading codes {c{”, ¢”,c{” } and {c{"’, ¢, ¢! } of sectors J and j in the

same cell are designed to be orthogonal. The spreading codes for the three-sector s systems
&{ 1’ 1’ 1 } , {1’ 912/3”, e j2/37 } and { 1’ e 12/3”,9J2/3” }

Spreading
pans z z z (-
{ St Spreading { S akr0> Smaket> Sz Jilo
—> >

{ COU)7 C](”, C;” }

Figure 2-11 Spreading
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2.2.4 Frequency-Time mapping

The spread signal vector { 5, 5, S sc1s Smacsz ero for the spreading-type channels (DS-
DSDSCH and LS-DSDSCH) and the non-spread signal {3, &' for the non-spreading
type channels (DN-DSDSCH and LN-DSDSCH) are multiplied by channel gain G . The

spread symbol for DS-DSDSCH is mapped to a Distributed Spreading Block (DS?). The
spread symbol for LS-DSDSCH is_mapped to a Localized Spreading Block (LSB). The
non-spread symbol for DN-DSDSCH and LN-DSDSCH is mapped to a frequency-time
bin.

The symbol associated with resource index r is mapped to OFDM symbol time t and
subcarrier f inthe DTP as follows.

t=[r/N|,
f =rmodN

where N is the number of the used subcarriers (e.g. N = 600 for 10 MHz bandwidth). In
this step, the symbols from the different channels can be mapped to the same frequency-
time resource. In this case, symbols mapped to the same frequency-time resource_are
added.

2.2.5 Scrambling

Figure 2-11 illustrates the scrambling method. The frequency-time mapped signal is
multiplied_by the cell-specific scrambling code. The M-PSK modulated pseudo random
sequence is used for the cell-specific scrambling code.

2.2.6  OFDM Modulation

The frequency domain structure of an OFDM symbol is described in Figure 2-12. The
DC subcarrier is not used and N p subcarriers are located in both sides of DC subcarrier
with spacing Af . Ny p is FFT size. Ny p/2 subcarriers are in each side.
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DC carrier Sub-—carrier
Guard Guard
band l band
® [_ N _J ®
| | >
_BWy,  NyoAf 0 NooAf BW, fo T
2 2 2 2 2

Figure 2-12 The frequency domain structure of OFDM symbol in downlink

The baseband signal of "™ OFDM symbol to be transmitted by antenna i is as follows:

where ¢ is the index of subcarriers, n the index of OFDM symbol, U ;(n) the n"

Nsc p/2

So="> U (m¥,, 0,

q=-Ngc p/2

OFDM complex symbol of " subcarrier to be transmitted by antenna i and

\Pq,n (t) = {

The method of constructing OFDM symbol with CP is illustrated in Figure 2-13. The

sym —

exp(jZ;rkAf(t—Tg—nTsym)), nT, <t<(n+l)

0, otherwise

signal with CP, denoted by STLD(t), is as follows:

Sio(t+T,-T, ),
Sio®=1 si,(t-T,),

NTy,, <t<nTy, +T,

NTy, +T, <t<(n+DT

sym

sym *

0, otherwise
l copy
T
|
cp |
I
T T

Figure 2-13 OFDM symbol with CP
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2.2.7 Windowing

To minimize the leakage of OFDM signals to other bands, windowing is used in the time
domain. The baseband signal with windowing, denoted by SA:LD(t) is as follows:

1) when the rectangular window is used ,
SrI1,D (t) = S|I1,D (t)

i1) when the raised cosine window is used ,

W(t+aT, /2)S, o (t+Ty —aT,, /2), —aTy,/2<t<0
§ (b= W(t+ Ty, / 2)S, 5 (1), 0<t<T,,
: W(t+aT,, /2)S) o (t=Tyy +T,), Tyn <t<(+a/2)T,
0, otherwise
where
0.5+0.5¢cos(r +tz /(aT,,,)), 0<t<aT,,
1, aT,, <t<T
w(t) = sym wm -
0.5+0.5cos((t =Ty, )7z (T ), Ty St< A+ )T,
0, otherwise

Here, a is a roll-off factor which can be optimized within & <T, /T, to minimize the

leakage of OFDM signals. Finally, the transmission baseband signal of antenna i,
denoted by S (t) is

shh=> § ).

nN=—w
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3 Uplink

3.1 Physical Channels and Frame Structure
3.1.1 Transport Channels

Transport channels include State Control Channel (SCH), Random Access Channel
(RACH), and Shared Traffic Channel (STCH).

3.1.1.1 SCH

SCH is an uplink or downlink transport channel and transmits information for controlling
the state of UE.

3.1.1.2 RACH

RACH is an uplink transport channel and is transmitted over the whole cell.

3.1.1.3 STCH

STCH is an uplink or downlink transport channel and is shared by one or more UEs.

3.1.2 Resource partition for channelization

The length of a frame is Tgame and a frame consists of 20 UTPs (uplink Traffic Packet) ,
each of which has Tprp=0.5 ms. The uplink frame structure is illustrated in Figure 3-1

Uplink Traffic | Uplink Traffic e o o Uplink Traffic
Packet #0 Packet#1 Packet #19
Turr=0.5ms

Tframe=10 ms

Figure 3-1 Uplink frame structure
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Thame=10ms and Tyrp=0.5ms.

A frame consists of 20 UTP and 8 OFDM symbols form a UTP. The number of resources
which can be used in UTP and resource index set are defined in Table 3-1. This resource

is divided into 3 resource spaces and each space can be further divided into subspaces.

Table 3-1 Number of resources and resource index set

BW Subc[i:rGiir (K) Resource Index Set

5 300 Ry = {r10<r <2400}
10 600 Ryre ={r10<r <4800}
15 900 Ry ={r10<r <7200}
20 1200 Ryre ={r10<r1 <9600}

A half of the resource spaces are used in the case of the 1st and the 6th OFDM symbols

since their symbol duration is a half of the usual OFDM symbol time.

Uplink Traffic Packet

UNTRS

UTRS

CQMRS

UNTRS

UNTRS

UTRS

CQMRS

UTRS

Figure 3-2 Resource space structure of UTP

3.1.2.1 Channel Quality Measurement Resource Space

The resource index set for CQMRS, R\ 18 defined as
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CQMRS {r |L J— 1’6} .

CQMRS is divided into CQMRSS (Channel Quality Measurement Resource Sub-space)
and PRSS (Pilot Resource Sub-space) which are used for channel quality measurement
and channel estimation at the receiver, respectively.

Table 3-2 Resource index set of CQMRS

Niane | SubSpace Resource Index Set
8
riKsr<K+-=K, el e Xsa)
CQMRSS 3
U{r|6K<r<6K+ Krqu357 Xgq}
8
{r\Ksr<K+EK,rqu:6X&q}

1 PRSS, 2
U{r\éKsr<6K+EK,rquzlx&q}
{r\k+1§K§r<2K,rmod2:0}

PRSS, > ]
U{r\6K+EKSr<7K,rmod2:1}
8
{r|K<r<K+—5K rqu“ o
CQMRSS 8
U{r|6Ksr<6K+EK,rquz3q5X8,q}
8
{r|K<r<K+—K rqu26 o

2 PRSS, 2
U{r|6K<r<6K+1—K rqu”
{r\K+1§Ksr<2K,rmod2=O}

PRSS, > ]
U{r|6K+—K <r<7K,rmod2=1
{r| T
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3.1.2.2 Uplink Non-Traffic Resource Space

The resource index set for UNTRS, R s 15 @ subset of the remaining set after

removing R g\ps from the resource space for UTP.

RUNTRSc{r\%K£r<K}U{r|2K£r<6K,rmodKZ%K}U{r|7K+%KSr<8K}

There are 5 subspaces, UNTRS; ~ UNTRS, in UNTRS and the resource index set for
each subspace is shown in Table 3-3.

Table 3-3 Resource index set for UNTRS

SubSpace Resource Index Set
rire relJ X
UNTRSS, reRums F€Una X0 3
G=0,-— 1 150150
150
rire re(Jn X
UNTRSS, {r| Rontrs » m=4.5,11 lK,Lmq}
q=0,-,——1 75 150
150
rire relJn X
UNTRSS, {r| Rontes » m=6.12 lK,Lerq}
2 q=0,+-,——1 75 150

7150

rire r e| _ X
UNTRSSK { | RUNTR57 m—13,41,K69 lK, K meq
q=0,- 1 15 150
150

rire re U _ X
UNTRSS, {r| Runtrs » m=27.55 Tk K miq
q=0,-,—-1 15 150
150

3.1.2.3 Uplink Traffic Resource Space

The resource index set for UTRS, Ry is a subset of the remaining set after removing

Reowrs @1d Ryyrgs from the resource space for UTP .
Rums € {r10<r<KiU{r|2K <r<6K}U{r|7K <r <8K}

RUTRS N (RUNTRS U RCQMRS) =

UTRS is further divided into two subspaces: one is for localized channels and the other
for distributed channels.
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For localized channels,

8 r modK 8
rireR ,(rmod K)<—K, =0,q=0,1,--,———K -1
{r |7 & Regurs( )<13 L 20 J a9 skl
For distributed channels,
8
{r|r & Rooups>(rmodK)2—K,rel Joo, X, «
15 Tk ]—K,—m+q
=0, 1 150 150

150
3.1.3 Uplink Resource Index Set Division

Each space or sub-space is divided into several resource index subsets.

3.1.3.1 Channel Quality Measurement Resource Space

. . . K .
When the number of transmit antenna is 1, a CQMRS consists of 6x 50 resource index
. K . .
subsets, RISiCQMRS, where 0<i< 6Xﬁ' When the number of transmit antenna is 2, a

CQMRS consists of 4x % resource index subsets, RIS ™, where 0<i<4x % )

3.1.3.2 Uplink Non-Traffic Resource SubSpace 0

GUNTRSS,
I

A UNTRSS consists of % resource index subsets, RI , where 0<i< %

3.1.3.3 Uplink Non-Traffic Resource SubSpace 1

UNTRSS,
RISNTRSS:

. K .
A UNTRSS; consists of 3Xﬁ resource index subsets, where

OSi<3><L.
150
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3.1.3.4 Uplink Non-Traffic Resource SubSpace 2

UNTRSS,
RIS,

A UNTRSS, consists of 2x% resource index subsets, where

0Si<2x£.
150

3.1.3.5 Uplink Non-Traffic Resource SubSpace 3

A UNTRSS; consists of % resource index subsets, RISiUNTRSS-‘ , where 0<i< %

3.1.3.6 Uplink Non-Traffic Resource SubSpace 4

A UNTRSS; consists of % resource index subsets, RISiUNTRSS4 , where 0<i< %

3.1.3.7 Uplink Traffic Resource Subspace

A UTRSS consists of 13 x% resource index subsets, RISiUTRSS , where 0 <i<13x % .

3.1.4 Uplink Physical Channel
3.1.4.1 CQMCH (Channel Quality Measurement Channel)

CQMCH is an uplink physical channel that transmits a specific sequence for uplink

. . K
channel quality measurement. A UTP consists of at most 6Xﬁ

CQMCH(CQMCH,~CQMCH,, 5, ) » and a CQMCH consists of 10 symbols
{CQMCH,,0<k <10} and is mapped to RIS "™, CQMCH, is defined as

CQMCH, = Ax(1-2xC!,),

where C! is a sequence generated by the degree-l m-sequence generator with initial

,m

value s.
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3.1.4.2 PFCH (Path-loss Feedback Channel)

PFCH is an uplink physical channel which transmits path-loss information for

. L K
interference coordination (or management) at a fixed rate. In a UTP, there are 50

PFCHs(PFCH,~PFCH, 5, ) . A PFCH, consists of 60 symbols and is mapped to
RIS”N™%  PFCH uses QPSK modulation.

3.1.4.3 UFCH (Uplink Feedback Channel)

UFCH is an uplink physical channel which transmits downlink CQI at a fixed rate. In a
UTP, there are 3x% UFCHs(UFCH,~UFCH,, 5, ) - A UFCH; consists of 30 symbol

and is mapped to RIS UFCH uses QPSK modulation.

3.1.4.4 SCPCH (State Control Physical Channel)

SCPCH is an uplink physical channel used for SCH transport channel and transmits at a
fixed rate. In a UTP, there are 2x% SCPCH(SCPCH,~SCPCH, 5, ) - A SCPCH;

consists of 30 symbol and is mapped to RIS SCPCH uses QPSK modulation.

3.1.4.5 UACH (Uplink ACK Channel)

UACH is an uplink physical channel which transmits ACK for downlink DSDPCH at a
fixed rate. In a UTP, there are at most % UACH(UACH,~UACH,,5, ). A UACH,

consists of 18 symbols and is mapped to RIS ™% UACH uses QPSK modulation.

3.1.4.6 RACH (Random Access Channel)

RACH is an uplink physical channel for random access. In a UTP, there are %

RACH(RACH,~RACH,,5, ) . A RACH, consists of 12 symbols and is mapped to

RI S.UNTRSS4
i .
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3.1.4.7 SPDCH (Shared Physical Data Channel)

SPDCH is an uplink physical channel used for uplink STCH transport channel, RACH
transport channel, and uplink SCH channel at a variable rate. In a UTP, there are at most

13x% SPDCH(SPDCH,~SPDCH,, ,;5, ) - A SPDCH;, consists of 480 symbols in

maximum and is mapped to RIS"™™ . SPDCH uses QPSK, 16QAM, and 64QAM

N

11
12

13

14

15

16

17

(optional) modulation.

3.1.4.8 Summary

Table 3-4 summarizes the maximum number of uplink physical channels and the number

of resources used in each uplink physical channel.

Table 3-4 Maximal number of channels and resources of UTP

Max. number Number of

Channel of channels per Hmber O Iesourees Remark

per channel
packet

CQMCH 6K/150 60
PFCH K/150 60
UFCH 3K/150 30
SCPCH 2K/150 30
UACH K/150 18
RACH K/150 12
10K/150 48
SPDCH 3K/150 60
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3.2 Modulation and Mapping
3.2.1 Overview

The uplink transmission scheme is based on DFT-spread OFDM. One or two transmit
antennas are used at the UE (Nxant = 1, 2).

The DFT-spread OFDM is illustrated in Figure 3-3. First, a packet (bit stream) which is
transmitted by each physical channel is generated through channel mapping and coding.
The physical channels are uplink SCPCH, UFCH, PFCH, UACH and uplink SPDCH.
The procedure of bit stream generation is explained in Section 4. The procedure of CQM
symbol generation is described in Section 3.1.

The bit stream generated from channel mapping and coding is converted to the symbol
stream through symbol mapping. The symbol is multiplied by channel gain and is
mapped to a frequency-time bin. After the mapped symbols are scrambled, DFT Spread
OFDM operation is carried out. The DFT-spread OFDM operation consists of DFT,
symbol to subcarrier mapping, IFFT and cyclic prefix insertion. The windowing can be
employed to suppress out-of-band emission.

When handoff occurs, the UE should communicate with more than one BS. This requires
as many uplink modulation procedures as the number of simultaneously accessible BSs.
The procedure of dotted blocks in Figure 3-3 is used for the UE to communicate with
new BS, when handoff occurs. When there is no handoff, the dotted blocks are not used.
Section 3.2.2 to 3.2.6 describe the uplink modulation procedure for one BS. When the UE
communicates with multiple BSs simultaneously, this procedure is carried out for each
BS, and then all the baseband signals are added.

Uplink Modulation Scheme

Channel ¢ Gain

Bit Sequence | gympyol & Freq. Time DFT Spread OFDM Modulation (Ant. 0)
Mapping Mapping
Symbol to Cyclic
Cham_'lel 3 . . . > FFT subcarrier IFFT Prefix =% Windowing —»
BSO Ma;g)mg : : . M mapping Insertion
Coding Channel N-1 Gain Scram
Bit Sequence | gympol Freq. Time bling -
Mapring X Maping DFT Spread OFDM Modulation (Ant. 1)

& Symbol to Cyclic
3 T > FFT subcarrier IFFT Prefix 9 Windowing —»
‘ CQM Symbol Mapping & :v?gbpi::;e mapping Insertion

Channel 6 ...
Bit Sequence | i

| Freq. Time | DFT Spread OFDM Modulation (Ant. 0)
i Mapping ; .

Cyclic
i~ Prefix - windowing —»
i Insertion

Channel
BS; Ma%fnng

Coding Channel N2 iGan Scram
Bit Sequence | i X i i bling

- subcarrier
mapping

DFT Spread OFDM Modulation (Ant. 1)

Symbol to i Cyclic
subcarrier Prefix - windowing i—»
mapping Insertion

CQM Symbol Mapping

Figure 3-3 DFT-spread OFDM
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3.2.2 Symbol Mapping

The bit streams from channel mapping and coding, {bm’n}nzz _1, are mapped to the

n=0
k=z;-1 , .
symbol streams {Sm’k}k—o where Z, and Z, are the lengths of the bit stream and
symbol stream, respectively. The k™ symbol vector of the m™ channel,
T . .
Smk :|:sm,k,0 sm,k,NmﬁJ , is the complex vector of size Ny, x1, where N, is the

wii Of S, to be transmitted by the i"

antenna is determined by the modulation schemes (QPSK and 16QAM) and the transmit
diversity schemes (SAT, STBC and SPEX).

number of transmit antennas. The i" element s

The complex symbol s, ; is given by

. 1

m,k m,k
Sm,k,i = (Ii,out + JQi,out)>< KMOD x ’
\Y NTxAnt

where Ii'j)’fjt and Qi'fl;lft are real and imaginary parts of the complex modulation symbol,

respectively and K,,,, is the normalization factor. The normalization factor Kyop is
given by Table 3-5.

Table 3-5 Kyop for each modulation scheme

Modulation Kmop
QPSK 112
16QAM 1N10

Table 3-6 shows the Negpr (Number of Coded Bit Per Tone) for each modulation option
and antenna scheme.

Table 3-6 Ncgpt and modulation scheme

Ncepr | Modulation Option | Antenna Scheme N ant
2 QPSK SAT 1
2 QPSK STBC 2
4 QPSK SPEX 2
4 16-QAM SAT 1
4 16-QAM STBC 2
8 16-QAM SPEX 2
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3.2.2.1 SAT

Figure 3-4 shows the symbol mapping. The bit stream of the m" channel, {bmﬂn}:jmfl , 1s
serial-to-parallel converted to Ncppr bits, and then mapped to a complex symbol

according to the modulation scheme.

Symbol Mapping

m.kNcgpr

(K+1)Negpr —1 1:N, i
{ ) n} CBPT CBPT Mapping Sm,k

n=kNcgpr S/P b
m,(k+1)Negpr 1

»

Figure 3-4 Symbol mapping

The mapping method for each modulation scheme is shown in Table 3-7 and Table 3-8

Table 3-7 QPSK-SAT modulation

| m,k b m,k
m,kxNegpr 0,0ut m,kxNegpr +1 0,out
0 1 0 1

1 -1 1 -1

Table 3-8 16QAM-SAT modulation

bm,k><NCBPT 9 bm,kxNCBpT +2 I(Tétt bm,kxNCBPT +11 bm,kxNCBPT +3 (Tol:n
00 1 00 1
01 3 01 3
10 -1 10 -1
11 -3 11 -3
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3.2.2.2 STBC
Figure 3-5 shows the symbol mapping for STBC. The bit stream of the m™ channel

{bmﬂn}:jmfl is serial-to-parallel converted to 2x N.g; bits, and then mapped to the

complex symbol for STBC.

Symbol Mapping

b

m,kx2xNegpr

(k+1)x2xNegpr 1| 122X Negpr o ) Smako | | SmaksLo
{bm‘” }n:kxsz‘ > sp e Mapping » {Sm,zk ’Sm.2k+1} = >
o b Sm.2k.1 S 2k+11

m,(K+1)x2xNcgpr—1
g

Figure 3-5 STBC symbol mapping

The mapping method for each modulation scheme is shown in Table 3-9 and Table 3-10.

Table 3-9 QPSK-STBC modulation

bm,kxszCBPT I(;r,]c}i?k Iﬂ{jtx ! bm,kaxNCBPT +1 17163: ‘ r;r,léﬁm
0 1 1 0 1 -1
1 -1 -1 1 -1 1
By o Negpr +2 Iro’j:k I(Tc}i:kﬂ bm,kxszCBPT +3 (Téﬁ?k lrj]c;j:k“
0 1 -1 0 1 1
1 -1 1 1 -1 -1
Table 3-10 16QAM- STBC modulation
bm,k><2><NCBPT ! ka2XNCBpT +2 I(;T,]oi:k bm,k><2><NCBPT +17 bm,kaxNCBpT +3 (Toﬁ?k
00 1 00 1
01 3 01 3
10 -1 10 -1
11 -3 11 -3
bm,k><2xNCBPT +47 bm,kaxNCBPT +6 |1r,nc§5:k bm,k><2><NCBpT +50 bm,kxszCBPT +7 maank
00 1 00 1
01 3 01 3
10 -1 10 -1
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11 -3 11 -3
m,2xk+1
bm,k><2>< Negpr ! bm,k><2><NCBPT +2 I]r,r](;jt)(k+l bm,k><2><NCBPT +11 bm,k><2><NcBPT +3 Lout
00 1 00 -1
01 3 01 -3
10 -1 10 1
11 -3 11 3
m,2xk+1
bm,kx2><NCBPT +47 bm,k><2><NCBPT +6 |(Téirk+] bm,k><2><NCBpT +51 bm,k><2><NCBpT <7/ oot
00 -1 00 1
01 -3 01 3
10 1 10 -1
11 3 11 -3
3.2.2.3 SPEX

Figure 3-6 shows the symbol mapping for SPEX scheme. The bit stream of the

n=Z,-1
m™ channel {bm,n}nio

the complex symbol for SPEX scheme.

is serial-to-parallel converted to Ng; bits, and then mapped to

Symbol Mapping

b (K+1)xNgpp—1
{na} =

n=kxNcgpr

1 :NCBPT

S/P

M,kxNcper

b

m,

A4

Mapping

(k+1)xN¢pgpr -1

A 4

Figure 3-6 SPEX symbol mapping

The mapping method for each modulation scheme is shown in Table 3-11 and Table 3-12.

Table 3-11 QPSK-SPEX modulation

| m,k m,k

m,kxNegpr 0,0ut m,kxNegpr +1 0,0ut
0 0 1
1 -1 1 -1

| m,k m,k

m,kxNegpr +2 Lout m,kxNegpr +3 1out
0 1 0 1
1 -1 1 -1
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Table 3-12 16QAM-SPEX modulation

bm,kxNCBpT 'bm,kxNCBpT+2 I(T;ntt bm,kxNCBpT+1 ’bm,kxNCBpT +3 (Téﬁt
00 1 00 1
01 3 01 3
10 -1 10 -1
11 -3 11 -3

bm,k><NCBPT +4 1 ~m kxNegpr +6 IlTo’:t bm,k><NCBPT +5 7 “m,kxNegpr +7 lTo’Et
00 1 00 1
01 3 01 3
10 -1 10 -1
11 -3 11 -3

3.2.3 Frequency-Time Mapping

Symbol stream {Sm,k}tjrl generated by symbol mapping is multipl

G,,, so that {S,’nk}::j -

3.2.4 Scrambling

The frequency-time mapped signal, V,(n), is V,(n)=s' ,, -300<q<300,q#0, when
t,« =N Pny =0 . The scrambled signalU,(n) is generated by multiplying V,(n) by the

pseudo random scrambling codes.

3.2.5 DFT Spread OFDM Modulation

The frequency domain structure of OFDM symbol is described in Figure 3-7. The DC
subcarrier is not used and Ny subcarriers are located in both sides of DC subcarrier

with spacing Af . Ny u/2 sub-carriers are in each side.
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DC carrier Sub-carrier
Guard l Guard
band i band
® 0 00 ®
| | —
_ B\NU _M 0 Nsc,U Af BW, @ f
2 2 2 2 2

Figure 3-7 Frequency domain structure of OFDM symbol in uplink

The baseband signal of the n™ DFT-spread OFDM symbol to be transmitted by antenna
i is as follows:

300

Siu®= 2 UgiM¥y, (),
q=-300
where q is the index of subcarriers, n the index of OFDM symbols, U, ;(n) the n™ DFT

spread OFDM complex symbol of the q™ subcarrier to be transmitted by antenna i and

Y= {exp( J27kAf (t -T, - nTsym)), NTym <t<(N+DT,, '

0, otherwise

The method of constructing DFT-spread OFDM symbol with CP for UTP is displayed in
Figure 3-8. The signals with CP, denoted by S}U (t) are as follows:
Siv (t+Ty=T,),  nT,, <t<nT +T,

Sw®=1 s, (t-T,), N, +T, <t<(n+DT,

ym

0, otherwise
i copy
T
I
CP |
I
T, T,

Figure 3-8 OFDM symbol with CP in UTP
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3.2.6 Windowing

To minimize the leakage of OFDM signals to other bands, we can use windowing in the
time domain. The baseband signal with windowing, denoted by SA;U (t) is as follows:

1) when the square window is used
SAriLU (t) = Svrlwu (t) s

ii) when the raised cosine window is used

Wt+aT,, /2)S,, (t+T, —aT,, /2), —aTy, /2<t<0

§ ()= w(t+aT,, / 2)S,, (1), 0<t<T,,
" W(t+aT,, /2)Sh, (t=T +T,), Tyn <t<(+a/2)T,
0, otherwise
where
0.5+0.5cos(z +tz [(aTy,)), 0<t<aT,
1, aT,, <t<T
w(t) = om om-
0.5+0.5cos((t =Ty )7 ATy ), Ty St <+ )T,
0, otherwise

Here, « is a roll-off factor which can be optimized within a <T, /T, to minimize the

leakage of OFDM signals. Finally, the baseband signal of antenna i, denoted by S/, (t)
is

S, 0= 3 S (0.
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4 Channel Coding

Channel coding procedure includes CRC encoding (see Section 4.1), scrambling (see
Section 4.2), FEC encoding (see Section 4.3), and bit interleaving (see Section 4.4). The
basic block for SPDCH and DSDPCH passes the channel coding chain where the first
subchannel sets the scrambling seed used in Section 4.2 and the data follows the coding
chain up to the Bit interleaving. The bit-interleaved data is inputted to the symbol
mapping. The process of channel coding is shown in Figure 4-1.

{ai}» CRC Lb“,}
Encoding

Scrambling {A

g
——

FEC
Encoding

Bit
Interleaving

Figure 4-1 Channel coding process

4.1 CRC encoding

Error detection is provided on data blocks through Cyclic Redundancy Check (CRC).
The size of the CRC is 8, 16, and 24 bits. The CRC length used for each data block is
determined by the following Table 4-1 according to the length of the data block.

Table 4-1 Length of parity check bits attached by CRC encoding

SPDCH information size (Bytes) CRC Size
N<I8 8
N<108 16
otherwise 24

The entire data block is used in generating CRC parity bits for each data block. The
parity bits are generated by one of the following cyclic generator polynomials.

Ocreas (X)= X2 + X2 4+ X8+ X7+ x+1

Oerers(¥) = X+ X2+ +1

Oeres ) =X+ X"+ X+ +x+1
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Let the bits in a data block be a,,a,,...,a,_,, and the parity bits p_g, p;,..., P._;- The

encoding is performed in a systematic form. The polynomial of the length 24

Z+23 Z+22

24 23 22
a,X +a,X Tt X0+ P oXT P X At P X+ P s

yields a remainder equal to 0 when divided by g.gc,,(X) . The polynomial of the length 16

Z+15 Z+14

16 15 14
a,X +a,X toota, X+ P X7 F P X e Py X Py s

yields a remainder equal to 0 when divided by g 6(X). The polynomial of the length 8

Z+7 Z+6

8 7 6
a X +ax T+ a, X+ Py X+ P X et P X+ P,

yields a remainder equal to 0 when divided by gcgcs(X)-

The bits after CRC attachment are denoted by b,,b,,...,b,,, where K=Z+L  The
relation between them is

b =a,k=0,1,.Z-1,

bk = p(:,k—za k :Z’Z +1,-..,K—1 .

4.2 Scrambling

Data scrambling is performed on data transmitted on the DL and UL. The scrambling is
initialized on each FEC block. The pseudo random binary sequence generator is

g(x)=1+x" +x"

Each data to be transmitted enters sequentially into the scrambler, MSB first. The initial
seed value is used to calculate the scrambling bits, which are added in binary field by an
XOR operation with the serialized bit stream of each FEC block. The randomizer
sequence is applied to all input bits: information bits and CRC parity bits. The seed value
is determined by MACID that is allocated by the upper layer and is defined in the
following Table 4-2.

\

|
E
bk—»—i—» Ck
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Figure 4-2 Pseudo random binary sequence generator for data scrambling

Table 4-2 Initial seed value of scrambler

Physical Channel Register(m,sm,,...m,)
SPDCH, DSDPCH 100(MACID),

H-ARQ requires the identical scrambler pattern for each H-ARQ attempt. For H-ARQ
operation, the scrambler is initialized with the identical seed value.

The bit outputted from the scrambler is applied to the encoder and is denoted by

d.k=0,1,2,.,K-1

4.3 FEC encoding

The mandatory coding method is LDPC coding, and convolutional Turbo coding is
optional.

The encoding block size depends on the type of resources, the number of information bits,
with the limitation of maximum block size.

4.3.1 LDPC encoding

The LDPC code is based on a set of one or more fundamental LDPC codes. Each of the
fundamental codes is a systematic linear block code. Using the methods described in the
following tables, various code rates and block sizes can be accommodated by using the
fundamental codes.

Each LDPC code in the set of LDPC codes is defined by an m-by-n matrix H, where n is
the length of the code and m is the number of parity check bits. The number of systematic
bitsisk=n - m.

The matrix H is defined as
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Po‘o PO‘I Po,z

0,n,—1

1,0 11 1,2 e 1,n, -1

Pmb—l,O Pmb—l,l Pmb -1,2

m,—1,n,—1
b

where, P, ; is one of a set of z-by-z permutation matrices or a z-by-z zero matrix. The

matrix H is expanded from a base matrix H, , with non-binary entries, of size m, -by- n,,
where n=2z-n, and m=z-m,, with z a positive integer. The base matrix is expanded by
replacing each nonzero entry with a z-by-z permutation matrix, and each zero entry with
a z-by-z zero matrix. The base matrix size n, is defined differently depending on the type
of resource and UL/DL.

The permutations used are circular right shifts, and the set of permutation matrices
contains the z-by-z identity matrix and circular right shifted versions of the identity
matrix. Each 0 in H, is replaced by z-by-z zero matrix, and each non zero entry x in
H, is replaced by a circular shift size x - 1. The matrix Hy can then be directly expanded

toH.

The matrix H, can be partitioned into two sections; the one that corresponds to the
systematic bits and the other one that corresponds to the parity-check bits, such that
H, =[H, H,,]. Thus, H,,can be expressed in a lower triangular form. The specific

parity-check matrices of the fundamental codes are to be determined.

The LDPC code flexibly supports different block sizes for each code rate through the use
of an expansion factor. The matrix H, has its own basic columns and a column in H, can
represent different numbers of columns in H according to the expansion factor. The
expansion by the factor of n is achieved by expanding the z-by-z circular shit matrix into
an nz-by-nz circular shift matrix, with the same shift value. By doing so, all shift values
specified in H, are conserved in the expanded matrix and the length of codes are

expanded by the factor of n.

Table 4-3, Table 4-4, and Table 4-5 specify the block sizes and code rates of the LDPC
codes for DL and UL. The optional block sizes are written in italic face and the
information sizes in solid cells (as opposed to dotted cells) painted with the same color
are encoded with a single parity check matrix by using some appropriate method like
codeword shortening.

-59 -



{Oct 28, 2005}

Table 4-3 LDPC block sizes and code rates for DL

N cﬁ asnuntiel K (bytes) # Symbols
(bits) (Ch‘;”ks 2 | 3 | 4 | 5 | 6 |QPSK|16QAM |64QAM
180 1 6 | 9 | 12|15 ] 18| 9 45 30
360 2 12 | 18 | 24 | 30 | 36 | 180 | 90 60
540 3 18 | 27 | 36 | 45 | 54 | 270 | 135 90
720 4 24 | 36 | 48 | 60 | 72 | 360 | 180 120
900 5 30 | 45 | 60 | 75 | 90 | 450 | 225 | 150
1080 6 36 | 54 | 72 | 90 | 108 | 540 | 270 180
1260 7 4 | 63 | 84 | 105 | 126 | 630 | 315 | 210
1440 8 48 | 72 | 96 | 120 | 144 | 720 | 360 | 240
1620 9 54 | 81 [ 108 | 135 | 162 | 810 | 405 | 270
1800 | 10 60 | 90 | 120 | 150 | 180 | 900 | 450 | 300
1980 | 11 66 | 99 | 132 | 165 | 198 | 990 | 495 | 330
2160 | 12 72 | 108 | 144 | 180 | 216 | 1080 | 540 | 360
2340 | 13 78 | 117 | 156 | 195 | 234 | 1170 | 585 390
2520 | 14 84 | 126 | 168 | 210 | 252 | 1260 | 630 | 420
2700 | 15 90 | 135 | 180 | 225 | 270 | 1350 | 675 | 450
2880 | 16 96 | 144 | 192 | 240 | 288 | 1440 | 720 | 480
3060 | 17 | 102 | 153 | 204 | 255 | 306 | 1530 | 765 | 510
3240 | 18 | 108 | 162 | 216 | 270 | 324 | 1620 | 810 | 540
3420 | 19 | 114 | 171 | 228 | 285 | 342 | 1710 | 855 | 570
3600 | 20 | 120 | 180 | 240 | 300 | 360 | 1800 | 900 | 600

Table 4-4 LDPC block sizes and code rates of localized resources for UL

N
(bits)

# Sub
channel
(chunks

K (bytes)

# Symbols

6

QPSK

16QAM

64QAM
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)

96 1 3 4 6 8 9 48 24 16
192 2 6 8 12 16 18 96 48 32
288 3 9 12 18 24 27 144 72 48
384 4 12 16 24 32 36 192 96 64
480 5 15 20 30 40 45 240 120 80
576 6 18 24 36 48 54 288 144 96
672 7 21 28 42 56 63 336 168 112
768 24 32 48 64 72 384 192 128
864 9 27 36 54 72 81 432 216 144
960 10 30 40 60 80 90 480 240 160
1056 11 33 44 66 88 99 528 264 176
1152 12 36 ! 72 96 108 576 288 192
1248 13 39 52 78 104 | 117 624 312 208
1344 14 42 56 84 112 | 126 672 336 224
1440 15 45 60 90 120 | 135 720 360 240
1536 16 48 64 ! 128 | 144 768 384 256
1632 17 51 68 102 | 136 | 153 816 408 272
1728 18 54 72 108 | 144 | 162 864 432 288
1824 19 57 76 114 | 152 | 171 912 456 304
1920 20 60 80 120 | 160 | 180 960 480 320

Table 4-5 LDPC block sizes and code rates of distributed resources for UL

# Sub
K (bytes # Symbols
N channel (bytes) y
(bits) (Ch‘)mks 4 | 6 | 8 | 10 | 12 |QPSK | 16QAM | 64QAM
120 1 4 | 6 | 8 | 10| 12| 60 30 20
240 2 8 | 12 | 16 | 20 | 24 | 120 | 60 40
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360 3 12 18 24 30 36 180 90 60

480 4 16 24 32 40 48 240 120 80

600 5 20 30 40 50 60 300 150 100
720 6 24 36 48 60 72 360 180 120
840 7 - 42 46 70 84 420 210 140
960 8 32 48 64 80 96 480 240 160
1080 9 54 72 90 108 540 270 180
1200 10 40 100 | 120 600 300 200
1320 11 44 110 | 132 660 330 220
1440 12 48 72 96 120 | 144 720 360 240
1560 13 52 78 104 | 130 | 156 | 780 390 260
1680 14 56 84 112 - 168 840 420 280
1800 15 60 90 120 | 150 | 180 | 900 450 300
1920 16 64 96 128 | 160 | 192 960 480 320
2040 17 68 102 | 136 | 170 | 204 | 1020 510 340
2160 18 72 108 | 144 - 216 | 1080 540 360
2280 19 76 114 | 152 | 190 | 228 | 1140 570 380
2400 20 80 120 | 160 | 200 | 240 120 600 400

LDPC encoding is performed with the mxn parity-check matrix. The output parity
check bits after LDPC encoding are denoted by P, p,---, Py_x_; -

If the input information bits are denoted by c,,C,,...,C,_, and the output codeword bits by

d,.d,,....dy_,, the relation between them is
d, =¢,k=0,1..,K-1
do =Py, k=K,K+1,..,N-1

The codeword outputted from the LDPC encoder satisfies the following condition.
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Hd

Il
o

where, d=(d,d,..d,_)"

4.3.2 Convolutional turbo encoding

The convolutional turbo code encoder uses a parallel concatenated convolutional code
with two 8-state constituent encoders and one internal interleaver. The coding rate of
convolutional turbo code is 1/3. The structure of convolutional turbo encoder is depicted
in Figure 4-3.

The transfer function of the 8-state constituent code is:

9,(D)
G(D) = {1,1 :
90(D)

where
go(D)=1+D*+D’,

gi(D)=1+D+D".

1st constituent encoder

Input

Turbo code internal
interleaver

2nd constituent encoder

" (O o o]

Xk

Figure 4-3 Convolutional turbo encoder

Since convolutional turbo code employs the tail-biting property, the initial state where
the encoding begins is determined prior to the encoding. The state of the encoder is

denoted S(0<S <7) with S the value read binary (left to right) out of the constituent
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encoder memory. The circulation states of each constituent encoder, denoted by Sc, and
Sc, , respectively, are determined by the following operations:

1. Initialize the encoder with state 0. Encode the sequence in the natural order for
the determination of Sc, or in the interleaved order for determination of Sc,. In
both cases the final state of the encoder is Sy, ;

2. According to the length N of the sequence, use the following Table 4-6 to find

Sc,and Sc,
Table 4-6 Circulation state lookup table
0
Nmod7 SN%

0 1 2 3 4 5 6 7
1 0 6 3 5 7 1 4 2
2 0 4 5 1 2 6 7 3
3 0 3 4 7 1 2 5 6
4 0 2 6 4 5 7 3 1
5 0 5 7 2 6 3 1 4
6 0 7 1 6 3 4 2 5

The encoding procedure is performed in the following way. First, the first encoder after
initialization by the circulation state Sc, is fed with the sequence in the natural order.

Then the second encoder after initialization by the circular state Sc,is fed by the
interleaved sequence.

The order in which the encoded bit is fed into the subpacket generation block is :

X,2,X,2' =

’ !

' ' [
XO’ZO’XO’ZO’XI’ZI’XI’ZI""7XN—1’ZN—I’XN—I’ZN—I

The block lengths and code rates for convolutional turbo code are differently defined
depending on the type of resource and UL/DL. Table 4-7,

Table 4-8, and

Table 4-9 show the block lengths and code rates for different cases. The optional block
sizes are written in italic face.

Table 4-7 Convolutional turbo block sizes and code rates for DL
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N cﬁ fnuntél K (bytes) # Symbols
(bits) (Ch‘;”ks 2 | 3 | 4 | 5 | 6 |QPSK|16Q0AM |64QAM
180 1 6 | 9 | 12| 15| 18| 90 45 30
360 2 12 | 18 | 24 | 30 | 36 | 180 | 90 60
540 3 18 | 27 | 36 | 45 | 54 | 270 | 135 90
720 4 24 | 36 | 48 | 60 | 72 | 360 | 180 120
900 5 30 | 45 | 60 | 75 | 90 | 450 | 225 150
1080 6 36 | 54 | 72 | 90 | 108 | 540 | 270 180
1260 7 42 | 63 | 84 | 105 | 126 | 630 | 315 210
1440 8 48 | 72 | 96 | 120 | 144 | 720 | 360 240
1620 9 54 | 81 | 108 | 135 | 162 | 810 | 405 270
1800 | 10 60 | 90 | 120 | 150 | 180 | 900 | 450 300
1980 | 11 66 | 99 | 132 | 165 | 198 | 990 | 495 330
2160 | 12 72 | 108 | 144 | 180 | 216 | 1080 | 540 360
2340 | 13 78 | 117 | 156 | 195 | 234 | 1170 | 585 390
2520 | 14 84 | 126 | 168 | 210 | 252 | 1260 | 630 420
2700 | 15 9 | 135 | 180 | 225 | 270 | 1350 | 675 450
2880 | 16 96 | 144 | 192 | 240 | 288 | 1440 | 720 480
3060 | 17 | 102 | 153 | 204 | 255 | 306 | 1530 | 765 510
3240 | 18 | 108 | 162 | 216 | 270 | 324 | 1620 | 810 540
3420 | 19 | 114 | 171 | 228 | 285 | 342 | 1710 | 855 570
3600 | 20 | 120 | 180 | 240 | 300 | 360 | 1800 | 900 600

Table 4-8 Convolutional turbo block sizes and code rates of localized resources for
UL

# Sub
N channel K (bytes) # Symbols

(bits) (Cht)"‘kS 3 | 4| 6 | 8 | 9 |QPSK|16QAM |64QAM
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96 1 3 4 6 8 9 48 24 16
192 2 6 8 12 16 18 96 48 32
288 3 9 12 18 24 27 144 72 48
384 4 12 16 24 32 36 192 96 64
480 5 15 20 30 40 45 240 120 80
576 6 18 24 36 48 54 288 144 96
672 7 21 28 42 56 63 336 168 112
768 8 24 32 48 64 72 384 192 128
864 9 27 36 54 72 81 432 216 144
960 10 30 40 60 80 90 480 240 160
1056 11 33 44 66 88 99 528 264 176
1152 12 36 48 72 96 108 576 288 192
1248 13 39 52 78 104 | 117 624 312 208
1344 14 42 56 84 112 | 126 672 336 224
1440 15 45 60 90 120 | 135 720 360 240
1536 16 48 64 96 128 | 144 768 384 256
1632 17 51 68 102 | 136 | 153 816 408 272
1728 18 54 72 108 | 144 | 162 864 432 288
1824 19 57 76 114 | 152 | 171 912 456 304
1920 20 60 80 120 | 160 | 180 960 480 320

Table 4-9 Convolutional turbo block sizes and code rates of distributed resources

for UL
# Sub
K (bytes # Symbols
N channel (bytes) y
(bits) (Ch‘;”ks 4 | 6 | 8 | 10 | 12 |QPSK | 16QAM | 64QAM
120 1 4 6 8 10 12 60 30 20
240 2 8 12 16 20 24 120 60 40
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360 3 12 18 24 30 36 180 90 60

480 4 16 24 32 40 48 240 120 80

600 5 20 30 40 50 60 300 150 100
720 6 24 36 48 60 72 360 180 120
840 7 28 42 46 70 &4 420 210 140
960 8 32 48 64 80 96 480 240 160
1080 9 36 54 72 90 108 540 270 180
1200 10 40 60 80 100 | 120 600 300 200
1320 11 44 66 88 110 | 132 660 330 220
1440 12 48 72 96 120 | 144 720 360 240
1560 13 52 78 104 | 130 | 156 780 390 260
1680 14 56 84 112 | 140 | 168 840 420 280
1800 15 60 90 120 | 150 | 180 900 450 300
1920 16 64 96 128 | 160 | 192 960 480 320
2040 17 68 102 | 136 | 170 | 204 | 1020 510 340
2160 18 72 108 | 144 | 180 | 216 | 1080 540 360
2280 19 76 114 | 152 | 190 | 228 | 1140 570 380
2400 20 80 120 | 160 | 200 | 240 120 600 400

To achieve various code rates with a single convolutional turbo encoder, the appropriate
puncturing is required for each code rate. Table 4-10,

Table 4-11, and

Table 4-12 show the puncture pattern for each code rate. The 1 and O in the puncture
pattern represent the transmitted and punctured bits, respectively.

Table 4-10 Puncture Pattern for convolutional turbo coding for DL

Code rate 4/15
X, 1111
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Table 4-11 Puncture Pattern for convolutional turbo coding of localized resources

z, 1111
X, 1110
z 1111
Code rate 2/5
X, 1111
Z, 1011
X! 0000
z, 1110
Code rate 8/15
X, 11111111
Z, 10101010
X 00000000
z, 01010100
Code rate 2/3
X, 1111
z, 1000
X 0000
z, 0010
Code rate 4/5
Xy 1111111
Z, 10000000
X, 00000000
z, 00001000

for UL
Code rate 1/4
X, 1111
z, 1111
X! 1111

- 68 -




{Oct 28, 2005}

z 1111
Code rate 1/3
X, 1111
z, 1111
X, 0000
7 1111
Code rate 1/2
X, 1111
Z, 1010
X! 0000
z, 0101
Code rate 2/3
X, 1111
Z, 1000
X 0000
z 0010
Code rate 3/4
X, 111111
z, 100000
X, 000000
z, 000100

1
2 Table 4-12 Puncture Pattern for convolutional turbo coding of distributed resources

3 for UL
Code rate 4/15
X, 1111
z, 1111
X: 1110
z 1111
Code rate 2/5
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X, 1111
Z, 1011
X! 0000
z, 1110
Code rate 8/15
X, 11111111
Z, 10101010
X, 00000000
z, 01010100
Code rate 2/3
X, 1111
Z, 1000
X! 0000
z, 0010
Code rate 4/5
X, 11111111
Z, 10000000
X 00000000
z, 00001000

The order of punctured bits is

di =X.k=0,...,N—-1

Al =2,k=0,...,N—1
A =%,k=0,...,N -1
di.,=2,,k=0,...,N-1

The codeword outputted from the convolutional turbo encoder is given as:

d, =k =0.....n,
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where (k) is the smallest index such that I1(k)>1(k—1) and I(k) is an index not to be

punctured, where | (O) is the smallest index not to be punctured.

4.3.3 H-ARQ support for FEC encoding

The transmission orders of the encoded bits for H-ARQ support are specified in the Table
4-13,

Table 4-14, and

Table 4-15. Incremental redundancy based H-ARQ is taking into account the puncture
pattern. For each retransmission, different parity bits are used to create the retransmission
FEC block. The indices of transmitted bits are predefined or can be easily deduced from
the retransmission order and the number of received bits. The parity bits are transmitted
in the ascending order. The parity bits that have already been transmitted are not
considered for retransmission. If all the parity bits are retransmitted at least once, the
retransmission of the parity bits that have already been transmitted is now allowed. At the
receiver, the received signals are depunctured according to its specific puncture pattern,
and then the combination is performed at bit metrics level.

Table 4-13 Order of convolutional turbo coded bits to be retransmitted for DL H-

ARQ
Codeword bit type Order of rx. bits
X | e
Z, D@)ADHAHA3)(6)(15)(8)
X. (17)(21)(19)(23)(18)(22)(20)(24
)
Z (DA0)3)(A2)(5)(14)(7)(16)

Table 4-14 Order of convolutional turbo coded bits to be retransmitted of localized
resources for UL H-ARQ

Type Order of rx. bits
O
Z M@)ADH(A3)(6)(15)(8)
» (17)(21)(19)(23)(18)(22)(20)(24
“ )
Z, (DH(A0)(3)(12)(5)(14)(7)(16)
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Table 4-15 Order of convolutional turbo coded bits to be retransmitted of
distributed resources for UL H-ARQ

Type Order of rx. bits
X | e
Z -(6)(2)(8)(3)(10)
X (11)(13)(15)(12)(14)(16)
Z M-

4.4 Bit interleaving

The bit interleaving procedure permutes the transmission order of codeword bits in order
to transmit the codeword bits that are associated with a single information bit through the
spatially and temporally separated resources for diversity gain. The procedure is
performed in the way of block interleaving with random permutation. The size of rows of
the block interleaver is different depending on the type of resource and UL/DL. The size
of rows for DL, R, is fixed to R =30 regardless of the length of interleaver input bit
sequence N, and the size of rows for the localized and distributed resources of UL is
fixed to R=16 and R=20, respectively. The number of columns C is determined
asN/R. The output bits of the bit interleaver e, are related to the input bits d, by the

following rule:

&, =d,,,k=0,1,2,.,N~1,

where the mapping ﬂ(k) is determined through the following steps.

1. Fill the index from 0 to N —1, inclusive, in the interleaver row by row in the
conventional way of the block interleaver.

[Ing(R)

2. Permute a sequence i ( i=0,L...,2 ]—1) to make a new sequence

j according to the following rule:

j<log (ai° +a' ), i=0, 1’“"2(1%(@] -2

jctoa).=2
where « is a root of the primitive polynomial used to construct
GF (2Dng<Rﬂ) specified in Table 4-16. o is primitive in GF (Z[IOgZ(Rﬂ) and i, is

(Ing(R)—l

an integer between 0 and 2 —1, inclusive. The constants i, and i, are
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specified in Table 4-17, Table 4-19, and Table 4-21. Furthermore, by definition
log,,, (0)=2"=1_1.

Discard the numbers larger than R from the obtained sequence j to make the
permutation of length R for the inter-row permutation j'.

Permute each row with the permutation j'.

Permute a sequence i (i =0,1,...,2ﬂ°g2(cﬂ —1) for a permuted row k to make a

new sequence j(k)according to the following rule:

j(k)«log . (a" +a'), | _0,1,..., 2" =01 _)

j(k)« log . (aiﬂ )’ i = olleea(©)] _;
where « is a root of the primitive polynomial used to construct GF (zflogz(c)])’
which is specified in Table 4-16. @" is primitive in GF(2D°g2(°ﬂ) and i, is an

integer between 0 and olee:(©)] _y , inclusive. The constants i, and i, are
specified in Table 4-18, Table 4-20, and Table 4-22. Furthermore, by definition
log,,, (0)=2"11

Discard the numbers larger than C from the obtained sequence | (k) to make the
permutation of length C for the intra-row permutation j'(k ) for row k..

Permute each entry of row k with the permutation j'(k).

Table 4-16 primitive polynomials for intra- and inter-row permutation

#of

columns(C C<16 C<32 C<o4 C<128
. ). .

pcl))lginmcigvizls X+ x+1 X+ x*+1 XC+x+1 X"+ X +1

Table 4-17 parameters for inter-row permutation for DL

#of
columns(C C<l16 C<32 C<o4 C<l128
)
iy i, iy i, iy iy iy i
values 25 28 2 13 12 27 18 9

Table 4-18 parameters for intra-row permutation for DL
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colu#r‘i?ris(C) <16 <32 <64 <128
Row index iy iy i, iy i, iy i, iy
0 13 3 19 2 13 29 82 24
1 4 3 27 4 25 41 41 24
2 8 12 23 2 20 33 38 29
3 11 14 26 28 43 25 9 126
4 1 12 8 3 20 30 122 117
5 11 15 4 13 2 50 107 58
6 1 14 6 23 8 126 50
7 7 28 29 59 16 83 106
8 8 7 14 19 1 40 8 84
9 1 1 22 22 46 10 76 118
10 8 13 14 5 43 51 92 66
11 2 7 16 10 32 12 48 42
12 14 12 18 6 4 40 126 124
13 13 4 19 17 26 0 124 83
14 4 5 21 21 46 24 91 21
15 11 7 16 11 53 2 42 28
16 7 2 27 18 62 60 92 33
17 14 0 13 12 59 3 100 41
18 14 2 11 1 22 15 39 25
19 7 14 29 2 29 58 60 25
20 8 6 22 2 47 53 38 19
21 14 10 19 0 53 47 72 56
22 2 2 11 29 60 7 34
23 7 15 2 21 62 42 70 91
24 8 0 24 1 5 36 102 108
25 8 20 11 9 99 72
26 4 13 7 11 38 36 75 84
27 8 3 28 19 20 26 36 81
28 11 1 11 27 40 13 126 54
29 11 8 15 16 22 50 100 18
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Table 4-19 parameters for inter-row permutation for UL localized resource

#of
columns(C)

<32

<128

value

14

Table 4-20 parameters for intra-row permutation for UL localized resource

#of
columns(C <8 <16 <32 <64 <128
row i)ndex iy Iy iy iy Iy Iy iy iy iy i,
0 5 2 13 1 25 28 2 16 86 114
1 2 5 14 9 20 26 61 35 6 81
2 2 4 14 10 20 13 46 23 15 103
3 3 3 2 10 3 13 13 71 49
4 4 1 1 15 8 21 54 46 37
5 6 4 11 5 15 2 25 21 80
6 3 5 11 12 7 14 40 10 | 120 | 90
7 5 4 1 14 31 40 45 20 106
8 5 7 13 16 12 46 44 56 14
9 6 2 8 12 9 29 22 1 103 | 65
10 4 0 14 4 13 1 22 31 59 60
11 3 0 11 19 31 53 9 11 39
12 3 7 2 14 29 18 10 63 30 6
13 5 3 11 2 29 27 4 0 73 67
14 2 0 13 27 9 58 61 52 7
15 5 1 4 10 21 24 58 28 27 95

Table 4-21 parameters for inter-row permutation for UL distributed resources

#of
columns(C Cc<8 C<l16 C<32 C<64 C<l128
)
iy iy iy i, iy iy Iy Iy iy i
Value 2 20 26 16 4 16 9 28 21 31
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Table 4-22 parameters for intra-row permutation for UL distributed resources

coluﬁggs(C C<s8 C<li6 C<32 C<o64 C<128

row i)ndex Iy Iy iy Iy iy i, iy iy i, iy
0 4 0 13 8 30 61 12 97 109
1 1 7 7 0 1 3 46 63 44 107
2 3 1 14 12 9 26 46 59 25 110
3 2 7 4 2 28 1 47 5 84 33
4 1 2 11 15 14 31 1 47 119 63
5 4 3 2 4 18 13 34 33 34 2
6 2 2 8 5 8 27 19 54 98 36
7 3 7 8 9 13 11 1 2 30
8 5 3 1 8 14 21 2 24 60
9 5 1 11 7 22 12 52 42 66 93
10 3 5 8 3 26 9 13 40 52 66
11 2 0 14 10 3 14 31 19 90 38
12 6 7 7 10 12 29 22 48 5 114
13 1 3 14 4 12 5 29 11 62 49
14 2 5 13 7 5 12 26 60 103 65
15 3 6 8 30 13 42 114 72
16 3 4 5 28 4 49 13 81
17 2 1 8 4 29 32 44 90 59
18 5 7 14 3 21 37 54 7 15
19 6 3 14 2 12 11 53 60 98 87
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