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In case the OV SF code on the PDSCH varies from frame to frame, the OV SF codes shall be allocated such away that
the OV SF code(s) below the smallest spreading factor will be from the branch of the code tree pointed by the smallest
spreading factor used for the connection. This means that all the codes for UE for the PDSCH connection can be
generated according to the OV SF code generation principle from smallest spreading factor code used by the UE on
PDSCH.

In case of mapping the DSCH to multiple parallel PDSCHs, the same rule applies, but al of the branches identified by
the multiple codes, corresponding to the smallest spreading factor, may be used for higher spreading factor allocation.

5.2.2 Scrambling code

A total of 2'%-1 = 262,143 scrambling codes, numbered 0...262,142 can be generated. However not all the scrambling
codes are used. The scrambling codes are divided into 512 sets each of a primary scrambling code and 15 secondary
scrambling codes.

The primary scrambling codes consist of scrambling codes n=16*i where i=0...511. Thei:th set of secondary
scrambling codes consists of scrambling codes 16*i+k, where k=1...15.

There is a one-to-one mapping between each primary scrambling code and 15 secondary scrambling codesin a set such
that i:th primary scrambling code corresponds to i:th set of scrambling codes.

Hence, according to the above, scrambling codesk =0, 1, ..., 8191 are used. Each of these codes are associated with an
even alternative scrambling code and an odd alternative scrambling code, that may be used for compressed frames. The
even alternative scrambling code corresponding to scrambling code k is scrambling code number k + 8192, while the
odd alternative scrambling code corresponding to scrambling code k is scrambling code number k + 16384.

The set of primary scrambling codesis further divided into 64 scrambling code groups, each consisting of 8 primary
scrambling codes. The j:th scrambling code group consists of primary scrambling codes 16* 8*j+16*k, where j=0..63
and k=0..7.

Each cell is allocated one and only one primary scrambling code. The primary CCPCH and primary CPICH areis always
transmitted using the primary scrambling code. The other downlink physical channels can be transmitted with either the
primary scrambling code or a secondary scrambling code from the set associated with the primary scrambling code of
the cell.

The mixture of primary scrambling code and secondary scrambling code for one CCTrCH is allowable.

The scrambling code sequences are constructed by combining two real sequences into a complex sequence. Each of the
two real sequences are constructed as the position wise modulo 2 sum of 38400 chip segments of two binary m-
sequences generated by means of two generator polynomials of degree 18. The resulting sequences thus congtitute
segments of a set of Gold sequences. The scrambling codes are repeated for every 10 msradio frame. Let x and y be the
two sequences respectively. The x sequence is constructed using the primitive (over GF(2)) polynomial 1+X'+X*. The
y sequence is constructed using the polynomial 1+X+ X"+ X%+ X8

The sequence depending on the chosen scrambling code number n is denoted z,, in the sequel. Furthermore, let x(i), y(i)
and z,{3(i) denote thei:th symbol of the sequence x, y, and z,, respectively

The m-sequences xand y are constructed as:

Initial conditions:

x is constructed with x (0)=1, x(1)= x(2)=...= x (16)= x (17)=0
y(0)=y(1)= ... =y(16)= y(17)=1

Recursive definition of subsequent symbols:

x(i+18) =x(i+7) + x(i) modulo 2, i=0,...,2'5-20,

y(i+18) = y(i+10)+y(i+7)+y(i+5)+y(i) modulo 2,i=0,..., 2'5-20.

The n:th Gold code sequence z,, n=0,1,2,...,2'%-2, is then defined as
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2,(i) = x((i+n) modulo (2*2 - 12) + y(i) modulo 2, i=0,..., 2'-2.

These binary sequences eode werds-are converted to real valued sequences Z, by the following transformation:—-6—>

‘11,‘11 ;‘1’.
1 if z,()=0
Zn(i):gr _ ”(_) for i=01...,2°%-2.
1 if z,()=1

F| nal Iy, the n th complex scrambllng code sequence Sd| n |s defi ned

Sun(i) = Zz4(i) + j Zz((i+131072M) modulo (2'°-1)),i=0,1,...,.38399N-1.
Note that the pattern from phase 0 up to the phase of 38399 is repeated.
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Figure 11: Configuration of downlink scrambling code generator
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Agenda item:
Source: Ericsson
Title: CR 25.213-007r1: Update of uplink spreading sections

Document for: Decision

The current structure of the uplink parts of TS 25.213 V3.0.0 isa bit "un-structured":

- Thereisno clear distinction between "uplink scrambling codes" and those codes use for DPCCH/DPDCH and
PRACH and PCPCH.

- Thescrambling codes are described in severa different places.

- The channelization code allocation is described in several different places.

- The sub-clause structure for PCPCH preamble code is not aligned with the PRACH preamble code structure.

- Although the spreading for preamble and message parts are very different, thisis not reflected in the structure.
Moreover, there is room for improvement of the description in the following areas:

- Explicit information about how the scrambling code is applied to aradio frame is missing.

- Theuse of both Cy,, and Cy, <, to denote channelization codes is a bit confusing.

- Thedescription of the HPSK transformation is not very clear.

- Thedistinction between 0/1 and 1/-1 sequencesis not very clear.

- Thereisan error in the terminology used for the allocation of channelization code used for PRACH message data
part. The names of the codes are old and should be updated.

- Thelist with symbol definitionsis not consistent and not complete

- The short scrambling code section is a bit unclear:

The connection between code number and initialisation of registersis not clear.

How the sequence is used together with HPSK is not clearly defined.

The letter "c" is used for both the final codes and one of the component codes.

" Shift suspend" is not very clear in the figure of the generator.

To fix al this, a CR has been generated that updates the structure and makes the other clarifying changes. It should be
noted that no technical change is done, i.e. the chips that come out from the spreading/scrambling is identical to what
was assumed before. Also note that this CR only deals with the uplink parts.

It is acknowledged that it might have been better to address smaller issues in separate CRs, however, it was not clear
how this would be accomplished together with an structural change in another CR. Hence, only one big CR has been
produced.
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Revision information

In revision 1 of the CR, the following has been updated:

- How the scrambling code is applied to the PRACH/PCPCH message part radio frames has been clarified, by
talking now about "message part radio frames' and not "radio frames".

- The mathematical formula describing the HPSK transformation has been reformul ated.
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change:
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for DPCCH/DPDCH and PRACH and PCPCH.
- The scrambling codes to use and allocation of channelization codes are now
described in a more consistent way (not spread over different sections).
- The structure of PCPCH preamble code definition is now aligned with the PRACH
preamble code definition.
- Spreading for preamble and message parts are very different. This is now reflected
in the structure.
- Explicit information how scrambling code is applied to radio frame has been added
- Channelization codes now have consistent names in Figure 1.
- The description of the HPSK transformation is now clear.
- The distinction between 0/1 and 1/-1 sequences is how clear.
- The terminology used for the allocation of channelization code used for PRACH
message data part has been updated to the new code names.
- The list with symbol definitions is now consistent and more complete
- The connection between code number and initialisation of registers for short
scrambling codes is now clear.
- The use of HPSK for short scrambling codes is how clearly defined.
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1 Scope

The present document describes spreading and modulation for UTRA Physical Layer FDD mode.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

» References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

» For aspecific reference, subsequent revisions do not apply.
« For anon-specific reference, the latest version applies.

[1] TS 25.201: "Physical layer - general description”.

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply.

3.2 Symbols

For the purposes of the present document, the following symbols apply:

Censen: n:th channelisation code with spreading factor SF

wa: j i

Corens PRACH preamble code for n:th preamble scrambling code and signature s
Ceacns PCPCH access preambl e code for n:th preamble scrambling code and signature s
Ceodngs PCPCH CD preamble code for n:th preamble scrambling code and signature s
Csgs PRACH/PCPCH signature code. for signature s

Songuin’ n:th DPCCH/DPDCH long uplinkdk scrambling code-fer-desicated-channels
Seortn: n:th DPCCH/DPDCH short uplink scrambling code

Sr-pren n:th PRACH preamble scrambling codedd

Si-msgn: n:th PRACH message scrambling code

Sc-acon: n:th PCPCH access preamble scrambling code

Se-cdn’ n:th PCPCH CD preamble scrambling code

Semsgn: n:th PCPCH message scrambling code

Sl n: DL scrambling code

Cahr: n:th SCH code (primary or secondary)

Cosc: PSC code

Ceson n:th SSC code

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

AICH Acquisition Indicator Channel
AP Access Preamble
BCH Broadcast Control Channel

3GPP
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CCPCH
CD
CPCH
DCH
DPCH
DPCCH
DPDCH
FDD
Mcps
OVSF
PDSCH
PICH
PRACH
PSC
RACH
SCH
SSC

SF

UE

Common Control Physical Channel
Collision Detection

Common Packet Channel

Dedicated Channel

Dedicated Physical Channel
Dedicated Physical Control Channel
Dedicated Physical Data Channel
Frequency Division Duplex

Mega Chip Per Second

Orthogonal Variable Spreading Factor (codes)
Physical Dedicated Shared Channel
Page Indication Channel

Physical Random Access Channel
Primary Synchronisation Code
Random Access Channel
Synchronisation Channel

Secondary Synchronisation Code
Spreading Factor

User Equipment

3GPP
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4 Uplink spreading and modulation

4.1 Overview

Spreading is applied to the physical channels. It consists of two operations. Thefirst is the channelization operation,
which transforms every data symbol into a number of chips, thus increasing the bandwidth of the signal. The number of
chips per data symbol is called the Spreading Factor (SF). The second operation is the scrambling operation, where a
scrambling code is applied to the spread signal.

With the channelization, data symbols on so-called |- and Q-branches are independently multiplied with an OV SF code.
With the scrambling operation, the resultant signals on the |- and Q-branches are further multiplied by complex-valued
scrambling code, where | and Q denote real and imaginary parts, respectively.

4.2 Spreading
4.2.1  Uplink Dedicated Physical Channels (uplink DPCBCH/DPDCCH)

Figure 1 illustrates the principle of the uplink spreading of DPCCH and DPDCHSs. The binary DPCCH and DPDCHs to
be spread are represented by real-valued sequences, i.e. the binary value "0" is mapped to the real value +1, while the
binary value"1" is mapped to the real value—1. The DPCCH is spread to the chip rate by the channelization code
CcCero, While the n:ith DPDCH called DPDCH,, is spread to the chip rate by the channelization code ¢4 ,Ce». One
DPCCH and up to six parallel DPDCHSs can be transmitted simultaneously, i.e. 0< n< 6.

Cd1 B
DPDCH; % %
Cd3 B
DPDCHjs; % % Z I
Cds By
DPDCH +
54>g<>_>®_> Slong,n or Sshort,n

1 o %

+

Ca,2 B CA
DPDCH, % %

Cda By

DPDCH,4 % %
Cas Ba |
DPDCHs % % Z %

Ce Bc :

DPCCH % %
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Channelization codes gain factors
| |
Cch‘l Bd
DPDCH, '@Z) '@2) g
| |
Cch;i Bd
|
DPDCH, 5
| |
Cch,d5 Bd
DPDCH,
\
Cotramy
Dy e oy
| |
Cch‘z ﬁd
oroc (03X
| |
Cena B
DPDCH,
Q
[ \ 2 *
Cch‘s Bd
DPDCH
| |
Cch‘o Bc
DPCCH
Figure 1. Spreadingfmedutation for uplink DPCCH and DPDCHs

After channelization, the real-valued spread signals are weighted by gain factors, 3. for DPCCH and B4 for all DPDCHs

| At every instant in time, at least one of the values 3, and 34 has the amplitude 1.0. The B-values are quantized into 4 bit
words. The quantization steps are given in table 1.

Table 1: The quantization of the gain parameters

Signalling values for Quantized amplitude ratios
Bc and Bqg Bc and Bq

15 1.0

14 0.9333

13 0.8666

12 0.8000

11 0.7333

10 0.6667

9 0.6000

8 0.5333

7 0.4667

6 0.4000

5 0.3333

4 0.2667

3 0.2000

2 0.1333

1 0.0667

0 Switch off
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After the weighting, the stream of real-valued chips on the |- and Q-branches are then summed and treated as a complex-
valued stream of chips. This complex-valued signal is then scrambled by the complex-valued scrambling code Signgn OF
Saortn, depending on if long or short scrambling codes are usedCeoyamy. After-pulse-shaping-{deseribed-rH-QPSK
medutationtsperfermed:The scrambling code is applied aligned with the radio frames, i.e. the first scrambling chip
corresponds to the beginning of aradio frame.

4.2.2 PRACH

4221 PRACH preamble part

The PRACH preamble part consist of a complex-valued code,-that-afterpulse-shaping-ts-transmitted-using- QPSK-—The
preamble-coden described in section 4.3.3:2.

Figure 2 illustrates the principle of the spreading and scrambling of the PRACH message part, consisting of data and
control parts. The binary control and data parts to be spread are represented by real-valued sequences, i.e. the binary
value"0" is mapped to the real value +1, while the binary value "1" is mapped to the real value—1. The control part is
spread to the chip rate by the channelization code c., while the data part is spread to the chip rate by the channelization
code cg.

Cq By

PRACH message
data part

PRACH message
control part

Ce Bc i

Figure 2. Spreading and-serambling-of PRACH message part

After channelization, the real-valued spread signals are weighted by gain factors, 3 for the control part and 34 for the
data part. At every instant in time, at least one of the values 3, and 34 has the amplitude 1.0. The 3-values are quantized
into 4 bit words. The quantization steps are given in section 4.2.1.

After the weighting, the stream of real-valued chips on the |- and Q-branches are treated as a complex-valued stream of
chips. This complex-valued signal is then scrambled by the complex-valued scrambling code S;.megn. Afterputse-shaping
{deseribedHn)-OPSK-medulationtsperformed: The 10 ms scrambling code is applied aligned with the 10 ms

message part radio frames, i.e. the first scrambling chip corresponds to the beginning of a message part radio frame.

4.2.3 PCPCH

4.2.3.1 PCPCH preamble part

The PCPCH preamble part consists of a complex-valued code,;-that-after-pulse-shaping-stransmitted-using- QPSK-The
preamble-coden described in section 4.3.4:3.

4.2.3.2 PCPCH message part

Figure 3 illustrates the principle of the spreading and-serambling-of the PCPCH message part, consisting of data and
control parts. The binary control and data parts to be spread are represented by real-valued sequences, i.e. the binary

3GPP



TS 25.213 v3.0.0 11

value "0" is mapped to the real value +1, while the binary value "1" is mapped to the real value—1. The control part is
spread to the chip rate by the channelization code c., while the data part is spread to the chip rate by the channelization
code cq.

Cd Ba

PCPCH message
data part

PCPCH message
control part

Ce Bc ]

Figure 3: Spreading and-serambling-of PCPCH message part

After channelization, the real-valued spread signals are weighted by gain factors, 3 for the control part and 34 for the
data part. At every instant in time, at least one of the values 3. and B4 has the amplitude 1.0. The B-values are quantized
into 4 bit words. The quantization steps are given in section 4.2.1.

After the weighting, the stream of real-valued chips on the |- and Q-branches are treated as a complex-valued stream of
Chl ps This complex -valued 5|gnal isthen scrambled by the complex-valued scrambling code S;.egn. Afterputse-

: es med: The 10 ms scrambling code is applied aligned with the
10 ms message part radio frames i.e. thef| rst scrambling chip corresponds to the beginning of a message part radio
frame.

4.3 Code generation and allocation

4.3.1 Channelization codes

4.3.1.1 Code definition

The channelization codes of figure 1 are Orthogonal Variable Spreading Factor (OV SF) codes that preserve the
orthogonality between a user’s different physical channels. The OV SF codes can be defined using the code tree of
figure 4.

Coeo=(1111) |7
Cenzo= (1,1)
Cawai= (L1-1-1) |
Cenio= (1
Cenap=(1,-1,1,-1)
Cenza= (1,-1)
Conas= (1,-1,-1,1)
SF=1 SE = 2 o

Figure 4: Code-tree for generation of Orthogonal Variable Spreading Factor (OVSF) codes
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In figure 4, the channelization codes are uniquely described as Cy, 5=k, Where SF is the spreading factor of the code and k
isthe code number, 0 < k< SF-1.

Each level in the code tree defines channelization codes of length SF, corresponding to a spreading factor of SFin
figure 4.

The generation method for the channelization code is defined as:

Cinio =1,

|]:ch,Z,O Bz |]‘N’ch,l,o Cch,l,O Bz D— 1 D
ch,2,1 [] ch,1,0 _Cch,l,oD H _]H

O Cch.z(n+1),o H DCch.z".o Cch,z”,o 0
O O O _ O
O Cch.z(n+1),1 0 |:|Cch.2“.0 Cch,zn.o O
O Cch 2(n+1) 5 O Dcch M1 Cch 2N O
0 R I 0
] Cch,z(n+1),3 = |:|Cch.2“,1 _Cch.z“,l [
0 o o - . O
0 O 0 O
|__6{:ch,2("+1),z(n+1)-z U @ch.z”.z”—l Cch,zn,zn—l U
%chj("ﬂ),z(”ﬂ)—l E %:ch.z“.z"—l - Cch,2”.2"—1 E

The leftmost value in each channelization code word corresponds to the chip transmitted first in time.

4.3.1.2 Code allocation for DPCCH/DPDCH

For the DPCCH and DPDCHs the following applies:
- TheDPCCH is always spread by code c.Cen0 = Cen 256,0.

- When only one DPDCH isto be transmitted, DPDCHj is spread by code ¢y = Ce srx Where SF is the spreading
factor of DPDCH; and k = SFy,/ 4

- When more than one DPDCH is to be transmitted, all DPDCHs have spreading factors equal to 4. DPDCH, is
spread by the the code Cy1Cenn = Cenax, Wherek=1if nO{1, 2}, k=3ifn0{3,4},andk=2if nO {5, 6}.

4.3.1.3 Code allocation for PRACH message part

The preamble signature s, 1 < s< 16, points to one of the 16 nodes in the code-tree that corresponds to channelization

codes of length 16. The sub-tree below the specified node is used for spreading of the message part. The control part is
spread with the channelization code c. (as shown in section 4.2.2.2) of spreading factor 256 in the lowest branch of the
sub-tree, i.e. ¢. = Ceo56m Where m = 16(s— 1) + 15. The data part uses any of the channelization codes from spreading

factor 32 to 256 in the upper-most branch of the sub-tree. To be exact, the data part is spread by channelization code
Ca= Censemand SF is the spreading factor used for the data part and m = SFx(s—1)/16.

4.3.1.4 Code allocation for PCPCH message part

The signature in the preambl e specifies one of the 16 nodes in the code-tree that corresponds to channelization codes of
length 16. The sub-tree below the specified node is used for spreading of the message part. The control part is aways
spread with a channelization code of spreading factor 256. The code is chosen from the lowest branch of the sub-tree.
The data part may use channelization codes from spreading factor 4 to 64. A UE is allowed to increase its spreading
factor during the message transmission by choosing any channelization code from the uppermost branch of the sub-tree
code. For channelization codes with spreading factors less that 16, the node is located on the same sub-tree as the
channelization code of the access preamble.

3GPP
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4.3.2 Scrambling codes

43.2.1 General

All uplink physical channels are subjected to scrambling with a complex-valued scrambling code. The DPCCH/DPDCH
may be scrambled by either long or short scrambling codes, defined in section 4.3.2.4. The PRACH message part is
scrambled with along scrambling code, defined in section 4.3.2.5. Also the PCPCH message part is scrambled with a
long scrambling code, defined in section 4.3.2.6.

There are 2% long and 2% short uplink scrambling codes. Uplink scrambling codes are assigned by higher layers.

The long scrambling code is built from constituent long sequences defined in section 4.3.2.2, while the constituent short
sequences used to build the short scrambling code are defined in section 4.3.2.3.

—Csram =1 W+ €27 W1)
where wg-and wy-are chip rate sequences defined as repetitions of :

Wo —I’l 1
-J

4.3.2.2 Long scrambling sequencecede

The long scrambling SEqUENCES Ciong1.n 8N Ciong2n SOHESaFe-formed-as-deseribed-in-section-4-3-2-where-¢;-and-c-are
constructed fromas-the-position wise modulo 2 sum of 38400 chip segments of two binary m-sequences generated by
means of two generator polynomials of degree 25. Let x, and y be the two m-sequences respectively. The x sequenceis
constructed using the primitive (over GF(2)) polynomial X?+X3+1. They sequence is constructed using the polynomial
X%+ X3+ X%+ X+ 1. The resulting sequences thus constitute segments of a set of Gold sequences.

odeisal16;777;232

The eede;sequence -Cjong, 2 nHseeH i dral i
chip shifted version of the Mde cm1 n-bused-in-generating the in-phase component.

Let nys ... Ny be the 24 bit binary representation of the scrambling sequenceeede number n-{deeimal) with ny being the
least significant bit. The x sequence depends on the chosen scrambling sequenceeede number n and is denoted x,, in the
sequel. Furthermore, let x.(i) and y(i) denote the i:th symbol of the sequence x,, and y, respectively

The m-sequences x, and y are constructed as:

Initial conditions:

3GPP
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Xn(0)=Ng , Xn(1)=1Nyg, ... =Xx(22)= Nz ,Xn(23)= N3, Xn(24)=1
y(0)=y(D)= ... =y(23)=y(24)=1

Recursive definition of subsequent symbols:
Xn(i+25) =x,(i+3) + X,(i) modulo 2, i=0,..., 2%-27,

y(i+25) = y(i+3)+y(i+2) +y(i+1) +y(i) modulo 2, i=O0,..., 25-27.

Define the binary Gold sequence z, by

z,(i) = x,(i) + y(i) modulo 2, i =0,1, 2, ..., 2%-2,
1.0 =<Kk OPHHO) Xk DD X N-D)HHN-1)>;
2. =<Kl MM X M+ DM D)o MEN-D)-+ y(MEN-1)>;

The real valued Gold sequence Z,, is defined by

_Orl if z,()=0

for i =01,...,2%° -2
F1 if z.() =1 .

Z, (i)

Now, the real-valued long scrambling SeqUENCES Ciong,1.n AN Ciong.2n A€ defined as follows:

Ciong1n(i) = Zo(), 1=0,1,2, ..., 2% —2 and

Ciong2n(i) = Zy((i + 16777232) modulo (2*° 1)), i=0,1,2,...,2° -2,

Finally, the complex-valued long scrambling sequence Cong, n, 1S defined as

Clong,n(i) = Clong,l,n (I)@'+ J(_:I')I CIong,Z,n(Zm/ Zj)

wherei =0, 1, ..., 2% — 2 and M denotes rounding to nearest lower integer.

=‘@H
CIong,l,n
OO0O0D0OMO000000000MO0M @O0 Eﬂ

TM B LSB
1D

£DDDDDDTDDDDDDDDDDTDT (i il
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L EE@H
OO0 E D el CIET (8 @

MSB LSB Cl, n

DDDDDDTDDDDDDDDDDIDT il

Figure 5: Configuration of uplink scrambling sequenceeede generator

4.3.2.3 Short scrambling sequenceesde

The short scrambling SequUENCES Cyort 1.n(1) AN Coart 2 n(i) are defined from a sequence from the family of periodically
extended S(2) codes.

Let ny3ny,...N be the 24 bit binary representation of the code number n.

The n:th quaternary $(2) sequence zy(i), 0 < n < 16777215, is obtained by modulo 4 addition of three sequences, a
quaternary sequence a(i) and two binary sequences b(i) and d(i), where the initial loading of the three sequencesis
determined from the code number n. The sequence z,(i) of length 255 is generated according to the following relation:

Zy(i) = a(i) + 2b(i) + 2d(i) modulo 4,i =0, 1, ..., 254,

where the quaternary sequence a(i) is generated recursively by the polynomial gg(x)= 38+ x>+ 3x*+x%+ 2x+ 1 as

a(0) = 2ny + 1 modulo 4,

a(i) =2n, modulo4,i=1,2, ..., 7,

a(i) =3a(i-3) + a(i-5) + 3a(i-6) + 2a(i-7) + 3a(i-8) modulo 4,1 =8, 9, ..., 254,

and the binary sequence b(i) is generated recursively by the polynomial g;(x)= x®+x"+x+x+1 as

b(i) = ng. modulo2,i=0,1, ..., 7,

b(i) = b(i-1) + b(i-3) + b(i-7) + b(i-8) modulo 2,i =8, 9, ..., 254,

and the binary sequence cfi) is generated recursively by the polynomial gy(X)= x*+x"+x’+x*+1 as

d(i) = nyesymodulo 2,i=0, 1, ..., 7,

d(i) = d(i-1) + d(i-3) + d(i-4) + d(i-8) modulo 2,1 =8, 9, ..., 254.

The sequence z,(i) is extended to length 256 chips by setting z,(255) = z,(0).

The mapping from z.(i) to the real-valued binary sequences Caort.1.n(i) 8Nd Caorton(i), . 1 =0, 1, ..., 255 isdefined in
Table2.

Zn(i Qihort,l,n_(_i)_ Qghort,Z,n_(_i)_
0 +1 +1
1 -1 +1
2 -1 -1
3 +1 -1

Table 2. Mapping from z,(i) t0 Cshortan(i) @8N Cshorion(i), i =0, 1, ..., 255.
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Finaly, the complex-valued short scrambling sequence Cyort n. 1S defined as

Cshort,n (I) = Cshort,l,n (I mOd 256)(1+ J (_ 1)I Cshort,2,n (2[(] mOd 256)/ aj)

wherei =0, 1, 2, ... and [Mdenotes rounding to nearest [ower integer.

An implementation of the short scrambling sequence generator for the 255 chip sequence to be extended by one chip is

shown in Figure 6.

mod 2

2
@modnaddition
{7|e|5|4|3|2|1|o +
b(i) .

® multiplication
mod 2

2
#7|6|5|4|3|2|1|°H§%
d()

Mapper

Cehort1,n(i)
e

Corori2n(i)
—

r=0 12 255
L=l e
t=0 12 25

=0 L

g (523_35849(749(5 x+1 3s
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—hR)=BA-1)+bh-3)+b -7+ byA-8)(mod-2)-

2
Shift suspend after
every 256-th chip #76543210}—&7
cycle
cn)
2
z,(n) S,(n)
‘3‘2‘1‘0 + —— Mapper |——»
J(n

— i lel
m mod n addition T
® multiplication
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MsB User index v LsB

v(23)

/ /S 7\ /
\
o

v(22) | v(21) | v(20) | v(19) | v(18) | v(17) | v(t6) | v(15) | v(rd) | v(13) | v(12) | v(11) | v(10) | (@) | v®) | v() | v®) | v®) | v4) | vd) | v2) | v1) | (o)

“l“l“l“l“l“l"s\‘sl‘sl‘sl‘sl‘sl‘sl‘sl‘ ‘ ‘

Generator G, Generator G, ./ \

a(n)

a(6)

a(5)

a4

a(3)

a(2)

a(l) | a(0)

Generator G

. . Unlink.cl " | initialisati

4.3.2.4 DPCCH/DPDCH scrambling code

The code used for scrambling of the uplink DPCCH/DPDCH may be of either long or short type. When the scrambling
code isformed, different consituent codes are used for the long and short type as defined bel ow.

The n:th long uplink scrambling code for DPCCH/DPDCH, denoted Sgng, . iS defined as

Songn(i) = Ciongn(i), 1 =0, 1, ..., 38399,

where the lowest index corresponds to the chip transmitted first in time and Cigngn is defined in section 4.3.2.2.

The n:th short uplink scrambling code for DPCCH/DPDCH, denoted Sy n, 1S defined as

Ssortn(i) = Ceportn(i), =0, 1, ..., 38399,

where the lowest index corresponds to the chip transmitted first in time and Cqy.o . iS defined in section 4.3.2.3.

4.3.2.5 PRACH message part scrambling code

The scrambling code used for the PRACH message part is 10 mslong, cell-specific and has a one-to-one
correspondence to the scrambling code used for the preambl e part.

The n:th PRACH message part scrambling code, denoted S;.msqn.iS based on the long scrambling sequence and is defined
as

Si-msgnl(i) = Ciongn(i +4096), i =0,1, ..., 38399

where the lowest index corresponds to the chip transmitted first in time and Ciongn is defined in section 4.3.2.2.

4.3.2.6 PCPCH message part scrambling code

The scrambling code used for the PCPCH message part is 10 mslong, cell-specific and has a one-to-one correspondence
to the scrambling code used for the preambl e part.

The n:th PCPCH message part scrambling code, denoted S..mey,n, IS based on the long scrambling sequence and is
defined as

Semsgn(i) = Ciongn(i + 8192), i=0,1, ..., 38399

where the lowest index corresponds to the chip transmitted first in time and Ciongn is defined in section 4.3.2.2.

In the case when the access resources are shared between the RACH and CPCH, then S, n is defined as

Semegn(i) = Ciongn(i +4096), i=0,1, ..., 38399

where the lowest index corresponds to the chip transmitted first in time and Cigngn is defined in section 4.3.2.2.

NOTE: Use of short scrambling code for CPCH message part is ffs.
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4.3.3 RandomaccessPRACH preamble codes

4.3.321.1 Preamble code construction

The random access preamble code Cpre s IS acomplex valued sequence. It is built from a preamble scrambling code S.
pren @Nd a preamble signature Cqgy s as follows:

4 2

J
Cpre,n,s(k) = Sr-pre,n(k) x Cs'g,s(k) x e

where k=0 corresponds to the chip transmitted first in time and Sy and Cqgs are defined in 4.3.3.4:2 and 4.3.3.32
below respectively.

)
,k=0,1,23, ..., 4095,

4.3.31.2 Preamble scrambling code

The scrambling code for the PRACH preamble part is constructed from the long scrambling sequencesasfollews.

The definition-of-the-n:th preamble scrambling code-sequence is defined asfeHows {the left-mest-index-correspond-to-the
i tod firc i h don):

S-pren(i) = Ciong1n(i). 1 =0, 1, ..., 4095 Re{-Coams n}For-chip-ndexes0---4095-6f Corambn

where the sequence Cjong.1n 1S defined in section 4.3.2.2.

4.3.3.32 Preamble signature

The preamble signature corresponding to a signature s consists of 256 repetitions of alength 16 signature Py(n),
n=0...15. Thisis defined as follows:

Cage(i) = Pyi modulo 16),=0, 1, ..., 4095.

The signature Py(n) is from the set of 16 Hadamard codes of length 16. These are listed in table 3.

Table 3: Preamble signatures

Preamble Value of n

signature 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 | 15
Po(n) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pi(n) 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1
P>(n) 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1
P3(n) 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1
P4(n) 1 1 1 1 -1 -1 -1 -1 1 1 1 1 -1 -1 -1 -1
Ps(n) 1 -1 1 -1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 1
Ps(n) 1 1 -1 -1 -1 -1 1 1 1 1 -1 -1 -1 -1 1 1
P7(n) 1 -1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 1 1 -1
Ps(n) 1 1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1
Po(n) 1 -1 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1 -1 1
P1o(n) 1 1 -1 -1 1 1 -1 -1 -1 -1 1 1 -1 -1 1 1
P11(n) 1 -1 -1 1 1 -1 -1 1 -1 1 1 -1 -1 1 1 -1
P1o(n) 1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 1 1 1 1
Pi3(n) 1 -1 1 -1 -1 1 -1 1 -1 1 -1 1 1 -1 1 -1
P14(n) 1 1 -1 -1 -1 -1 1 1 -1 -1 1 1 1 1 -1 -1
Pis(n) 1 -1 -1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1
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4.3.4 CoemmoenpacketechannelPCPCH preamble codes

434.1 Access preamble

434.1.1 Access Ppreamble code construction

Similar to PRACH access preamble codes, the PCPCH access -preamble codes C..oc n s, &€ complex valued sequences.
The PCPCH access preamble codes are built from the preamble scrambling codes S, and a preamble signature Cqgs
asfollows:

G+l
Cc—acc,n,s(k) = Sc—acc,n(k) x ngys(k) x e 42 ’ k = 01 11 21 3! ey 4095|

—where Sg.acn and Cyq s arets defined in sections 4.3.4.1.2 and 4.3.4.1.3; below respectively.

4.3.4.1.2 Access preamble scrambling code

The access preamble scrambling code generation is done in away similar to that of PRACH-with-a-differenceof-the

The n:th definition-of-the PCPCH access preamble scrambling code is defined assequencefoHows(theleft-most-index
! to the chi . et h dop-

Se_soon(i) = Ciong (i) i =0, 1, ..., 4095 RE{ Cogyopr - FOF-chip-iclexes 04095 6 oo

where the sequence Cjong,11 1S defined in section 4.3.2.2.

In the case when the access resources are shared between the PRACH and PCPCH, the scrambling codes used in the
PRACH preamble are used for the PCPCH preamble as well.

4.3.4.1.3 Access preamble signature

The access preamble part of the CPCH-access burst carries one of the sixteen different orthogonal complex signatures
identical to the ones used by the preamble part of the random-access burst.
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4.3.4.2 CD Ppreamble

43421 CD pPreamble code construction

Similar to PRACH access preamble codes, the PCPCH CD preamble codes C,.o4 s are complex valued sequences. The
PCPCH CD preamble codes are built from the preamble scrambling codes S;.qy,, and a preamble signature Cqg s 8S
follows:

E+E )

i(
Ceodns(K) = Seaan(k) X Cgs(k) x @ 4 2 7 k=0,1,23, ..., 4095,

—where S;.qn and Cgq ¢ is defined in sections 4.3.4.2.2 and 4.3.4.2.3 below respectively.

4.3.4.2.2 CD preamble scrambling code

The PCPCH CD preamble scrambling code is derlved from the same scrambling code used in the PCPCH access

The n:th definitien-ef-the CPCH CD access preamble scrambling code is defined as-sequence-fellows{the-teft-mest
ind ! to the chi : iect i :

Seotn(i) = Gong (i +4096), i =0, 1, ..., 4095 Ref Copyp}—fOrchip-indexes 40968191 of oo

where the sequence Cjong,11 1S defined in section 4.3.2.2.

In the case when the access resources are shared between the RACH and CPCH, the scrambling codes used in the
RACH preamble will be used for the CPCH CD preamble as well.

4.3.4.2.3 CD preamble signature

The CD-preambl e part of the CPCH-access burst carries one of sixteen different orthogonal complex signatures identical
to the ones used by the preamble part of the random-access burst.
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4.4 Modulation

4.4.1 Modulating chip rate

The modulating chip rate is 3.84 Mcps.

4.4.2 Modulation

In the uplink, the modulation of both DPCCH and DPDCH is BPSK.

3GPP
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4.3.4.3 Channelization codes for the CPCH message part

The signature in the preambl e specifies one of the 16 nodes in the code-tree that corresponds to
channelization codes of length 16. The sub-tree below the specified node is used for spreading of the
message part. The control part is always spread with a channelization code of spreading factor 256. The
code is chosen from the lowest branch of the sub-tree. The data part may use channelization codes from
spreading factor 4 to 256 64. A UE is allowed to increase its spreading factor during the message
transmission by choosing any channelization code from the uppermost branch of the sub-tree code. For
channelization codes with spreading factors less that 16, the node is located on the same sub-tree as the
channelization code of the access preamble.
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