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4.2 Spreading

4.2.1 DPCCH/DPDCH-

Figure 1illustrates the principle of the uplink spreading of DPCCH and DPDCHSs. The binary DPCCH and DPDCHSs 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 c.,
while the nith DPDCH called DPDCH,, is spread to the chip rate by the channelization code ¢y ,. One DPCCH and up to
six parallel DPDCHs can be transmitted simultaneously, i.e. 81 £ n£ 6.
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Figure 1: Spreading for uplink DPCCH and DPDCHs

After channelization, the real-valued spread signals are weighted by gain factors, b, for DPCCH and bq for al DPDCHSs

At every instant in time, at least one of the values b and by has the amplitude 1.0. The b-values are quantized into 4 bit
words. The quantization steps are given in table 1.
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Table 1: The quantization of the gain parameters

Signalling values for Quantized amplitude ratios
b, and bqg b, and bqg

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

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 signa is then scrambled by the complex-valued scrambling code
Siongn O Ssortn, depending on if long or short scrambling codes are used. The scrambling code is applied aligned with
theradio frames, i.e. the first scrambling chip corresponds to the beginning of aradio frame.

4.2.2 PRACH

42.2.1 PRACH preamble part

The PRACH preamble part consists of a complex-valued code, described in section 4.3.3.

4222 PRACH message part

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 ¢, while the data part is spread to the chip rate by the channelization
code cg.
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Figure 2: Spreading of PRACH message part
After channelization, the real-valued spread signals are weighted by gain factors, b, for the control part and by for the

data part. At every instant in time, at least one of the values b, and by has the amplitude 1.0. The b-values are quantized
into 4 bit words. The quantization steps are given in section 4.2.1.
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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.mgn. 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

42.3.1 PCPCH preamble part

The PCPCH preamble part consists of a complex-valued code, described in section 4.3.4.

3GPP
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4.3.1.3 Code allocation for PRACH message part

| The preamble signature s, 0% £ s £ 156, 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 ¢ (as shown in section 4.2.2.2) of spreading factor 256 in the lowest branch of the

| sub-tree, i.e. ¢; = Cy 256m Where m = 167 {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

‘ Ci = Cnsem and SFisthe spreading factor used for the data part and m = SF” {(s—1)/16.

3GPP
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4.3.2.3 Short scrambling sequence

The short scrambling sequences Caort 1.n(i) aNd Caort 20(i) are defined from a sequence from the family of periodicaly
extended S(2) codes.

Let nysny,...Ng be the 24 bit binary representation of the code number n.

The n:th quaternary S(2) sequence z,(i), 0 £ n £ 16777215, is obtained by modulo 4 addition of three sequences, a
guaternary sequence a(i) and two binary sequences b(i) and d(i), where theinitial 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 go(X)= x8+x°+3x%+x*+2x+1 as
a(0) = 2ny + 1 modulo 4,
a(i)=2nmodulo4,i=1,2,...,7,
a(i) = 3a(i-3) + a(i-5) + 3a(i-6) + 2a(i-7) + 3a(i-8) modulo 4,i =8, 9, ..., 254,

and the binary sequence b(i) is generated recursively by the polynomial g,(X)= x3+x"+x°+x+1 as
b(i) =ng; modulo 2,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 ed(i) is generated recursively by the polynomial g,(X)= x2+x'+x°+x*+ 1 as
d(i) =n modulo 2,i =0, 1, ..., 7,
d(i) = d(i-1) + d(i-3) + d(i-4) + d(i-8) modulo 2,i = 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) @nd Canort2n(i), , i =0, 1, ..., 255 isdefined in
Table 2.

Table 2. Mapping from z,(i) t0 Csnort.1n(i) @nd Cshort2n(i), i =0, 1, ..., 255.

Zn(i) Cshort,1,n(i) Cshort,2.n(1)
0 +1 +1
1 -1 +1
2 -1 -1
3 +1 -1

Finally, the complex-valued short scrambling sequence Cgor, n, 1S defined as
Cshort,n (I) = Cshort,l,n (I mOd 256)(1+ J(_ 1)I Cshort,Z,n (Zdl mOd 256)/ 20))

wherei =0, 1, 2, ... and & denotes rounding to nearest lower 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.
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Figure 6. Uplink short scrambling sequence generator for 255 chip sequence.
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4.3.2.6 PCPCH message part scrambling code

The set of scrambling codes used for the PCPCH message part are 10 ms long, cell-specific and have a one-to-one
correspondence to the signature sequences and the access sub-channels used by the access preamble part. Both long or
short scrambling codes can be used to scramble the CPCH message part.

The n:th PCPCH message part scrambling code, denoted S..msgn, 1S based on the scrambling sequence and is defined as
In the case when the long scrambling codes are used,
‘ Scmsgn(i) = Ciongn(i +8192), 1 =0, 1, ..., 38399
where the lowest index corresponds to the chip transmitted first in time and Ciong, IS defined in section 4.3.2.2.
In the case when the access resources are shared between the RACH and CPCH, then Sq.ngn is defined as
‘ Scmsgn(i) = Ciongn(i +4096), i =0,1, ..., 38399
where the lowest index corresponds to the chip transmitted first in time and Ciong, IS defined in section 4.3.2.2.
In the case the short scrambling codes are used,

‘ Sg-msg.n(i) = Caarin(i), 1=0,1, ..., 38399
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