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Introduction

This paper includes a text proposal for multiple scrambling codes in document 25.213. Some additional descriptions are also proposed. With the current way of implementing the downlink scrambling codes, a total of 262144 = 512*512 codes can be generated. We propose that 512 of these are primary scrambling codes. For each primary scrambling code, there are then 511 additional secondary scrambling codes defined. The secondary scrambling codes are generated in the same way as the primary scrambling codes, but with a different initial loading.

--- Text proposal for 25.213 ---

5
Downlink spreading and modulation

5.1
Spreading 

Figure 1 illustrates the spreading and modulation for the downlink DPCH. Data modulation is QPSK where each pair of two bits are serial-to-parallel converted and mapped to the I and Q branch respectively. The I and Q branch are then spread to the chip rate with the same channelization code cch (real spreading) and subsequently scrambled by the  scrambling code Cscramb (complex scrambling).
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Figure 1.   Spreading/modulation for downlink DPCH.

Spreading/modulation of the Secondary CCPCH, PSCCCH, PDSCH, and AICH is done in an identical way as for the downlink DPCH.

Spreading/modulation of the Primary CCPCH is done in an identical way as for the downlink DPCH, except that the Primary CCPCH is time-multiplexed with the SCH after spreading

 as illustrated in Figure 3. Primary SCH and Secondary SCH are code multiplexed and transmitted simultaneously during the 1st 256 chips of each slot. The transmission power of SCH can be adjusted by a gain factor GP-SCH and GS-SCH, respectively, independent of transmission power of P-CCPCH. The SCH is non-orthogonal to the other downlink physical channels.
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Figure 3.   Spreading and modulation for SCH and P-CCPCH

5.2
Code generation and allocation

5.2.1
Channelization codes

The channelization codes of Figure 1 and Figure 3 are the same codes as used in the uplink, namely Orthogonal Variable Spreading Factor (OVSF) codes that preserve the orthogonality between downlink channels of different rates and spreading factors. The OVSF codes are defined in Error! Reference source not found. in Section 4.3.1. The same restriction on code allocation applies as for the uplink, but for a cell and a given scrambling codeand not for a UE as in the uplink. Hence, in the downlink, a specific combination of channelization code and scrambling code can be used in a cell  if and only if no other channelization code on the path from the specific code to the root of the tree or in the sub-tree below the specific code is used in the same cell with the same scrambling code.

The channelization code for the BCH is a predefined code which is the same for all cells within the system.

The channelization code(s) used for the Secondary Common Control Physical Channel is broadcast on the BCH.

<Editor’s note: the above sentence may not be within the scope of this document.>

5.2.2
Scrambling code
There are a total 512*512 = 262144 scrambling codes, numbered 0, …, 262143. The scrambling codes are divided into a set of primary scrambling codes, consisting of scrambling code 0, …, 511, and 512 sets of secondary scrambling codes, where the i:th set of secondary scrambling codes consists of scrambling codes i*511+512, …, i*511+512+510, where i=0,…,511 .There is a one-to-one mapping between each primary scrambling code and a set of secondary scrambling codes such that i:th primary scrambling code corresponds to i:th set of secondary scrambling codes.
The set of primary scrambling codes is further divided into 32 scrambling code groups, each consisting of 16 primary scrambling codes. The i:th scrambling code group consists of scrambling codes i*16, …, i*16+15, where i=0, …, 31.
Each cell is allocated one and only one primary scrambling code. The primary CCPCH is 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.
<Editor’s note: There may be a need to limit the actual number of codes used in each set of secondary scrambling codes, in order to limit the signalling requriements. >


<Ericsson’s note: There should obviously be some restrictions on how many different scrambling codes the UE must be able to descramble in parallel>
<Editor’s note: Use of multiple downlink scrambling codes to aid adaptive antennas are ffs.>
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 [40960 chip segments of] two binary m-sequences generated by means of two generator polynomials of degree 18. The resulting sequences thus constitute segments of a set of Gold sequences. The scrambling codes are repeated for every 10 ms radio frame. Let x and y be the two sequences respectively. The x sequence is constructed using the primitive (over GF(2)) polynomial 1+X7+X18 . The y sequence is constructed using the polynomial 1+X5+X7+ X10+X18 . 
<Editor’s note: [ ] is due to the fact that only 4.096Mcps is a working assumptions. 1.024, 8.196, and 16.384Mcps are ffs.>

Let n17 … n0  be the binary representation of the scrambling code number n (decimal) with n0  being the least significant bit. The x sequence depends on the chosen scrambling code number n and is denoted xn, in the sequel. Furthermore, let xn(i) and y(i) denote the i:th symbol of the sequence xn and y, respectively

The m-sequences xn and y are constructed as: 

Initial conditions: 

xn(0)=n0 , xn(1)= n1 ,  … =xn(16)= n16 ,  xn(17)= n17

y(0)=y(1)= … =y(16)= y(17)=1 
Recursive definition of subsequent symbols:

xn(i+18) =xn(i+7) + xn(i) modulo 2, i=0,…,218-20, 

y(i+18) = y(i+10)+y(i+7)+y(i+5)+y(i)  modulo 2, i=0,…, 218-20.

The n:th Gold code sequence zn is then defined as

zn(i) = xn(i) + y(i) modulo 2, i=0,…, 218-2.
These binary code words are converted to real valued sequences by the transformation ‘0’ -> ‘+1’, ‘1’ -> ‘-1’.

Finally, the n:th complex scrambling code sequence Cscramb is defined as (the lowest index corresponding to the chip scrambled first in each radio frame): (see Table 1 for definition of N and M)
Cscramb(i) = z'n(i) + j z'n(i+M), i=0,1,…,N-1. 
<Editor’s note: the values 3584 and 40960 are based on an assumption of a chip rate of 4.096 Mcps.>
Note that the pattern from phase 0 up to the phase of 10 msec is repeated.




Figure 5.   Configuration of downlink scrambling code generator

chip rate (Mcps)
Period
IQ Offset
Range of phase (chip)


N
M
for in-phase component
for  quadrature component

[1.024]
[10240]
[896]
0 – N-1
M – N+M-1

4.096
40960
3584



[8.192]
[81920]
[7168]



[16.384]
[163840]
[14336]



Table 1.   Correspondence between chip rate and downlink scrambling code phase range

5.2.3
Synchronisation codes

5.2.3.1
Code Generation

The Primary and Secondary code words, Cp and {C1,…,C17} are constructed as the position wise addition modulo 2 of a Hadamard sequence and a fixed so called hierarchical sequence. The Primary SCH is furthermore chosen to have good aperiodic auto correlation properties.

The hierarchical sequence y is constructed from two constituent sequences x1 and x2 of length n1 and n2 respectively using the following formula:

y(i) = x2(i mod n2) + x1(i div n2) modulo 2, i = 0 ... (n1* n2) - 1

The constituent sequences x1 and x2 are chosen to be the following length 16 (i.e. n1 = n2 =16) sequences:

x1 = < 0, 0, 1, 1, 0, 1, 0, 1, 1, 1, 1, 1, 0, 0, 0, 1 > 

and 

x2 = < 0, 0, 1, 1, 1, 1, 0, 1, 0, 0, 1, 0, 0, 0, 1, 0 >

 The Hadamard sequences are obtained as the rows in a matrix H8 constructed recursively by:


[image: image3.wmf]1

,

)

0

(

1

1

1

1

0

³

÷

÷

ø

ö

ç

ç

è

æ

=

=

-

-

-

-

k

H

H

H

H

H

H

k

k

k

k

k


The rows are numbered from the top starting with row 0 (the all zeros sequence).

The Hadamard sequence h depends on the chosen code number n and is denoted hn in the sequel.

This code word is chosen from every 8th row of the matrix H8. Therefore, there are 32 possible code words out of which 18 are used.
Furthermore, let hn(i) and y(i) denote the i:th symbol of the sequence hn and y, respectively.

Then hn is equal to the row of H8 numbered by the bit reverse of the 8 bit binary representation of n.

The definition of the n:th SCH code word follows (the left most index correspond to the chip transmitted first in each slot): 

CSCH,n = < hn(0)+y(0), hn(1)+y(1), hn(2)+y(2), …,hn(255)+y(255) >,

All sums of symbols are taken modulo 2.

These binary code words are converted to real valued sequences by the transformation ‘0’ -> ‘+1’, ‘1’ -> ‘-1’.

The Primary SCH and Secondary SCH code words are defined in terms of CSCH,n and the definition of Cp and {C1,…,C17} now follows as:

Cp= CSCH, 0

and

Ci = CSCH,i , i=1,…,17

The definitions of Cp and {C1,…,C17} are such that a 32 point fast Hadamard transform can be utilised for detection.

5.2.3.2
Code Allocation

The 32 sequences are constructed such that their cyclic-shifts are unique, i.e., a non-zero cyclic shift less than 16 of any of the 32 sequences is not equivalent to some cyclic shift of any other of the 32 sequences. Also, a non-zero cyclic shift less than 16 of any of the sequences is not equivalent to itself with any other cyclic shift less than 16. The following sequences are used to encode the 32 different scrambling code groups (note that ci indicates the i’th Secondary Short code of the 17 codes). Note that a Secondary Short code can be different from one time slot to another and that the sequence pattern can be different from one cell to another, depending on Scrambling Code Group of the cell. 
Scrambling Code Groups
Slot Number


#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16

Group1
C1
C1
C2
C11
C6
C3
C15
C7
C8
C8
C7
C15
C3
C6
C11
C2

Group2
C1
C2
C9
C3
C10
C11
C13
C13
C11
C10
C3
C9
C2
C1
C16
C16

Group 3
C1
C3
C16
C12
C14
C2
C11
C2
C14
C12
C16
C3
C1
C13
C4
C13

Group 4
C1
C4
C6
C4
C1
C10
C9
C8
C17
C14
C12
C14
C17
C8
C9
C10

Group 5
C1
C5
C13
C13
C5
C1
C7
C14
C3
C16
C8
C8
C16
C3
C14
C7

Group 6
C1
C6
C3
C5
C9
C9
C5
C3
C6
C1
C4
C2
C15
C15
C2
C4

Group 7
C1
C7
C10
C14
C13
C17
C3
C9
C9
C3
C17
C13
C14
C10
C7
C1

Group 8
C1
C8
C17
C6
C17
C8
C1
C15
C12
C5
C1
C7
C13
C5
C12
C15

Group 9
C1
C9
C7
C15
C4
C16
C16
C4
C15
C7
C9
C1
C12
C17
C17
C12

Group 10
C1
C10
C14
C7
C8
C7
C14
C10
C1
C9
C5
C12
C11
C12
C5
C9

Group 11
C1
C11
C4
C16
C12
C15
C12
C16
C4
C11
C1
C6
C10
C7
C10
C6

Group 12
C1
C12
C11
C8
C16
C6
C10
C5
C7
C13
C14
C17
C9
C2
C15
C3

Group 13
C1
C13
C1
C17
C3
C14
C8
C11
C10
C15
C10
C11
C8
C14
C3
C17

Group 14
C1
C14
C8
C9
C7
C5
C6
C17
C13
C17
C6
C5
C7
C9
C8
C14

Group 15
C1
C15
C15
C1
C11
C13
C4
C6
C16
C2
C2
C16
C6
C4
C13
C11

Group 16
C1
C16
C5
C10
C15
C4
C2
C12
C2
C4
C15
C10
C5
C16
C1
C8

Group 17
C1
C17
C12
C2
C2
C12
C17
C1
C5
C6
C11
C4
C4
C11
C6
C5

Group 18
C2
C8
C11
C15
C14
C1
C4
C10
C10
C4
C1
C14
C15
C11
C8
C2

Group 19
C2
C9
C1
C7
C1
C9
C2
C16
C13
C6
C14
C8
C14
C6
C13
C16

Group 20
C2
C10
C8
C16
C5
C17
C17
C5
C16
C8
C10
C2
C13
C1
C1
C13

Group 21
C2
C11
C15
C8
C9
C8
C15
C11
C2
C10
C6
C13
C12
C13
C6
C10

Group 22
C2
C12
C5
C17
C13
C16
C13
C17
C5
C12
C2
C7
C11
C8
C11
C7

Group 23
C2
C13
C12
C9
C17
C7
C11
C6
C8
C14
C15
C1
C10
C3
C16
C4

Group 24
C2
C14
C2
C1
C4
C15
C9
C12
C11
C16
C11
C12
C9
C15
C4
C1

Group 25
C2
C15
C9
C10
C8
C6
C7
C1
C14
C1
C7
C6
C8
C10
C9
C15

Group 26
C2
C16
C16
C2
C12
C14
C5
C7
C17
C3
C3
C17
C7
C5
C14
C12

Group 27
C2
C17
C6
C11
C16
C5
C3
C13
C3
C5
C16
C11
C6
C17
C2
C9

Group 28
C2
C1
C13
C3
C3
C13
C1
C2
C6
C7
C12
C5
C5
C12
C7
C6

Group 29
C2
C2
C3
C12
C7
C4
C16
C8
C9
C9
C8
C16
C4
C7
C12
C3

Group 30
C2
C3
C10
C4
C11
C12
C14
C14
C12
C11
C4
C10
C3
C2
C17
C17

Group 31
C2
C4
C17
C13
C15
C3
C12
C3
C15
C13
C17
C4
C2
C14
C5
C14

Group 32
C2
C5
C7
C5
C2
C11
C10
C9
C1
C15
C13
C15
C1
C9
C10
C11

[SyncBTS]
C2
C6
C14
C14
C6
C2
C8
C15
C4
C17
C9
C9
C17
C4
C15
C8

Table 9  Spreading Code allocation for Secondary SCH Code
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