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Abstract :

This contribution proposes a new set of pilot patterns for the Uplink DPCCH, Downlink DPCCH, and Secondary
CCPCH. The proposed pilot patterns have the lowest out-of-phase values of autocorrelation function with the two
peak values equal in magnitude and opposite in polarity at zero and middle shifts. It is shown that the proposed
pilot patterns are suitable for frame synchronization since by simply adding autocorrelation functions of such
sequences, we can obtain double maximum correlation values equal in magnitude and opposite polarity at zero and
middle shifts. This property can be used to double-check frame synchronization timing and reduce the
synchronization search time. We would like the proposed pilot patterns to be added to 3GPP RAN S1.11.

1. Introduction

Matched filtering or correlation to the known frame synchronization word are optimum methods for establishing
initial synchronization. A matched filter or correlator to the known pilot pattern looks for exceedence of a
predetermined threshold. When this occurs, frame synchronization is established. Thus, choosing pilot patterns that
have good autocorrelation property is very important.

This document proposes a set of pilot patterns that have the lowest out-of-phase values of the autocorrelation
function with the two peak values equal in magnitude and opposite in polarity at zero and middle shifts [1] for
frame synchronization words on Uplink DPCCH, Downlink DPCCH, and Secondary CCPCH channels [2]. We
show that the proposed sequences are suitable for frame synchronization since we can obtain double maximum
correlation values equal in magnitude and opposite polarity at zero and middle shifts by adding autocorrelation
functions of the patterns proposed. This correlation property can be used to double-check frame synchronization
timing and reduce the synchronization search time.



2. Background

Table 1 denotes 16 sequences and their autocorrelation functions with two peak values equal in magnitude and
oppositein polarity at zero and middle shifts.

Table 1. 16 sequences that have the lowest out-of-phase values of the autocorrelation function with the two peak
values equal in magnitude and opposite in polarity at zero and middle shifts.

Sequence Autocorrelation

C:=(1101111100100000) 16 4 04 0-40-4-16-4 040404

C,=(1000101001110101) 16-4 0-40404-164040-40-+4

Cs=(1111101100000100) 16 4 04 0-40-4-16-4 040404

C,=(0101000110101110) 16-4 0-40404-164040-40-+4

Cs=(0011101111000100) 16 4 0-4040-4-16-4040-404

Cs=(0010010111011010) 16-4 040-404-16 40-4040-+4

C;=(0111000010001111) 16 4 0-4040-4-16-4040-404

Cs=(1011101001000101) 16-4 040-404-16 40-4040-4

Cy=(00110112111001000) 16 4 04 0-40-4-16-4 040404

Cp=(0010100111010110) 16-4 0-40404-164040-40-+4

Ci;=(1100000100111110) 16 4 04 0-40-4-16-4 040404

C»=(1011100101000110) 16-4 0-40404-16 4040-40-+4

Ci3=(0100001110111100) 16 4 0-4040-4-16-4040-404

Ci,=(1000100101110110) 16-4 040-404-16 40-4040-+4

Cis=(0000100011110111) 16 4 0-4040-4-16-4040-404

Cs=(1001000101101110) 16-4 040-404-16 40-4040-4

The 16 sequences can be divided into 4 classes according to the autocorrelation function as follows :

E={C,, C; Co, C11}

F={C,, C4 Cu, C12}
G ={Cs, C;, Cy3, Cis}
H ={Cs, Cs, Cu, C16}




Table 2 denotes the autocorrelation functions of sequences of the classesE, F, G, and H. From table 1 and 2, we

find that each class contains four sequences, and sequences of the same class have the same autocorrelation
function.

Table 2. Autocorrelation functions of sequences of the classesE, F, G, and H.

R(t) t 0 1 2 3 4 5 6 7 8 9 |10 | 11|12 | 13| 14 | 15
Re(t) 16| 4 0 4 o4 0| -4]|-16|4|0]|-4]0 4 0 4
Re(t) 64| 0| -4]0 4 0 4 |-16| 4 0 4 O|-4| 0| -4
Rs(t) 16| 4 o4 0 4 0| -4 |-16|-4]| 0 4 o|-4| 0 4
Ru(t) 6| -4 0 4 O|-4| 0 4 |-16| 4 O| 4|0 4 0| 4

We find the following relationships between the four autocorrelation functions:

Re(t) = Re(t) = Ro(t) = Ru(t) , t iseven 1
Re(t) =-Re(t) , t isodd 2

Rs(t) =-Ry(t) , t isodd 3
R(t)+R(t +8)=0,il {EF,GH},foralt (4)

From (1), (2), and (3), we can easily obtain the following equation.

Re(t) + Re(t) = Ro(t) + Ru(t) , for all t ®)

The addition of two autocorrelation functions Re(t) and Re(t), or Rs(t) and Ry(t) becomes the correlation with
two peak values equal in magnitude and opposite in polarity at zero and middle shifts, which is depicted in figure 1.
The other combinations such as (Re(t) + Rg(t)), (Re(t) + Ry(t)), (Re(t) + Rs(t)), and (Re(t) + Ry(t)) do not have
the same correlation as in Fig. 1. Since the addition of two autocorrelation functions Re(t) and R(t), or Rs(t) and
R4 (t) becomes the correlation function of figure 1, sequence pair from two classes E and F, or G and H is called the

PCSP (Preferred Correlation Sequence Pair).




Fig. 1. Addition of two autocorrelation functions Re(t) and Re(t), or Rs(t) and Ry(t).

The addition of the four autocorrelation functions becomes figure 2, which is the same as figure 1 except the fact
that the maximum value is doubled since (Re(t) + R(t) + Rg(t) + Ry(t)) = 2 (Re(t) + Re(1)).

Fig. 2. Addition of four autocorrelation functions Re(t), Re(t), Rs(t), and Ry(t).

This correlation property is very important for frame synchronization since it alows us to double-check
synchronization timing and reduce the synchronization search time.



3. Pilot patternsfor Uplink DPCCH, Downlink DPCCH, and Secondary CCPCH.
3.1 Uplink DPCCH

Table 3 shows the proposed new pilot patterns which can be used for frame synchronization for Uplink DPCCH
with Nyiie;=6 and 8. The shadowed parts of the table 3 can be used for frame synchronization words, and the value
of pilot bit other than the frame synchronization word is “1”. Table 4 describes the mapping relationship between
the 16 sequences of table 1 and shadowed column pilot patterns of table 3. We know that the sequences C; and Cs
are the elements of the set E and the sequences C, and C, are the elements of F. And the two sequence pairs (Cy,
C,) and (Cs, C,) are PCSPs.

Table 3. New pilot bit patterns for Uplink DPCCH with Npio;=6 and 8.

Npilotz = 6 Npilor2 = 8
Bit # 0 1 2 3 4 5 0 1 2 S 4 5 6 7
Slot #1 1 1 1 1 1 0 1 1 1 1 1 1 1 0
2 1 1 0 1 1 1 1 1 1 0 1 1 1 1
3 1 0 0 1 1 0 1 0 1 0 1 1 1 0
4 1 1 0 1 1 1 1 1 1 0 1 1 1 1
5 1 1 1 1 1 0 1 1 1 1 1 1 1 0
6 1 1 0 1 0 0 1 1 1 0 1 0 1 0
7 1 1 1 1 1 0 1 1 1 1 1 1 1 0
8 1 1 0 1 1 1 1 1 1 0 1 1 1 1
9 1 0 0 1 0 1 1 0 1 0 1 0 1 1
10 1 0 1 1 0 0 1 0 1 1 1 0 1 0
11 1 1 1 1 0 1 1 1 1 1 1 0 1 1
12 1 0 1 1 0 0 1 0 1 1 1 0 1 0
13 1 0 0 1 0 1 1 0 1 0 1 0 1 1
14 1 0 1 1 1 1 1 0 1 1 1 1 1 1
15 1 0 0 1 0 1 1 0 1 0 1 0 1 1
16 1 0 1 1 0 0 1 0 1 1 1 0 1 0




Table 4. Mapping relationship between the 16 sequences of table 1
and shadowed column pilot patterns of table 3 for Uplink DPCCH

Npitots Pilot bit position # Corresponding column
sequence of length 16

C

C,

Cs

a |~ |IN (-

C4

C

C,

Cs

~N |0 wW [

C4

By using the derived properties of the proposed pilot patterns from the previous section, we find that

A R()=axR()+R. () 16 £8 ©

-

where R (t ) isthe autocorrelation function of sequence C;, 1 £ i £ 16. We obtain Fig. 1 and Fig. 2 by letting a =

1 and 2 of (6), respectively. This enables us to double-check frame synchronization timing and reduce the
synchronization time.



3.2 Downlink DPCCH

Table 5 shows the proposed new pilot patterns which can be used for frame synchronization for Uplink DPCCH
with 8, 16, 32, 64, 128, 256, 512, and 1024ksps. And table 6 shows the proposed new pilot patterns which can be
used for frame synchronization for Uplink DPCCH with 2048 and 4096ksps. The shadowed parts of the tables can
be used for frame synchronization words, and the value of pilot bit other than the frame synchronization word is
“1". Table 7 describes the mapping relationship between the 16 sequences of table 1 and shadowed column pilot
patterns of table 5 and 6. Similarly, by using the autocorrelation property of proposed pilot patterns and equation
(6), we can double-check frame synchronization timing and reduce the frame synchronization search time.

Table 5. New pilot symbol patterns for Downlink DPCCH
with 8, 16, 32, 64, 128, 256, 512, and 1024ksps

Symbol rate 8ksps 16,32,64,128ksps 256,512,1024ksps

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

Slot#1 11 11 17 11 11 1011 11 11 10 11 OO0 11 O1
2 11 10 117 10 11 11 (11 10 11 11 11 OO 11 10
3 11 00 117 00 11 10|11 OO0 11 10 11 11 11 11
4 11 10 117 10 11 11 (11 10 11 11 11 10 11 11
5 11 11 17 112 11 1011 11 11 10 11 10 11 O1
6 11 10 117 10 11 00|11 10 11 OO 11 01 11 OO
7 11 11 17 112 11 1011 11 11 10 11 10 11 O1
8 11 10 17 10 11 11 (11 10 11 11 11 11 11 OO
9 11 00 117 00 11 01|11 00 11 01 11 11 11 10
10 11 01 117 01 11 00|11 01 11 OO 11 11 11 O1
11 11 11 17 112 11 01|11 11 11 O1 11 OO 11 OO
12 11 01 117 01 11 00|11 01 11 OO 11 01 11 OO
13 11 00 117 00 11 01|11 00 11 01 11 01 11 10
14 11 01 117 01 11 11 (11 O 11 11 11 10 11 11
15 11 00 117 00 11 01|11 00 11 01 11 01 11 10
16 11 01 117 01 11 00|11 01 11 OO 11 OO 11 11




Table 6. New pilot symbol patterns for Downlink DPCCH with 2048 and 4096ksps

Symbol rate 2048,4096ksps

Symbol # 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Slot# 1 11 11 11 10 11 00 11 01 11 00 11 11 11 01 11 01
2 11 10 11 11 11 00 11 10 11 00 11 10 11 10 11 00
3 11 00 11 10 11 11 11 11 11 11 11 01 11 00 11 00
4 11 10 11 11 11 10 11 11 11 10 11 01 11 00 11 01
5 11 11 11 10 11 10 11 01 11 01 11 01 11 01 11 10
6 11 10 11 00 11 01 11 00 11 10 11 00 11 00 11 00
7 11 11 11 10 11 10 11 01 11 10 11 00 11 10 11 00
8 11 10 11 11 11 11 11 00 11 11 11 11 11 11 11 01
9 11 00 11 01 11 11 11 10 11 11 11 00 11 10 11 10
10 11 01 11 00 11 11 11 01 11 11 11 01 11 01 11 11
11 11 11 11 01 11 00 11 00 11 00 11 10 11 11 11 11
12 11 01 11 00 11 01 11 00 11 01 11 10 11 11 11 10
13 11 00 11 01 11 01 11 10 11 10 11 10 11 10 11 01
14 11 01 11 11 11 10 11 11 11 01 11 11 11 11 11 11
15 11 00 11 01 11 01 11 10 11 01 11 11 11 01 11 11
16 11 01 11 00 11 00 11 11 11 00 11 00 11 00 11 10




Table 7. Mapping relationship between the 16 sequences of table 1 and shadowed column pilot patterns
of table 5 for Downlink DPCCH with 8, 16, 32, 64, 128, 256, 512, 1024, 2048, and 4096ksps

Symbol rate Symbol # Channel Corresponding column
sequence of length 16
8ksps 1 I-CH C
Q-CH C,
16, 32, 64, 128ksps 1 I-CH C
Q-CH C
3 I-CH (0%
Q-CH C,
256, 512, 1024ksps 1 I-CH C
Q-CH C
3 I-CH (0%
Q-CH C,
5 I-CH Cs
Q-CH Cs
7 I-CH C;
Q-CH Cs
2048, 4096ksps 1 I-CH C
Q-CH C
3 I-CH Cs
Q-CH C,
5 [-CH Cs
Q-CH Cs
7 [-CH 67
Q-CH Cs
9 [-CH Gy
Q-CH Cuwo
11 [-CH Cu
Q-CH Cr
13 I-CH Cis
Q-CH Cu
15 [-CH Cis




Q-CH Cis

3.2 Secondary CCPCH

Table 8 shows the proposed new pilot patterns which can be used for frame synchronization for Secondary
CCPCH. The shadowed parts of the table can be used for frame synchronization words, and the value of pilot bit
other than the frame synchronization word is “1”. Table 9 shows the mapping between the 16 sequences of table 1
and shadowed column pilot patterns of table 8. Similarly, by using the derived property of PCSP, we can double-
check frame synchronization timing and reduce the frame synchronization search time.

Table 8. New pilot symboal patterns for Secondary CCPCH

Symbol # 0 1 2 3
Slot #1 11 11 11 10
2 11 10 11 11

3 11 00 11 10

4 11 10 11 11

5 11 11 11 10

6 11 10 11 00

7 11 11 11 10

8 11 10 11 11

9 11 00 11 o1

10 11 01 11 00

11 11 11 11 o1

12 11 01 11 00

13 11 00 11 o1

14 11 01 11 11

15 11 00 11 o1

16 11 01 11 00

10



Table 9. Mapping relationship between the 16 sequences of table 1
and shadowed column pilot patterns of table 8.

Symbol # Channel Corresponding column
sequence of length 16
1 [-CH C,
Q-CH C,
3 [-CH C;
Q-CH C,

4. Conclusion

This document proposed a new set of pilot patterns for the Uplink DPCCH, Downlink DPCCH, and Secondary
CCPCH. We showed that the proposed sequences are especialy suitable for frame synchronization word of the
channels since by adding the autocorrelation functions of PCSP of proposed sequences, we can obtain double
maximum correlation values equal in magnitude and opposite polarity at zero and middle shifts. This property can
be used to double-check frame synchronization timing and reduce the synchronization search time.
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