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1. Introduction

The pilot patterns of [1]-[4] are optimised for frame synchronization confirmation. However, the new pilot patterns for 15 slots are need to be found because of impact of OHG harmonization [5]. Thus, this document proposes new pilot patterns for uplink DPCCH, downlink DPCCH and SCCPCH considering the change of the number of slots per frame from 16 to 15 [5].

The shadowed diversity pilot symbol patterns of downlink DPCH, and SCCPCH for the diversity antenna are STTD encoded, whereas the non-shadowed diversity pilot symbol patterns of the channels are designed to be orthogonal to the ordinary pilot symbol pattern. However the diversity pilot pattern for downlink DPCH with Npilot = 4 are STTD encoded since STTD encoding requires two symbols. Since the STTD encoded pilot symbol pattern is orthogonal to ordinary pilot symbol pattern, the STTD encoded pilot pattern can also be used for antenna verification of feedback mode diversity.

The new frame synchronization words have the auto-correlation function of lowest out-of-phase coefficient and the lowest magnitude of cross-correlation function with minus peak value at middle shift. By using the two correlation functions, we can double check frame synchronization at zero and middle shifts. The performance evaluation of single-check and double-check frame synchronization confirmation is carried out over AWGN environment and we show that the proposed pilot pattern is suitable for frame synchronization confirmation.

2. Property of new frame synchronization words

  The following frame synchronization words are used to design the ordinary pilot patterns and diversity antenna pilot patterns of uplink DPCH, downlink DPCH, and SCCPCH.

Table 1. New frame synchronization words

Frame Synchronization Words

C1 = (1 0 0 0 1 1 1 1 0 1 0 1 1 0 0)

C 2 = (1 0 1 0 0 1 1 0 1 1 1 0 0 0 0)

C 3 = (1 1 0 0 0 1 0 0 1 1 0 1 0 1 1)

C 4 = (0 0 1 0 1 0 0 0 0 1 1 1 0 1 1)

C 5 = (1 1 1 0 1 0 1 1 0 0 1 0 0 0 1)

C 6 = (1 1 0 1 1 1 0 0 0 0 1 0 1 0 0)

C 7 = (1 0 0 1 1 0 1 0 1 1 1 1 0 0 0)

C 8 = (0 0 0 0 1 1 1 0 1 1 0 0 1 0 1)

  The proposed 8 frame synchronization words have the following two-valued auto-correlation function:
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where 
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 is the auto-correlation function of frame synchronization word Ci.

  Now classify the words of table 1 as follows:

E = {C1, C2}

F = {C3, C4}

G = {C5, C6}

H = {C7, C8}

We call two words within the same class preferred pair. The cross-correlation spectrum for the preferred pair {C1, C2}, {C3, C4}, {C5, C6}, or {C7, C8} is 
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where 
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 is cross-correlation function between two codes of preferred pair of E, F, G, H, and 
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. Thus combining such auto-correlation and cross-correlation functions, we obtain the following:
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From (4) and (5), we obtain figure 1 when 
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Fig. 1. Addition of two (a) auto-correlation functions and (b) cross-correlation functions between the two codes within the same class.

Similarly, we obtain the figure 2 when 
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Fig. 2. Addition of four (a) auto-correlation functions and (b) cross-correlation functions between the four frame synchronization words of two classes E and F.

  Since the auto-correlation function of the proposed frame synchronization words has the lowest out-of-phase coefficient, single-check frame synchronization confirmation becomes feasible by applying the positive threshold value to (a) of the auto-correlation function output of Fig. 2. Furthermore, we can also double-check frame synchronization confirmation by additionally setting negative threshold value to (b) of the cross-correlation function output of Fig. 2. Hence we can double-check frame synchronization as in the current specification of [1]-[4]. 

3. Pilot patterns for Uplink DPCCH

Table 2 and 3 show the proposed new pilot symbol patterns on uplink DPCCH with Npilot = 5, 6, 7, and 8. The shadowed parts of the table can be used for frame synchronization words, and the value of pilot symbol other than the frame synchronization word is “1”. Table 4 denotes the mapping relationship between the four frame synchronization words of table 1 and shadowed column pilot symbol patterns of table 2 and 3. 

Table 2. Pilot bit patterns for uplink DPCCH with Npilot = 5 and 6.


Npilot = 5
Npilot = 6

Bit #
0
1
2
3
4
0
1
2
3
4
5

Slot #1

2

3

4

5

6

7

8
9

10

11

12

13

14

15
1

0

0

0

1

1

1

1

0

1

0

1

1

0

0
1

0

1

0

0

1

1

0

1

1

1

0

0

0

0
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

1

0

0

0

1

0

0

1

1

0

1

0

1

1
0

0

1

0

1

0

0

0

0

1

1

1

0

1

1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

0

0

0

1

1

1

1

0

1

0

1

1

0

0
1

0

1

0

0

1

1

0

1

1

1

0

0

0

0
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

1

0

0

0

1

0

0

1

1

0

1

0

1

1
0

0

1

0

1

0

0

0

0

1

1

1

0

1

1

Table 3. Pilot bit patterns for uplink DPCCH with Npilot = 7 and 8.


Npilot = 7
Npilot = 8

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

Slot #1

2

3

4

5

6

7

8
9

10

11

12

13

14

15
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

0

0

0

1

1

1

1

0

1

0

1

1

0

0
1

0

1

0

0

1

1

0

1

1

1

0

0

0

0
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

1

0

0

0

1

0

0

1

1

0

1

0

1

1
0

0

1

0

1

0

0

0

0

1

1

1

0

1

1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

0

0

0

1

1

1

1

0

1

0

1

1

0

0
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

0

1

0

0

1

1

0

1

1

1

0

0

0

0
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

1

0

0

0

1

0

0

1

1

0

1

0

1

1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
0

0

1

0

1

0

0

0

0

1

1

1

0

1

1

           Table 4. Mapping relationship between the words of table 1 and shadowed column

           pilot bit patterns of table 2 and 3 on uplink DPCCH

Npilot2
Pilot bit position #
Corresponding column

Pilot pattern of length 15

5
0
C1


1
C2


3
C3


4
C4

6
1
C1


2
C2


4
C3


5
C4

7
1
C1


2
C2


4
C3


5
C4

8
1
C1


3
C2


5
C3


7
C4

4. Pilot patterns for downlink DPCH

  Table 5 shows the proposed new pilot symbol patterns on downlink DPCH with Npilot = 4, 8, and 16. The shadowed parts of the table can be used for frame synchronization words, and the value of pilot symbol other than the frame synchronization word is “1”. Table 6 describes the mapping relationship between the 8 words of table 1 and shadowed column pilot symbol patterns of table 5. 
             Table 5 : New pilot symbol patterns for downlink DPCH with Npilot = 4, 8, and 16.


Npilot = 4
Npilot = 8
Npilot = 16

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

Slot #1

2

3

4

5

6

7

8

9

10

11

12

13

14

15
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
11

00

01

00

10

11

11

10

01

11

01

10

10

00

00
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
11

00

01

00

10

11

11

10

01

11

01

10

10

00

00
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
10

10

01

00

01

10

00

00

10

11

01

11

00

11

11
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
11

00

01

00

10

11

11

10

01

11

01

10

10

00

00
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
10

10

01

00

01

10

00

00

10

11

01

11

00

11

11
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
11

11

10

01

11

01

10

10

00

00

11

00

01

00

10
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
10

00

00

10

11

01

11

00

11

11

10

10

01

00

01

         Table 6 : Mapping relationship between the 8 sequences of table 1 and shadowed column

         pilot symbol patterns of downlink DPCH with Npilot = 4, 8, and 16.

Symbol rate
Symbol #
Channel
Corresponding column

Pilot pattern of length 15

Npilot = 4
1
I-CH
C1



Q-CH
C2

Npilot = 8
1
I-CH
C1



Q-CH
C2


3
I-CH
C3



Q-CH
C4

Npilot = 16
1
I-CH
C1



Q-CH
C2


3
I-CH
C3



Q-CH
C4


5
I-CH
C5



Q-CH
C6


7
I-CH
C7



Q-CH
C8

  Table 7 shows new pilot symbol patterns of Downlink DPCH for the diversity antenna using STTD. For the diversity pilot symbol pattern on downlink DPCH, STTD is applied to the shadowed pilot symbols of columns 1, 3 and 1, 3, 5, 7 for Npilot = 8 and 16, respectively. However the non-shadowed pilot symbols of columns 0, 2 and 0, 2, 4, 6 for Npilot = 8 and 16 are encoded to be orthogonal to the pilot symbol of table 5. However the diversity pilot pattern for downlink DPCH with Npilot = 4 are STTD encoded since STTD encoding requires two symbols. Table 8 describes the mapping relationship between the 8 words of table 1 and shadowed column pilot symbol patterns of table 7. 
        Table 7 : New pilot symbol patterns of Downlink DPCH for the diversity antenna using STTD.


Npilot = 4
Npilot = 8
Npilot = 16

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

Slot #1

2

3

4

5

6

7

8

9

10

11

12

13

14

15
01

10

11

10

00

01

01

00

11

01

11

00

00

10

10
10

10

10

10

10

10

10

10

10

10

10

10

10

10

10
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
00

00

11

10

11

00

10

10

00

01

11

01

10

01

01
00

00

00

00

00

00

00

00

00

00

00

00

00

00

00
10

01

00

01

11

10

10

11

00

10

00

11

11

01

01
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
00

00

11

10

11

00

10

10

00

01

11

01

10

01

01
00

00

00

00

00

00

00

00

00

00

00

00

00

00

00
10

01

00

01

11

10

10

11

00

10

00

11

11

01

01
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
00

10

10

00

01

11

01

10

01

01

00

00

11

10

11
00

00

00

00

00

00

00

00

00

00

00

00

00

00

00
10

10

11

00

10

00

11

11

01

01

10

01

00

01

11

          Table 8 : Mapping relationship between the 8 sequences of table 1 and shadowed

          column pilot patterns of downlink DPCH using STTD with Npilot = 4, 8, and 16.

Symbol rate
Symbol #
Channel
Corresponding column

Pilot pattern of length 15

Npilot = 4
0
I-CH
-C1



Q-CH
C2

Npilot = 8
1
I-CH
-C3



Q-CH
C4


3
I-CH
C1



Q-CH
-C2

Npilot = 16
1
I-CH
-C3



Q-CH
C4


3
I-CH
C1



Q-CH
-C2


5
I-CH
-C7



Q-CH
C8


7
I-CH
C5



Q-CH
-C6

5. Pilot patterns for SCCPCH

                      Table 9 : New pilot symbol patterns of SCCPCH.


Npilot = 8
Npilot = 16

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

Slot #1

2

3

4

5

6

7

8

9

10

11

12

13

14

15
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
11

00

01

00

10

11

11

10

01

11

01

10

10

00

00
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
10

10

01

00

01

10

00

00

10

11

01

11

00

11

11
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
11

00

01

00

10

11

11

10

01

11

01

10

10

00

00
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
10

10

01

00

01

10

00

00

10

11

01

11

00

11

11
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
11

11

10

01

11

01

10

10

00

00

11

00

01

00

10
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
10

00

00

10

11

01

11

00

11

11

10

10

01

00

01

         Table 10 : Mapping relationship between the 8 sequences of table 1 and shadowed

         column pilot patterns of SCCPCH with Npilot = 8 and 16.

Symbol rate
Symbol #
Channel
Corresponding column

Pilot pattern of length 15

Npilot = 8
1
I-CH
C1



Q-CH
C2


3
I-CH
C3



Q-CH
C4

Npilot = 16
1
I-CH
C1



Q-CH
C2


3
I-CH
C3



Q-CH
C4


5
I-CH
C5



Q-CH
C6


7
I-CH
C7



Q-CH
C8

      Table 11 : New pilot symbol patterns of SCCPCH for the diversity antenna using STTD.


Npilot = 8
Npilot = 16

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

Slot #1

2

3

4

5

6

7

8

9

10

11

12

13

14

15
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
00

00

11

10

11

00

10

10

00

01

11

01

10

01

01
00

00

00

00

00

00

00

00

00

00

00

00

00

00

00
10

01

00

01

11

10

10

11

00

10

00

11

11

01

01
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
00

00

11

10

11

00

10

10

00

01

11

01

10

01

01
00

00

00

00

00

00

00

00

00

00

00

00

00

00

00
10

01

00

01

11

10

10

11

00

10

00

11

11

01

01
11

11

11

11

11

11

11

11

11

11

11

11

11

11

11
00

10

10

00

01

11

01

10

01

01

00

00

11

10

11
00

00

00

00

00

00

00

00

00

00

00

00

00

00

00
10

10

11

00

10

00

11

11

01

01

10

01

00

01

11

        Table 12 : Mapping relationship between the 8 sequences of table 1 and shadowed

         column pilot patterns of CPICH using STTD.

Symbol rate
Symbol #
Channel
Corresponding column

Pilot pattern of length 15

Npilot = 8
1
I-CH
-C3



Q-CH
C4


3
I-CH
C1



Q-CH
-C2

Npilot = 16
1
I-CH
-C3



Q-CH
C4


3
I-CH
C1



Q-CH
-C2


5
I-CH
-C7



Q-CH
C8


7
I-CH
C5



Q-CH
-C6

6. Simulation performance

  We first define the following events and parameters to be used to evaluate the performance of frame synchronization confirmation using the proposed frame synchronization words for 15 slots per frame:

H1 : The event that the auto-correlator output exceeds the predetermined threshold at zero slot offset.

H2 : The event that the auto-correlator output exceeds the predetermined threshold at zero slot offset or the cross-correlator output is smaller than –1((predetermined threshold) at 7 slot offset.

H3 : The event that the auto-correlator exceeds the predetermined threshold at slot offset except zero.

H4 : The event that the cross-correlator output is smaller than –1((predetermined threshold) at slot offset except 7.

PS : Probability of a frame synchronization confirmation success.

PFA : Probability of a false alarm

The frame synchronization is confirmed if the output of the correlator using the frame synchronization word exceeds the predetermined threshold. The success of the frame synchronization confirmation is determined when the successive SR frame synchronization is confirmed. Otherwise, the frame synchronization confirmation failure is determined [6]-[9]. Thus the probability of a frame synchronization confirmation success is defined by
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The probability of a false alarm can be expressed as 
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  The following parameters are used to evaluate the performance of proposed pilot pattern on uplink DPCH over AWGN. The PS and PFA are given as a function of Eb/N0 ratio (Eb = energy per bit, N0 = noise power spectral density). 

Table 13. Parameters for simulation performance evaluation over AWGN channel

Parameters
Uplink

Number of slots per frame
15

Number of bits in the DPCCH (Pilot/TPC/TFCI/FBI)
6/2/2/0

Number of bits in the DPDCH per each slot
10

Spreading factor (DPDCH)
256

Spreading factor (DPCCH)
256

Modulation
HPSK

3dB bandwidth
3.84MHz

Shaping filter
Root raised cosine (roll off 0.22)

Power amplifier
Ideal

Propagation channel
AWGN

Fig. 3. Probability of frame synchronization confirmation success on uplink DPCCH with Npilot =6 over AWGN channel.

Fig. 4. Probability of a false alarm on uplink DPCCH with Npilot =6 over AWGN channel.

  The PS of single-check and double-check frame synchronization confirmation with SR = 3 on uplink DPCCH is smaller than 0.945 and 0.99 at –5dB, respectively. And thus we obtain about 4dB gain by employing double-check method compared to single-check method. From Fig. 4 we see that the probability of a false alarm with normalized threshold = 0.6 at –5dB is smaller than 2.5(10-4. The pilot pattern can be used for frame synchronization confirmation since perfect frame synchronization confirmation success with zero false alarm was detected at Eb/No = 0dB when double-check frame synchronization confirmation method was used.
7. Conclusion

  This contribution document proposed new optimized dedicated pilot pattern for uplink DPCCH, downlink DPCCH, and SCCPCH considering the impact of harmonization. It was shown that by using this property of the proposed frame synchronization words we can maintain double-check frame synchronization scheme as in current specification TS25.211 [1]-[4]. We found that there is significant gain about 4dB by employing double-check frame synchronization confirmation method compared to single-check method. Since the auto-correlation function of proposed frame synchronization words has the lowest out-of-phase coefficient, the single-check frame synchronization confirmation method can also be employed. The pilot pattern is very suitable for frame synchronization confirmation since perfect frame synchronization confirmation success with zero false alarm was detected at Eb/No = 0dB on uplink DPCH when double-check frame synchronization confirmation method was used. 
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