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1 Introduction

Tdoc 578 [1] presented a new synchronization scheme for TDD based on modulated secondary codes. The new synchronization scheme outperforms the current scheme described in [2,3,4], and has lower complexity. In this paper we present an updated description of the proposed scheme and provide additional performance results. The proposed scheme  was updated to match the synchronization codes in [2,3,4]  and to allow the secondary synchronization codes (SSC) to carry up to 10 bits of information, as required by case 3 (The position of CCCH is pointed by the SCH). A detailed description of the proposed scheme is given in the text proposals in [5]. 

2 The Proposed synchronization scheme

2.1 The physical synchronization channel

The cell search procedure is performed using the Physical Synchronization Channel (PSCH).

The PSCH is a common downlink channel transmitted in the slot(s) dedicated to synchronization. Figure 1 depicts the frame and SCH structure for case 2 (2 SCH slots per frame, CCCH slots are colocated with SCH slots). Each SCH slots uses N+1 parallel codes: One primary code and N secondary codes. N=6,7,10 for cases 1,2, and 3 respectively.  Each of the secondary codes is BPSK modulated to provide information on the code group (5 bits), location of the slot within the frame (1 bit), position of the frame within an interleaving period of 20 msec (1 bit), and position of CCCH (3 bits). In Figure 1 we assume that the SCH slots are located in slot 0 and 8. 

Due to mobile to mobile interference, it is mandatory for public TDD systems to keep synchronization between base stations. As a consequence of this, a capture effect concerning PSCH can arise. The time offset toffset enables the system to overcome the capture effect.

The time offset toffset is one of 32 values, depending on the cell parameter, thus on the code group of the cell Toffset,n is given by,
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where n is the code group number, Tc is the chip duration and 
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 denotes the largest integer number less than or equal to x.
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Figure 1: Proposed SCH structure. N=6,7,10 for cases 1,2,3 respectively.  
2.2 The Primary Synchronization Code
The Primary code sequence, Cp is constructed as a so-called generalised hierarchical Golay sequence. This primary code is the same as the primary code used in FDD mode. The Primary SCH is furthermore chosen to have good aperiodic auto correlation properties.  Letting a = < x1, x2, x3, …, x16 > = < 0, 0, 0, 0, 0, 0, 1, 1, 0, 1,0, 1, 0, 1, 1, 0 > , The PSC code is generated by repeating sequence ‘a’ modulated by a Golay complementary sequence. Letting  
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The definition of the PSC code word Cp follows (the left most index corresponds to the chip transmitted first in each time  slot):

            Cp=< y(0),y(1),y(2),...,y(255) >.

The PSC binary sequence is converted to a real valued sequence by the transformation ‘0’(1, and ‘1’(-1.

2.3 The Secondary  Synchronization Codes

The Secondary Synchronization Codes (SSC’s) are proposed to be common to all the base stations. However, before the transmission, they are BPSK modulated. The BPSK modulation carries the following information:

· The code group that the base station belongs to (5 bits; Cases 1,2,3)

· The position of the frame within an interleaving period of 20 msec (1 bits, Cases 1,2,3)

· The position of the slot within the frame (1 bit, Cases 2,3)

· The location of the primary CCCH (3 bits, Case 3) 

Denote by N the number of parallel secondary codes (N=6 for Case1 , N=7 for case 2, N=10  for case 3). The SSC’s  {C1, C2, …, CN} are constructed as the position wise modulu 2 addition of the sequence y defined above and properly selected rows of the Hadamard matrix, H8. H8 is obtained recursively by,
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The rows are numbered from the top starting with row 0, h0, (the all one sequence). The SSC’s are constructed as 

Ck(i) = hr(k)(i)  y(i),  i = 0, …, 255 ;k=1,… N


where the sequence y is the primary code, and 
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These rows were selected so the resulting sequences have the lowest value of  maximum aperiodic correlation with the primary code. Note that the primary code can be written as the position wise modulu 2 addition of the sequence y and ho.

The SSC binary sequences are converted to a real valued sequence by the transformation ‘0’(1, and ‘1’(-1.

3 Computational Complexity

Tables 1 and 2 compare the computational complexity of the proposed cell search scheme to the computational complexity of the Comma Free Method and the Hierarchical Scheme.

Algorithm
The complexity at each SCH slot
During the decision

Modulated SCC (6 bits)
795 real adds + 28 real mults
none

Modulated SSC (7 bits)
799 real adds + 32 real mults
none

Comma Free Method
1,361 real adds + 34 real mults
512 real adds

Hierarchical Scheme
17,344 real adds + 128 real mults
64 real adds

Table 1: Computational complexity of cell search schemes. 32 code groups are used (Case 2).

Algorithm
The complexity at each SCH slot
During the decision

Modulated SSC (9 bits)
807real adds + 40 real mults
none

Modulated SSC (10 bits)
811real adds + 44 real mults
none

Comma Free Method
2,897 real adds + 34 real mults
2,048 real adds

Hierarchical Scheme
138,752 real adds+1,024 real mults
512 real adds

Table 2: Computational complexity of cell search schemes. 256 code groups are used (Case 3).

Note that for 15 slots per frame, it is possible to reduce the number of bits in the Modulated SSC scheme by one, compared to the case of 16 slots per frame. In the case of 15 slots per frame, the location of the slot within the frame is indicated by the relative offsets of the SCH slots. In this case, it is no longer required to provide the location of the slots within the frame. We therefore present results for both 6 and 7 bits for Case 2, and 9 and 10 bits for Case 3.  

4 Performance

This section presents additional performance results, complementing the results in Tdoc 578. 

4.1 Primary Code Acquisition

Figure 2 presents results for primary code acquisition. We observe that the three methods considered in this paper exhibit comparable performance.
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Figure 2: Performance of primary code acquisition. Vehicular A channel, V=100 km/h, 4  slots.

4.2 Performance of Secondary synchronization codes

Figures 3-5 compare the performance of the secondary synchronization codes proposed in this paper to the performance of the current scheme.  Figure 2 assumes the ITU vehicular A channel model, while Figures 3-4 assume a single path Rayleigh channel. Figures 2-3 are for case 2 where the CCCH is in the same slots as SCH. In this case the secondary synchronization codes are required to carry at most 7 bits of information. For 15 slots per frame the number of bits can be reduced to 6.  Figure 4 is for case 3 where the location of CCCH is pointed by SCH. In this case the secondary synchronization codes are required to carry 10 bits of information. In the case of 15 slots per frame, the number of bits can be reduced to 9. We observed that the scheme proposed in this paper outperforms the current scheme.  
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Figure 3: Performance of secondary synchronization codes, Case 2. ITU vehicular A channel model, 100 km/h. 4 time slots 
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Figure 4: Performance of secondary synchronization codes, Case 2. Single path Rayleigh channel model, 6 kHz Freq. offset. 4 time slots. 
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Figure 5: Performance of secondary synchronization codes, Case 3. Single path Rayleigh channel model, 6 kHz Freq. offset. 4 time slots 

Peak to Average Ratio

The peak to average ratio (PAR) for the  proposed scheme is higher than the PAR for the current scheme, because the proposed scheme is based on multi-codes; the primary synchronization code and N secondary synchronization codes are all transmitted in parallel. However, peak to average ratio should not be a major concern for the base station transmitter. Furthermore, the power amplifier of the base station is required to support 8 to10 multicodes. 

References [6,7] considered the impact of multicodes on PAR. The results in [6,7] indicate that, by properly designing the transmitter the PAR for N>4 equi-power multicodes does not increase with increasing the number of multicodes. As the power amplifier of the base station must support 8 to 10 multicodes, the multicode structure of the proposed synchronization scheme does not impose additional  requirements on the power amplifier of the base station transmitter.

5 Summary

This paper presented an updated version of the TDD synchronization scheme introduced in Tdoc 578. The performance results were extended to include the performance of primary acquisition, and a six-multipath channel model. The last section addressed the issue of peak to average ratio.

In all examples considered in this paper, as well as the examples of Tdoc 578, the performance of the proposed scheme was superior to that of the current scheme. On the other hand, the computational complexity of the proposed scheme is lower than that of the current scheme. We propose therefore to adopt the proposed scheme as the TDD synchronization scheme.  
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