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1. Introduction

In this contribution, we propose a cell search scheme which is conceptually similar to the one used in the WCDMA system. The searcher receiver performs a three-step cell search process as in WCDMA UE. This scheme employs the comma free coding concept for synchronization channel (SCH) symbols so that it can acquire the 10 msec frame boundary as well as cell specific scrambling code group ID in the second step of the cell search procedure. This scheme enables the fast cell search with a relatively low receiver complexity even when the number of cell-specific scrambling codes is as large as 512. Therefore the same PN code planning can be applied for both WCDMA and EUTRA, which can be beneficial to the cellular operator simultaneously offering both WCDMA and EUTRA services in the same cell.
We propose the SCH structure and the receiver algorithm and present some simulation results. We also mention the effective BCH structure which makes the UE demodulate the BCH coherently without any information on the number of the transmit antennas. The text proposal is included in R1-060427. This contribution is the revision of R1-060072.
2. Proposed SCH Structure
Figure 1 shows the frame structure for the proposed scheme. In order to help understanding we define a “sync slot”, which is composed of 4 subframes so that one radio frame has 5 sync slots. Each sync slot has one SCH symbol as shown in Fig. 1. An SCH code sequence is allocated to each SCH symbol in the frequency domain as shown in Fig. 2. The SCH code sequences within one frame interval vary from slot to slot. This technique is called “code hopping”. The same approach was employed for the secondary synchronization code channel (SSC) in the WCDMA system. But the difference is that only one synchronization channel is used in this proposal while there are two SCHs in the WCDMA. The SCH symbol position in Fig. 1 is only one example; generally it may locate at any other position in the sync slot. 
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Figure 1. Proposed synchronization channel structure

The hopping pattern 
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 is used for the code hopping of synchronization channel symbols, where
[image: image3.wmf]g

is the hopping sequence ID, which has one to one correspondence to the cell specific PN scrambling code group ID. The alphabet size of the hopping pattern is determined by the number of SCH code sequences used in the system.
The SCH occupies a central part of the entire bandwidth (1.25 MHz or 5 MHz) regardless of the total transmission bandwidth of Node B [1] and it uses only half of the allocated subcarriers (for example, 38 out of 76 subcarriers for 1.25 MHz bandwidth). 
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Figure 2. An example subframe structure containing one SCH symbol.

In general, any good code sequences can be used as the SCH code sequences, but in this contribution, as an example we employ GCL sequences [2] which can be defined as
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(1)
where u is the SCH code sequence index given by the code alphabet of hopping patterns. N is the length of GCL sequence and is a prime number and there exit N-1 GCL sequences [2]. Since the number of subcarriers occupied by SCH is 38, we set N = 41 [2] so that the number of GCL sequences (or the alphabet size of hopping pattern) becomes 40.
3. Hopping Pattern
Appendix A shows 64 hopping patterns whose codeword length is 5 and code alphabet size is 40. It is important to note that the minimum hamming distance for any pair of the sequences or their cyclic shifted versions is 4. This implies that the maximum number of hit between any cyclic shifted pair of two sequences is only 1. So by detecting only 2 SCH symbols in the second step of cell search, we can uniquely identify the 10 msec frame boundary as well as group ID or PN scrambling code ID. This property guarantees GSM to LTE measurement since we can always find two SCH symbols within 4 msec (< 4.6 msec) interval [3].
On the other hand, we may use more than 64 hopping patterns. But for compatibility with WCDMA scheme, we consider only 64 patterns in this contribution. In the WCDMA system there are 64 PN scrambling code groups and each group contains 8 primary PN scrambling code sequences so that there are 512 primary scrambling codes in the system. With this proposal it is possible to be compatible with WCDMA so that the same cell code planning can be used in WCDMA and LTE.
If we increase the number of hopping patterns up to 100 or more, then one to one mapping is possible between the hopping pattern and the PN scrambling code ID. In this case, the third step of the cell search may not be required or it can be used only for verification of the previous steps. But the performance of the second step may be poor, compared with the 64 grouping case. It needs to be investigated further which approach is better.
The 64 hopping code sequences in Appendix A have been found by computer search. 
4. Transmit antenna diversity
As in WCDMA specification, simple time switching transmit diversity (TSTD) can be used for the SCH when multiple transmit antennas are used in Node B. That is, the SCH symbols between adjacent sync slots can be transmitted via different antennas. We can also consider the cyclic delay diversity (CDD) for the SCH, which however may lead to timing ambiguity in the UE searcher. Therefore we prefer the TSTD to the CDD for the transmit antenna diversity of SCH.
5. Three-step search algorithm
In WCDMA, the cell searcher employs a three-step search method. The first step is the slot timing detection using the PSC (primary synchronization code) channel and the second step is the identification of the long PN code group ID as well as the frame boundary using the SSC channel. The third step is the identification of the cell specific long PN code ID among 8 candidates using CPICH.
The cell search algorithm in this proposal is very similar to the WCDMA searcher but our scheme uses only one synchronization channel in the first and second steps. The process of each step is explained in detail in the following sections. In order to reduce the cell search time each step can be performed in parallel. 
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Figure 3. three-step cell search algorithm.

5.1 First step 
Figure 4 shows the sync slot boundary detector. It contains a simple differential correlator which employs the repetition property of the SCH symbol. The differential correlator output can be defined by 
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(2)
where NCP and Ns are the numbers of samples in the cyclic prefix and in the remaining part of the OFDM symbol duration, respectively (NCP = 10, Ns = 128). Even though the applied code sequence of SCH is different from slot to slot, the differential correlator output at each SCH symbol position has the same characteristics. This is the reason why the first step and the second step can use only one synchronization channel. In order to increase the detection probability in the first step, the correlator outputs are accumulated slot by slot so it requires a buffer of 3840-sample size (4 subframes). The peak detector selects the maximum value among 3840 candidates and outputs the corresponding time index to the second step searcher. The buffer size of 3840 samples is considered reasonable compared with the buffer size of WCDMA first step searcher (5120 samples). 

In order to enhance the detection probability, the first step searcher can utilize multi frame samples without increasing the buffer size.
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Figure 4. Sync slot boundary detector
5.2 Second step 

The second step searcher contains the frequency offset estimation/compensation block, GCL correlator and hopping sequence/cyclic shifted index detector. Using the 5x128 received samples as shown in Fig. 5, the second step searcher estimates the frequency offset (see Eq. 3) and compensates the 5x128 samples using the estimated frequency offset. 
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Figure 5. Received sample 
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(4)
where A is the number of receive antennas and P is the number of SCH symbols in the frame. And Rs is the sampling rate and arg{x} denotes the phase of complex value x. The GCL correlator in the second step searcher utilizes the frequency offset compensated samples. Figure 6 shows the GCL correlator, which is explained in [2]. The 40 GCL correlator outputs are buffered via 5 SCH symbol positions. Using 5x40 GCL correlator outputs and the hopping pattern table in Appendix A, the second step searcher calculates the decision metrics defined in (5) where each decision metric corresponds to one of the 64x5 cyclic shifted sequences. By choosing the maximum value, the second step searcher can find the group ID and 10 msec frame boundary simultaneously as in the WCDMA second step. In order to increase the detection probability the second step searcher can utilize multi frame samples without increasing the sample buffer size (5x128 samples).
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Figure 6. GCL correlator and hopping sequence ID/cyclic shifted index detector
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(5)
where 
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 is the k-th GCL correlator output at the p-th SCH symbol position.
5.3 Third step 

The third step is to identify the PN scrambling sequence among 8 candidate sequences belonging to the code group ID detected in the second step. As mentioned in Sec. 3, if the number of PN scrambling codes in a group is one, then the third step may not be required or it can be used only for the verification of the previous steps. 
In this proposal, the length of the PN scrambling code sequences does not affect the third step search algorithm since the third step searcher can obtain the frame boundary information from the second step. However we guess that in order to obtain enough randomness of data traffic channels between neighboring cells, the length of the PN scrambling sequences should be as large as possible, that is, 10 msec as in WCDMA.

One thing that can affect the performance of the third step searcher is the common pilot structure. Since TDM pilot can minimize the running time of the FFT engine in the third step, the TDM pilot structure is preferable from a cell search point of view. 
5.4 BCH demodulation

After the three-step cell search, the UE should demodulate the BCH. The BCH should include the cell configuration information such as the number of antennas, system bandwidth, SFN and so on. If the number of transmit antennas at Node B is larger than one, it is desirable to employ transmit antenna diversity for the BCH in order to minimize FER. If the UE demodulates the BCH using the phase reference based on the common pilots it should employ blind detection, that is, the UE should perform demodulation assuming 1-antenna, 2-antenna and 4-antenna cases, respectively. But this may increase the UE receiver complexity. One method to go around this problem is that the SCH contains the information on the number of transmit antennas [4]. This method, however, causes the performance degradation in the second step of cell search  or the reduction of the number of PN scrambling code groups. Another solution is using the SCH as the phase reference of BCH instead of the common pilot channel and locating the BCH symbol right after the SCH symbol position and then employing the same antenna diversity technique for the adjacent SCH and BCH symbols. For example, if we apply the TSTD for both SCH and BCH, the adjacent SCH and BCH symbols are transmitted on the same antenna. The number of BCH symbols per one radio frame may be taken to be the same as that of SCH symbols or not. By using this approach, the UE can demodulate the BCH coherently without any information of the number of applied antennas. We believe that the channel estimation performance using the SCH may be better than using the CPICH since the SCH symbols locate at every other sub-carrier position.
6. Simulation condition and results
Table 1 shows the simulation assumptions. We assume that the accumulation length (observation length) for the 1st and 2nd step is one radio frame (10 msec).
Table 1. Simulation assumptions
	Transmission BW
	1.25 MHz

	Carrier frequency
	2 GHz

	FFT Size
	128

	Total Number of used subcarrier
	76

	Number of active sub-carriers of the synchronization symbols
	38

	Number of GCL sequences (=alphabet size of hopping code)
	40

	Number of hopping patterns
	64 (see appendix A)

	Number of sync slots per 10 msec frame
	5

	Observation length for 1st step
	10 msec (5 Sync slots accumulation)

	Observation length for 2nd step
	10 msec (5 synchronization symbols)

	Channel Model
	TU (20 paths) 3Km/hr or 120 Km/hr

	Frequency offset
	0, 3KHz, 6 KHz

	Loading for data traffic channel
	Full load (100% loading) over 76 sub carriers


In the first step, we assume that the first step search is successful when the estimated sync slot boundary is located within the CP interval of the actual slot boundary. Figures 7 and 8 show the first step detection error performance for the 3km/hr and 120 km/hr vehicle speeds, respectively when there is no frequency offset. It is found that the performance of the first step improves by almost 1.5 ~ 2 dB by employing the TSTD diversity in the transmitter, especially for the low vehicle speed. But the antenna diversity gain is small at 120 km/hr vehicle speed since the time diversity gain already exists.
Figures 9 and 10 show the first step detection error rate when frequency offset exists. We note that the performance degradation of the first step is small up to 3 KHz offset and that there is large performance degradation for the 6 KHz offset. 
We can obtain a reasonable cell search performance even though the frequency offset is 6 KHz. For example, for 2x2 antenna configuration, the detection probability of 1st step (from Figs. 9 and 10) is almost 80% for the 0 dB SNR and this is only based on the observation of one frame. So if the second step detection error probability is small (less than 10-4 for 0 dB SNR for 6 KHz offset, (see Figs. 14 and 15), the average cell search time may be less than 50 msec. We will show the average search time performance in the next contribution.
Figures 11 and 12 show the detection error rate for the second step when there is no frequency offset. We can see that there is also transmit antenna diversity gain (almost 2~3 dB) and the detection error rate is less than 1% even at -6 dB in the 2x2 case. Figures 13 and 14 show the second step detection error rate when frequency offset exists. Unlike the first step searcher, we can see that there is no performance degradation up to 3 KHz frequency offset and small degradation for the 6 KHz offset. This is due to the frequency offset compensation in the second step searcher.
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Figure 7. 1st step DER for the different number of Tx and Rx antennas (3Km/hr)
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Figure 8. 1st step DER for the different number of Tx and Rx antennas (120Km/hr)
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Figure 9. 1st step DER for the different frequency offsets (3Km/hr)
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Figure 10. 1st step DER for the different frequency offsets (120Km/hr)
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Figure 11. 2nd step DER for the different number of Tx and Rx antennas (3Km/hr)
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Figure 12. 2nd step DER for the different number of Tx and Rx antennas (120Km/hr)
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Figure 13. 2nd step DER for the different frequency offsets (3Km/hr)
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Figure 14. 2nd step DER for the different frequency offsets (120Km/hr)

7. Conclusion

In this contribution, we have proposed an SCH structure and a cell search scheme for EUTRA which utilizes the code hopping technique in the SCH symbols. The proposed scheme makes it possible to minimize the cell search time even with the large number of PN scramble codes, i.e., 512 as in WCDMA. The simulation results show the feasibility of the proposed scheme. Furthermore, we have proposed the BCH structure in which the UE demodulate the BCH coherently without any information of the number of transmit antennas.
Here, we have focused mainly on detection error probability in the first and second steps and the average cell search time performance needs to be analyzed further. Also we have only discussed the initial cell search, but the neighbor cell search in idle state or in the handover situation should be analyzed too. The neighbor cell search is important in the UE power consumption point of view.
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Appendix A (64 hopping code patterns)
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