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1. Introduction

When a UE in an OFDM cellular system is first powered on, it needs to acquire timing/frequency synchronization and perform initial cell search as quickly as possible. The initial acquisition and cell search process for OFDM-based cellular systems are being studied in E-UTRA, and some schemes have been proposed [1]

 REF _Ref118016722 \n \h 
[2]

 REF _Ref118016743 \n \h 
[3]. In [1], several possible methods are outlined, with a goal of supporting UE’s having a smaller bandwidth capability than the Node B transmission bandwidth. In [2], a synchronization channel composed of multiple symbols per frame for the initial acquisition (P-SCH) is proposed, and the synchronization channel contains common information in all the cells.  The goal of the present contribution is to investigate a simple synchronization scheme that uses only one OFDM symbol per 10 ms radio frame to support initial OFDM synchronization as well as cell searching.  A key benefit of the proposed method is that the cell ID can be identified without correlating over multiple candidate sequences, thus saving computational complexity and reducing the number of receiver processing steps. The proposed scheme can be used either on its own or it can be combined with aspects from other proposals. 
2. Proposed Synchronization Symbol Format
For cell search and initial acquisition, the following are desired:
· Quick acquisition using a small number of steps
· Simple signal processing
· Low overhead

· Synchronous and asynchronous operation 

In order to satisfy these goals, the proposed synchronization symbol format has the following features:

· A small number of synchronization symbols (preferably only one) per radio frame, which minimizes the overhead and enables the quick acquisition
· Time domain symmetry which simplifies the signal processing of initial acquisition
· Use of Generalized Chirp Like (GCL) sequence which simplifies the signal processing of cell search
2.1. Code Sequence

Generalized Chirp Like (GCL) sequence [4] is used for the proposed synchronization symbol. The GCL sequence is given by:
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The integer “u” is the cell-specific sequence index and NG is the length of GCL sequence. A total of NG-1 different sequences with optimal cross correlation properties are available for use in different cells. NG is a prime number equal or near the needed sequence length (e.g., if the needed sequence length is not prime, the next-largest prime number can be used for NG and the resulting GCL sequence can be truncated to the desired length).  
The sequence index can be detected by a simple process composed of following processes:
· Differential encoding
· IDFT
· Peak detection
The use of GCL sequence simplifies the sequence index (cell index) detection process. If a GCL sequence is passed through a differential encoder, the resulting output sequence is a complex exponential with a frequency that corresponds to the original sequence index. Therefore, the identification of sequence index is easily accomplished by differential processing and IDFT-based tone detection, as shown in the next section.
2.2. Sub-carrier mapping 
GCL sequence is mapped onto the even numbered sub-carriers of the synchronization symbol. This mapping provides symmetry of the signal in time domain (a waveform repeated twice in time domain).
· The time domain symmetry enables a blind differential correlation at UE for initial acquisition of OFDM symbol timing, radio frame timing, and frequency offset
· UE do not have to know the wave form.

· The symbol timing and radio frame timing can be identified by detecting the peak of the differential correlation.

· The frequency offset can be identified by detecting the phase of the differential correlation
Benefits:
· The proposed sub-carrier mapping enables the initial OFDM synchronization processing in time domain (DFT is not required), and then simplifies the detector
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Figure 1 Example of synchronization symbol generation (cyclic prefix not shown)
2.3. Frame format 
For the results presented in this contribution, only one synchronization symbol is multiplexed in every radio frame (10ms). However, if desired, it is also possible to insert more than one synchronization symbol per frame.

Benefits:
· The proposed frame format minimizes the overhead due to the synchronization symbol addition
· The proposed frame format shortens the acquisition time for the frame timing identification, because symbol timing and frame timing are identified at the same time
3. Cell Search Procedure

The proposed cell-search procedure is basically 1) Identify a rough OFDM symbol timing position for the synchronization symbol based on the time-domain symmetry of the synchronization symbol (see 4.1),  and 2) Process the received synchronization symbol(s) to identify the cell ID (see 4.2).
For deployments with time-synchronized cells, the sync symbols transmitted from all nearby cells will add over-the-air and the half-symbol symmetry of the composite waveform is preserved.   The resulting composite received sync symbol has increased power (macro diversity effect), which enhances the initial timing estimation accuracy and may enable initial timing estimation based on a single received synchronization symbol.  Even if the cells are not perfectly synchronized (quasi-synchronous), some benefit due to signal power summation can be expected as long as the time-base difference between cells is within a reasonable fraction of the OFDM symbol duration.
For deployments with completely asynchronous cells, multiple rough symbol timing positions may be identified (one for each strong cell being received), and the cell ID processing part can be applied to the strongest one or strongest few positions.  For the asynchronous case, it may be beneficial to include more than one sync symbol per radio frame to enhance the rough symbol timing estimation, but further study is needed. 
Note that for the purpose of illustrating the basic elements of the proposed method, the results provided in the remainder of the contribution are focused on the case where the cells are time-synchronized.    
4. Receiver Structure
4.1. Initial OFDM symbol and frame timing detector
The initial OFDM symbol and frame timing are detected for the GCL sequence index (cell index) detection. The differential correlation using the time domain symmetry of the synchronization symbol can be employed as the timing detector. Figure 2 shows an example of the initial OFDM symbol and frame timing detector. The received signal is multiplied by the conjugate of the received signal with delay of half OFDM symbol length and averaged over half OFDM symbol length. The OFDM sample timing with the largest magnitude in the differential correlator output is selected as the initial OFDM symbol and frame timing.
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Figure 2 Example of the initial OFDM symbol and frame timing detector
4.2. GCL sequence index detector
Figure 3 shows an example of GCL sequence index detector.
The OFDM demodulator transforms the received signal to frequency domain after removing the cyclic prefix. The de-mapper extracts even numbered sub-carrier symbols as the received GCL sequence. The extracted symbols are encoded by differential encoding. Each of differential encoder output is optionally averaged over multiple frames to enhance robustness. The buffer size for the multi-frame averaging is one OFDM symbols because synchronization symbol timing is identified before the multi-frame averaging. Basically, because the multi-frame averaging uses multiple synchronization symbols to get the end result, another way to get multiple synchronization symbols is to insert them more often in the frame.  It is a tradeoff between overhead and acquisition time. IDFT re-transforms the averaged differential encoder outputs to time domain. The sequence index with the largest magnitude in the IDFT output is detected.
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Figure 3 Example of GCL sequence index detector
Figure 4 shows an example of GCL sequence and the index detection process. 
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It assumes that three GCL sequences are multiplexed. Figure 4(a) shows waveform of GCL sequences. The sequence index “u” of each sequence is different. Figure 4(b) shows the phase of GCL sequences. Figure 4(c) shows the phase of the differential encoder output. Because the differential encoder output sequence is a complex exponential with a frequency that corresponds to the original sequence index, the phase of the differential encoder output is proportional to sample index. Therefore, the differential encoder output sequence transformed by IDFT shows peak value at the original sequence index positions as show in Figure 4(d).
(a) Waveform of GCL sequences
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(b) Phase of GCL sequences            (c) Phase of differential encoder output               (d) IDFT output
Figure 4 Example of GCL sequence and the index detection process
5. Performance
Detection error rate (DER) performance of GCL sequence index detection is evaluated in multi-cell environments.
5.1. Simulation assumptions

The followings are assumed for the simulations:

· GCL sequence index is uniquely assigned to each sector.
· Frame duration: 10ms

· Number of OFDM symbols per frame: 140 (7 symbols x 20 sub-frames)

· Number of synchronization symbols per frame: 1

· Sub-carrier spacing: 15 kHz

· Channel band-width: 1.25 MHz
· Transmission power: 43dBm
· Thermal noise density: 174 dBm/Hz
· Total number of sub-carriers: 76

· Number of active sub-carriers of the synchronization symbol: 38
· Propagation channels (along to Case #2 in SA & E for EUTRA[5])

· Channel Type: GSM Typical Urban (6 rays)

· Doppler frequency: 55Hz (30km/h@2GHz)
5.2. Multi-Cell Power / delay profiles

· The power/ delay profiles for the signals received from different cells are defined by specifying the location of UE within a cell.

· Figure 5 and Figure 6 show the specified locations of UE and the multi-cell power / delay profiles respectively

· The strongest 21 sectors, based on average received power, are simulated
· Shadowing is not considered.

· Inter site distance is 500m.
· All locations considered for this initial evaluation are far from the nearest Node B. Therefore, the power / delay profiles simulate low CIR conditions as shown in Table 1. CIR is defined by the average received power ratio of the strongest sector to the sum of the other sectors.
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Figure 5 UE locations
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Figure 6 Power / Delay Profiles
Table 1 CIR of Profiles
	
	Profile A
	Profile B

	CIR
	2.57 dB
	-3.99 dB


5.3. Simulation Results

Detection error rate (DER) of GCL sequence index is evaluated. The detection error for each profile is defined by the following  conditions:
· For power profile A, the detected sequence index is unequal to the index transmitted by the strongest sector

· For power profile B, the detected sequence index is not included to the indices transmitted by the three strongest sectors

Both profile A and B are simulated under following two conditions.
1) ideal OFDM symbol/frame timing and no frequency error
Ideal OFDM symbol/frame timing means that the beginning of FFT window is always set to the end of cyclic prefix of the earliest path.

2) existence of OFDM symbol/frame timing and frequency error 

One radio frame is utilized for the timing and frequency error estimation. The timing is estimated by detecting the peak of the differential correlation of received signal. The frequency offset is estimated by detecting the phase of the differential correlation. The initial frequency error between Node B and UE is 3ppm.
Figure 7 shows DER performance with condition 1.

In both of power profile A and B, three frames averaging are required for 1% DER.
Figure 8 shows DER performance with condition 2 
In all the power profiles, the DER performance is almost same as the performance with condition 1 shown in Figure 7. The proposed synchronization symbol format provides sufficient timing and frequency offset estimation accuracy for initial cell search.
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Figure 7 Detection error rate with condition 1
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Figure 8 Detection error rate with condition 2
6. Conclusions

In this contribution, a simplified, low overhead synchronization symbol format for supporting cell search and initial acquisition was investigated.  Example edge-of-cell detection error rate performances in multi-cell environments were also shown.
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