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1 Introduction
In Denver RAN1 #44 meeting, Nortel proposed multiple bandwidth synchronization channel design which allows UE to access the Node-B with scalable transmission bandwidth ranging from 1.25 MHz to 20 MHz [1]. In RAN1 #44bis the synchronization channel design is updated [2] and the initial access procedure is also discussed [3].
Time synchronization consists of two steps, framing acquisition and timing acquisition. Framing acquisition is to find roughly the frame boundary and the timing acquisition is to find the boundary of an OFDM symbol. Frame acquisition can be done based on the time domain repeated structure of the SCH symbols while the timing acquisition can be obtained by using the primary Sync channel in the frequency domain. Certain extent of the timing error can be tolerated by the application of the cyclic prefix.

 There are two candidate bandwidths for SCH, one is 1.25 MHz and the other is 5 MHz. In order to compare the initial access performance between different BW SCHs, simulations have been done to evaluate the timing synchronization performance, including the detecting rate and the access time. In this contribution we present the performance comparison of the timing synchronization.
2 Multi-cell Simulation assumption
The performance evaluation is done in the multi-cell environment.  Figure 1 shows the simulation environment where 19 cells system is used to generate power profile table at various UE locations and 8 strongest sectors are selected and are included in the simulator (see figure 2). The remaining interference is considered as the thermal noise. 
The system transmission bandwidth is 5 MHz. SCH occupies the whole 5 MHz BW (300/2=150 subcarriers are used) or only occupies the central 1.25 MHz spectrum of the 5 MHz bandwidth (76/2=38 sub-carriers are used). ITU PB 3km/h and ITU VA 100km/h channel models are used. Both single Tx antenna case and two Tx antennas case are simulated. Figure 3 and 4 shows the antenna mapping schemes for 5 MHz SCH and 1.25 MHz SCH for single Tx antenna case and two Tx antennas case respectively. In order to allow the fast frame synchronization and the frequency offset estimation, one SCH symbols is inserted in each frame and the time domain repeated structure is obtained by modulating every other sub-carriers. 
It should be mentioned that in the low C/I scenario it is possible that UE locks to different sectors which have  similar receive power during the initial access. In our simulations, we consider that the synchronization results are correct if they correspond to the timings of different strongest sectors.
The simulations were run for 1000 drops/occurrences in total for each geometry value. Two receive antennas are assumed. 
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Figure 1 : Multi-cell environment used in the simulation

[image: image2.emf]Interfering 

Sector-1

Serving 

Sector-1

Interfering 

Sector-6

MIMO

Channel #1

MIMO

Channel #2

MIMO

Channel #7

8 strongest sectors

from 19 cells

UE and Node-Bs

propagation delay

Delay #1

Delay #1

Delay #1

Rx #1

Rx #2

Noise 

generator

Timing

Sync

Timing

Sync


Figure 2 : Block diagram of Multi-cell simulator
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Figure 3 : Antenna mapping for single Tx antenna case
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Figure 4 : Antenna mapping for two Tx antennas case
3 Description of the algorithm

A sliding window searching procedure is used in timing acquisition process, which is around the outcome of frame acquisition. The received signal in this sliding window is converted into frequency domain, and the sub-carriers corresponding to PSCH channel are extracted and its correlation with known PSS is calculated.  This process is performed on each receive antenna independently and a joint detection is done based on the outcome from two receive antennas. For example UE will stop the timing acquisition if one of the Rx’s detection is successful. In the case when the correlation results from two Rxs all pass the pre-defined threshold, the earlier arrival time will be chosen as the final timing output. By this way the possibility to synchronize to the high order path can be reduced.  For two transmit antenna scenario, as the SCH channel for each antenna is orthogonal, the correlation is accomplished on each transmit antenna respectively, and their product is used as the overall correlation value.  
4 Simulation results
Both the correct timing detection rate and the average access time are evaluated. The correct timing detection is defined as the cases where the detection error is less or equal to two samples from the OFDM symbol boundary.. Simulations results are shown in Figure 5,6 for 1x2 configuration for ITU-VA channel at 100km/h speed and Figure 7 and 8 for the 2x2 configuration for ITU-VB channel at 3km/h.
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Figure 5:   1x2 detection rate comparison
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Figure 6: 1x2 detection time comparison
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Figure 7 2x2 detection rate comparison
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Figure 8: 2x2 detection time comparison

It can be seen from Figure 5 and Figure 7 that the correct timing detection rate from 5 MHz SCH is much better than that from 1.25 MHz SCH at lower CINR range. It can be also seen from Figure 6 and Figure 8 that the average detection time for 5MHz SCH is much shorter than the 1.25MHz SCH. 
5 Conclusion
Simulations have been conducted to evaluate the timing acquisition performances based on 1.25 MHz SCH and 5 MHz synchronization. The multi-cell simulation results show that 5 MHz SCH significantly outperforms 1.25 MHz SCH regarding to the timing synchronization detection rate and the access time. Therefore we recommend to support 5MHz SCH in the scenarios when the system bandiwth is equal to or wider than 5MHz.
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