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1 Introduction

At the #42bis meeting in San Diego there are several contributions concerned about the design of synchronization channel schemes or cell search procedure.  But the structure of downlink synchronization channel (SCH) for E-UTRA is still under study. Basicly there are two kinds of schemes, one is only using the minimum bandwidth such as 1.25MHz as the synchronization channel [3][4][5], and the other is combinating it with the design of pilot structure [2] [1].

In this contribution, we present our design based on these two schemes and do some analysis about these two designs. 
2 Two Downlink Synchronization Channel (SCH) Structure Introduction

2.1 First Scheme- Scalable Bandwidth Downlink Synchronization Channel [5]
The features of basic structure of SCH are as follows (Showed in Figure 2-1 and 2-2). 
· The SCH consists of the primary and secondary SCH (P-SCH and S-SCH).
· The P-SCH and S-SCH are multiplexed in the time domain. For bandwidth less than 2.5MHz there are two symbols to transmit P-SCH while there is one symbol to transmit P-SCH for other kind of bandwidth. The S-SCH would be carried by one symbol for all kinds of bandwidth. In terms of the basic functions, the P-SCH is used to provide timing, frequency locks whereas the S-SCH points to the cell-specific scrambling code group, number of transmit antennas and transmit bandwidth.
· When the bandwidth is less than 5MHz, the downlink synchronization channel is defined for the minimum transmission bandwidth 1.25MHz. As to the other bandwidth, it will use 3 identical 1.25MHz in frequency to transmit information.   

· The downlink synchronization channel is mapped to the central part of the respective transmission bandwidths.
· The SCH is transmitted once every 10-ms frame and is located at the back of each frame.
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                         Figure 2-1   SCH structure
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                       Figure 2-2   The Insertion of Synchronization Channel
2.2 Second Scheme-Combination with pilot structure

When considering the SCH structure we should not put the comman pilot on one side which may be used for synchronization. To considering the overhead and performance requirement that the system will perform well in different radio conditions and with different velocities, just as mentioned in [1][2], the following design try to keep balance in all these points.

The features of basic structure of SCH are as following (Showed in Figure 2-3 and 2-4). 
· Synchronization channel consists of primary common synchronization channel (PSC) and secondary cell-specific synchronization channel (SSC). The PSC is used to provide identification of transmit bandwidth, timing, frequency locks, number of transmit antennas whereas the SSC points to the cell-specific code.
· To reduce the additional overhead introduced by Sync Channel, the common pilot of TDM mode can be used as secondary cell-specific synchronization channel.
· SSC and PSC are carried by two consecutive symbols in the first subframe in each frame. In the first subframe only half of the subcarriers are modulated in SCH symbols. The time domain repetition structure could enable the fast system access. (Non pilot subcarriers of other SSCs(or common pilot) can be used to transmit data)
· The common pilot will carry the cell-specific sequences assigned to each cell that is mapped to SSC. PSC is mapped with common codes across the network. To achieve better performance in MIMO, the code carried by PSC/SSC on the different TX antennas is better to be orthogonal and shift-orthogonal for at least the channel length. 
· The information carried by PSC is transmitted once every 10-ms frame.
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                         Figure 2-3   The Insertion of Synchronization Channel
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Figure 2-4   PSC and SSC in first subframe

3 Analysis of two schemes
· Capability of Scalable Bandwidth Supporting
There are multiple transmission bandwidths from 1.25 to 20 MHz in LTE system. In designing the SCH, we must consider various types of UE with different bandwidth capabilities. It is desirable that in the initial synchronization the UE does not need to perform a bandwidth scan to distinguish whether 1.25, 2.5, 5, 10, 15 or 20 MHz bandwidth is used in a given cell. 

For scheme 1, a set of UE with any transmission bandwidth capability can detect the central spectrum of the entire transmission bandwidth of the target cell in a short time, despite the fact that the target cell has any size transmission bandwidth. But it must do judgement of which kind of bandwidths it belong to, high bandwidth or low bandwidth due to the different design of these two kinds of bandwidth. The design achieves a compromise in features between fair area coverage regardless of the transmission bandwidth of the UE and good cell search time performance. 

For scheme 2, FFT size identification should be accomplished through correlation with different sequences assigned to respective bandwidth with different sampling rate. These may spend more time than scheme 1.
· Accommodate to different radio conditions 

In scheme 1, the SCH is transmitted once every 10-ms frame. In some cases such as high speed radio conditions the performance would be degraded if it doesn’t adopt other additional methods.  

In scheme 2, the PSC is transmitted once every 10-ms frame while SSC is transmitted once every 0.5ms because SSC is combined with common pilots. The combination of these two channels can ensure that the system will keep its performance in different radio conditions and with different velocities.

· Overhead comparing
Table 3-1   Overhead at different bandwidth

	Bandwidth
	Scheme 1-Overhead(%)
	Scheme 2-Overhead(%)

	1.25
	2.14
	0.92

	5
	1.24
	0.92

	10
	0.98
	0.92

	20
	0.84
	0.92


The overhead of Scheme 1 would decrease as the bandwidth increased. In scheme 2 the overhead will keep unchanged for different bandwidth. When the bandwidth is 10M,the overhead of both is around 1%. In a word, both of them have similar overhead.
4 Conclusions
In this contribution, we proposed two schemes of synchronization channel and do simple analysis of these two schemes. According to the analysis on capability of scalable bandwidth supporting, overhead and capabilily of accommodate to different radio conditions, it is not easy to say which is better. Further research and performance simulation must be done to make a final conclusion.
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