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1. Introduction

As the description in [1], “Backward compatibility of Advanced E-UTRA and Advanced E-UTRAN with Release 8 E-UTRA and E-UTRAN” is required. The synchronization signals in [2] in E-UTRAN systems should be kept, for the LTE terminals can complete the cell search in the Advanced E-UTRAN networks.

At the same time, the more transmission band width in the network systems is applied in the Advanced E-UTRAN systems. It is hard to require all of the terminals can cover the maximum band width. In the other words, some LTE-Advanced terminals will have less receiving band than the networks transmission band. 

2. Synchronization Signals
To receive the compatibility, there are several ways on synchronization signals assignments.

2.1 One pair of synchronization signals

As designed in general mobile systems, one SCH (pair) is transmitted in one certain band width cell, as presented in 0. The SCH signals are periodically transmitted for the terminals cell search, which the period is T.

The terminal, which receiving band is as wide as the transmission band on Node B, could complete the synchronization within the time of T after it switch on, without the error demodulation considered.

Unfortunately, as described in Section 1, there are the terminals which receiving band is narrow than the transmission band on Node B. It is the rather possible that there are no SCH to be received in the receiving band of these terminals after the power on. The frequency scanning process should be applied. As the load balance, the transmission power in the whole band is same, which means that the strategy, which the higher power band will be searched earlier, is hard to lessen the processing.
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Fig. 1 One pair of synchronization signals
The less radio resources are employed with the scheme. But, the more delay is introduced for several terminals. Moreover, the frequency switching, to recover the timing by SCH, increased the processing if terminal lost the synchronization at CONNECT statement, especially in the spectrum aggregated systems.
2.2 Parallel pairs of synchronization signals

To reduce the delay of cell search in the narrow receiving band terminals, one way is to transmit parallel pairs of synchronization signals, which frequency gap is less than the narrowest receiving band, as presented in 0. The SCH signals are periodically transmitted for the terminals cell search synchronically or not, which the period is T.

Any terminal in the cell could complete the synchronization within the time of T after it switch on, without the error demodulation considered.
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Fig. 2 Parallel pairs of synchronization signals

The less delay is introduced for the terminals with the scheme. But the more radio resources are employed.
2.3 Guiding synchronization signal with transmission offset

The Guiding Synchronization Signals is introduced to indicate the frequency of the pair of synchronization signals which are defined in LTE systems. The Guiding Synchronization Signal is one element in a two-sequence set, in which each sequence is shorter. The first sequence indicated frequency of the pair of synchronization signals is lower than the receiving band and the second higher. 

The frequency gap between neighboring Guiding Synchronization Signals or the pair of synchronization signals is less than the narrowest receiving band, as presented in 0. The SCH signals are periodically transmitted for the terminals cell search synchronically or not, which the period is T. Furthermore, there is an offset (S) between neighboring Guiding Synchronization Signals or the pair of synchronization signals to reduce the search delay.
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Fig. 3 Guiding synchronization signals scheme
Any terminal in the cell could complete the synchronization after it switch on, without the error demodulation considered.

The less delay is introduced for the terminals with the scheme. And the less radio resources are employed.
2.4 Comparison

Let the number of REs for the pair of synchronization signals in the LTE systems is L1 and the introduced Guiding Synchronization Signal is L2. And L2 is less than L1. Assume the first receiving band is the Mth band with the LTE band. There are (2N+1) bands in the LTE-Advance systems. 

The resource loads in one search circle and the search delay are presented in 0. The Guiding Synchronization Signals scheme is a balance between the resource loads in one search circle and the search delay.

Table 1. Comparison among schemes

	Scheme
	Resource Loads
	Search Delay
	Average Search Delay

	One SCH
	L1
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	Parallel SCH
	(2N+1)∙L1
	T
	T

	Guiding SCH
	L1+2N∙L2
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3. Conclusion
In this contribution, we discussed Synchronization Signals in LTE-Advanced system. We propose to introduce the Guiding Synchronization Signal to balance the resource load and search delay. Furthermore, the timing offset between the neighbouring bands should be assigned.
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