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1 Introduction
In Denver RAN1 #44 meeting, Nortel proposed synchronization channel design which allows UE with different bandwidth capabilities to access the Node-B with different system [1].  In order to reduce the signaling overhead and the complexity and improve the system performance, 10 MHz minimum UE reception bandwidth capability is assumed in the latest TR [2]. In this proposal we modified our Synchronization Channel (SCH) design accordingly.  
2 Synchronization channel
The introduction of the SCH enables the fast initial system access, timing and frequency synchronization and tracking, fast cell selection and re-selection with low complexity, DL CQI measurement and channel estimation. 

SCH consists of primary common synchronization channel (PSCH) and secondary cell-specific synchronization channel (SSCH).
PSCH is modulated with the primary Sync sequence (PSS). PSS is formed by common PN sequences which are applied by Node-Bs across the whole network to enable fast system access and cell search. The reference-signal hopping pattern  may also be conveyed by PSCH in the case that the reference symbol hoping is applied.  Secondary Cell specific SCH (SSCH) is modulated with the secondary Sync sequences (SSS) which carry the cell/sector signatures. 

PSCH is carried by PSCH symbol(s) which appears periodically in time. PSCH symbol can locate at the beginning or the end of the sub-frame.  To reduce the additional overhead introduced by SCH, common pilot channel can be reused as SSCH. Examples of the locations of PSCH and SSCH are given by figure 1. In these examples PSCH is transmitted by the last symbol in certain subframes, while SSCH is carried by the reference symbols in each subframe. In order to simplify the detection of PSCH, PSCH should be inserted with equal time spacing. 
SCH is transmitted in the central part of the transmission bandwidth of the cell. Considering of the 10 MHz minimum DL UE bandwidth capability the multiple SCH bandwidths should be supported in order to improve the initial access performance. For example, 5 MHz bandwidth of SCH can be used for the circumstances where the transmission bandwidth is equal to or broader than 5 MHz bandwidth while 1.25 MHz of SCH is applied for 1.25 MHz/2.5 MHz deployment. In order to simplify the cell monitoring procedure even wider SCH bandwidth may be used by 20 MHz transmission bandwidth.  It should be mentioned that the primary Sync sequence (PSS) and the secondary cell specific sequence (SSS) applied to 1.25 MHz SCH should be the same as the central portion of the PSS applied to 5 MHz SCH.
The advantages of the multiple SCH bandwidths:
· SCH detection performance will not suffer the unnecessary loss for the most LTE deployment scenarios where >=5MHz system bandwidths are assumed.

· Less SCH symbols are required in each frame to reduce the restriction in TDD operation because of the insertion of SCH symbols.

· Allow the same bandwidth for SCH and BCH to save the signaling overhead and simplify the implementation. 
 In order to enable the fast coarse synchronization and allow frequency synchronization, time domain repetition structure should be provided by PSCH. This can be realized by transmitting two identical PSCH symbols or by modulating only the half of the sub-carriers if single PSCH symbol is deployed. More PSCH symbols are needed for 1.25 MHz SCH scenario in order to guarantee the reasonable PSCH detection performance.  
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Figure 1 Examples of PSC and SSC Locations

Figure 2 shows the examples of the frequency domain structures of PSCH symbol. The frequency domain structure of SSCH is the same as the common pilot channel. The mapping of SSS to common pilot sub-carriers can be repeated every several subframes.   
The SCH overhead is 0.7% for type-1 and 1.4% for type-2 when the common pilot channel is re-used as SSCH.
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(a) 5 MHz BCH
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Figure 2 Examples of Frequency Domain PSC Structure 

In order to exploit the spatial diversity of SCH, PSCH and SSCH can be transmitted through multiple transmit antennas. Figure 3 shows the examples of the antenna mapping and the primary Sync sequence mapping for PSCH where N represents the length of PSS. PSCH can be transmitted by two or four antennas depending on the available transmit antenna number. The additional advantage of such design is the possibility to provide the channel information to help the coherent detection of BCH where transmit diversity applied, for example, SFTD for 2 antenna cases and SFTD plus delay diversity for 4 antenna cases.
Figure 4 gives the examples of the antenna mapping of SSCH where M is the length of SSS. In figure 4 we assume that SSS repeats every sub-frame, and the same sequence is transmitted repeatedly by all Tx antennas.  To assist the initial cell search, the initial bandwidth of SSCH is the same as that of PSCH. This means that UE can perform the initial cell search without the knowledge of the system bandwidth. Therefore the detected cell Id can be used to decode BCH. Cell search performance can be further improved after the initial access if the transmission bandwidth is broader than the bandwidth of PSCH because more pilot sub-carriers can be used to carry SSCH with certain repetition mapping structure.
It should be mentioned that the total channel resource allocated to PSCH keeps unchanged regardless of the changing of the antenna number. However more channel resource can be used by SSCH when more Tx antennas are applied.
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Figure 3: Examples of the antenna mapping and the primary Sync sequence mapping for PSCH
[image: image6.emf]SSS(1)

Sub

-

frame

SSS(2)

SSS(M)

SCH BW

SSS(1)

SSS(M)

Transmission BW


Figure 4: antenna mapping and the Secondary Sync sequence mapping for SSC
3 Conclusion

The synchronization channel is further discussed in this proposal. The primary synchronization is transmitted by one or two dedicated symbols. The minimum PSCH bandwidth is defined according to the system bandwidths. The secondary synchronization channel is carried by the common pilot channel transmitted by the reference symbols.
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