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1.0  Introduction

Performing initial timing/frequency acquisition and acquiring Cell ID is critical during the initial cell-search operation. The acquisition should be fast and robust in the presence of fading, noise and adjacent-cell interference. This document proposes a cell search scheme for coherent Group ID detection that uses a modified hierarchical SCH structure based on GCL sequences. 

2.0 Coherent Cell Search

For Cell Search with Coherent Cell ID detection, the channel estimates are obtained from the Primary Synchronization Code (PSC) known to the UE. As in [2], a Cell-Common Sector specific Primary-SCH sequence is employed in order to mitigate effects of adjacent-cell interference. In total, there are 3 unique PSC sequences, one allocated to each sector. The sector allocation is performed using FDM wherein the sub-carrier allocation for each sector is distributed.  
2.1.  Frame Structure
The frame structure (Figure 1) employs two pairs of back to back SCH symbols over one frame duration. The SCH symbol pairs are separated by ½ frame (5 ms) while the two SCH symbols comprising the pair are located in the 6th and 7th symbol in the sub-frame containing the SCH data. The 1st SCH symbol is the Primary-SCH symbol, which is used for symbol timing and CFO estimation, and channel estimation. The 2nd SCH symbol is the Secondary-SCH symbol that is used for Group ID detection. This amounts to an overhead of 2.85 % (4 SCH symbols per frame) in transmitting SCH information in one frame. In order for receiver to avoid searching for SCH with multiple candidate CP lengths, a short CP length is used over all sub-frames containing SCH data. As in proposals [1], [5], [6], the SCH symbols are assumed to occupy the lowest bandwidth (1.25 MHz) irrespective of the transmission bandwidth between the Node B and UE. Additional information (TX Bandwidth, antenna configuration, Radio frame timing) is assumed to be communicated over the BCH channel. 
The main features of the frame structure are:

1. The P-SCH and S-SCH OFDM symbols are adjacent. This helps obtain a reliable channel estimate for coherent Cell ID decoding of S-SCH waveform in high Doppler scenario.
2. GCL sequence are employed in the SSC within each sector to obtain a total of 71 Group IDs over 71 carriers. 
3. Since GCL sequences are employed for transmitting Group ID, the Group ID detection can be performed using the P-SCH waveform as a coherent reference [1], [4] .
4. In this contribution, we have recommended the use of Gold sequences [8] (or any +/-1 sequence with good auto and cross correlation properties) in the PSC due to two advantages :
· Improves the performance of the fine timing acquisition by virtue of its good auto/cross correlation properties.
· Reduced correlation complexity during fine timing acquisition in frequency domain as complex multiplications are avoided.
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Figure 1: SCH position in time in a single frame 
2.2.  Primary-SCH structure
There are three PSC sequences (one per-sector using FDM) which are known to the UE. This allows the UE to use the PSC sequence to generate channel estimate (even in presence of adjacent sector interference) while decoding the neighboring SSC sequence. The sub-carrier allocation of the PSC sequence in the frequency is Distributed (Figure 2).

[image: image2]
Figure 2:  Frequency Domain and Time Sector Specific P-SCH waveforms for Coherent Cell Search (Distributed) (FFT Size=128)
In Figure 2, the waveforms corresponding to the P-SCH symbols for sectors possess ¼ wave TD symmetry. For each sector, the PSC length equals 18 sub-carriers in the distributed tone allocation case.  For the distributed tone allocation, the ¼ wave TD symmetry can be used to estimate carrier frequency offsets in the range 
[image: image3.wmf]]

*

2

,

*

2

[

f

f

d

d

-

where
[image: image4.wmf]FFT

s

N

f

f

=

d

. 
The advantage of a distributed P-SCH structure is that it enables coherent detection over the entire 1.25 MHz band, enabling longer group-specific S-SCH codes, and better interference averaging.  Furthermore, it enables more reliable channel estimation due to the fact that there are multiple codes, particularly in a synchronous network.

2.3.  Group-Specific Secondary-SCH structure
The Group-Specific SSC sequence is obtained by allocating a length 71 GCL sequence to each group.  Every carrier of all group-specific SSC symbol is occupied.  The Group ID’s is encoded by imposing circular shifts of the GCL sequence.
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Figure 3: S-SCH Frequency Structure for Distributed Tone allocation (FFT Size=128)

Therefore, the total number of valid Group IDs is 71.
Cell-Search Flow Chart

[image: image6]
Table 2: Flow Chart for Coherent Cell Search Procedure
Table 2 shows the various steps involved in the initial cell search process for Coherent Cell Search. The important steps in the cell search process are described below: 
a). Coarse Timing
Coarse Timing makes use of the TD symmetry of the Primary-SCH waveform for locating the beginning of the OFDM symbol and is obtained by either:

· Auto-correlation of received waveform with ½ symbol lag (Localized allocation) or ¼ symbol lag (Distributed allocation). 

[image: image7.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

+

+

=

å

-

=

1

2

/

0

*

)

2

/

(

)

(

max

arg

ˆ

ft

N

k

fft

l

l

N

k

r

l

k

r

l


· Replica correlation of received waveform with P-SCH waveform (s) and finding the correlation maxima. This also yields the sector specific index in case of Coherent cell search.
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As indicated in [5], [6], auto-correlation based timing detection has lower complexity but suffers performance loss at low SNR compared to replica-correlation. This contribution employs replica-correlation based detection for timing acquisition.
b). Carrier Frequency Synchronization
Once coarse timing is determined, the fractional CFO is computed from the phase of the auto correlation maxima (assuming ½ wave TD symmetry), 
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After fractional CFO correction, the Fine timing acquisition/integer CFO correction/sector identification is performed in the frequency domain. For Blind Cell ID detection, only the fine timing and integer CFO are identified during this step. 
c). Sector Index Identification
Sector Index Discrimination is only used in this scheme to improve the channel estimation accuracy in synchronous networks.  It is not a part of the group ID. 
d). GCL Group ID Detection
The P-SCH symbol is used to generate channel estimates in frequency domain. For coherent detection with the distributed sub-carrier allocation, the channel estimates are obtained from Fourier interpolation of the P-SCH channel estimates.  After channel estimation, GCL cross-correlation is performed to extract the GCL ids.
The use of circular shifts of a GCL sequence assures near orthogonal decoding of the group ID’s from multiple cells, due to the large number of available shifts.  The decoding of other interfering codes and channel estimation errors results in a slight spreading of the decoded frequency domain waveform,  Cross-code interference can be avoided with proper cell planning.

3.0.  Conclusions:
In this work, we have proposed coherent cell search with a hierarchical SCH structure based on [1]. Assuming GCL based Group ID decoding, we conclude with the following results:
· A distributed P-SCH structure is superior because it allows for channel estimation across the entire frequency band and also allows for improved channel estimation in synchronous networks.
· The use of 71 circular shifts of a GCL sequence allows for near-orthogonal group ID detection and robust detection in the presence of interference.
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