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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. The Initial Cell Search scheme in [1] describes an SCH structure which is based on the Blind Cell ID detection of a tone-modulated GCL sequence. This document compares the cell search performance of Coherent and Blind Cell ID detection schemes that use a modified hierarchical SCH structure based on GCL sequences. The performance is evaluated in the following cases: 

A). No adjacent cell interference. 
B). Adjacent cell interference with synchronized/unsynchronized NodeB setup. 
Based on the above cases, we conclude whether there is any performance gain obtained by performing coherent cell ID detection vis-à-vis blind cell ID detection in GCL based schemes.
Coherent vs. Blind Cell ID Detection
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 either distributed or localized.  
For Cell Search with Blind Cell ID detection, a Cell-Common Primary SCH [1] is used for timing and carrier frequency estimation. The Secondary SCH waveform is made sector specific [3], using FDM in order to minimize adjacent-cell interference in both the coherent and blind cell ID detection schemes.
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 (coherent cell search). The 2nd SCH symbol is the Secondary-SCH symbol that is used for Cell 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. In order to increase the range of total number of distinct Cell IDs, two sets of tone modulated GCL sequence are employed in the SSC within each sector to obtain a total of 576 Cell IDs. This satisfies the baseline requirements specified in TR 25.814, Section 7.1.2.4.6.3.
3. Since GCL sequences are employed for transmitting Cell ID, the Cell ID detection can be performed either blindly or 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.

[image: image1]
Figure 1: SCH position in time in a single frame 
Coherent Cell Search: 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 either Distributed (Figure 2) or Localized (Figure 3).

[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.

[image: image3]
Figure 3: Frequency Domain and Time Sector Specific P-SCH waveforms for Coherent Cell Search (Localized) (FFT Size=128)
The PSC sequence length equals 12 in the case of localized sub-carrier allocation, while the corresponding P-SCH symbol possesses ½ wave time-domain symmetry. The time domain symmetry of the P-SCH symbols is exploited using replica-correlation and/or auto-correlation technique during timing acquisition.

For the distributed tone allocation, the ¼ wave TD symmetry can be used to estimate carrier frequency offsets in the range 
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. For the localized tone allocation, the ½ wave TD symmetry can be used to correct for fractional frequency errors in the range  
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 , while the integer CFO correction is accomplished by correlation with the Sector Specific PSC in the FD. 
Blind Cell Search: Primary-SCH structure
The P-SCH waveforms are Cell-Common and known to the UE. The length of the PSC sequence is 38 elements. As the PSC elements populate every alternate sub-carrier, the resulting time-domain P-SCH symbol has ½ symbol symmetry.

[image: image7]
Figure 4: Frequency domain and Time Domain Cell Common P-SCH structure for Blind Cell Search (FFT Size=128)
Sector Specific Secondary-SCH structure
For both Coherent and Blind Cell Search based frame structures, the Sector-Specific SSC sequence is obtained by concatenating a pair of 12 element SSC sequences.  Each 12-element SSC sequence is generated by tone modulation of a GCL sequence whose prime index equals 13. The normalized tone frequencies are drawn from {-5/12, 5/12}. 
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Figure 5: S-SCH Frequency Structure for Distributed and Localized Tone allocation (FFT Size=128)

The Cell ID is encoded using the combination {(GCL Index 1, Tone Index 1), (GCL Index 2, Tone Index 2)} The pair (GCL Index1, Tone Index1) is used to generate the first SSC sequence, while the pair (GCL Index2,  Tone Index2) is used to generate a second SSC sequence. Therefore, the total number of valid Cell IDs is 576, which is sufficient to meet the baseline requirements in the TR 25.814.

	Sector Index
	Sub-carrier index
(Localized)
	Sub-carrier index
(Distributed)

	1
	SSC1  1:12

SSC2  116: 127
	SSC1 1:3:34
SSC2 93:3:126 

	2
	SSC1 13: 24

SSC2 104 : 115
	SSC1 2:3:35

SSC2 94:3:127

	3
	SSC1  25 : 36

SSC2  92 : 103
	SSC1 3:3:36

SSC2 95:3:128


Table 1: Frequency Indices for SSC1 and SSC2 sequences for Localized and Distributed Sub-Carrier Allocation (FFT Size=128)

Figure 5
 shows the frequency allocation while Table 1 shows how each SSC sequence is mapped to the frequency indices.

Initial Cell-Search Flow Chart

[image: image9]
Table 2: Flow Chart for Coherent and Blind Cell Search Procedure
Table 2 shows the various steps involved in the initial cell search process for Coherent and Blind 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). 
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· 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.

[image: image11.wmf]{

}

÷

÷

ø

ö

ç

ç

è

æ

+

=

å

å

-

=

-

+

=

Î

1

0

1

/

)

1

(

/

*

2

,

*

3

,

2

,

1

)

(

)

(

max

arg

)

ˆ

,

ˆ

(

M

m

M

N

m

M

N

m

k

q

PSC

q

fft

FFT

k

s

l

k

r

q

l


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
For Coherent Cell Search, the Sector Index is identified either during replica correlation with sector-specific P-SCH time domain waveform or during the fine timing acquisition. 
For Blind Cell Search, the P-SCH waveform is cell-common; therefore it does not provide any information about the sector index of the dominant downlink waveform. So, the Sector Index is identified by measuring the total energy of the FFT of the frequency corrected received S-SCH symbol over the candidate SSC sub-carrier locations. 
d). GCL Cell ID Detection
For Blind Cell Search, GCL Cell ID detection [1] is performed immediately after timing/frequency synchronization and sector index identification. In Coherent cell search, 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. In the case of localized sub-carrier allocation, channel estimates are obtained by linear interpolation of the P-SCH channel estimates in frequency domain. After channel estimation, GCL sequence decoding is performed to extract the GCL/Tone ids.
Results 
Simulation results are presented to compare the performance of cell search schemes employing Coherent and Blind Cell ID detection. In Coherent Cell ID detection, the lengths of the Sector Specific PSC sequence are equal to 12 elements (localized allocation) and 18 elements (distributed allocation) respectively. In Blind Cell ID detection with Cell Common PSC sequence, the PSC length is 38 elements. The SSC length equals 24 elements. Two scenarios are considered for evaluation namely,

A). No adjacent cell interference. 

B). Adjacent cell interference with synchronized and unsynchronized NodeB setup. 

A 4-part replica correlation was used for computing the symbol timing location. The SCH and Data symbols are assumed to have equal transmit power. In all cases, SNR is defined as the transmit power of an SCH symbol (normalized to unity) to the noise variance. A valid initial cell search is defined as: 

· Measurement of coarse carrier frequency offset (+/- within 10 % of the true CFO). 

· Timing acquisition within width of guard interval (9 samples width).

· Correct identification of Sector Index.

· Correct identification of Cell ID i.e. detection of {(GCL Index1, Tone Index1), (GCL Index2, Tone Index2)}.

A detection error is said to occur if any of the above conditions are violated. The Detection error rate is chosen as the performance metric. 
 Table 3 shows the simulation parameters used for all the cases.

	Parameter
	Value

	# TX/RX antennas
	1/1

	FFT, CP
	128,9

	Number of useful sub-carriers
	76

	Useful duration
	66.67 us

	CP duration
	4.68 us

	Sub-frame duration
	0.5 ms (7 symbols/sub-frame)

	Carrier frequency 
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	2.6 GHz

	Bandwidth
	1.25 MHz

	Mobile Speed
	30 kmph

	Channel model
	TU

	Carrier Frequency Offset between Node B and UE (No Interference)
	20 KHz [7.7 ppm]

	Carrier Frequency Offsets between Node B’s and UE

(With Adjacent Cell Interference)
	UE: 20 KHz offset from 
[image: image14.wmf]c

f


Node B’s: Uniformly distributed between [- 2 KHz, 2 KHz] from 
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	GCL Prime Number for SSC
	13

	Tone IDs
	2


Table 3: Simulation Parameters 

Case A: No Interference
In the simulations, the performance of each scheme at each SNR point is obtained after averaging over 10000 bursts in which the acquisition duration was chosen to be 2 and 3 frames respectively. For both coherent and blind cell search, the performance of distributed and localized sub-carrier allocation schemes (solid lines) was simulated. In addition, the performance of the localized sub-carrier allocation scheme with ideal timing/frequency acquisition (dashed lines) was simulated. Results are shown in Figure 6.
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Figure 6 : Coherent and Blind Cell Search Performance with no adjacent cell interference
The main conclusions are:
· The performance of timing and frequency acquisition plays the dominant role in determining the performance of the initial cell search. For example, corresponding to a detection error rate of 1 %, and an acquisition duration of 2 frames: 
· In Blind Cell ID detection (Localized), there is a SNR loss of 3.5 dB due to imperfect acquisition. 
· In Coherent Cell ID detection (Localized), there is a SNR loss of nearly 3 dB due to imperfect acquisition.

We believe that the timing acquisition performance pre-dominates any gains that would otherwise be experienced by coherent cell search.

· For Blind Cell ID detection, the performance of localized and distributed sub-carrier allocation is almost identical. For Coherent Cell ID Detection at SNR >-2 dB : There is a consistent 2 dB advantage obtained in Localized cell search with respect to distributed cell search irrespective of the acquisition duration.

· There is little performance advantage obtained in performing Cell search with Coherent Cell ID detection; in fact, the Blind Cell Search (Localized) performs marginally better than the Coherent Cell Search (Localized) at high SNR.
Case B: Adjacent Cell Interference


[image: image18]
Figure 7 : Composite Downlink waveform at UE in presence of Adjacent Cell Interference
The UE is assumed to receive the composite sum of 4 downlink waveforms (Figure 7), where 
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denotes the downlink waveform transmitted from Node B “p” corresponding to Sector “q”.
The frequency offsets for each downlink waveform are chosen such that the UE has a frequency offset of 20 Khz from the carrier, while the NodeB’s have a frequency offset uniformly distributed in the range [-2 Khz, 2 Khz]. The received waveform corresponds to the sum of a main signal, two interferers attenuated by 3 dB from neighboring sectors and a third same-sector 6 dB weaker interferer. The same-sector interferer is introduced to investigate the effect of channel estimation error in the coherent cell search.  In the simulations, the performance of each scheme at each SINR point is obtained after averaging over 5000 bursts in which the acquisition duration was chosen to equal 3 frames. 
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Figure 8: Coherent and Blind Cell Search with Adjacent Cell Interference (Synchronized Network)
In the case of a synchronized network, the received downlink waveform is represented as given below:
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The results in Figure 8
 show that the synchronized network scenario favors the blind cell search since the Cell-Common P-SCH symbols of the downlink waveforms are time-aligned, thereby improving the performance of the timing acquisition.  Blind Cell search (distributed) performs the best among all the schemes. Considering a DER of 0.03, the Blind cell search (Distributed) outperforms the coherent cell search (localized) by 2 dB. Coherent cell search (Distributed) performs the worst among all the schemes indicating the high susceptibility to interference during channel estimation. 
For the unsynchronized network, the NodeB’s have an arbitrary time-offset in their frame alignment. The delays corresponding to the offset are represented by 
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 and assumed to be uniformly distributed with a maximum delay of 1.5 ms (3 sub-frames). The received signal model is given by,
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Figure 9: Coherent and Blind Cell Search with Adjacent Cell Interference (UnSynchronized NodeB)
Results are shown in Figure 9 for the unsynchronized network transmissions. The Blind Cell Search with Distributed sub-carrier allocation performs the best, with 1 dB gain (at SINR’s > -3 dB) relative to the localized tone allocation scheme. The performance of coherent and blind cell search with localized sub-carrier allocation is nearly the same.
Overall, the interference performance of the Blind Cell Search with Distributed sub-carrier allocation is superior to the other schemes.

Conclusions:
In this work, we have compared the coherent and blind cell search performance of a hierarchical SCH structure based on [1]. Assuming GCL based Cell ID decoding, we conclude with the following results:
· In the no-interference case, the performance of cell search with Blind and Coherent Cell ID detection is almost identical. There is virtually no performance benefit gained by performing channel estimation during GCL sequence decoding. 
· In the presence of adjacent cell interference, the Blind cell search (distributed sub-carrier allocation) performs the best for both synchronized and unsynchronized NodeB transmissions. 
· For the Blind Cell ID detection, the distributed sub-carrier allocation scheme performs 1 dB better than the localized counterpart.
In summary, considering the advantages obtained in lower decoding complexity of Blind Cell ID detection as well as ease of deployment of Cell-common Primary SCH waveforms, we recommend its usage in the frame structure. More study should be conducted in designing interference resistant blind cell search schemes.
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