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Introduction

In E-UTRA, performing initial timing/frequency acquisition and acquiring Cell-ID is critical during the initial cell-search operation. The E-UTRA acquisition should be fast and robust in the presence of fading, noise and adjacent-cell interference. This document describes a frame structure that employs Cell-specific spreading codes with re-use factor of 7, for spreading the Secondary Synchronization Code (SSC) encoding the Cell-ID information. This method of assigning Cell-specific spreading codes helps mitigate interference from all cells in the first tier during Blind Cell-ID detection.

The cell search performance of this frame structure is evaluated assuming Blind Cell-ID detection in the following scenarios:
A). No interference. 
B). Adjacent cell interference with Synchronized NodeB transmission. 
Cell-Planning and Cell-ID assignment

[image: image17.bmp]
Figure 1: Spreading Code Assignment during Cellular Planning on a hexagonal grid
As shown in Figure 1, each cell is assigned a unique 7-element spreading code that is orthogonal to the spreading code of its immediate neighbors. The spreading codes are deployed in the network with a re-use factor of 7. The spreading codes C are obtained from a sub-set of the OVSF code matrix and represented as, C={(1, 1, 1, 1, 1, 1, 1), (1, 1, 1, 1, -1, -1, -1), (1, 1, -1, -1, 1, 1, -1), (1, 1, -1, -1, -1, -1, 1), (1, -1, 1, -1, 1, -1, 1), (1, -1, 1, -1, -1, 1,  -1), (1, -1, -1, 1, 1, -1, -1)}. The codes are not perfectly orthogonal owing to the odd length of each spreading code sequence. The quasi-orthogonality of the spreading codes helps mitigating interference from cells in first-tier and hence improved Cell-ID detection at the UE.  The best spreading codes are FFS, but CAZAC sequences are a good candidate because of their good correlation properties.
For generating the Secondary Synchronization Code (SSC), each NodeB broadcasts its Cell-ID by spreading an 11 element tone modulated GCL sequence (generated using prime
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) by its Cell-Specific spreading code. After the spreading operation, the total sub-carrier occupancy of SSC sequence equals 77 sub-carriers (1.155 MHz). If the number of valid tones is assumed to be
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 Cell-IDs can be represented by the SSC. Assuming that there are 2 distinct SSC/frame which encode distinct (GCL Index, Tone index) cell-ID pair, this gives to a total of 24^2=576 distinct Cell-IDs. This meets the baseline requirements specified in TR 25.814, Section 7.1.2.4.6.3.
SCH Frame Structure


[image: image5]
Figure 2: SCH position in time in a single frame 

The frame structure (Figure 2) employs a total of two pairs of back to back SCH symbols over one frame duration. The SCH symbol pairs are separated by ½ frame (5 ms) in which 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. The 2nd SCH symbol is the Secondary-SCH symbol that is used for Cell-ID detection. Each Secondary-SCH symbol in a frame encodes a GCL index and a Tone index. The overall Cell-ID is specified by the combination {(GCL Index 1, Tone Index 1), (GCL Index 2, Tone Index 2)} after concatenating the decoded IDs from the first and second Secondary-SCH symbol. 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, we assume the short CP length over all sub-frames containing SCH data. As in proposals [1], [4], [5], 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. 
Primary-SCH structure
The Primary-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 (Figure 3), the time-domain Primary-SCH waveform has ½ wave symmetry.
In this contribution, we have recommended the use of Gold sequences [7] (or any +/-1 sequence with good auto and cross correlation properties) in the PSC due to two advantages:

1. Improves the performance of the fine timing acquisition by virtue of its good auto/cross correlation properties.
2. Reduces the correlation complexity during fine timing acquisition in frequency domain as complex multiplications are avoided.

[image: image6]
Figure 3: Cell Common Primary-SCH 
Secondary-SCH structure
Each SSC sequence occupies a total of 77 sub-carriers and generated by applying a cell-specific spreading code over a tone modulated GCL sequence whose prime index equals 13. Table 1shows the individual sub-carrier assignment corresponding to each element of the GCL sequence after the spreading operation has been carried out.
	Index of GCL
Element
	Sub-Carrier Occupancy
after spreading

	1
	91:97

	2
	98:104

	3
	105:111

	4
	112:118

	5
	119:125

	6
	126:128, 1:4

	7
	5:11

	8
	12:18

	9
	19:25

	10
	26:32

	11
	33:39


Table 1: Sub-Carrier Allocation of Tone Modulated GCL Sequence following spreading operation
Initial Cell-Search Flow Chart 

[image: image7] 

Table 2: Flow Chart for Initial Cell Search Procedure
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 Cell-Common P-SCH waveform and finding the correlation maxima. 
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As indicated in [4], [6], auto-correlation based timing detection has lower complexity (being a blind timing acquisition scheme) but suffers performance loss at low SNR compared to replica-correlation. In this contribution, we employ 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), 


[image: image10.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

=

å

-

=

1

2

/

0

*

)

(

)

ˆ

(

1

fft

N

k

fft

fr

k

r

l

k

r

angle

N

f

p

d


After fractional CFO correction, the integer CFO correction is performed in the frequency domain. The same step can be used to identify the fine symbol timing.
c). Spreading Code Index Identification
Once the received SCH symbols are synchronized in time/frequency following steps a) and b), the Cell-Specific Spreading Code Index corresponding to the strongest NodeB is identified.  The spreading code identification can be implemented with relatively low-complexity by a standard DFT processor. This operation is carried out after identifying the correlation maxima obtained after de-spreading the received SSC symbol with each of the 7 candidate spreading codes. Alternatively, the De-spreading output makes it convenient to select a group of candidate NodeB’s, and Blind Cell-ID detection can be performed for each candidate NodeB.  This offers advantage in a hand-off scenario where the UE attempts to decode multiple NodeB Cell-IDs 
d). GCL Cell-ID Detection
After the De-spreading of the SSC with Spreading Code identified in step c), the Blind Cell-ID detection of the GCL Index and Tone Index is carried out. This procedure can be performed using the combination of Differential encoding/IDFT described in [1]. 
Handover and Interference Cancellation
The flowchart for handover is as follows:


[image: image11]
Regarding interference cancellation, the following approach applies: the GCL sequence can be despread with all candidate spreading codes.  The channel for all candidate spreading codes can be estimated.  The sequences can be resynthesized and subtracted from the original waveform.  This result can provide CINR estimates that are IC-based for handover decisions. REF Moto1 \h 
 \* MERGEFORMAT 
Results 
Simulation results are presented to evaluate the performance of Blind Cell-ID detection of the proposed frame structure. Two scenarios are considered for evaluation namely,

A). No adjacent cell interference. 

B). Adjacent cell interference with synchronized/unsynchronized NodeB transmissions. 

A 4-part replica correlation was used for computing the symbol timing location. The SCH and data symbols are assumed to have equal 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).

· Correct identification of Spreading Code 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 SCH sub-carriers
	77

	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

	# Distinct Spreading Codes
	7

	Carrier Frequency Offset between Node B and UE
	20 KHz [7.7 ppm]

	GCL Prime for SSC
	13

	Tone IDs
	2


Table 3: Simulation Parameters 

Case A: No Interference
Figure 4 shows the detection error rate @ 30 Kmph and 90 % acquisition time for the proposed frame structure in the no interferer case.  For SNR>=0 dB and mobile speeds of 3/30 Kmph, the proposed frame structure achieves 90 percentile performance with an acquisition duration of 2 frames (20 ms).
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Figure 4: Performance in TU channel with no adjacent cell interference
Case B: Adjacent Cell Interference 

[image: image15]
Figure 5 : Composite Downlink waveform at UE in presence of Adjacent Cell Interference
The interferer simulation consists of a UE (Figure 5) that is randomly placed in Sector 1 on a regular hexagonal cellular grid with inter-cell distance of 500 m.  The model assumes that the received waveform corresponds to the sum of a main signal from Node B1 (Sector 1), two interferers from a different sector weaker by 3 dB (adjacent cell) and a third interferer weaker by 6 dB from the same sector (adjacent cell). 
All NodeBs are assumed to transmit synchronously. The frequency offset between the UE and NodeB is chosen to be 20 KHz. 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. 
The performance of the proposed structure was compared against a “reference” structure [1] [8] which does not employ Cell-specific spreading codes for encoding Cell-ID information.  The reference structure is based on a Sector-specific SSC with distributed sub-carrier allocation and uses a Blind Cell-ID detection scheme based on GCL sequence decoding [1] to recover the Cell-ID information. 
Results shown in Figure 6 were obtained for each SINR value after averaging over 5000 bursts, with the burst acquisition duration equaling 3 frames, and mobile velocity of 30 Kmph. The results indicate that the proposed method achieves ~ 1 dB gain compared against the reference frame structure.
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Figure 6: Performance in TU channel with adjacent cell interference
Conclusion
This contribution discusses the benefits of designing an SCH frame structure in which each cell is assigned a unique spreading code with a re-use factor of 7. This helps the UE mitigate interference from all cells in the first tier. Results have been shown for the low/high mobile speeds for the no interference and interference (synchronized/unsynchronized network transmission) scenario. 
The primary conclusions are:

· When the UE encounters no interference, the proposed frame structure achieves 90 percentile Cell-ID detection performance for SNR>=0 dB with an acquisition duration of 2 frames (20 ms) for speeds of 3/30 Kmph.
· In the presence of adjacent cell interference and acquisition duration of 3 frames at mobile velocity of 30 Kmph, the proposed frame structure performs ~1 dB better than a reference scheme employing no cell-specific spreading codes.
In summary, we conclude that usage of Cell-specific spreading codes helps mitigate adjacent cell interference during cell-ID decoding, primarily in tightly synchronized network transmissions. More study should be conducted on deployment of this frame structure and analysis of performance in the presence of interference from cells outside the first tier.
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