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1. Introduction

The initial acquisition and the cell search process for OFDM-based cellular systems are being studied in E-UTRA, and some methods have been proposed [1]
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[6][8]. 
This contribution provides additional simulation results for the proposal of [8].  The proposal of [8] features the capability to support a very large number of unique cell IDs in the SCH. As a result, the proposed structure may be configured to provide either cell-group identification information, or direct cell index identification, or possibly a combination of both.
One of the initial acquisition functions is the OFDM symbol timing detection. This contribution also compares the differential correlation based OFDM symbol timing detection method [6] with the replica based OFDM symbol timing detection method [9] in terms of the detection probability of OFDM symbol timing. The proposed structure in [8] can be configured to support either of the symbol timing detection methods, but the replica based method may require more overhead since it implies that a common sequence is used among all cells for a primary SCH and an additional sequence is used to provide group-specific or cell-specific information in a secondary SCH.  With the differential correlation based method, the time domain symmetry of the SCH is present regardless of the actual transmitted sequence information, so there may not be a need for the common primary SCH.
Additionally, simulation assumptions for the initial acquisition and the cell search are proposed.
2. Simulation conditions

2.1. Definitions of SCH transmission timing of neighbor cells 

Three kinds of the SCH transmission timings among the neighbor cells are assumed. 

I. Asynchronous SCH

Each of SCH transmission timing is not aligned with the neighbor cells. Therefore, inter-cell-interference is modeled as AWGN.

II. Synchronous SCH

All of the SCH transmission timings of the neighbor cells are ideally aligned. The timing fluctuation of the SCH signals coming from the neighbor cells depends on the distances between the Node-Bs and the UE.

III. Pseudo-synchronous SCH

All of the SCH transmission timings of the neighbor cells are aligned but some timing offsets still remain. In this contribution, the timing offsets of neighbor cells are randomly distributed within the range which is long CP length minus short CP length. 

2.2.
Simulation parameters 
In the cases of II and III, the system parameters described in Table 1 of the reference [7] are used, but shadowing and thermal noise are not considered. The three UE locations are evaluated. As shown in Figure 1, first, the UE location A is the median center of the flat side of the target cell (antenna bore-sight). Second, the UE location B is at the corner of the target cell. Final, the UE location C is the halfway point between the location A and the location B on the flat side of the target cell.
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Figure 1: Three UE locations for evaluations

Table 1 : General system parameters for synchronous and pseudo-synchronous SCH

	Cellular layout
	Hexagonal grid, 19 cell sites,

3 sectors per site

	Inter site distance
	500m

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB

front-to-back ratio

	Antenna Bore-sight points
	Flat side of cell

	Distance-dependent path loss
	L=128.1 + 37.6log10(R),

R in kilometers

	Penetration loss
	20dB

	BS TX power
	43dBm

	BS antenna gain
	14dB

	UE antenna gain
	0dBi


Table 2 shows the SCH-specific simulation parameters for the symbol timing recovery simulations. In the cases of the differential correlation method, even numbered sub-carriers are used for SCH. In the cases of the replica based method, all sub-carriers are used for SCH. GCL sequence is used for the SCH code sequence in the both methods. The number of SCH symbols per frame is set to one for the purpose of evaluating just symbol timing recovery in section  3.1 (note that the SCH configuration used for the cell ID detection performance study is slightly different as shown in Figure 4 and described in section 3.2). The averaging period for the timing detection is one frame. The carrier frequency offsets between Node-B and UE are 0 and 5ppm.
Table 2 : Simulation parameters
	SCH bandwidth
	1.25 MHz

	Number of sub-carriers
	76

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	1.14 MHz

	Number of OFDM symbols per frame
	140

	Number of SCH symbols per radio frame
	1*

	Carrier frequency
	2 GHz

	Number of occupied sub-carriers
	differential method
	38*

	
	replica method
	75

	Code sequence for SCH
	GCL sequence

	Prime number of GCL sequence
	differential method
	41*

	
	replica method
	79

	OFDM symbol/frame timing detection time
	1 frame

	Number of TX/RX antennas
	1/2

	Carrier frequency offset between Node-B and UE
	0ppm, 5ppm

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h,  30km/h


* Indicates parameters that are specific to the symbol timing study, and will be different in the cell-ID detection performance study. 
3. Simulation results

3.1. OFDM symbol timing detection probability
In this section, OFDM symbol timing detection probabilities of both OFDM symbol detectors are evaluated using three kinds of the SCH transmission timings described by section 2.1.  This section only considers the initial OFDM symbol timing detection, and not the cell ID detection performance.  As will be shown, the use of a synchronous SCH enables both symbol timing detection methods to acquire symbol timing within one radio frame.

Criteria of OFDM symbol timing detection

OFDM symbol timing detectors are evaluated in terms of OFDM symbol timing detection probability. It assumes that the desired OFDM symbol timing is the end of the cyclic prefix of the earliest path of the sector with the largest average received power. If the detected OFDM symbol timing is within a range, it is judged that the detected OFDM symbol timing is correctly. Three kind of range, which is 
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cyclic prefix (CP) length (Ncp), 
[image: image3.wmf]±

two times Ncp and 
[image: image4.wmf]±

three times Ncp, are adopted. 
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Figure 2: Criteria for the evaluations

I. Asynchronous SCH
Figure 3 shows OFDM symbol timing detection probabilities in the case of the asynchronous SCH. The OFDM symbol timing detection probabilities of the replica based method are basically better than that of the differential correlation method. If the carrier frequency offset between Node-B and UE is 5ppm, OFDM symbol timing detection probabilities of the both methods do not degrade. The performances of TU3 and TU30 are almost same because the multi-frame averaging is not adopted. 
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(a) no frequency offset / TU3
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(b) 5ppm frequency offset / TU3
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(c) no frequency offset / TU30
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(d) 5ppm frequency offset / TU30


Figure 3 : OFDM symbol timing detection probabilities in the cases of asynchronous SCH 
Note that the replica based method would use the common SCH sequence among cells. This means that the replica based method requires additional overhead in order to inform cell-specific or group-specific index.  Furthermore, to provide high performance for broadcast services with SFN broadcast, cells should be time-synchronized.  As a result, it is important to evaluate the symbol timing acquisition performance for the case of synchronous SCH. 
II. Synchronous SCH
Though not shown, simulation results indicate that the detected OFDM symbol timings of the both methods always satisfy the criterion 1 (
[image: image10.wmf]±

Ncp) regardless of UE locations. It means that the both methods can acquire the suitable OFDM symbol timing using one SCH symbol. Therefore, the differential correlation method is more preferable than replica one because the differential correlation one can inform UEs the cell-specific index on SCH.

III. Pseudo-synchronous SCH
Table 3 shows the OFDM symbol timing detection probabilities in the case of the carrier frequency offset between Node-B and UE of 5ppm and the vehicle speed of 30km/h.  Both methods achieve over 99 percentile detection probabilities in the case of the criterion 2 (
[image: image11.wmf]±

2xNcp) regardless of UE locations. In the case of the criterion 1, the detection probabilities slightly degrade. The cause of this degradation is inter-code-interference between cells. For each of the three criteria, the differential correlation method performs better than the replica-based method.
Table 3 : Detection probabilities in the case of pseudo-synchronous SCH (TU30)

	UE location
	differential correlation method
	replica based method

	
	Criterion 3
	Criterion 2
	Criterion 1
	Criterion 3
	Criterion 2
	Criterion 1

	A
	1.000 
	1.000 
	0.841 
	0.999 
	0.990 
	0.754 

	B
	1.000 
	1.000 
	0.842 
	1.000 
	0.994 
	0.756 

	C
	1.000 
	1.000 
	0.846 
	1.000 
	0.994 
	0.757 


3.2. SCH index detection time
In this section, the SCH cell ID detection time in the case of synchronous SCH is evaluated. The OFDM symbol timing detection method is the differential correlation method. Two kinds of the frame format options proposed by [8] are adopted for this evaluation. Figure 4 shows these frame format options. The frame format option1 assigns all SCH symbols into the same sub-frame. The frame format option2 assigns each SCH symbol into the end of the sub-frame. A single GCL sequence is divided into multiple SCH symbols. The number of SCH symbols per radio frame is four. The first SCH symbol (shaded blue) uses even numbered sub-carriers, while the rest of the SCH symbols (shaded green) use all sub-carriers. The first SCH symbol is utilized for OFDM frame timing detection and frequency offset estimation. Both the SCH sequence length and the prime number of GCL sequence are 263 (38+75x3). The target number of indices provided by SCH is 256. The frequency offset between Node-B and UE is 3ppm. Other simulation parameters are compliant with section 2.  The index detection algorithm is based on the simple differential processing method described in [6].
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Figure 4: Frame formats options for the evaluation (four SCH symbols per frame)

Table 4 shows the 90 percentile SCH index search time. These results include OFDM frame timing detection time. As described in the previous section, the suitable OFDM symbol timing can be detected by one SCH symbol in the case of synchronous SCH. Therefore, OFDM frame timing detection time included in the total SCH index search time is 10ms.
The SCH index search time of the both frame format options is almost the same. But, in the case of the UE location C, the index search time of the option 2 is shorter than that of the option 1 due to time diversity gain.

Table 4 : SCH index search time in the case of synchronous SCH

	
	90 percentile SCH index search time [ms]

	
	TU3
	TU30
	TU120

	
	Option 1
	Option 2
	Option 1
	Option 2
	Option 1
	Option 2

	UE location A
	20
	20
	20
	20
	20
	20

	UE location B
	20
	20
	20
	20
	20
	20

	UE location C
	30
	30
	30
	20
	30
	20


Overall, the results indicate a very quick identification of the cell ID with low complexity processing.

4. Conclusions

In this contribution, OFDM symbol timing detectors were evaluated with the three kinds of the SCH transmission timing alignments between the neighbor cells. In case the SCH transmission timing alignment between the neighbor cells is synchronous, one OFDM symbol is acceptable for detecting OFDM symbol timing regardless of the detection methods. Therefore, the differential correlation method is more preferable than the replica method because the differential correlation method can inform UEs the cell-specific index on SCH.

Additionally, the SCH index search time in the case of synchronous SCH was shown for a multicell interference environment. The required time for cell ID detection was shown to be low with an SCH design based on GCL sequences and low complexity differential processing.
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------------------------------------------- Start of Text Proposal  -----------------------------------------
7.1.2.4

Cell search

· The SCH provides the OFDM symbol/frame timing, the frequency offset and the cell specific information such as cell index or cell group index 

· SCH consists of one or more synchronization symbols depending on the number of group indices or cell indices that are needed (FFS). 

· One of the synchronization symbols uses every other sub-carrier to provide time domain symmetry within the SCH bandwidth, for initial timing and frequency offset identification
· GCL sequences should be used for the SCH in order to provide simple differential processing and direct index detection

------------------------------------------- Finish Text Proposal -------------------------------------------
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