3GPP TSG RAN WG1 #46
R1-062197
Tallinn, Estonia
28 August-01 September, 2006
Source:
ETRI
Title:
Initial cell search performance comparison of one-SCH and 


Two-SCH schemes with frequency offsets
Agenda Item:
8.3.2 SCH and Cell Search
Document for:
Discussion and Decision
I. Introduction

In this contribution, we compare the initial cell search performance of one-SCH (non-hierarchical) and two-SCH (hierarchical) schemes in single- and multiple-cell environments. For multiple cell environments, both the synchronized and non-synchronized networks are considered. In particular, the effect of imperfect frequency offset compensation on the cell search time is investigated. In Tdoc R1-061663 [3], the performance of the replica based detection and the differential detection was compared in a multiple cell environment, but assuming perfect compensation of the frequency offset at the second and third steps of cell search.
II. SCH structure and cell search algorithm
Figure 1 shows the subframe structures of the one-SCH scheme (non-hierarchical) and the two-SCH scheme (hierarchical). The one-SCH scheme has a single SCH channel, while the two-SCH scheme consists of two frequency-multiplexed channels, i.e., P-SCH and S-SCH channels. Figure 2 shows the frame structure for the two schemes, which was designed to support efficient inter-RAT measurement by inserting 5 SCH symbols within one radio frame. Figure 3 shows the initial cell search procedure which is common to both the one-SCH and two-SCH schemes. 
For the one-SCH scheme, the differential correlation is used at the first step. As shown is [1], the differential correlation is robust to frequency error.  For the second step, the differential detection technique is used for the code detection. Since the differential detection is a non-coherent scheme, the following antenna combining and time averaging should be also non-coherent. The details of the SCH structures and the cell search algorithms are described in [1].
For the two-SCH scheme, the replica-based correlation is used at the first step. To avoid the SNR degradation due to the frequency offset, the time-domain samples are segmented into two blocks. The replica-based correlation is taken for each block and then the two correlator outputs are non-coherently combined. For the second step, the S-SCH is coherently detected using the channel estimate. The following antenna combining and time averaging process are all coherently done.
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Figure 1. The subframe structure containing the SCH symbol.
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Figure 2. Frame structure

[image: image3.emf]SCH symbol timing 

detection

Frequency offset correction,

Physical cell ID/frame timing detection

First step

Second step

SCH symbol timing

Fine timing detection

BCH demodulation

Physical cell ID

Frame timing


Figure 3. Cell search procedure
III. Simulation condition and results
3-1. Single cell simulations
The single cell simulations are performed to investigate the performance of the one-SCH and two-SCH schemes when there is no inter-cell interference. The two-SCH scheme may be more sensitive to the inter-cell interference than the one-SCH scheme, because the channel estimation accuracy can be degraded due to the collision of the cell-common primary SCHs. 

Table 1 shows the simulation parameters for single cell simulations.
Table 1. Single cell simulation parameters
	Transmission BW
	1.25 MHz

	Carrier frequency
	2 GHz

	FFT Size
	128

	CP length (NCP)
	10 samples

	Total Number of used subcarrier
	76

	Frequency offset
	6 KHz

	Number of active sub-carriers of the synchronization symbols
	38 for the one-SCH scheme (37 is null)                                   

75 for two-SCH scheme (37 for P-SCH, 38 for S-SCH)

	Number of GCL sequences (=alphabet size of hopping code)
	40

	Number of physical cell ID = number of hopping patterns (NCell)
	236 : see appendix A in [1]

	Number of sync slots per 10 msec frame
	5

	Channel Model
	TU (6 paths), 3km/hr / 120 Km/hr

	Antenna configuration
	2 TX and 2 Rx (baseline antenna configuration)

	Antenna diversity
	TSTD at the Tx and EGC at the Rx

	Loading for data traffic channel
	Full load (100% loading) over 76 sub carriers
The same power between SCH and Data

	The first step
	Two-SCH scheme
	Half length (64 time samples) coherent correlation and non-coherent addition of two segments (+/- 1 CP decision region assumption)

	
	One-SCH scheme 
	differential correlation

(+/- 1 CP decision region assumption)

	The second step
	Two-SCH scheme
	Coherent code detection
Coherent antenna combining

Coherent time (symbol) averaging

	
	One-SCH scheme
	Differential code decoding(Non-coherent)
Non-coherent antenna combing

Non-coherent time (symbol) averaging


Figures 4 and 5 show the cell search performance at SNRs of -3dB and -6dB, respectively, when there is no frequency offset. At the SNR of -3dB, the two-SCH scheme slightly outperforms the one-SCH scheme although both schemes shows good performance.At the SNR of -6dB, the performance gap becomes larger. 

Figures 6-9 show the cell search time performances at various SNRs and vehicular speeds for the practical situations where the frequency offset is 6kHz and real offset estimation is carried out. It is found that in the presence of the frequency offset, the one-SCH scheme outperforms the two-SCH scheme in all the simulation conditions considered here. This is because the one-SCH scheme is robust to the frequency error while in the two-SCH scheme, the first-step cell search performance is significantly degraded with the frequency offset. In addition, as the vehicular speed increases, the performance of the one-SCH scheme becomes better while the performance of the two-SCH scheme becomes degraded due to the worsening first step performance. Although the frequency offset of 6kHz(3ppm for 2GHz) is considered in this contribution, a larger frequency offset(e.g., up to 5ppm) should be considered to reduce the UE cost. In such a case, it is expected that the performance gap will become larger. 
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Figure 4. Cell search time comparison(-3 dB SNR, 3 km/hr, perfect freq. offset estimation)
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Figure 5. Cell search time comparison(-6 dB SNR, 3 km/hr, perfect freq. offset estimation)
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Figure 6. Cell search time comparison(-3 dB SNR, 3 km/hr, real freq. offset estimation)
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Figure 7. Cell search time comparison(-3 dB SNR, 120 km/hr, real freq. offset estimation)
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Figure 8. Cell search time comparison(-6 dB SNR,  3 km/hr, real freq. offset estimation)
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Figure 9. Cell search time comparison( -6dB SNR, 120 km/hr, real freq. offset estimation)
3-2. Multi cell simulations
Table 2 shows the multiple cell simulation parameters. The basic link parameters are the same as in Table 1. For the synchronized network, the time delays between cells are assumed to be zero. For the asynchronized network, the time delays between Node-Bs are randomly selected while the time delays between cells within the same Node-B are set to zero. The UE position is randomly selected with a uniform probability of distribution. In the simulations, the average received power from each cell is calculated, and the cell search process is considered to be successful if the UE detects a cell whose averaged power is within 6 dB from the maximum average power.

Table 2. Multiple cell simulation parameters
	Carrier frequency
	2GHz

	Cellular layout
	19 cell sites(3 cells per site), wrap around

	Node-B transmit power
	46dBm (10MHz carrier)

	Node-B antenna pattern
	70-degree sectored beam, 14dBi

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

	Penetration Loss
	20 dB

	Channel model
	SCM – suburban macro

	Shadow fading correlation

 (Intra-site/Inter-site)
	1.0/0.5

	Lognormal shadowing standard deviation
	8 dB

	UE speed
	3km/hr for all UEs

	Inter-site distance
	500 meter

	Network synchronization
	Intra-site : synchronous

Inter-site : synchronous/asynchronous


Figures 8 and 9 show the cell search time performances of the one-SCH scheme and the two-SCH scheme in the synchronized and non-synchronized networks, respectively. Similar to single-cell simulation results, the one-SCH scheme is found to outperform the two-SCH scheme in both networks. The two-SCH scheme performs better in the non-synchronized network than in the synchronized network because the coherent averaging works well in the non-synchronized network.
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Figure 8. Cell search time comparison in the synchronized network (real frequency offset estimation)
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Figure 9. Cell search time comparison in the asynchronized network (real frequency offset estimation)
IV. Conclusions
In this contribution, we have compared the initial cell search performance of the one-SCH  and two-SCH schemes in single- and multiple-cell environments with an initial frequency offset. When the initial frequency offset is present and real frequency estimation is applied, the one-SCH scheme outperforms the two-SCH scheme in the initial search time performance for both synchronized and non-synchronized networks. The performance gap becomes larger as the speed of UE increases.
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