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1 Introduction

In ‎[1], it is agreed that the working assumption for E-UTRA downlink is focused on 1.25 MHz SCH bandwidth, at least for the initial access. It is also specified that the SCH must be received without any prior knowledge of the number of transmit antennas at the serving Node-B.  Therefore, only the transmit diversity methods that do not require knowledge of the number of transmit antennas can be considered for SCH. At Tallinn meeting ‎[2], the candidate transmit diversity schemes for SCH search are narrowed down to include only the following schemes: Time Switch Transmit Diversity (TSTD), Frequency Switch Transmit Diversity (FSTD), and Pre-coding Vector switching (PVS).  In ‎[3] - ‎[5], the performance of different transmit diversity schemes for SCH are compared. The decision on which transmit diversity to be used for SCH search could be made in the coming Riga meeting. 

In this contribution, simulation results presented in ‎[5] are updated to compare the performance of the transmit diversity candidates for SCH determined at Tallinn meeting. The latest working assumption agreed at the Seoul meeting ‎[6] is used which assumes two SCH symbols per 10 ms radio frame. More simulation results are added to compare the performance when a repetitive SCH structure is assumed. Furthermore, transmit diversity with 4 transmit antennas is also studied which uses a simple RF combining technique associated with FSTD. 
From the comparison, it is noticed that the FSTD and FSTD + TSTD (a special case of PVS) schemes provide similar performance and both outperform the TSTD scheme in terms of access time and detection error ratio.  Similar conclusions can be drawn for both non-repetitive and repetitive SCH structures.  For transmit diversity with 4 transmit antennas, by simply repeating the same SCH pattern on the two extra antennas, the FSTD scheme can achieve a little better performance than 2 Tx system.   
The conclusion is that the FSTD or FSTD + TSTD schemes should be considered as candidates for transmit diversity on the SCH search, for both initial access and neighboring cell search. 
2 Transmit Diversity Schemes for SCH
A number of schemes are considered as final candidates for transmit diversity schemes for SCH ‎[2]
· time switch transmit diversity (TSTD)
· frequency switch transmit diversity (FSTD)
· pre-coding vector switching (PVS)

Figure 1
 shows the TSTD scheme with the non-repetitive SCH structure, where SCH symbols are transmitted alternatively across each transmit antenna. For the FSTD scheme with the non-repetitive SCH structure, as shown in Figure 2, SCH tones are transmitted from each antenna at the same time, but they are orthogonal to each other in the frequency domain. 
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Figure 1: TSTD with a non-repetitive SCH structure
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Figure 2: : FSTD with a non-repetitive SCH structure
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Figure 3: pre-coding vector switching transmit diversity (PVS)
The pre-coding vector switching (PVS) scheme is illustrated in Figure 3. In this scheme, two pre-coding weight vectors are used. One is for odd number SCH symbols, and the other is used for even number SCH symbols. These pre-determined weight vectors can be different for different tones. In our investigation, the weight vectors for pre-coding vector switching (PVS) are specified as follows:
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2. For even number SCH symbols, 
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So this scheme exploits both frequency and time diversity though switching and can be viewed as FSTD + TSTD scheme as illustrated in  Figure 4.  For convenience, it will be called by this name throughout this contribution
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Figure 4: FSTD+TSTD transmit diversity (special case for PVS)
The above figures illustrate the transmit diversity schemes when the non-repetitive SCH structure is assumed. When a repetitive SCH structure is used, such as 2x repetitive SCH structure, the spacing for SCH tones should be doubled in order to create repetitive time domain waveforms. This allows an auto-correlation method be used in SCH search.  For the 2x repetitive SCH structure, the transmit diversity scheme for TSTD and FSTD are depicted in Figure 5 and Figure 6, respectively. 

[image: image9.emf] 

SCH #1  

Tx 1  

SCH #2  

SCH #3  

Tx 2  

SCH tone   Null   tone  

f req  

time  


Figure 5:  TSTD transmit diversity with 2x repetitive SCH structure
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Figure 6: FSTD transmit diversity with 2x repetitive SCH structure
3 SCH Search Procedure

At UE side, SCH search is conducted which in general includes two steps, namely, the coarse SYNC search followed by fine SYNC search. This contribution focus on the fine SCH search which is more critical for the UE.  

The fine SYNC search in the frequency domain is accomplished by correlating the SYNC sequences with SYNC symbol in frequency domain. This process is repeated within a sliding search window. The peak of the normalized correlation values is picked from within the search window and its corresponding timing is considered as the arrival time of SYNC symbol. For TSTD, only one correlation is completed which involves all the tones within the SYNC bandwidth. For FSTD, two separate correlations are conducted, one on odd number tones and the other on even number tones.  The final result is then formed by multiplying these two correlations together.  
To enhance the performance, multiple SYNC symbols within a frame can be used for the joint SYNC detection. In our study, for FSTD and FSTD+TSTD schemes, correlation values over a number of SYNC symbols are averaged before the search of correlation peak is conducted.  For TSTD, as SYNC is transmitted alternatively from two antennas, the joint correlation is formed by multiplying correlations from two consecutive SYNC symbols.
For TSTD, the same SYNC detection procedure is applied at the UE no matter how many transmit antennas the Node-B supports. Thus the transmit antenna configuration is transparent to the UE. For the FSTD scheme, the same transparency can be achieved for the UE by using two separate SYNC sequences even for single transmit antenna as shown in Figure 7. For FSTD+TSTD, similar arrangements can be made as for FSTD. 
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Figure 7: FSTD for one transmit antenna
The discussion so far only focuses on two transmit antennas. For systems with 4 transmit antennas, the FSTD scheme can be extended by simply repeating transmission of the same SCH tones on the extra two antennas, e.g., transmitting the same SCH tones on antenna 1 and 3 and transmitting the same SCH tones on antennas 2 and 4. At the receiver, these transmitted signals are RF combined at receiver front end, which compensates for the 3 dB reduction in transmit power per antenna relative to the 2 Tx system.  
4 Simulation Parameters

The following parameters are used to simulate the performance of these schemes.

	System bandwidth
	5 MHz

	SCH bandwidth 
	1.25 MHz and 5 MHz

	FFT size
	512

	Sampling frequency
	7.68 MHz



	Channel model
	Typical Urban 3 km

	No of Tx Antennas
	2/4

	No of Rx Antennas
	2

	No of SCH symbols per 10 ms radio frame
	2  (equally spaced) 

	System Modelling
	Un-sync system, neighbouring cell SYNC is modelled as AWGN noise

	SNR definition
	Measured per tone SNR in frequency


Table 1: Simulation parameters
5 Simulation Results
To compare the performance among different transmit diversity schemes for SCH, plots of detection error ratio vs SNR are depicted for each scheme. The Detection Error Ratio is defined as number of detection error over the total number of trials, which is set to be 5000 for each SNR setting. A detection error occurs when a correlation peak fails to fall within the pre-defined range around SYNC symbol arrival time. In simulations presented in this contribution, this pre-defined range is +/- 1 sample. As the second path of received signal is usually also quite strong, the detection is also considered successful if the peak falls in the range around the second path arrival. Fine SYNC search is conducted independently for each receive antenna, and the detection error occurs only when both peaks fail to fall within +/- 1 sample of the first and the second arrivals of the received SYNC symbol.  The SNR is measured per tone in the frequency domain on the SYNC symbol at the receiver. 
Several assumption are made in the simulation and should be mentioned for better understanding of the simulation results:
1. There is no power boosting for SCH tones for the TSTD scheme due to a PA capacity limitation for each transmit antenna.  As at any time, there is only one antenna transmitting in TSTD, its measured SNR at the receiver is only half of those of FSTD. In order to align with other schemes, TSTD curves are shifted to the right by 3 dB.   
2. For FSTD and FSTD+TSTD schemes, as each transmit antenna only uses half of SCH tones, to keep transmit power per antenna the same as TSTD, the power on each occupied SCH tone is boosted by 3 dB.   

3. For 4 Tx system, the transmission power per antenna is 3 dB less than that used by 2 Tx system, in order to keep the total transmission power unchanged. 
For non-repetitive SCH structure, Figure 8 and Figure 9 illustrate detection performance of different transmit diversity schemes with one and two SYNC symbols involved in detection, respectively. For repetitive SCH structure, the performance comparison plots are shown in Figure 10 and Figure 11. 
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Figure 8: Detection error ratio vs SNR for 2x2, one SYNC symbol, non-repetitive SCH structure
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Figure 9: Detection error ratio vs SNR for 2x2, two SYNC symbol, non-repetitive SCH structure
[image: image14.emf]Fine SCH Serach, 2 Tx and 2 Rx, 5 MHz system, 1.25 MHz SCH, TU 3 km, 

Repetitive SCH structure 

0

0.1

0.2

0.3

0.4

0.5

0.6

-7.9139 -5.8369 -3.7722 -1.9701 0.1342 2.2691 4.0849

SNR (dB)

Fine SYNC Detection Error Ratio

FSTD, One SCH symbol

TSTD, One SCH symbol

FSTD+TSTD, One SCH symbol


Figure 10: Detection error ratio vs SNR for 2x2, one SYNC symbol, repetitive SCH structure
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Figure 11: Detection error ratio vs SNR curves for 2x2, two SYNC symbol, repetitive SCH structure

For system with 4 transmit antennas, only FSTD scheme are simulated, the results are compared with the system with 2 transmit antennas as shown in Figure 12.
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Figure 12: SCH search performance comparison between 2 Tx and 4 Tx using FSTD transmit dievrsity

Observations
From the above plots, several observations can be made:

· The FSTD and FSTD+TSTD schemes provide similar detection performances and smaller access time for both non-repetitive and repetitive SCH structure.  When more SYNC symbols are used in the joint detection, the detection error is smaller especially when SNR is low. 
· The TSTD scheme provides the worst performance among the three. This is expected, since firstly, the TSTD scheme only starts to benefit from transmit diversity after 2nd SYNC symbols. Therefore access time is larger, especially if only one or two SYNC symbols are transmitted in each radio frame.  Secondly, the received energy of TSTD is only half of those in FSTD or FSTD+TSTD, which leads to worse detection performance than that of  FSTD and FSTD+TSTD even though its performance is improved after multiple SYNC symbols.   

· For 4 Tx system, by simply repeating transmission of FSTD SCH tones on extra antennas and RF combining them at the receiver frond end, the 3 dB transmission power reduction per antenna can be compensated and a little extra diversity gain could be achieved over the 2 Tx system. 
. 
6 Implementation Consideration 
It is quite straightforward that there is no big difference in implementation complexity for SYNC search among the three transmit diversity schemes investigated here. As for FSTD and FSTD+TSTD, completing two correlations on shorter SYNC sequences requires the same amount of calculation as completing one correlation on a longer SYNC sequence as done in TSTD.  Moreover, accomplishing two short correlations as required by FSTD or FSTD+TSTD could bring some benefits if parallel hardware implementations of correlators are taken into account.
No extra complexity is needed for 4 Tx system if FSTD scheme is used as introduced here. 
7 Conclusions
From the simulation results and complexity analysis presented in this contribution, the following conclusions can be drawn:
· Among  the transmit diversity candidates for SCH defined in ‎[6], namely TSTD, FSTD and pre-coding vector switching,  FSTD and FSTD + TSTD (one special case of pre-coding vector switching) provide better performance in terms of shorter access time and smaller detection error than TSTD scheme. 
· Like TSTD, FSTD and FSTD+TSTD are also transparent to the UE in terms of transmit antenna configuration. 
· The complexity of SCH search for FSTD or FSTD+TSTD at the UE side are comparable with that of TSTD. 

· For 4 Tx system, FSTD scheme can be simply extended from 2 Tx system by repeating transmission and RF combining. The performance is a little better than 2 Tx system and the complexity at the receiver is the same as in a 2 Tx system. 

Therefore, we recommend adopting either FSTD or FSTD+TSTD as the transmit diversity schemes for the E-UTRA downlink SCH with 2 or 4 transmit antennas for both initial access and neighbouring cell search.
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