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1. Introduction

In St-Louis meeting two candidate transmit diversity schemes for SCH, i.e. PVS (Precoding Vector  Switching) and FSTD (Frequency Switch Transmit Diversity) were discussed [1]-[5].  Both schemes have their strengths and weaknesses. It was also decided to “Optimize the SCH assuming one transmit antenna and specify (if needed to specify) the SCH.”  
In this paper the Tx diversity schemes for P-SCH has been further discussed.  The performances of different TxD schemes have been evaluated with 1x2 case as the reference. .
2 Tx diversity schemes for P-SCH

We compare the following 5 options for transmit diversity and examine the performance of these schemes:

· RF combining which for uncorrelated channels is identical to 1x2 operation
· PVS with four precoding vectors: [1 1], [1 -1], [1 j] and [1 –j]

· PVS with two precoding vectors: [1 1] and [1 -1].

· RE switch based FSTD in which two antennas occupy the REs alternatively.
· Band switch based FSTD in which two antennas transmit over lower 3 RBs and upper 3 RBs respectively (See section 3.)
The P-SCH is used for the timing/frequency synchronization and cell ID identification for cell within each cell ID group. It can also provide the phase reference to enable the coherent detection of S-SCH. In this contribution we investigate the performance gain of the different Tx diversity schemes. Both synchronous and asynchronous simulation scenarios with and without frequency offset are considered in our simulations.  For the asynchronous environment we use the assumptions presented in R1-071236 by Motorola.  For the synchronous environment we consider case 3 from [6].  
In this document we focus on timing detection, assuming that there is no frequency offset estimation and correction in step-1 cell search. However with the implementation of the frequency synchronization algorithm the performance for all P-SCH structures can be improved.  Additionally we have implemented pure cross correlation detection. By breaking the correlation sequences into sections the better resiliency to frequency offset could be achieved.
3 Details of Band Switched FSTD

In the previous meeting it was decided to optimize the cell search performance for the 1x2 scenario.  We therefore propose a method in which the timing receiver designed for a single transmit antenna can be used while still maintaining separation of the transmit antennas in the frequency domain.  This TxD sceheme allows for more accurate estimation of a neighbor cells signal strengths. 

If we divide the transmitted signals into an upper and lower halves of the 1.25 MHz spectrum then several advantages can be obtained.   Firstly there is no increase in the repetition in the time domain.  Secondly the cross correlation of the two transmitted P-SCH sequences have the same phase at all the major peaks.  i.e. they will not add constructively in one place while adding destructively in another.  This allows for the same receiver designed for the single transmitter case to be used and thus there is no loss in timing performance in the fallback scenario.  Note that the loss in channel estimation in the fallback case is minor..  


[image: image1]
Figure 1 Representation of RE-FSTD and Band Switched FSTD
4 P-SCH detection performance in asynchronous environment
Our first performance analysis focuses on the asynchronous environment.  To simulate this we consider a simple link level simulation in which interference is modeled as AWGN, and the signal is transmitted over a TU channel.  The P-SCH signal is transmitted in every 5ms half frame, with coherent combining of received signal between multiple half frames. .
Table 1. Simulation assumptions

	Bandwidth
	1.25 MHz

	Number of used subcarriers
	72+DC

	Subcarrier spacing
	15 kHz

	P-SCH
	ZC sequence with 2x repetition

	S-SCH
	2 length 36 PN sequences, with different sequences for second S-SCH

	Antenna configuration
	2 at transmitter, 2 at receiver

	UE speed
	3 km/h, 30 km/h

	OFDM symbol timing
	Cross Correlation based

	Channel Estimation Method
	FFT based on P-SCH

	CP length
	Short

	Number of Group ID
	340

	Frequency Offset
	Uniformly within 5ppm or none
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Figure 2: Syncronization Performance SNR of -10 dB, TU 3 km/h
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Figure 3: Syncronization Performance SNR of -6 dB, TU 3 km/h

[image: image4.emf]0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of frames averaged over

Probability of Syncronization

AWGN noise with SNR of-10

 

 

RF Combining

PVS with 4 Vectors

RE-FSTD

Band FSTD

PVS with 2 Vectors

No Frequency Offset

5ppm Frequency Offset


Figure 4: Syncronization Performance SNR of -10 dB, TU 30 km/h
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Figure 5: Syncronization Performance SNR of -6 dB, TU 30 km/h

From the above simulation results we can make several observations:

· PVS performs better under extreme low SNR case. With the increase of SNR the performances of all schemes are similar.
· The synchronization performances are similar between PVS with either 2 or 4 precoding vectors.

· frequency correction algorithm has being applied to these detections. With the proper application of frequency synchronization algorithm, the better performance could be achieved and hence the performance difference will become smaller..
· When frequency offset is set to zero or very small (neighbour cell search) all schemes can detect a signal at an SNR -10 dB for 90 percent of the time within 25 ms.    
5 Performance in a Synchronous Environment 
For the synchronous environment we consider case 3 from [6].  No cell planning was performed with NodeB assigned a random Group id, and the P-SCH randomly assigned to each cell.  
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In the Synchronous environment we see that performances for all S-SCH structures are very close with FSTD has the better performance when there is no frequency offset while PVS and RF combining have the better performance when frequency offset is present.  However we also see that all schemes show excellent performance. For the neighbour cell search since the residue frequency offset is small, we can expect that all schemes perform equally well..
6 Conclusions

The performances of several transmit diversity schemes with respect to timing synchronization have been compared in this contribution.  We saw that all schemes achieve excellent performance with PVS having a better performance in the Asynchronous environment with very low SNR and FSTD performing better in the synchronous environment.  
However, we feel that selecting TxD for P-SCH simply based on cell search performance may not be enough. To allow the coherent detection of S-SCH, the same TxD scheme should be applied to both P-SCH and S-SCH. On the other hand using S-SCH as phase information for BCH decoding can provide some performance gain. If PVS is selected as TxD for P-SCH and therefore S-SCH, in order to use S-SCH as phase information for P-BCH decoding, PVS should be used as TxD for P-BCH as well. However, as shown in [7] using PVS for P-BCH provides the worst performance for P-BCH decoding among a number of TxD schemes.  

Through simulation, it can be noticed that PVS with two precoding vector version provides almost the same  performance as with four vectors, therefore, we feel that PVS with two vectors [1 1] and [1 -1] are good enough if PVS is selected as TxD for P-SCH.
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