R1-071151

Page 1

3GPP TSG-RAN WG1#48 
R1-071151
St. Louis U.S.A, 12-16 February, 2007
Agenda Item:
6.7.4
Source: 
Nortel

Title: 
Transmit Diversity for P-SCH and S-SCH
Document for:
Discussion

1. Introduction

There has recently being significant debate over what transmit diversity to use for the SCH and BCH channels.  The two main contenders are FSTD (Frequency Switch Transmit Diversity), PVS (Precoding Vector Switching).  Both schemes have their strengths and weaknesses. 
FSTD:

· Provides full channel diversity in a single 5ms half frame allowing for better performance without averaging over a long period of time.

· Allows for the use of the S-SCH as reference symbols for decoding the BCH.
· Support more stable measurements for neighbor cell search.
· More likely to acquire a cell id with higher SNR

PVS:
· Provides marginal improvement in performance when combining multiple SCH transmissions at very low speed
· Provides slightly better performance in the asynchronous environment at very low SNR for low speed UE.

· High variance of signal strength on the SCH, making measurements statistics less reliable.  

· More likely to acquire a cell id with lower SNR

We consider three scenarios, synchronous and asynchronous and a dominant synchronized interferer.  For the asynchronous environment we use a simple link level simulator in which only a single cell is modeled with interference modeled as AWGN noise.  For the synchronous environment we consider case 3 from [1], and model the bottom 5% of the users based on their unicast SINR.  In the dominant synchronized interferer case we model interference as a single neighboring NodeB.   
We assume that the UE performs its full cell search processing during 5ms, in which it attempts to acquire timing and frequency synchronization, decode the S-SCH and then the BCH.  In this paper we assume that the BCH is always decoded correctly and thus if the correct cell d is acquired cell search ends.  We define the correct cell id to be found if the signal strength of the detected cell is within 1 dB of the strongest cell based on long term signal strength.  To model the averaging between multiple frames a running average of the course synchronization is maintained, as well as a measurement of the correlations between the S-SCH for each of the possible cell ids.  Note that the cell id correlations are discarded when the timing synchronization changes by more than a threshold value.  
This contribution is an updated version of R1-071116 with additional simulation results.

2 Link Level Analysis

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 signal is simulated in 5ms half frames, with coherent combining of received signal between multiple half frames.  Two steps hybrid timing synchronization is used which is based on a 2x repetition time structure of the P-SCH.   It should be mentioned that in order to let the number of Tx antenna be transparent to UE, two short ZC sequences are used in FSTD even when there is only one Tx antenna.
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, 10 km/h, 30 km/h

	OFDM symbol timing
	Hybrid detection

	Channel Estimation Method
	FFT based on P-SCH

	CP length
	Short

	Number of Group ID
	512

	Frequency Offset
	Uniformly within 3ppm
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Figure 1: Cell Search Time, SNR of -6dB, TU 3 km/h
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Figure 2: Cell Search Time, SNR of -6dB, TU 10 km/h
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Figure 2: Cell Search Time, SNR of -6dB, TU 30 km/h
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Figure 4: Cell Search Time, SNR of -4dB 3km/h
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Figure 5: Cell Search Time, SNR of -4dB, 10 km/h
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Figure 6: Cell Search Time, SNR of -4dB, 30 km/h

We see in the above simulation results that the FSTD outperforms PVS for SNR greater than -6 dB, or for UE’s with even low and moderate mobility. PVS only shows some benefit at extremely low SNR for Nomadic UE’s.  We also see that the performance loss of SFTD in the 1x2 case is marginal compared to PVS.   The performance shown above has been summarized in Table 2 and Table 3 below.  

Table 2 Cell search times (ms)
	
	PVS 1x2 90%
	FSTD 1x2 90%
	PVS 2x2 90%
	FSTD 2x2 90%

	SNR -6 dB, TU3
	50

35

28

20

17

15
	50

35

28

25

17

16.5
	35

28

26

15

14

14
	35

25

22.5

14

12

11

	SNR -6 dB, TU10
	
	
	
	

	SNR -6 dB, TU30
	
	
	
	

	SNR -4 dB, TU3
	
	
	
	

	SNR -4 dB, TU10
	
	
	
	

	SNR -4 dB, TU30
	
	
	
	


Table 3 Cell search times of FSTD compared to PVS  (ms)
	
	1x2
	2x2
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3 Performance in a Synchronous Environment 
For the synchronous environment we consider case 3 from [1].  Ten Thousand UE’s were randomly placed in the center cell, and the unicast SNR based on long term fading was calculated for each, only the bottom 5% users were simulated for synchronization purposes.  No cell planning was performed with each cell receiving a random Cell id, and the P-SCH randomly assigned to each cell.  
Cell search is assumed complete when a cell with a signal strength within 1 dB of the strongest cell has been correctly detected.  
3.1 Simulation Results
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We see that for case 3 users in which UE speed is 3km/h the two schemes achieve the same performance.  
4 Acquiring a lock on a weaker cell
One major issue with PVS is that the received signal from cells can vary quite dramatically from one instant to the next.  Let us consider a simple example where a UE can see two NodeB’s one with an instantaneous power XdB less than the other.  When the signal from the stronger NodeB has a poor precoding vector (a 1 in 4 chance) the weaker NodeB can be perceived to have a much stronger signal than it actually does.  As the P-BCH is also precoded using the same precoding vector the interference to the weaker NodeB is also very small and the UE can easily decode the BCH and enter into the system with a much lower signal strength.  The UE must then go through a neighbour search and handover procedure putting a burden on the system resources.  This has not being reflected in the simulations shown up till now as the BCH has not been simulated.  Thus when a weaker cell has been detected, it has been assumed that through genie aided detection this cell is not the correct cell and cell search continues. In the following simulations no such assumptions have been made.  

We consider a very simple 2 cell synchronized environment with SIR ranging from 0 to +10 dB.  One would expect that in these very good channel environments immediate cell acquisition would be achieved.  However as we will presently show if PVS is used the cell will quite often lock on to the weaker signal, converting a SIR of +X to an SIR of -X.  

4.1 Simulation Assumptions


[image: image8]
The two BS is modelled as shown above.  There is no relative propagation delay between two NodeBs and the fading channel is TU 3km/h.  The UE goes through the following synchronization procedure.

1) Timing is assumed to be ideally acquired.

2) In the case of different P-SCH, Detection of the strongest PSCH is performed 
3) This P-SCH is used to coherently decode the S-SCH.  

4) Using the S-SCH as a phase reference the BCH is decoded.  We assume that the P-BCH has a cell specific symbol level scrambler to avoid coherent interference between cells.  

5) If the P-BCH is correctly decoded as indicated by the parity check cell synchronization is complete.  If the parity check fails then the UE considers the next 5ms and begins the process again using the information from the past iterations to improve performance. 

The same assumptions are used here as in the previous section with the exception that the NodeB’s are perfectly synchronized.   Below is a plot of the probability that a cell search process finishes with the UE synchronized to the weaker cell.  

The P-BCH has a coding rate of 1/3 and is assumed to be identical within a frame but not between two frames.  i.e. coherent combining can not be performed between frames, as the information transmitted may be changed.  In this way the coding rate of the P-BCH is 1/3 with 2 times repetition over a frame.  
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Figure 7: Probability of Locking onto a Weaker Cell
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Figure 8: Probability of Locking onto a Weaker Cell, minimum search time of 20ms

The obvious solution to this is to mandate that the UE must observe a minimum number of frames before synchronizing.  Note that this may be difficult for some inter RAT handovers in which the observation window is limited.  In Figure 8 above we consider what happens when we arbitrarily increase the minimum search time to 20 ms.  As you can see that PVS still performs much worse than FSTD.    This measure will also drastically increase the average cell search time and is not necessary if FSTD is used.

5 Transmit Diversity for Neighbour cell search

It is very likely that neighbour cell search will use the same methods as initial cell search in order to determine the strength of the neighbouring cells signal strength.  When PVS is used the received signal from a neighbouring cell is precoded by a random precoding vector increasing the variance of this measurement dramatically.  This means that the UE must average over many more measurements to gather an accurate estimate of the neighbour cell strength.  In contrast the received signal using FSTD takes into account the power of both transmit antennas and does not vary significantly from frame to another.  
6 Conclusions

When comparing the performance of the SCH using either PVS or FSTD, we see that FSTD outperforms PVS for SNR greater than -6 dB, or for UE’s with even low and moderate mobility. PVS only shows some benefit at extremely low SNR for Nomadic UE’s.  We also see that the performance loss of FSTD in the 1x2 case is marginal compare to PVS.  Therefore from a overall performance perspective the FSTD is preferred.  
In addition, PVS has several serious drawbacks.  
· It increases the variability of the neighbour cell search measurement which forces the UE to take many more measurements.

· It greatly increases the likelihood that the UE will choose a low powered cell above a high power cell in a high SNR environment.
· PVS limits the choice of Tx Diversity scheme for the P-BCH, as it does not allow for the SCH to be used as reference symbols to decode the P-BCH unless PVS is used as the Tx Diversity scheme for BCH as well.  It was shown also in [2] that PVS scheme has worse performance than FSTD without multiple BCH soft combining. 
Reference:
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