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1 Introduction
The primary purpose of the broadcasting channel (BCH) is to broadcast a certain set of cell and/or system specific information similar to that current UTRA BCH transport channel [1].  It is a common view that the static broadcast information can be transmitted by the primary BCH (P-BCH).  
However, there are still a number of issues regarding the P-BCH that are not finalized, such as which transmit diversity scheme to use, how to do channel estimation for BCH decoding, etc. At the Kobe meeting, we submitted a contribution [2], which compared two different transmit diversity schemes for P-BCH, SFBC and PVS. It was shown that with the non-transparent version of PVS in which the RS were also used for channel estimation, PVS shows some performance gains over SFBC in some scenarios. However for the transparent version of PVS, where channel estimation for P-BCH is only based on S-SCH then SFBC shows much better performance in the majority of scenarios.
This contribution re-evaluates the P-BCH detection performance considering that a 40 ms TTI was adopted for the P-BCH at the Kobe meeting.  We compared the P-BCH detection performances with SFBC and PVS under the assumptions that P-BCH is transmitted over two or four 10 ms frames. We also considered the 4 Tx antennas case, in which SFBC-FSTD is used as the transmit diversity option.  We conclude that even using the most favorable conditions for PVS, (72 length S-SCH) 4 retransmissions, and low coding rate the performance of SFBC still shows better performance than PVS for velocities up to and including 120 km/h.  At velocities of 350 km/h we saw better performance of PVS.
2 Simulation Parameters

The P-BCH channel location is shown in Figure 1.  The number of OFDM symbols required for the P-BCH depends on the code rate of BCH.  In this contribution we consider two possibilities.  The first is where the P-BCH is transmitted in every Frame with a per frame rate of 1/6 (achieved by a repetition 2 rate 1/3 convolutional code).  The second option has the P-BCH only transmitted on the first and forth frame in the P-BCH TTI with both transmissions having a per frame rate of 1/12.  These P-BCH locations are illustrated in Figure 1.

[image: image1]
Figure 1:  Location of P-BCH
The following parameters are used to simulate the performance of these schemes, unless specified otherwise.

Table 1: Simulation parameters
	BCH transmission bandwidth
	1.25 MHz

	FFT size
	128

	Sampling frequency
	1.92 MHz

	Used sub-carriers
	72

	Channel model
	GSM TU

	Number of Tx antenna
	2

	Number of Rx antenna
	2

	Channel Estimation
	FFT based

	Coding
	tail-biting Convolutional code, k=7, R=1/3 and repetition factor of 2 or 4 per frame 

	Period of the P-BCH
	40 ms

	BCH information bits
	40 bits plus 16 CRC bits

	Constellation
	QPSK

	S-SCH size
	72

	PVS precoding vectors 2 Tx antennas
	[1 1], [1 -1] 

	PVS precoding vectors 4 Tx antennas
	[ 1 1 1 1], [1 –j -1 j], [1 -1 1 -1], [ 1 j -1 –j]


The P-BCH is allocated within the center 72 subcarriers.  We assume 40 information bits are required for the P-BCH with a 16 bit CRC attached.  In this simulation we assume that the P-BCH has a TTI (repetition period) of 40 ms and thus the UE can combine multiple P-BCH transmissions to improve the performance.  
3 Simulation Results

3.1 Simulation results with a P-BCH transmitted every Frame
In this section, simulation results are presented for P-BCH decoding using SFBC or PVS as the transmit diversity scheme. For SFBC, common RS are used for channel estimation, while for PVS, just the S-SCH is used for channel estimation.  We assume that the P-BCH is transmitted every 10 ms frame with a code rate of 1/6 per frame.
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Figure 2: P-BCH performance transmitted every Frame over a TU at a velocity of 3 km/h 2Tx antennas.
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Figure 3: P-BCH performance transmitted every Frame over a TU at a velocity of  30 km/h 2Tx antennas.
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Figure 4: P-BCH performance transmitted every Frame over a TU at a velocity of 120 km/h 2Tx antennas.
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Figure 5: P-BCH performance transmitted every Frame over a TU at a velocity of 350 km/h 2Tx antennas.
For low, medium and high speeds we see that SFBC clearly outperforms PVS, with gains of 1 to 2.5 dB at a BLER of 0.01.  At very high speeds the RS channel estimation starts to degrade thus at 350 km/h we see better performance for PVS when 3 or more P-BCH transmissions are used.  
3.2 Simulation results with a P-BCH transmitted 1st and 4th Frame
In this section, we assume that the P-BCH is transmitted on the 1st and 4th Frame in the P-BCH TTI.  Thus the P-BCH TTI boundary can be determined from the P-BCH location. Simulation results are presented on P-BCH decoding using SFBC or PVS as the transmit diversity scheme. For SFBC, common RS are used for channel estimation, while for PVS, just the S-SCH is used for channel estimation.  The P-BCH is transmitted at a rate of 1/12 per frame.
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Figure 6: P-BCH performance transmitted on the 1st and 4th Frame over a TU channel at a velocity of 3 km/h 2Tx antennas.
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Figure 7: P-BCH performance transmitted on the 1st and 4th Frame over a TU channel at a velocity of 30 km/h 2Tx antennas.
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Figure 8: P-BCH performance transmitted on the 1st and 4th Frame over a TU channel at a velocity of 120 km/h 2Tx antennas.
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Figure 9: P-BCH performance transmitted on the 1st and 4th Frame over a TU channel at a velocity of 350 km/h 2Tx antennas.

For low, medium and high speeds we see that SFBC clearly outperforms PVS, with gains of 1 to 3 dB at a BLER of 0.01.  At very high speeds the RS channel estimation starts to degrade thus at 350 km/h we see better performance for PVS when both P-BCH transmissions are used.  

4 Simulation Results for 4 Tx Antennas

In this section we compare the performance of SFBC-FSTD and PVS when 4 Tx antennas are used at the base station.  Once again we use the RS for channel estimation for SFBC-FSTD and the S-SCH for PVS.  In this section we assume that the P-BCH is transmitted every Frame.  
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Figure 10: P-BCH performance transmitted every Frame over a TU at a velocity of 3 km/h with 4 Tx Antennas.
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Figure 11: P-BCH performance transmitted every Frame over a TU at a velocity of  30 km/h with 4 Tx Antennas.
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Figure 12: P-BCH performance transmitted every Frame over a TU at a velocity of 120 km/h with 4 Tx Antennas.
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Figure 13: P-BCH performance transmitted every Frame over a TU at a velocity of 350 km/h with 4 Tx Antennas.

For low, medium and high speeds we see that SFBC-FSTD clearly outperforms PVS, with gains of 1 to 1.2 dB at a BLER of 0.01.  At very high speeds the RS channel estimation starts to degrade thus at 350 km/h we see better performance for PVS.  
5 Performance Comparison

The following table captures the performance of SFBC vs PVS in dB at different mobile speeds and coding rates, with either one or two P-BCH combinations for different types of channel estimation methods.  The BLER target is 0.01. 
Examining Table 2 we see that SFBC has better performance for velocities of 3, 30 and 120 km/h with gains ranging from 0.9 to 3.1 dB at a BLER of 0.01.  At very high velocities (350 km/h) PVS shows some gains over SFBC when multiple transmissions are considered.  We also see that the performance of sending the P-BCH every frame is slightly better (from 0.5 to-1.2 dB) than sending it on the 1st and 4th subframe. 

Table 2:  SNR required for a BLER of 0.01 for SFBC and PVS with different Channel estimation schemes.
	
	
	
	Ideal channel estimation
	Real Channel Estimation
	Difference

	
	
	Speed
	PVS
	SFBC
	PVS using S-SCH
	SFBC
	SFBC over PVS [dB]

	Rate 1/6 1 P-BCH transmission per Frame
	1 P-BCH
	3
	-1.63
	-3.44
	1.14
	-1.38
	2.52

	
	
	30
	-1.40
	-3.44
	1.39
	-1.41
	2.81

	
	
	120
	-1.74
	-3.44
	1.53
	-0.69
	2.22

	
	
	350
	-2.03
	-3.55
	2.20
	-0.24
	2.45

	
	2 P-BCH 
	3
	-6.41
	-6.64
	-3.48
	-4.18
	0.71

	
	
	30
	-5.89
	-7.19
	-3.05
	-5.10
	2.06

	
	
	120
	-6.31
	-7.38
	-3.24
	-4.73
	1.48

	
	
	350
	-6.44
	-7.55
	-0.71
	-3.10
	2.39

	
	3 P-BCH
	3
	-8.21
	-8.41
	-4.94
	-6.06
	1.13

	
	
	30
	-8.33
	-9.25
	-5.34
	-7.11
	1.77

	
	
	120
	-8.69
	-9.54
	-5.67
	-6.66
	0.99

	
	
	350
	-8.71
	-9.71
	-4.00
	-4.12
	0.12

	
	4 P-BCH
	3
	-9.68
	-9.71
	-6.11
	-7.32
	1.21

	
	
	30
	-10.15
	-10.64
	-6.87
	-8.30
	1.43

	
	
	120
	-10.32
	-11.06
	-6.95
	-7.95
	1.00

	
	
	350
	-10.34
	-11.21
	-6.00
	-5.16
	-0.84

	Rate 1/12 P-BCH transmission in 1st  and 4th  Frame
	1 P-BCH
	3
	-4.60
	-6.51
	-1.04
	-4.14
	3.10

	
	
	30
	-4.68
	-6.48
	-1.09
	-4.12
	3.03

	
	
	120
	-5.15
	-6.68
	-1.00
	-3.62
	2.62

	
	
	350
	-6.06
	-7.29
	0.50
	-1.03
	1.54

	
	2 P-BCH 
	3
	-9.30
	-9.95
	-5.68
	-7.52
	1.85

	
	
	30
	-9.09
	-10.30
	-5.47
	-7.92
	2.45

	
	
	120
	-9.54
	-10.63
	-5.57
	-7.22
	1.65

	
	
	350
	-10.14
	-10.96
	-4.69
	-3.30
	-1.39


Table 3:  SNR required for a BLER of 0.01 for SFBC-FSTD and PVS with different Channel estimation schemes for 4 Tx antennas

	
	
	
	Ideal channel estimation
	Real Channel Estimation
	Difference

	
	
	Speed
	PVS
	SFBC
	PVS using S-SCH
	SFBC
	SFBC over PVS [dB]

	Rate 1/6 1 P-BCH transmission per Frame
	1 P-BCH
	3
	-1.42
	-4.61
	1.38
	-2.96
	4.35

	
	
	30
	-1.50
	-4.70
	1.62
	-3.06
	4.68

	
	
	120
	-1.73
	-4.51
	1.69
	-2.08
	3.76

	
	
	350
	-1.87
	-4.65
	9.57
	-0.48
	10.04

	
	2 P-BCH 
	3
	-6.40
	-7.75
	-3.50
	-5.81
	2.31

	
	
	30
	-6.05
	-7.81
	-3.33
	-6.07
	2.74

	
	
	120
	-6.30
	-8.10
	-3.17
	-5.49
	2.32

	
	
	350
	-6.42
	-8.26
	-1.00
	-2.91
	1.91

	
	3 P-BCH
	3
	-8.97
	-9.46
	-6.03
	-7.16
	1.13

	
	
	30
	-8.57
	-9.93
	-5.42
	-7.75
	2.33

	
	
	120
	-8.85
	-10.03
	-5.36
	-7.12
	1.76

	
	
	350
	-8.91
	-10.17
	-3.98
	-4.14
	0.16

	
	4 P-BCH
	3
	-10.56
	-10.63
	-7.23
	-8.21
	0.98

	
	
	30
	-10.22
	-11.24
	-6.87
	-8.71
	1.84

	
	
	120
	-10.30
	-11.46
	-6.88
	-8.21
	1.33

	
	
	350
	-10.43
	-11.52
	-5.73
	-4.93
	-0.80


6 Conclusion

In this contribution we compared the performance of SFBC and PVS as transmit diversity for P-BCH transmission. For two Tx antennas case SFBC outperforms PVS with gains ranging from 1 to 3 dB for velocities up to 120 km/h  For UE’s traveling at 350 km/h PVS shows gains of up to 1.4 dB. For the 4 Tx antennas case SFBC-FSTD shows 0.98 to 1.84 dB gains for velocities from 3 km/h to 120 km/h but 0.8 dB loss at 350 km/h. Because LTE is designed to be optimized for low mobility, and the gains at high mobility are not that significant compared to the losses at lower mobility, we believe that SFBC based transmit diversity scheme is superior to PVS based transmit diversity schemes in terms of the overall P-BCH detection performance. However on the other hand, the transparent property of PVS based TxD scheme can reduce the cell search load and improve the cell search performance. Based on the above considerations we recommend:

1. If the transparent TxD scheme for P-BCH is adopted, PVS should be selected.

2. If the antenna configuration is signaled by 1 bit in S-SCH and the further determination of antennas (2 vs. 4) is based on the blind detection, SFBC based TxD scheme should be applied.  
We also considered the number of transmission bursts within the P-BCH TTI of 40 ms.  We saw that both schemes perform similarly.  Two transmission bursts performs 0.2dB better at mobility of 3km/h, and 4 transmissions bursts performing 0.4 (0.7) dB better for users traveling at 30 (120) km/h.  Both schemes require a similar number of blind detections, however transmitting every frame allows for UE’s with OK channel quality to decode the P-BCH much faster.  Thus we believe that the P-BCH should be sent every Frame.  
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