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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. In this paper we study three possible ways in which the P-BCH could be decoded using different transmit diversity schemes. 
· SFBC with Channel estimation based on the RS

· PVS with Channel estimation based on S-SCH

· PVS with Channel estimation based on S-SCH and RS
The precoding vectors for PVS is assumed to be [1 1] and [1 -1].  For the third method using PVS as TxD, the precoding vectors and the number of Tx antennas are assumed to be known at the UE and thus the RS can also be used in channel estimation for BCH decoding.  
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.  Code rate 1/3 requires approximately one OFDM symbol, Code rate 1/6 requires approximately two OFDM symbols and code rate 1/12 requires approximately four OFDM symbols.  These are illustrated by the patterned boxes shown in Figure 1.  
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Figure 1:  Location of P-BCH
2 Simulation Parameters

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 1, 2 or 4

	Period of the P-BCH
	20 ms

	BCH information bits
	40 bits plus 16 CRC bits

	Constellation
	QPSK


The P-BCH is allocated within the bandwidth of 1.25 MHz.  We assume 40 information bits are required for the P-BCH with a 16 bit CRC attached.  Without repetition this requires 84 REs per repetition.  These REs are first allocated in the 5th OFDM symbol, then the 4th OFDM symbol and so on.  For those REs allocating in a partially loaded OFDM symbol, they are fully distributed within the whole band. 
In this simulation we assume that the P-BCH has a TTI (repetition period) of 20 ms and thus the UE can combine two BCH transmissions to improve the performance.
3 Simulation Results

3.1 Simulation results at low speed

In this section, the simulation results are presented on BCH-decoding using SFBC or PVS as transmit diversity. For SFBC, common RS are used for channel estimation, while for PVS, both the RS and the S-SCH are used for channel estimation.  Additional results showing the performance of PVS using just S-SCH for channel estimation are included in Table 2 of Section 4.  
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Figure 2: P-BCH error performance using one P-BCH transmissions at 3 km/h.
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Figure 3: P-BCH error performance using two P-BCH transmissions at 3 km/h.

For single P-BCH transmission, we see that SFBC clearly outperforms PVS, with gains of 0.5 to 2 dB at a BLER of 0.01.  However when two repetitive P-BCH transmissions are combined at low speeds the performance of the two schemes are very similar with SFBC having a slightly better performance at higher coding rates, and PVS having slightly better performance at low coding.  This is not surprising as at low speeds these two schemes have almost the same amount of diversity and PVS has substantially better channel estimation due to the use of both S-SCH and RS.  
3.2 Simulation results at moderate speed

In this section, we study the performance of the P-BCH channel at the moderate speed of 30 km/h. At this speed, the channel is relatively different over two P-BCH transmissions which are 20 msec apart.
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Figure 4: P-BCH error performance using one P-BCH transmissions at 30 km/h.

[image: image5.emf]-10 -8 -6 -4 -2 0 2 4

10

-2

10

-1

10

0

SNR [dB]

BLER

 

 

SFBC

PVS

Rate 1/12

Rate 1/9

Rate 1/6

Rate 1/3


Figure 5: P-BCH error performance using two P-BCH transmissions at 30 km/h.

Once again we see that with a single P-BCH transmission the performance of SFBC clearly outperforms that of PVS for all rates.  This is also true even when two P-BCH symbols are combined, as the increased diversity order of SFBC surpasses the improved channel estimation performance of PVS. 
3.3 Simulation results at high speed

Here, we study the performance of P-BCH at the very high speed of 120 km/h.  We see that for all rates and for BLER less than 10%, SFBC always has better performance.  This amounts to 1.5 to 2.4 dB improvement for the single transmission at a BLER of 1%, and 0.7 to 1.2 dB for two transmission combining.  
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Figure 6: BCH error performance using 1 P-BCH transmissions at 120 km/h.
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Figure 7: BCH error performance using 1 P-BCH transmissions at 120 km/h.

3.4 Performance with larger Bandwidths
In most instances the bandwidth of the channel will be much larger than 1.25 MHz.  In these cases the common RS outside the center 6 RB can be used to further improve channel estimation for the on-going P-BCH decoding when the transmission bandwidth of the serving cell is known.  In Figure 8 below the bandwidth of the common RS is increased to 5 MHz without modifying on S-SCH or P-BCH.  
[image: image8.emf]-14 -12 -10 -8 -6 -4 -2 0 2

10

-3

10

-2

10

-1

10

0

SNR [dB]

BLER

 

 

SFBC

PVS

Rate 1/12

Rate 1/9

Rate 1/6

Rate 1/3


Figure 8: P-BCH error performance using 2 P-BCH transmissions at 3 km/h with a Bandwidth of 5 MHz.

3.5 Performance of PVS using different methods of Channel estimation
In the above simulations we assumed that the UE has knowledge of the PVS precoding vectors and the antenna configuration, thus the CSI could be acquired using both the S-SCH and the RS.  In this section we examine the performance of PVS when CSI is acquired only based on the S-SCH.  We can see in Figure 9 and Figure 10 below that the use of the RS in addition to the S-SCH for channel estimation allows for 0.5 to 0.7 dB of performance improvement.  Thus if the precoding vector and the number of the Tx antennas are not available to the UE, then the performance of PVS is 0.5-0.7 dB worse than that shown in Figures 1-Figure 8. 
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Figure 9: P-BCH error performance using one P-BCH transmission and PVS for different Channel Estimation schemes at 3 km/h.
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Figure 10: P-BCH error performance using two P-BCH transmission and PVS for different Channel Estimation schemes at 3 km/h.
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Figure 11: P-BCH error performance using one P-BCH transmission and PVS for different Channel Estimation schemes at 120 km/h.
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Figure 12: P-BCH error performance using two P-BCH transmission and PVS for different Channel Estimation schemes at 120 km/h.

4 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.
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
	PVS using S-SCH and RS
	SFBC
	SFBC gain over Best PVS

(in dB)

	Using one 

P-BCH
	Rate 1/12
	3
	-5.1
	-6.5
	-1.9
	-2.6
	-3.5
	0.9

	
	
	30
	-5.1
	-6.4
	-1.9
	-2.6
	-3.4
	0.8

	
	
	120
	-5.2
	-6.6
	-1.4
	-1.7
	-2.8
	1.1

	
	Rate 1/9
	3
	-3.4
	-5.3
	-1.0
	-1.3
	-2.7
	1.5

	
	
	30
	-3.4
	-5.3
	-0.8
	-1.1
	-2.8
	1.7

	
	
	120
	-3.5
	-5.2
	-0.1
	-0.4
	-1.9
	1.4

	
	Rate 1/6
	3
	-1.5
	-3.3
	0.8
	0.7
	-1.2
	1.9

	
	
	30
	-1.4
	-3.4
	1.1
	0.9
	-1.2
	2.1

	
	
	120
	-1.3
	-3.2
	1.6
	1.4
	-0.7
	2.1

	
	Rate 1/3
	3
	1.6
	-0.3
	4.0
	3.9
	1.8
	2.1

	
	
	30
	1.7
	-0.3
	4.1
	3.9
	1.8
	2.1

	
	
	120
	2.0
	-0.1
	4.7
	4.5
	2.3
	2.2

	Using two 

P-BCH
	Rate 1/12
	3
	-9.4
	-9.5
	-5.9
	-6.6
	-5.8
	-0.7

	
	
	30
	-9.1
	-10.1
	-5.7
	-6.3
	-6.4
	0.1

	
	
	120
	-9.3
	-10.5
	-5.6
	-6.1
	-6.5
	0.4

	
	Rate 1/9
	3
	-8.1
	-8.4
	-5.2
	-5.8
	-5.2
	-0.6

	
	
	30
	-7.8
	-8.8
	-4.9
	-5.5
	-5.8
	0.3

	
	
	120
	-8.3
	-9.2
	-5.0
	-5.4
	-5.8
	0.4

	
	Rate 1/6
	3
	-6.4
	-6.4
	-3.7
	-4.3
	-3.6
	-0.6

	
	
	30
	-5.9
	-7.2
	-3.3
	-3.8
	-4.4
	0.5

	
	
	120
	-6.3
	-7.4
	-3.4
	-3.8
	-4.6
	0.9

	
	Rate 1/3
	3
	-3.3
	-3.4
	-1.4
	-1.6
	-1.2
	-0.4

	
	
	30
	-2.6
	-3.8
	-0.6
	-0.9
	-1.7
	0.8

	
	
	120
	-3.2
	-4.3
	-1.1
	-1.2
	-2.1
	0.9


For a single P-BCH transmission SFBC has better performance in every scenario considered.  The gains range from 0.9 to 2.2 dB over a non transparent version of PVS where the RS symbols along with S-SCH are both used for channel estimation.  If the RS symbols cannot be used for channel estimation, but only S-SCH can be used for channel estimation, (i.e. when PVS is transparent to the number of Tx antennas) the gap widens to 1.4 to 2.5 dB.  When two P-BCH are transmitted and soft combined, PVS shows small gains over SFBC (<0.7dB for non transparent, <0.2 dB for transparent) for low mobility users (3km/h) and SFBC has better performance for all other cases considered.  
5 Conclusion

In this contribution we compared the performance of SFBC and PVS as TxD for BCH decoding.  We saw that when the repetitive P-BCH is combined at very low coding rates (<1/6) and low mobility, using PVS has small performance advantages over SFBC.  However, in most scenarios simulated, especially with single P-BCH transmission and not very low speed, SFBC outperforms PVS as TxD for BCH decoding. 
To be more specific, if the required performance of the P-BCH is of 0.01 BLER at SNR of -6 after single transmission , then a coding rate below 1/12 should be selected with SFBC recommended as its TxD, as SFBC provides clearly superior performance in this scenario. If the required performance of the P-BCH is of 0.01 BLER at SNR of -6 and if two transmissions are allowed to combine, then a coding rate near 1/9 should  be selected with either SFBC or PVS being used as TxD, as both schemes provide very similar performance at low mobility while SFBC shows small gains at higher mobility.  
One of the merits of PVS is that it is transparent to UE since the same Tx diversity scheme is applied to both S-SCH and P-BCH. As a results the hypothesis in S-SCH detection can be reduced. However it should be noticed that this is under the assumption that the channel estimation is done based on S-SCH only. This makes the PVS based P-BCH detection performance worse. If RS is used to improve the P-BCH detection performance for PVS, UE need to know the number of the Tx antenna and this information needs to be signaled through S-SCH,  which makes it with similar requirement of SFBC based Tx diversity scheme.
In addition the S-SCH plus RS based channel estimation procedure is more complicated.  Furthermore UEs with limited measurement window could only receive a single P-BCH transmission and thus may not be able to benefit the gain brought by combining two P-BCH transmissions. 

The selection of appropriate transmit diversity for P-BCH should therefore take into account the factors in both P-BCH decoding performance and overall system complexity, such as S-SCH detection complexity. 
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