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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). It was also decided that the SCH and P-BCH are transmitted twice every 10 ms radio frame in the 1st and 6th subframes. 
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. 
The candidate transmit diversity schemes for the SCH are FSTD (frequency switch transmit diversity) and PVS (precoding vector switching).  Depending on which transmit diversity scheme is used for the SCH, the SCH can be used as reference symbols to decode the BCH.  In this contribution, the following combinations are considered.
	Tx Diversity for S-SCH
	Tx Diversity for P-BCH

	FSTD
	SFBC

	FSTD
	CDD

	FSTD
	FSTD 

	PVS
	PVS


Note that using PVS as the transmit diversity scheme for S-SCH, precludes using other transmit diversity schemes for P-BCH. However, using FSTD as the transmit diversity scheme for S-SCH gives the flexibility of applying any transmit diversity scheme (FSTD, SFBC, PVS, etc.) for P-BCH. We locate the P-BCH as shown in Figure 1.  

[image: image1.emf]
Figure 1:  Location of P-BCH
In this contribution, we compare the performance of the system, when FSTD, SFBC, CDD or PVS is chosen as the transmit diversity option. 
2 System Description
In this contribution, we consider a 2x2 LTE system. The following two transmit diversity schemes are considered.

· 2×2 system
· Frequency switched transmit diversity (FSTD): 
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The equivalent channel equation for this scheme over the two adjacent sub-carriers k and k+1 is:
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· Alamouti space-frequency block code, (SFBC, also known as space-frequency transmit diversity, SFTD)
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The equivalent channel equation for this scheme over the two adjacent sub-carriers k and k+1 is:
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Assuming that the channel coefficients do not change very fast over frequency, the equivalent channel is orthogonal and hence, a simple Alamouti decoder performs similar to the optimal receiver.

· Cyclic delay diversity (CDD, also known as cyclic shift diversity, CSD): The OFDM signal is transmitted over one transmit antenna and a circularly shifted version of that is transmitted over the second transmit antenna. 
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where the phase shift is related to the relative time shift and sub-carrier position. For the frequency position k and cyclic delay D and FFT size of N, this phase shift is
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The equivalent channel equation for this scheme over the two adjacent sub-carrier k is:
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In this contribution, we assume that D=N/2.

· Precoding vector switching (PVS): 
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The equivalent channel equation for this scheme over sub-carrier k is:
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Where V  is a unit vector periodically selected from the following set.
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3 Simulation Parameters

The following parameters are used to simulate the performance of these schemes, unless otherwise is specified.
· Channel bandwidth = 1.25 MHz

· Number of total sub-carriers = 73 (including DC)
· subframe size = 2 slots = 1 msec = 14 OFDM symbols

· FFT size = 128
· Sampling frequency = 1.92 MHz
· Carrier frequency: 2 GHz
· Channel model: uncorrelated TU 3, 30, 120 and 350 km/h

· Cyclic Prefix: 9 samples
· Broadcast channel assignment: all the available tones (not occupied by RS) in the fourth and fifth OFDM symbols of the first and the sixth subframe of each frame.

· Channel estimation: Based on S-SCH tones allocated in the sixth OFDM symbol (in the same slots as BCH) or Combined S-SCH and RS in the 5th OFDM symbol when S-SCH is FSTD.
· Receiver: MRC

· Symbol constellation: QPSK

· Channel coding: tail-biting convolutional code, k=9, R=1/3 and repetition factor of 2 (effective coding rate of 1/6)

BCH is allocated within the bandwidth of 1.25 MHz. There are 72 sub-carriers available in this bandwidth. In the fifth OFDM symbol, 24 sub-carriers are allocated for reference symbols. So, the total number of available tones is 120, which results in a block of 40 information bits for BCH.

The UE might combine the two BCH transmissions within a frame of 10 msec to improve its BLER performance. In case that the all frames carry the same BCH contents, a UE might improve its BCH decoding capability by combining received BCH over several frames. In this contribution, we limit this to two consecutive frames.
4 Simulation Results

4.1 Simulation results at low speed
Figure 2a shows the simulation results for Primary BCH allocation at low speed of 3 km/h. Here, we only consider one BCH transmission used for detection. All transmit diversity schemes (FSTD, SFBC and CDD) outperform PVS by more than 1 dB with perfect or realistic channel estimation. Note that even the slope of the two sets of curves is different meaning that the diversity order of the two systems is different. Among transmit diversity schemes, SFBC outperforms the other two by about 0.2 dB.
Figure 2b shows the performance of the system when two consecutive BCH transmissions are being used for detection. This is possible noting that the two BCH transmissions within a frame are similar. In this case, as the vector changes over time and the speed is very low, PVS can achieve the diversity order embedded in the system and all schemes perform very close to each other with realistic channel estimation. Note that in this case, the equivalent coding rate is 1/12.
Figures 2c and 2d show the performance of BCH at the speed of 3 km/h when three or four consecutive BCH transmissions are combined in order to decode the BCH contents. This is only possible when all the LTE frames carry the same information in the broadcast channel. Combining BCH contents in two consecutive frames at low speed, improves the performance of PVS and gives it the same performance as other three schemes.
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Figure 2: BCH error performance using one to four BCH transmissions at 3 km/h.
4.2 Simulation results at moderate speed

In this part, we study the performance of the BCH channel in the moderate speed of 30 km/h. In this speed, the channel is relatively different over different BCH transmissions as they are 5 msec apart from each other. 

Figure 3a shows the performance of BCH when only one transmission is used to decode the BCH. Here, the same trend as in the low speed of 3 km/h is observed. All systems show different BLER slope showing different diversity order.
Figure 3b shows the performance of the two systems when two BCH transmissions of the same frame are combined. In the moderate speed of 30 km/h, PVS is unable to exploit full transmit diversity of the system as the channel coefficients have changed over the course of 5 msec and PVS system experiences a different slope than other Tx diversity in the BLER performance curves.
Figures 3c and 3d show the simulation results when three and four BCH transmissions are combined. Again, the slope of PVS and other systems are slightly different indicating the lower transmit diversity of PVS.
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Figure 3: BCH error performance using one to four BCH transmissions at 30 km/h.

4.3 Simulation results at high speed

In this section, we study the performance of BCH in the high speed of 120 km/h. Now, channel coefficients change drastically from one BCH transmission to the next one, which is 5 msec away. Figures 4a to 4d show the performance of the BCH after combining one, two three and four replicas of BCH, respectively. Again, in order to be able to combine more than two BCH transmissions, all frames have to carry the same set of information in the broadcast channel. As it can be seen from these figures, higher speed decreases the ability of PVS to exploit the transmit diversity embedded in the system and the difference between the slope of the curves is even higher. 
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Figure 4: BCH error performance using one to four BCH transmissions at 120 km/h.

4.4 Simulation results at very high speed

Here, we study the performance of BCH in the very high speed of 350 km/h. Now, channel coefficients are even more un-correlated over two consecutive BCH transmissions. Figures 5a to 5d to 17 show the performance of the BCH after combining one, two three and four replicas of BCH, respectively. At this speed, PVS is always outperformed by other schemes for the same reason as in 30, 120 and 350 km/h speeds. We may also note that the effect of channel estimation on the performance enhances in this very high speed and is 2.5 and 3.5 dB at BLER of 0.01 using one BCH transmission for different Tx diversity schemes (FSTD, SFBC and CDD) and PVS, respectively. When S-SCH exploits FSTD, RS in the fifth OFDM symbol can be used to have a better channel estimation in this very high speed. We study the effect of using RS for channel estimation in the next section.
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Figure 5: BCH error performance using one to four BCH transmissions at 350 km/h.
4.5 Channel estimation for P-BCH decoding
In this section, we study the effect of using S-SCH and RS for the channel estimation on the performance of P-BCH detection. Channel estimation is more effective with higher spectral efficiencies. As the spectral efficiency of the P-BCH channel is not decided yet, we study the effect of RS and S-SCH in channel estimation on the performance of P-BCH with QPSK modulation and coding rate of 1/3. In this section, we assume that we are allowed to combine up to two P-BCH transmissions within the same radio frame and transmit diversity scheme is SFBC, CDD or FSTD.

Channel estimation in the following simulation results are based on

· S-SCH (FSTD modulated) in the 6th OFDM symbol

· RS in the first and 5th OFDM symbols

· both RS and S-SCH in the current slot.

Figure 6 shows the performance of P-BCH with spectral efficiency of 2/3 bit/tone in a TU 30 km/h channel when only one P-BCH transmission is used for P-BCH detection. As shown in the figure, all three coding schemes perform similar to each other with SFBC showing a marginal gain of 0.4 dB over FSTD and CDD. In this moderate speed, S-SCH and RS are both sufficient for a good and reliable channel estimation and realistic channel estimation results in a degradation of less than 0.5 dB
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Figure 6: BCH error performance using one transmission at 30 km/h (code rate = 1/3).

Figure 7 shows the performance of the same system when two P-BCH receptions are being combined for detection resulting in an effective coding rate of 1/6. Again, SFBC shows a marginal gain over FSTD and CDD. Moreover, a good channel estimation using RS and/or S-SCH is achievable with degradation of less than 0.5 dB. 
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Figure 7: BCH error performance using two transmissions at 30 km/h (code rate = 1/3).

Figure 8 and Figure 9 show the performance of the same system at the speed of 350 km/h. In this very high speed, realistic channel estimation results in a considerable degradation. Using both RS and S-SCH for channel estimation helps a performance improvement of up to 1 dB when either RS or S-SCH only is being used for channel estimation. This effect is more visible when only one P-BCH copy is being used for detection. 
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Figure 8: BCH error performance using one transmission at 350 km/h (code rate = 1/3).
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Figure 9: BCH error performance using two transmissions at 350 km/h (code rate = 1/3).

Figures 10 and 11 show the performance of P-BCH with coding rate of 1/6 with mobile speed of 350 km/h and study the effect of using S-SCH and RS for channel estimation on the P-BCH performance. As shown in these figures, SFBC still shows a slight gain over FSTD and CDD. Besides, using both RS and S-SCH for channel estimation improves the performance of P-BCH by up to more than 1 dB compared to using S-SCH or RS individually. 
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Figure 10: BCH error performance using one transmission at 350 km/h (code rate = 1/6).
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Figure 11: BCH error performance using one transmission at 350 km/h (code rate = 1/6).

4.6 Band switch based FSTD

In [3], it is shown that band switch based FSTD (B-FSTD) improves the synchronization performance in a 2-Tx system. In this section, we study the performance of the P-BCH, when both S-SCH and P-BCH use B-FSTD compared to conventional FSTD (referred to as RE-FSTD) in a TU channel at 3 and 30 km/h. With B-FSTD, the 1.25 MHz is divided into two left and right sub-band. In the first subframe of each radio frame, the left band is used by transmit antenna 1 and the right band by antenna 2 for both S-SCH and P-BCH. In the sixth subframe, the two transmit antennas switch bands. 
At low speed and using only one replica of P-BCH, RE-FSTD outperforms B-FSTD by about 0.7 dB. However, swapping the bands in low speed gives the maximum frequency diversity available when combining two or more P-BCH receptions for detection. Besides, the reference symbol density in this case is twice as much as the RE-FSTD resulting in a better channel estimation. This gives B-FSTD a 0.3 dB gain over RE-FSTD when combining two replicas of P-BCH. Compared to PVS, B-FSTD is 0.5 dB better using one P-BCH. Using two P-BCH receptions, PVS and B-FSTD enjoy the same frequency diversity and pilot density and perform similar to each other. 
At medium speed values, since B-FSTD exploits less frequency diversity than RE-FSTD, it results in a degradation of 0.7 and 0.4 dB with respect to RE-FSTD with combining one or two P-BCH transmissions at the speed of 30 km/h. Here, swapping the bands does not improve the performance by much because of the channel aging over the 5 msec between the two replicas of P-BCH. Note that the results in the following Figures are for BCH of code rate 1/3.Compared to PVS, B-FSTD possesses a higher diversity order resulting in 0.6 and 0.3 dB gain over PVS with one or two P-BCH replicas.
At high speed of 120 km/h, RE-FSTD outperforms B-FSTD by 1.5 and 0.4 dB with one or two P-BCH replicas. However the latter is still better than PVS, by 0.5 and 0.5 dB with the same number of P-BCH receptions. 
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Figure 12: BCH error performance at 3 km/h for RU-FSTD and B-FSTD (code rate = 1/3).
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Figure 13: BCH error performance at 30 km/h for RU-FSTD and B-FSTD (code rate = 1/3).
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Figure 14: BCH error performance at 120 km/h for RU-FSTD and B-FSTD (code rate = 1/3).

5 Performance Comparison

The following table captures the relative gain of SFBC over PVS, FSTD and CDD in dB at different mobile speeds with P-BCH combinations of one or two receptions. The results include ideal and realistic channel estimation based on S-SCH. The BLER target is 0.01.
Table 1: Relative gain of SFBC over other transmit diversity scheme for P-BCH (QPSK, 1/6)

	
	
	Ideal channel estimation
	Real channel estimation

	
	speed
	PVS
	FSTD
	CDD
	PVS
	FSTD
	CDD

	Using one 

P-BCH
	3
	1.6
	0.2
	0
	1.7
	0.4
	0

	
	30
	1.6
	0.2
	0.2
	1.5
	0.1
	0

	
	120
	1.6
	0.3
	0.3
	1.8
	0
	0

	
	350
	1.6
	0
	0.2
	2.7
	0.3
	0

	Using two 

P-BCH
	3
	0
	0.2
	0.2
	-0.3
	0.1
	0.1

	
	30
	0.7
	0
	0
	0.9
	0.1
	0

	
	120
	0.9
	0.1
	0.1
	1
	0.1
	0.1

	
	350
	0.7
	0
	0
	1.1
	-0.1
	0.1


As shown in Table 1, SFBC, CDD and FSTD perform very close to each other while they consistently outperform PVS using only one P-BCH transmissions because of their higher diversity order. Only with very low speed values, combining two or more P-BCH reception can improve the diversity order and the slope of the error performance curve of PVS. 
6 Conclusion

In this contribution, we studied the performance of BCH transmit diversity scheme. Simulation results show that Tx diversity schemes possess a higher transmit diversity order. In other words, as the BLER decreases the SNR difference between the two system increases. 

Based on the simulation results presented here, some recommendations can be made:
· SFBC, FSTD and CDD schemes exploit full transmit diversity of the system with combining any number of BCH transmissions. Meanwhile, PVS needs combining at least two BCH replicas to do the same thing.
· PVS ability to exploit transmit diversity degrades as the mobile speed increases (for 30 km/h and higher speeds) because of 5 msec time difference between consecutive BCH transmissions.

· SFBC, FSTD and CDD schemes are able to exploit the RS in the fifth (and the first) OFDM symbol to further improve the channel estimation in high speed scenarios.

· The P-BCH detection performance can be further improved when the phase reference of S-SCH is used.

· Using FSTD as the transmit diversity scheme for S-SCH enables the UEs to have a better channel estimation at very high speed using both RS and S-SCH as pilots. 
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