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1 Introduction
In regard to transmit diversity for PBCH Channel in the LTE system [1], the following agreement was reached in RAN1#49.

Way forward:


Consequences from 40ms TTI for P-BCH

· Number of P-BCH Transmission bursts within 40ms

· FFS: 2, 4

· Mapping of P-BCH bits onto transmission bursts

· FFS: all bits in each burst (each burst is self decodable, soft combining of bursts possible), or all bits spread over all bursts

· Choice of TX diversity scheme

· FFS

In this contribution, we conduct the link simulation to compare the performance of the following three transmit diversity schemes with 4-Tx antennas for P-BCH.

· SFBC+FSTD

· Improved SFBC+FSTD

· PVS

The 4-Tx transmit diversity schemes considered are summarized in Table 1 below.

Table 1 4-Tx Antennas Transmit diversity schemes
	Scheme
	Code  Structure
	Receiver

	SFBC+ FSTD
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	Improved SFBC+ FSTD
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	PVS
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2 PBCH Structure
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3 Link Performance 
In this section, we evaluate the comparative link performance of SFBC+FSTD, Improved SFBC+ FSTD, and PVS schemes with realistic channel estimation. The channel estimation (CE) algorithm is based on [2].
3.1 Simulation Assumptions

The simulations assumptions are summarized in Table 2. 

Table 2 Link simulation parameters

	Parameter
	Details

	Transmission  Bandwidth
	1.25 MHz

	NFFT
	128

	Sub-carrier spacing
	15 kHz

	Sub-frame duration
	1ms

	Number of OFDM symbols per sub-frame
	2 

	Number of sub-frame per 40ms
	2

	Number of carriers used for PBCH/sub-frame
	72*2=144 (total)

	Channel Model
	TU Urban

	Mobile Speed
	120km/hr

	Convolutional Code
	1/3, K=7

	Modulation
	QPSK

	Transmit Diversity Scheme
	SFBC+FSTD, Improved SFBC+ FSTD, PVS

	Number of RX antenna
	2

	Number of TX antenna
	4

	Chanel Estimation (CE)
	LMMSE [2]

	Pilot used for CE
	SFBC+FSTD, Improved SFBC+ FSTD based on RS 

PVS based on S-SCH or RS


3.2 Simulation Results –1P-BCH Burst
In this section, we consider the 4TXD link performance for PBCH with single burst. Figure 1, Figure 2, and Figure 3 show the comparative 4TXD link BLER performance between SFBC+FSTD, Improved SFBC+ FSTD, and PVS with mobile speed of 30km/hr, 60km/hr and 120km/hr respectively. As shown, SFBC+FSTD and Improved SFBC+ FSTD outperform PVS. In addition, improved SFBC+FSTD provide noticeable gain over SFBC+FSTD due to the degree of diversity order increase. Note that the vector [1 1 1 1] is used for PVS in the case of a single PBCH burst.

[image: image10]
Figure 1 comparative link BLER performance with QPSK and rate 1/3, 30km/hr

[image: image11]
Figure 2 comparative link BLER performance with QPSK and rate 1/3, 60 km/hr

[image: image12]
Figure 3 comparative link BLER performance with QPSK and rate 1/3, 120 km/hr
3.3 Simulation Results-2 P-BCH Burst
In this section, we consider the 4TXD link performance for PBCH with two burst. Figure 4, Figure 5, and Figure 6 show the comparative 4TXD link BLER performance between SFBC+FSTD, Improved SFBC+ FSTD, and PVS with mobile speed of 30km/hr, 60km/hr and 120km/hr respectively. As shown, improved SFBC+ FSTD outperform PVS and SFBC+FSTD. In addition, we observed that SFBC+FSTD and PVS yield similar performance. Note that the vector [1 1 1 1] and [ 1 –j -1 j] are used for PVS in the case of 2 PBCH burst.

[image: image13]
Figure 4 comparative link BLER performance with QPSK and rate 1/3, 30km/hr

[image: image14]
Figure 5 comparative link BLER performance with QPSK and rate 1/3, 60km/hr

[image: image15]
Figure 6 comparative link BLER performance with QPSK and rate 1/3, 120km/hr

3.4 Simulation Results-4 P-BCH Burst

In this section, we consider the 4TXD link performance for PBCH with 4 burst. Figure 7and Figure 8 show the comparative 4TXD link BLER performance between SFBC+FSTD, Improved SFBC+FSTD, and PVS with mobile speed of 30km/hr and 120km/hr respectively. As shown, improved SFBC+ FSTD (I-SFBC+FSTD) outperform PVS and SFBC+FSTD. In addition, we observed that SFBC+FSTD and PVS yield similar performance. Note that 4 pre-coded vectors is used for PVS.

[image: image16]
Figure 7 comparative link BLER performance with QPSK and rate 1/3, 30km/hr


[image: image17]
Figure 8 comparative link BLER performance with QPSK and rate 1/3, 120km/hr

4 Conclusion
In this contribution, we conduct the link simulation to compare the performance of the following three transmit diversity schemes with 4-Tx antennas for P-BCH. 
· SFBC+FSTD

· Improved SFBC+FSTD
· PVS

It is observed that for 1-2 PBCH bursts transmissions, both SFBC-FSTD methods outperforms the PVS due to the additional diversity gain. Furthermore, improved SFBC+FSTD outperforms SFBC+FSTD consistently by more than 0.5dB, in all scenario. For the case of 4 PBCH bursts transmission, it is shown that PVS can provide performance benefit if SCH is used for channel estimation. On the other hand, PVS performance is worse than SFBC+FSTD-based scheme if RS-only is used for channel estimation, It is also notice with RS power boosting, the enhanced performance is observed for improved SFBC+FSTD. Based on these observations, we prefer improved SFBC+FSTD as 4-TXD scheme for P-BCH channel.
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