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1. Introduction
At the RAN1#46bis Seoul meeting, candidate transmit diversity schemes were selected [1] for SCH and common control channels including BCH. If the same diversity scheme is used for BCH and SCH, SCH symbols can be used as phase reference for BCH reception as proposed in [2]-[5]. If the different diversity schemes are used, sector-specific pilot symbols are used as phase reference for BCH reception. In this contribution, we present link level simulation results for the candidate transmit diversity schemes. The simulation results suggest the same diversity schemes for SCH and BCH should be used in terms of BLER performance and UE complexity. 
2. Proposed Transmission Method for BCH Channel
All UEs should be able to receive BCH information at the beginning of initial access setup without any control signalling and regardless of the UE capability and system transmission bandwidths ranging from 1.25 to 20 MHz. Also, the required BLER and delay of BCH should be guaranteed in order to satisfy the outage probability for all UEs within a target sector. Corresponding to these requirements, we propose the following BCH transmission method [2]-[4].
· The P-BCH (sector-specific or Node B-specific BCH information depending on the cell search scheme) is transmitted using an independent physical channel with a pre-determined radio resource, which is known to all UEs. We prefer Node B-specific P-BCH because we can improve further the BLER of the BCH by soft-combining among sectors.
· The cases when P-BCH is Node B-specific
· In two-step cell search, SCH can be used as reference for Node B-specific BCH [3], since the SCH sequences for different sectors are different from each other. 
· In three-step cell search with sectors of the same Node B grouped together in the second step, if the frame structures for different sectors within the same Node B are not time-shifted, SCH can be used as reference for Node B-specific BCH.
· The case when P-BCH is sector-specific 

· In three-step cell search with sectors of the same Node B grouped together in the second step, if the frame structures for different sectors within the same Node B are time-shifted, for example, by subframe-by-subframe, SCH can be used as reference for sector-specific P-BCH detection.
· The P-BCH is transmitted from the central part of the system bandwidth similar to the SCH so that no change in the carrier frequency is necessary after establishing the initial acquisition.
· The P-BCH is transmitted within a fixed transmission bandwidth of 1.25 MHz, thus requiring no blind detection of BCH bandwidth.
· The BCH is multiplexed into 2 subframes within one frame, where it is desirable that the TTI of BCH information is longer than 10 ms for time diversity. 

· The BCH and SCH symbols are located adjacently to each other and employ the same transmit diversity scheme such as precoding vector switching (PVS) [6],[7] and frequency switched transmit diversity (FSTD) [5] to allow for BCH demodulation using channel estimates from SCH and to avoid the blind detection of the number of transmit antennas.
2.1 BCH Structures including SCH in Time and Frequency Domain
We show examples of time and frequency multiplexing for DL reference signal (RS), SCH, and BCH in Figs. 1 and 2, where the SCH and BCH are multiplexed into two subframes within the frame. In order to use SCH symbols as phase reference for BCH demodulation, the SCH and BCH symbols are placed adjacent to each other and are transmitted using the same transmit diversity scheme, such as PVS. These multiplexing improves channel estimation performance and avoids blind detection of the number of transmits antennas [2]-[5]. We present two different options of the BCH and SCH location corresponding to cell search approach as shown in Figs. 1 (Option 1) and 2 (Option 2). In both options, we use S-SCH as phase reference for BCH detection. When we employ PVS for BCH and SCH, the S-SCH sequence is multiplexed into 72 subcarriers also, but the BCH and SCH symbol are weighted by the same precoding vector (PV) which is switched subframe by subframe or frame by frame.
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Fig. 1 Option 1 corresponding to cell search approach in case of two transmit antennas.
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Fig. 2 Option 2 corresponding to cell search approach in case of two transmit antennas.
As shown in Figs. 1 and 2, DL RS or SCH can be used as phase reference for BCH demodulation. In this contribution, BCH is transmitted in the 4th and 5th OFDM symbols (Option 1) and in the 3rd and 4th OFDM symbols (Option 2) in the subframe where BCH is transmitted. When DL RS is used for channel estimation, we exploit the pilot symbols in the 4th OFDM symbol and the 0th OFDM symbol in the next subframe (Option 1) and in the 0th and 4th symbol in the subframe where BCH is transmitted (Option 2). When SCH is used for channel estimation, the SCH symbols in the 6th OFDM (Option 1) and in the 5th OFDM (Option 2) are employed.
2.2 BCH Reception
By employing the same transmit diversity scheme for SCH and BCH, the SCH symbols can be used as phase reference for BCH. Additional benefits of the same diversity scheme are as follows. First, the UE does not need to blindly detect the number of transmit antennas. Second, the reception quality of the BCH can be improved due to improvement in channel estimation.
If multiple transmit antennas are used at the Node B, it is desirable to employ transmit antenna diversity for the BCH in order to minimize the BLER. If the UE demodulates the BCH using DL RS, it should employ blind detection regarding the number of transmit antennas used in the BCH transmission, which increases the UE receiver complexity. One way to get around this problem is to enable the UE to use the SCH as phase reference for BCH as shown in Figs. 1 and 2, by employing the same transmit diversity techniques for the adjacent SCH symbol and BCH symbol. In this approach, the UE can perform a coherent demodulation of the BCH coherently without any prior information on the number of the transmit antennas. The channel estimation using the SCH is expected to perform better than the channel estimation using DL RS because of denser SCH symbols. For example, while DL RS symbols are allocated every sixth subcarriers, the SCH symbols of PVS in case of two transmit antenna as shown in Figs. 1 and 2 are located on every subcarrier and every other subcarrier positions, respectively. In case of four transmit antenna, the SCH symbols of PVS are located on every subcarrier position. It can be indicated that the channel estimation performance of PVS does not decrease even though the number of transmit antennas increases. 
3. Performance Comparison
We compare link-level BLER performance of the candidate transmit diversity schemes (PVS, FSTD, SFBC) with different channel estimation mechanisms for BCH demodulation as described in the above. In this performance comparison, we will only make simulations of Option 2 because Option 2 is in worse case than Option 1.
3.1 Link Level Simulation Assumption
The simulation parameters, based on [8], are shown in Table 1. The QPSK modulation with rate 1/3 convolutional coding with repetition factor of 2 is used. The ideal FFT timing detection is assumed. For channel estimation, a DFT-based MMSE method and time-domain interpolation is used. The time and frequency domain structures of the 1.25 MHz band BCH are shown in Fig. 2. In order to observe the BLER performances in lowly and highly correlated channels among transmit antennas, both of the low correlation (LC) and high correlation (HC) cases are considered as shown in Table 1.
Table 1 Simulation assumptions
	Parameter
	Explanation/Assumption

	Transmission bandwidth (MHz)
	1.25

	The number of sectors
	1

	Sub-frame duration (ms)
	0.5

	Number of occupied sub-carriers
	72

	Number of OFDM symbols per sub-frame
	7

	Size of BCH TTI
	20 ms

	DL RS, BCH, SCH mapping
	See Fig. 2

	Antenna configurations
	2x2

	Antenna spacing
	* LC case: 10( (Node B), 0.5( (UE)

* HC case:  4( (Node B), 0.5( (UE)

	Angular spread
	* LC case: 5( (Node B), 35( (UE)

* HC case: 2( (Node B), 35( (UE)

	Channel
	UMTS 6-ray TU 3 Km/h with SCM.
The AoD for each multipath is uniformly distributed with [-60(, 60(] for each simulation drop

	Tx diversity scheme
	* PVS (See Fig. 2)
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: eighth (40 ms)
* FSTD
* SFBC

	Modulation
	QPSK

	Channel coding
	R=1/3 Convolutional coding with Viterbi decoding

	Repetition factor
	2

	Channel estimation
	MMSE method with the interpolation as follows.
* frequency domain: DFT-based interpolation

* time domain: linear interpolation (only for channel estimation by   

   DL RS)

	Reference signal for channel estimation
	*DL RS (See Fig. 2)
*SCH (See Fig. 2)


The P-BCH transport formats are shown in Table 2. The transports are employed just for comparisons of different candidate transmit diversity schemes. In UTRAN, one 246 bit transport block is delivered to the physical layer every 20 ms, giving a bit rate of 12.3 kbps, and the 16 bit CRC is attached. The P-BCH transport format is categorized according to the number of P-BCH symbols within a fixed P-BCH TTI of 20 ms.
Table 2 BCH transport format
	The number of BCH symbols/TTI
	BCH

Payload
	16-bit

CRC+8-Tail bit
addition
	Convolutional encoding and

Rate matching
	Repetition factor
	Total occupied subcarriers
	Shown/

Not shown

	4
	24
	48
	144
	(4
	72(4=288
	Not shown

	“
	40
	64
	192
	(3
	“
	“

	“
	72
	96
	288
	(2
	“
	“

	“
	168
	192
	576
	(1
	“
	“

	8
	56
	80
	240
	(4
	(48+72) (4=480
	“

	“
	83
	107
	320
	(3
	“
	“

	“
	136
	160
	480
	(2
	
	Shown

	“
	296
	320
	960
	(1
	“
	Not shown


3.2 Link simulation result
Figs. 4-6 show the BLER performances at the link level with the given mobile velocity. It can be seen that (1) in both correlation cases, all transmit diversity schemes using SCH outperforms those using DL RS. (2) In case of 3 Km/h, PVS-SCH outperforms the other schemes for both correlation cases in Fig. 3. The SNR gain at a BLER of 1% over the SFBC-RS provides at least 1.3 dB. (4) In case of 120 Km/h, PVS-SCH is also better than any other schemes for both correlation cases in Fig. 4. The SNR gain at a BLER of 1% over the SFBC-RS provides at least 0.5 dB. (5) In case of 350 Km/h, PVS-SCH is also better than any other schemes for both correlation cases in Fig. 5. The SNR gain at a BLER of 1% over the SFBC-RS provides at least 0.6 dB.
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                                 (a) Low correlation case                                                 (b) High correlation case

Fig. 3 Link level performance in case of 3 Km/h.
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(a) Low correlation case                                                 (b) High correlation case

Fig. 4 Link level performance in case of 120 Km/h.
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(a) Low correlation case                                                 (b) High correlation case

Fig. 5 Link level performance in case of 350 Km/h.
4. Conclusion
From the link simulation results, the following conclusions can be drawn:

· SCH symbols should be used as phase reference for BCH demodulation to improve the reception quality through the performance enhancement of channel estimation and to avoid the blind detection of the number of transmits antennas.
· The same transmit diversity scheme for both SCH and BCH should be employed to further improve the reception quality and to reduce the UE complexity.
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