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1. Introduction
This contribution is the resubmission of R1-061831. 
Until now, the selection of BCH transmission bandwidth has been discussed in UTRAN LTE. There are two main proposals. One is 1.25 MHz-based BCH transmission for a system bandwidth below 20 MHz [1], [2]. Another is 5 MHz-based BCH transmissions for that greater than 5 MHz [3], [4]. In this contribution, for selection, we present link level simulation results of BCH in 1.25 MHz and 5 MHz transmission bandwidth with time switched transmit diversity (TSTD) and space-frequency block coding (SFBC), respectively. In 1.25 MHz-based BCH transmission, we propose an efficient BCH transmission method in time domain and frequency domain, where we perform a BCH coherent demodulation using channel state information of SCH.
2. Proposed BCH Transmission Method
All UEs within a sector should make a reception of BCH information at the beginning of initial access setup without any control signaling and regardless of the UE capability, while considering the E-UTRA requirement to support multiple transmission bandwidths from 1.25 to 20 MHz. Also, the required block error rate (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 scheme.

· The BCH of system- or Node B-specific information is transmitted using an independent physical channel with a pre-determined radio resource, which is known to all UEs.
· The BCH is transmitted from the center part of the system bandwidth allocated to each sector similar to the SCH, so that no change in the carrier frequency is necessary after establishing the initial acquisition. 
· The BCH is transmitted with a fixed transmission bandwidth of 1.25 MHz, which is no need to make a blind detection of BCH bandwidth.
· The BCH is multiplexed into 5 or less than 5 subframes during one radio frame duration without any restriction of unicast transmission. And we locate the BCH symbol just after the SCH symbol position to improve the performance of channel estimation and to escape the blind detection for the number of transmits antennas. These are mentioned in Section 2.
· Transmit diversity such as TSTD is beneficial in improving the BLER of the BCH with a transmission bandwidth of 1.25 MHz because we don’t have to know the BCH bandwidth and the number of transmit antennas. 
· Time diversity, i.e., multiple transmissions, should be used to improve the BLER of the BCH.
2.1 BCH Structure in Time Domain
The BCH of system- or Node B-specific information is transmitted using an independent physical channel with a pre-determined radio resource, which is known to all UEs. The BCH is multiplexed into 5 or less than 5 subframes within one radio frame. Fig. 1 shows an example of time multiplexing into 5 subframes (i.e., subframes 1, 5, 9, 13, 17) during one frame duration. Rather than considering the proposed multiplexing restriction in [4], [6], we consider that the multicast or MBMS channel for BCH transmission can be multiplexed into the first OFDM symbol of the subframe by introducing the proposed subframe structure presented in [7]. We locate the SCH symbol just before the BCH symbol position, that is, the last OFDM symbol of a subframe.
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Fig. 1 Time-domain multiplexing of SCH and BCH

The reason why we locate the BCH symbol just after the SCH symbol is to improve the performance of channel estimation and to escape the blind detection for the number of transmit antennas, which is explained in Subsection 2.3.
2.2 BCH Structure in Frequency Domain
The BCH is transmitted from the center part of the system bandwidth allocated to each sector similar to the SCH, so that no change in the carrier frequency is necessary after establishing the initial acquisition. As shown in Fig. 2 there are two options of BCH transmission bandwidths like 1.25 MHz and 5 MHz. In LTE meeting in March, working assumption is to focus the study on a SCH structure based on the constant bandwidth of 1.25 MHz regardless of the overall transmission bandwidth of the cell, at least for initial cell search [8]. 
According to this working assumption, if we select the 1.25 MHz BCH band option, we don’t have to make a blind bandwidth detection of either 1.25 MHz or 5 MHz regardless of system bandwidth. However, if we select the 5 MHz BCH band option, we have to blindly detect the bandwidth since the given system bandwidth can be less than 5 MHz. In case of 5 MHz BCH band option, there is a solution [6] that does not any blind bandwidth detection. That is, at the reception after the initial cell search, the UE is informed of the transmission bandwidth of the BCH using the SCH sequence. However, the performance of this solution depends on that of initial cell search scheme. 
Thus, it is preferable to employ the 1.25 MHz BCH band option without any blind bandwidth detection in the example of Fig. 2 (a). This employment can allow us to use the SCH symbols as channel state information for BCH detection, but the employment of the 5 MHz BCH band option doesn’t allow us to use the SCH symbols but to only use the common pilot symbols as shown in Fig. 2 (b) due to SCH transmission with 1.25 MHz.
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Fig. 2 Frequency-domain multiplexing for 1.25 MHz based and 5 MHz based BCH transmissions

2.3 BCH Reception
After initial cell search, the UE should demodulate the BCH. The BCH should include the cell configuration information, such as the number of antennas, system bandwidth, system frame number, and so on. If the number of transmit antennas applied to the Node B is larger than 1, it is desirable to employ transmit antenna diversity for the BCH in order to minimize the BLER. If the UE demodulates the BCH using the phase reference based on the common pilot, it should employ blind detection, that is, the UE should demodulate for 1-antenna, 2-antenna, and 4-antenna cases, respectively. But this may increase the UE receiver complexity.
One way to solve this problem is that the SCH contains the information of the number of transmit antennas [9]. This solution, however, cause the performance degradation of cell search second step or cause the reduction of the number of PN scrambling code groups.
Another solution is to use the SCH as the phase reference of BCH instead of common pilot channel by locating the BCH symbol just after the SCH symbol position as shown in Fig. 2 (a), and then to employ the same antenna diversity technique for the adjacent SCH symbol and BCH symbol. For example, if we apply the TSTD for both of SCH and BCH, the adjacent SCH symbol and BCH symbol are transmitted from the same antenna. The number of BCH symbols per one radio frame may be the same as the one of SCH symbols or not. By using this approach, the UE can demodulate the BCH coherently without any information of the number of applied transmit antennas. And we believe that the channel estimation performance using the SCH may be better than that using the common pilot, since the SCH symbols locate every other sub-carrier position and the SCH symbols are more orthogonal among adjacent sectors than the common pilot symbols.

3. Performance Comparison between 1.25 MHz and 5 MHz BCH
We compare TSTD-based BCH transmission of 1.25 MHz band with SFBC-based BCH transmission of 5 MHz band in terms of BLER performance and overhead evaluation. 
3.1 Simulation Assumption
The simulation assumptions shown in Table 1 follow those in [10]. Especially we use QPSK modulation and the channel coding rate of R=1/3. We assume ideal FFT timing detection, but conduct real DFT-based interpolation channel estimation employing the time-gating. A six-ray Typical Urban (TU) channel model is assumed. In 1.25 MHz BCH band case, we demodulate the BCH data by using the channel state information obtained from the SCH symbol as mentioned in Section 2. On the other hand, in case of 5 MHz BCH band case, we employ the BCH demodulation through the channel estimation by the sector-specific pilot symbols. Both of the cases employ the BCH structures in time domain and frequency domain as shown in Figs. 1 and 2, respectively.
Table 1 Simulation assumptions
	Parameter
	Explanation/Assumption

	Transmission bandwidth (MHz)
	10

	The number of sectors
	1

	Sub-frame duration (ms)
	0.5

	Sample rate (MHz)
	7.68

	Number of occupied sub-carriers
	601 (including DC sub-carrier)

	Number of OFDM symbols per sub-frame
	7

	BCH mapping in frequency domain
	Center 1.25 MHz band or 5 MHz band

	Antenna configurations
	2x2

	Antenna spacing
	4( (Node B), 0.5( (UE)

	Angular spread
	2( (Node B), 35( (UE)

	Channel
	UMTS 6-ray TU 3 Km/h or 120 Km/h

	Tx diversity scheme
	TSTD (1.25 MHz) or SFBC (5 MHz)

	Modulation
	QPSK

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

	Channel estimation
	DFT-based interpolation method

	Reference signal for channel estimation
	Sector-specific pilots transmitted in the 1st OFDM symbol [10] (5 MHz BCH band case)

SCH symbols transmitted in the last OFDM symbol [5] (1.25 MHz BCH band case)

	Rate matching
	R’99 Rate Matching


BCH transport formats are shown in Table 2 according to BCH payload size. For comparison, 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 used. In Table 2, we fix Time-Frequency resource for BCH transmission. That is, the BCH data are allocated in the first OFDM symbols of subframes 1, 5, 9, 13, and 17 as shown in Fig. 1, and the number of BCH subcarriers for a subframe in Fig. 2 is 50. Thus, the TF resource of BCH is 250.
Table 2 BCH transport format
	BCH 

payload
	16-bit 

CRC 

addition
	Tail bit addition 

(8 bits)
	Convolutional encoding and 

Rate matching
	Repetition

factor
	Total occupied subcarriers
	Absolute/relative information bit rate to that in WCDMA

	37
	53
	61
	166
	×3
	250
	3.7 kbps / 30%

	60
	76
	84
	250
	×2
	250
	6.0 kbps / 49%

	143
	159
	167
	500
	×1
	250
	14.3 kbps / 116% 


For BCH payload sizes of 37 and 60, to improve the BLER of the BCH, we use time diversity with the repetition factors of 3 and 2, respectively.
3.2 Link simulation result
Fig. 3 shows the BLER performances of 1.25 MHz BCH band option and 5 MHz BCH band option with a fixed mobile velocity of 3 Km/h according to payload size. It can be seen that the BLER performances of 1.25 MHz band option at BLER of 1% outperforms those of 5 MHz band option, and as payload size decreases (i.e., repetition factor increases), the BLER performance is improved due to time diversity. The SNR value for each payload size at BLER of 1 % is listed in Table 3.
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Fig. 3 Link level performance for mobile velocity = 3 Km/h
Fig. 4 shows the BLER performances of 1.25 MHz BCH band option and 5 MHz BCH band option with a fixed mobile velocity of 120 Km/h according to payload size. It can be seen that the BLER performances of 1.25 MHz band option at BLER of 1% outperforms those of 5 MHz band option, and as payload size decreases (i.e., repetition factor increases), the BLER performance is improved due to time diversity as well. The SNR value for each payload size at BLER of 1 % is listed in Table 3. 
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Fig. 4 Link level performance for mobile velocity = 120 Km/h
From the simulation results of Figs. 3 and 4, it can be indicated even though the 5 MHz band option provides more frequency diversity than the 1.25 MHz band option, the latter is more beneficial than the former in terms of BLER since the channel estimation performance using the SCH can be better than that using the common pilot as mention before. In addition to BLER performance, UE complexity can be decreased.

3.3 Evaluation of BCH Cost vs. Bit Rate
From the observation of the link-level simulation results for the 1.25 MHz BCH band option in Subsection 3.2, the fraction of BCH transmission power satisfying 1% BLER and 95% cell coverage can be summarized as in Table 3. In the table, the fraction of Node B power consumption,
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, in dB, refers to the ratio between the received signal and noise power in BCH subcarrier, and is obtained from the link curve satisfying 1% BLER, and 
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, in dB, is the geometry value corresponding to 95% coverage, which is -3.5 dB [11]. Also, 
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 denotes the number of subcarriers used for BCH, which is 50 with assuming 1.25 MHz. Moreover, 
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 denotes the total number of useful subcarriers under the given system bandwidth, which is 600 with assuming 10 MHz system bandwidth.
Table 3 summarizes the evaluation results for the overhead in terms of Node B power and given DL TF resource.

Table 3 Power and TF resource overhead
	BCH 

payload
	Channel
	SNR for 1% BLER [dB]
	Fraction of Node B power consumption
	Bit rate / Time-Frequency (TF) resource overhead

	37
	TU3
	-1.9
	12.1%
	3.7 kbps/0.298%

	
	TU120
	-3.7
	8.0%
	

	60
	TU3
	-0.1
	18.2%
	6.0 kbps/0.298%

	
	TU120
	-2.4
	10.7%
	

	143
	TU3
	3.6
	42.7%
	14.3 kbps/0.298%

	
	TU120
	1.4
	25.8%
	


From the results shown in Table 3, it can be observed that the key cost taken by BCH is the instantaneous transmission power required for the coverage with a fixed TF resource overhead of 0.298%. The repetition of two times in time domain (i.e., from payload size of 143 to that of 60 as shown in Table 2) leads to more than two times reduction in the instantaneous power consumption owing to larger time diversity.
4. Conclusion
In this contribution, we proposed the BCH structures in time domain and frequency domain, and the TSTD-based BCH transmission with a center 1.25 MHz bandwidth. Also, we showed downlink link-level performance results and overhead evaluations for TSTD-based BCH transmission with 1.25 MHz and SFBC-based BCH transmission with 5 MHz. From the results and evaluations we propose the following transmission methods for the BCH.

· The BCH of system- or Node B-specific information is transmitted using an independent physical channel with a pre-determined radio resource, which is known to all UEs. The BCH for sector-specific information can be multiplexed into the same or different RBs of the BCH for system- or Node B-specific information. The optimum RB assignment of the BCH for sector-specific information is FFS.

· The BCH is transmitted from the center part of the system bandwidth allocated to each sector similar to the SCH, so that no change in the carrier frequency is necessary after establishing the initial acquisition.
· The BCH is transmitted with a fixed transmission bandwidth of 1.25 MHz, which is no need to make a blind detection of BCH bandwidth.
· The BCH is multiplexed into 5 or less than 5 subframes during one radio frame duration without any restriction of unicast transmission. And we locate the BCH symbol just after the SCH symbol position to improve the performance of channel estimation using the channel state information obtained from SCH channel and to escape the blind detection for the number of transmit antennas.

· TSTD as a transmit diversity is beneficial in improving the BLER of the BCH with a transmission bandwidth of 1.25 MHz because we don’t have to know the BCH bandwidth and the number of transmit antennas.

· Time diversity, i.e., multiple transmissions, should be used to improve the BLER of the BCH.
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