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1. Introduction
The BCS information can be categorized into sector-specific and Node B-specific information. For Node B-specific BCH information which is common to the sectors belonging to the same Node-B, we may use simultaneous transmission from the sectors of the same Node B and soft combining reception to improve received quality at the sector boundary [1] (See Fig. 1). The soft combining reception scheme in [1] is based on 5 MHz transmission of Node B-specific BCH information in 5 MHz or larger transmission sectors.
In this contribution, we propose a new transmission and reception scheme for Node B-specific BCH information. At the transmitter side, 1.25 MHz bandwidth Node B-specific BCH information is transmitted simultaneously from adjacent sectors using time switching transmit diversity (TSTD) and delay diversity. At the receiver side, channel estimation is done separately for different sectors using SCH symbols [2] while the sector-common reference signal was employed for channel estimation in [1]. In this contribution, we compare the link performance and overhead of the two soft-combining reception schemes.
2. Proposed BCH Soft-Combining Reception Scheme
The basic 1.25 MHz-based BCH transmission method with TSTD transmit diversity was discussed in [2]. Here, we propose a method of synchronous transmission and soft-combining reception of BCH to improve the reception quality of Node B-specific BCH transmission. 
The proposed scheme can be characterized as follows. First, the BCH is multiplexed into 5 or less subframes within one radio frame, and located just after the SCH symbol as shown in Fig. 2. When the TSTD is applied to both SCH and BCH, the two adjacent SCH and BCH symbols are transmitted on the same antenna, and the antenna switching occurs subframe by subframe. The structure in the frequency domain is explained in Sec. 2.2. Second, when the UE is positioned at the sector boundary as shown in Fig. 1, the UE estimates the channels of different sectors using the SCH symbols, utilizing the code orthogonality between sectors [3]. The UE is assumed to know the neighbour cell IDs and the associated code sequences from the initial cell search. In the case of SISO mode, the received signal 
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 at the UE in the frequency domain is given by
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where 
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 is the subcarrier index, 
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 is the Node B-specific BCH information, 
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 is the maximum number of sectors within the same Node B, and 
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 is introduced to include relative delays between signals coming from different sectors. That is, 
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where 
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 denotes the IFFT/FFT size. Third, we perform soft-combining as
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where 
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 is the frequency response estimated by using the SCH sequence. Because of the tight orthogonality of the SCH code sequences between sectors and the narrow spacing between the SCH subcarriers,  the channel estimation using the SCH symbols outperforms the channel estimation using sector-specific reference signals. 
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Fig. 1 Synchronous transmission and soft-combining reception of BCH within the same Node B
2.1 BCH Structure in Time Domain
Fig. 2 shows an example of time multiplexing of SCH and BCH in the proposed scheme, where the SCH and BCH are multiplexed in 5 subframes during one frame duration. To avoid CP length ambiguity, two SCH and BCH symbols are paired and each pair occupies the last and starting OFDM symbols of the consecutive subframes as shown in Fig. 2. The SCH and BCH symbol are adjacent to each other and transmitted on the same antenna, which improves channel estimation performance and avoids blind detection for the number of transmits antennas [2].
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Fig. 2 Time-domain multiplexing of SCH and BCH [2]
Fig. 3 shows an example of time multiplexing into one subframe (i.e., subframe 0) during one frame duration, with the restriction on multicast or MBMS transmission with long CPs. In this case, additional sector-common reference signals are transmitted for channel estimation as was originally proposed in [1].
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Fig. 3 Time-domain multiplexing of BCH [1]

2.2 BCH Structure in Frequency Domain
Figs. 4(a) and 4(b) show BCH structures with bandwidths 1.25 MHz [2] and 5 MHz [1], respectively. If a 5 MHz BCH structure is adopted, the UE needs to perform blind detection of the bandwidth because the system bandwidth can be smaller than 5 MHz. Thus, it is preferable to employ a 1.25 MHz BCH structure regardless of the system bandwidth. The use of a single 1.25 MHz BCH structure enables us to use the SCH signal as the phase reference in the demodulation of the BCH signal, but with a 5 MHz BCH structure additional sector-common reference signals are required for channel estimation. In the 5 MHz BCH structure in Fig. 4(b), the sector-common reference signal is transmitted on one in every six subcarriers for each antenna. The sector-common reference signal extends over the whole center 5 MHz band at the first OFDM symbol while at the fifth OFDM symbol, it is located only within the time-frequency (TF) resource regions for BCH transmission.
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Fig. 4 Frequency-domain multiplexing for 1.25 MHz-based and 5 MHz-based BCH transmissions

3. Performance Comparison
In this section, we compare the BLER performance and resource overhead of the proposed soft-combining reception scheme and the previous one in [1].
3.1 Simulation Assumption
The simulation parameters based on [4] are shown in Table 1. The QPSK modulation is used and the channel coding rate is 1/3. The ideal FFT timing detection is assumed. For channel estimation, a DFT-based filtering method employing the time-gating and time-domain interpolation is used. In the case of 1.25 MHz band BCH, the channel state information is obtained from the SCH signal as explained in Sec. 2. In the case of 5 MHz band BCH, the channel estimation is done using the sector-common reference signals. The time and frequency domain structures of the 1.25 MHz band BCH are shown in Figs. 2 and 4(a), respectively. For the 5 MHz case, the time domain and frequency domain structures are shown in Figs. 3 and 4(b), respectively.

Table 1 Simulation assumptions
	Parameter
	Explanation/Assumption

	Transmission bandwidth (MHz)
	10

	The number of sectors
	2

	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
	1x2, 2x2

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

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

	Correlation between antennas among sectors
	Uncorrelated

	Channel
	UMTS 6-ray TU 3 Km/h

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

	Phase offset 
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for delay diversity
	( ETRI

- 0     (for antenna 0 in sector 0), 0     (for antenna 1 in sector 0)

- 128 (for antenna 0 in sector 1), 128 (for antenna 1 in sector 1)

( [1]

  <Case 1>

- 0 (for antenna 0 in sector 0), 1 (for antenna 1 in sector 0)

- 2 (for antenna 0 in sector 1), 3 (for antenna 1 in sector 1)
<Case 2>

- 0 (for antenna 0 in sector 0), 4   (for antenna 1 in sector 0)

- 8 (for antenna 0 in sector 1), 16 (for antenna 1 in sector 1)
<Case 3>

- 0   (for antenna 0 in sector 0), 32   (for antenna 1 in sector 0)

- 64 (for antenna 0 in sector 1), 128 (for antenna 1 in sector 1)

	Modulation
	QPSK

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

	Channel estimation
	DFT-based interpolation method

	Reference signal for channel estimation
	Sector-common pilots transmitted in the 1st and 5th OFDM symbols in Fig. 4(b) [1] (5 MHz BCH band case)

SCH symbols transmitted in the last OFDM symbol [3] (1.25 MHz BCH band case)


The BCH transport format is shown in Table 2. 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, for fair comparison of the proposed soft-combining reception scheme and the previous scheme in [1], the same TF resources of 250 subcarriers are used for both cases as shown in Figs. 2-4.
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

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


3.2 Link simulation result
Fig. 5 shows the BLER performances of 1.25 MHz band BCH. It is found that the soft-combining reception with TSTD and delay diversity among sectors shows an SNR gain of about 1.5 dB at a BLER of 1% over the soft-combining reception without TSTD and with delay diversity among sectors.
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Fig. 5 Link level performance in case of 1.25 MHz band
Fig. 6 shows the BLER performance for 1.25 MHz and 5 MHz BCH band cases. It can be seen that the soft-combining reception with TSTD and delay diversity outperforms the others, with an SNR gain of 1.7 dB at 1% BLER over the case of the CDD and delay diversity among sectors. Also, as the phase shift 
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 in (2) increases i.e., from Case 1 to Case 3 in Table 1, the BLER performance becomes worse. In Case 1, the performance is better with CDD diversity than without CDD diversity although the performance gap is small. On the other hand, in both Case 2 and Case 3, the performance becomes worse with CDD diversity. That is because the channel estimation error increases due to the low sector-common pilot density and the high channel selectivity induced by the phase shift. The frequency-domain spacing between SCH symbols is two subcarriers while the spacing for the sector-common reference symbols is six subcarriers. Thus, in the case of the channel estimation using the sector-common reference symbols, as the channel selectivity increases, the channel estimation error increases rapidly because of a larger channel variation across the adjacent sector-common pilot symbols.
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Fig. 6 Link level performance in case of 1.25 MHz and 5 MHz bands.
3.3 Evaluation of the resource overhead for BCH transmission
Table 3 summarizes the evaluation results for the overhead in terms of given DL TF resources, where we assume 10 MHz system bandwidth and the BCH transport format presented in Table 2.
Table 3 TF resource overhead for BCH transmission
	BCH 

payload
	Soft-combining scheme
	BCH information 
[TF resource]
	Additional resource needed for channel estimation

[TF resource]
	Total used resource

[TF resource]

	143
	[1]
	250
	59 (1x2 SIMO case)

118 (2x2 MIMO case)
	309 (1x2 SIMO case)

368 (2x2 MIMO case)

	
	Proposed scheme
	250
	0
	250


Since the proposed scheme uses the SCH for channel estimation, it does not require additional resources for reference signals. However, the previous scheme in [1] needs additional resources for sector-common reference signals, which are estimated to be 59 and 118 TF resources for 1x2 SIMO and 2x2 MIMO cases, respectively. 
From the simulation results in Fig. 6 and the resource overhead in Table 3, it can be observed that the proposed scheme is efficient in terms of BLER performance and resource overhead.
4. Conclusion
In this contribution, we have proposed a new transmission and reception scheme for Node B-specific BCH information, characterized by synchronous transmission with TSTD and delay diversity among sectors with the same Node B, and soft-combining reception based on [2]. From the link simulation results and resource overhead evaluation, the following conclusions can be drawn:

· Synchronous transmission with TSTD and delay diversity and soft-combining reception
· Synchronous BCH information transmission among sectors within the same Node B to improve the reception quality

· The same TSTD transmit diversity for adjacent SCH and BCH symbols to improve the received quality and to avoid the blind detection for the number of transmit antennas
· Channel estimation using the adjacent SCH signal
· Frequency-domain cyclic delay between antennas in different sectors
· Multiplexing in time/frequency domain
· The BCH transmission with a fixed transmission bandwidth of 1.25 MHz, not requiring blind detection of the BCH bandwidth.
· The BCH multiplexing into 5 or less subframes during one radio frame duration without any constraint on the CP length of the BCH subframes
· The BCH symbol placed just after the SCH symbol
· Time diversity (i.e., time-multiplexing into multiple subframes) to improve the BLER of the BCH
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