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1 Introduction

In Evolved UTRA, discussion took place on the BCH structure both in time and frequency domain. The BCH time domain structure design involves BCH timing relationship with SCH, and time domain density. For frequency domain, the discussion is focused on the selection of BCH bandwidth. One proposal [2] is to transmit BCH in 1.25 MHz when system bandwidth is below 20 MHz. Another proposal [3] is that BCH transmission bandwidth is 5 MHz for a system bandwidth greater than 5 MHz. 
Currently, many companies prefer to separate BCH information with two different parts, i.e. fixed part and flexible part [1]
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 \* MERGEFORMAT [3]
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 \* MERGEFORMAT [4]. This contribution is focused on the time-frequency structure for BCH fixed part. We first discuss and propose the preferred BCH time-frequency domain design, and then give some evaluation results to support the design, mainly on BCH transmission bandwidth.
2  BCH Time-Frequency Structure
2.1 Time Domain Structure
When we design the time domain structure of BCH, following factors (some of them are naturally contradict with each other) should be taken into account:
· Measurement occasion: intra-frequency, inter-frequency and inter-RAT measurement should be well supported.
· Performance: BCH detection performance should be guaranteed for most of the UEs (e.g. over 95%).
· Overhead: BCH overhead should be minimized as far as possible.

The design of BCH time domain structure should address several issues:

· Timing relationship of BCH with SCH: Since SCH and BCH typically occupies the same bandwidth and SCH can provide better channel estimation performance for BCH than normal reference symbols thanks to its high density in frequency domain [4]
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 \* MERGEFORMAT [5], it is preferred that SCH and BCH are located near each other.
· Time domain density: this issue is elated to BCH bit rate and also the timing relationship with SCH discussed above.  If placing SCH and BCH near each other is preferable, it is natural that BCH subframe positions are related to a subset of SCH subframe positions.
2.2 Frequency Domain Structure
The design of BCH frequency domain structure should address several issues:

· BCH Bandwidth: currently, there are mainly two views, i.e. transmit BCH in 1.25 MHz when system bandwidth is below 20 MHz [2] or BCH transmission bandwidth is 5 MHz for a system bandwidth greater than 5 MHz [3].  The major argument from the latter camp is that 5 MHz BCH bandwidth can provide frequency diversity gain. However, as will be shown in the next section, the performance gap between 1.25 and 5 MHz system bandwidth can be decreased when Tx and Rx diversity are considered. Therefore such gain cannot justify the increased complexity which requires UE to identify the BCH transmission bandwidth in the initial cell search. Hence it is proposed that
· BCH is transmitted in the center 1.25 MHz bandwidth when system bandwidth is below 20 MHz. For the system bandwidth of 20 MHz, it is proposed to extend the BCH bandwidth in order for the UE to well support the acquisition of the neighbor cell system information.
· Frequency domain density: there are mainly two options available: localized transmission and distributed transmission.
· Localized transmission: BCH utilizes all the subcarriers in the allocated bandwidth.
· All the cells in the system have the same frequency allocation plan, which simplifies UE operation.
· The interference from each other on BCH cannot be coordinated.

· Distributed transmission: BCH uses a fractional of the subcarriers in the allocated bandwidth.
· Different cells might have different transmission pattern to avoid the overlapping of BCH signals in the adjacent cells, which might improve BCH performance.

· UE has to detect BCH frequency plan, which should be either indicated in SCH or detected by UE itself. This increases UE’s complexity.

· If there are data transmitted in BCH bandwidth, more BCH symbols in time domain is required. This can increase BCH coverage without increasing the time-frequency resource occupied by BCH.
· Considering the above aspects, it is FFS whether localized or distributed transmission is more suitable for BCH.
3 Performance Evaluation of BCH Transmission Bandwidth
3.1 Simulation Assumptions
Simulation assumptions are listed in Table 1 below.
Table 1 Simulation assumptions

	Parameter
	Explanation/Assumption

	Transmission bandwidth (MHz)
	5

	Sub-frame duration (ms)
	0.5

	Sampling rate (MHz)
	7.68

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

	Number of CP samples per OFDM symbol
	As specified in TR 25.814: 40 samples per symbol at the first OFDM symbol in one sub-frame, 36 samples per symbol for the remaining OFDM symbols

	Number of OFDM symbols per sub-frame
	7

	DL Channelization
	· For 1.25 MHz BCH transmission bandwidth: localized channelization

· For 5 MHz BCH transmission bandwidth: distributed channelization

	Antenna Configurations
	1x2, 2x2, and 4x2

	Channel
	TU3, TU30

	Tx diversity scheme
	CDD is used when the number of Tx antennas is larger than 1 (Cyclic delay value is set to 64)

	Modulation
	QPSK

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

	Channel estimation
	Realistic

	Rate matching
	R99 Rate Matching.


BCH transport format is listed in Table 2 below.
Table 2 BCH transport format
	Modulation
	Code Rate
	BCH Payload
	16-bit CRC Addition
	Tail bit addition (8 bits)
	R=1/3 Convolutional Encoding
	Occupied Subcarriers

	QPSK
	1/3
	176
	192
	200
	600
	300


In the simulation, reference symbols are transmitted in the 1st and 6th OFDM symbols. BCH is transmitted in the 2nd, 3rd, 4th, and 5th OFDM symbols. The detailed channelization scheme can be found in Figure 2 below (please note that for 1.25 MHz BCH transmission bandwidth, BCH bandwidth is located in the center part of 5 MHz system bandwidth, which is not illustrated in the figure.)
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Figure 2 BCH channelization
In the simulation, BCH are transmitted in 1 and 2 subframes per frame.
3.2 Link Simulation Results

Link level performance results are shown from Figure 3 to Figure 6 below. In the figures, NT denotes the number of Node B transmit antennas. Performance difference between 1.25 and 5 MHz BCH transmission bandwidths is summarized in Table 3 below.
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Figure 3 BCH in 1 subframe / frame, TU3
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Figure 4 BCH in 1 subframes / frame, TU30
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Figure 5 BCH in 2 subframes / frame, TU3
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Figure 6 BCH in 2 subframes / frame, TU30
Table 3 Performance Difference Between 1.25 and 5 MHz BCH transmission bandwidth (@0.01 BLER)
	BCH in x subframe(s) / frame
	Channel
	Number of Tx antennas
	Performance Difference (dB)
	Absolute Power Fraction Difference (assuming 1.25 MHz as base)

	
	
	
	
	6.25%
	12.5%
	25%

	1
	TU3
	1
	1.5
	1.83%
	3.65%
	7.30%

	
	
	2
	1.1
	1.40%
	2.80%
	5.59%

	
	
	4
	0.6
	0.81%
	1.61%
	3.23%

	
	TU30
	1
	1.5
	1.83%
	3.65%
	7.30%

	
	
	2
	1.0
	1.29%
	2.57%
	5.14%

	
	
	4
	0.6
	0.81%
	1.61%
	3.23%

	2
	TU3
	1
	1.5
	1.83%
	3.65%
	7.30%

	
	
	2
	1.1
	1.40%
	2.80%
	5.59%

	
	
	4
	0.6
	0.81%
	1.61%
	3.23%

	
	TU30
	1
	1.0
	1.29%
	2.57%
	5.14%

	
	
	2
	0.7
	0.93%
	1.86%
	3.72%

	
	
	4
	0.3
	0.42%
	0.83%
	1.67%


From Table 3 above, for 2x2 baseline configuration, it can be seen that the largest performance difference between 1.25 and 5 MHz BCH transmission bandwidths can be 1.1 dB. When more time diversity is available, for example, when BCH is repeated in 2 subframes per frame and channel is TU30, the difference can be further reduced to 0.7 dB. For 4x2 configuration, the difference can be as small as 0.3 dB.
In addition, Table 3 also shows the absolute difference between the 1.25 and 5 MHz BCH BW cases in terms of Node B power fraction occupied by BCH. The calculation is based on the performance difference (in terms of SNR) and assumes 4 power fraction values (6.25%, 12.5%, and 25%) for BCH with 1.25 MHz performance as the base. Note that 25% overhead for 1.25MHz BCH BW should not be a realistic scenario. The absolute difference 
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 is the  BCH power fraction with 1.25 MHz as base, e.g. 6.25% in above table;
· 
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 denotes the link performance difference in unit of dB, e.g. 1.5 dB in the first data row of the table.
It can be also seen that the difference in terms of absolute power fraction difference is insignificant.
We would like to emphasize that using 1.25 MHz BCH transmission bandwidth has the benefits of less complexity. The reason is that the support of 5 MHz BCH transmission bandwidth implies that at least 2 BCH transmission bandwidths have to be supported in the standards: 1.25 and 5 MHz. Therefore, either the standards have to define some mechanisms to indicate BCH transmission bandwidth e.g. through SCH, which makes the standards complicated and increases UE complexity; or UE has to detect BCH transmission bandwidth blindly, which again increases UE complexity.
4 Conclusion

It is proposed to adopt the following BCH time and frequency domain structure:
· Time Domain:
· BCH is located near SCH to enable SCH-based channel estimation.

· Frequency Domain

· BCH is transmitted in the center 1.25 MHz bandwidth when system bandwidth is below 20 MHz. For the system bandwidth of 20 MHz, it is proposed to extend the BCH bandwidth to well support intra-frequency mobility.
5 References 
[1] Samsung, R1-061689, “BCH information and mapping”
[2] Samsung, R1-060812, “Cell search procedure and channel structure”
[3] NTT DoCoMo et al, R1-061665, “Broadcast Channel Structure for E-UTRA Downlink”
[4] Nortel, R1-061845, “BCH detection for E-UTRA”
[5] ETRI, R1-061831, “Broadcast channel structure for downlink E-UTRA”
Contact person:
Zhang, Yujian (yujian.zhang@samsung.com) 



































































































































































































































































































































































































PAGE  
8

_1207815454.unknown

_1207815508.unknown

_1207815522.unknown

_1207815231.unknown

