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1. Introduction
In the RAN1-RAN2 joint meeting in Athens in RAN1#44bis, it has been agreed that RAN1 provides cost versus bit rate results to assist decisions on BCH structure [1]. In this contribution, we show the link performance of BCH for some values of the assumed payload size and evaluate the cost versus bit rate in terms of the power and time-frequence (TF) resource. The evlautions are based on the assumption that the central 1.25 MHz bandwidth is used for BCH since the use of 5 MHz bandwidth for BCH does not significantly improve the power efficiency and link budget margin of BCH as seen in our companion paper [2].
2. Evaluation
2. 1 Simulation assumption
Simulation assumptions are mostly taken from the TR 25.814 unless mentioned otherwise, as outlined in Table 1 below.
Table 1. Simulation assumptions

	Parameter
	Explanation/Assumption

	Transmission bandwidth (MHz)
	5

	Sub-frame duration (ms)
	0.5

	Sample rate (MHz)
	7.68

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

	Number of OFDM symbols per sub-frame
	7

	BCH mapping in frequency domain
	Center 1.25 MHz band

	Antenna configurations
	2x2

	Channel
	TU3, TU30

	Tx diversity scheme
	CDD is used with the cyclic delay value set to 64 samples

	Modulation
	QPSK

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

	Reference signal
	Transmitted in the 1st and 5th OFDM symbols

	Channel estimation
	Realistic

	Rate matching
	R99 Rate Matching.


BCH transport formats used in the simulations are listed in Tables 2 below for each case of BCH payload size. It is noted that in WCDMA, TBS of BCH is 246 bits with TTI=20 ms and 1/2 convolutional coding. 
Table 2. BCH transport format

	BCH payload
	16-bit CRC addition
	Tail bit addition 
(8 bits)
	R=1/3 Convolutional encoding
	Total occupied subcarriers
	Absolute / relative information bit rate to that in WCDMA

	26
	42
	50
	150
	75
	2.6 kbps / 21 %

	76
	92
	100
	300
	150
	7.6 kbps / 61 %

	176
	192
	200
	600
	300
	17.6 kbps / 143 %

	276
	292
	300
	900
	450
	27.6 kbps / 224 %


It should also be noted that the payload size 26 is unreasonably small considering the CRC and tail bit overhead.

In Table 3, mapping of BCH in time domain and corresponding TF resource overhead are shown with assuming the 10 MHz system bandwidth.
Table 3. BCH mapping in time domain and TF resource overhead
	BCH Payload
	Sub-frames where BCH is transmitted

	
	No repetition
	1 repetition

	26
	{ 1 }
	{1, 11}

	76
	{1, 11}
	{1, 6, 11, 16}

	176
	{1, 6, 11, 16 }
	{1, 3, 5, 7, 

9, 11, 13, 15}

	276
	{1, 4, 7, 10, 13,16}
	{1, 3, 4, 6, 8, 9,
11, 13, 14, 16, 18, 20}


For the purpose of simulation, BCH is transmitted in the 2nd OFDM symbol in each sub-frame where BCH is transmitted. The reason to consider the repeated transmission of BCH in time domain in the simulation is that BCH is probable to suffer from the link budget problem and the distribution of BCH power over the frame may be required.
2. 2 Link simulation results
Link level performance results are shown in Figures 1 and 2 below for the cases of without and with repetition, respectively.
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Figure 1. Link level performance for the case without repetition of BCH in time domain.
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Figure 2. Link level performance for the case with repetition of BCH in time domain.
2. 3 Overhead evalution results
According to the simulation assumptions in the TR25.814, it is found that the geometry values of -3.5 dB and -4.8 dB correspond to the coverage of 95% for case 1/2/4 and case 3, respectively (See Annex A). It is noted that Case 4 corresponds to 1.25 MHz system bandwidth and 900 MHz carrier frequency therefore might not be relevant in the discussion.
Based on the BLER and geometry results, the fraction of BCH transmission power satisfying 1% BLER and 95% cell coverage can be summarized as in Table 4. The BCH power in the table tells us how much power should be allocated to BCH out of the total Node B power in the corresponding OFDM interval. In the table, the fraction of Node B power consumption,
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where

· 
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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.
· 
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, in dB, is the geometry value corresponding to 95% coverage, which is -3.5 dB for Case 1/2/4 and -7 dB for Case 3.
· 
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 denotes the number of subcarriers used for BCH in each of the corresponding OFDM symbol intervals, which is 75 with assuming 1.25 MHz BCH bandwidth.
· 
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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.
In Table 4 below, evaluation results for the overhead in terms of Node B power and DL TF resource are summarized. It should be noted that the system and BCH bandwidths are assumed as 10 MHz and 1.25 MHz, respectively.
Table 4. Power and TF resource overhead 

	
	TBS
	Channel
	SNR for 1% BLER [dB]
	Fraction of Node B power consumption 
	TF resource overhead [%]

	
	
	
	
	Case 1/2/3 [%]
	Case 3 [%]
	

	No repetition in time domain
	26
	TU3
	1.1
	36.1
	48.6
	0.089

	
	
	TU30
	1.1
	36.1
	48.6
	

	
	76
	TU3
	1.7
	41.4
	55.8
	0.178

	
	
	TU30
	0.7
	32.9
	44.4
	

	
	176
	TU3
	2.1
	45.4
	61.2
	0.357

	
	
	TU30
	0.9
	34.4
	46.4
	

	
	276
	TU3
	3.6
	64.1
	86.5
	0.535

	
	
	TU30
	2.1
	45.4
	61.2
	

	Repetition in time domain
	26
	TU3
	-2.3
	16.5
	22.2
	0.178

	
	
	TU30
	-3.3
	13.1
	17.7
	

	
	76
	TU3
	-1.7
	18.9
	25.5
	0.357

	
	
	TU30
	-2.9
	14.4
	19.4
	

	
	176
	TU3
	-1.3
	20.7
	28.0
	0.714

	
	
	TU30
	-2.4
	16.1
	21.7
	

	
	276
	TU3
	-0.1
	27.3
	36.9
	1.071

	
	
	TU30
	-1.8
	18.5
	24.9
	


3. Discussion
From the results shown in Table 4, we make the following observations:

· The key cost taken by BCH is the instantaneous transmission power required for the coverage, not the required TF resource. 
· For example, for Case 3 without repetition, the required instantaneous power is mostly around or larger than 50 %, which would not be acceptable in 10 MHz bandwidth systems. But, the required TF resource for both cases of without and with repetition is insignificant and less than 1 % in most cases.
· The instantaneous power cost is rather related with how much BCH is distributed in time domain. The TF resource cost is mainly determined by the BCH payload size.
· The repetition in time domain leads to more than two times reduction in the instantaneous power consumption. This is owing to the time diversity gain on top of more distribution of BCH power into multiple subframes. A similar effect could be obtained by distributing BCH even without repetition into many subframes.
4. Conclusion

Based on the results and discussions, we conclude that the critical cost taken by BCH is the instantaneous power consumption and thus, distributing BCH in time domain is most important in reducing the power cost and satisfying the coverage requirement. We believe that the results presented in this contribution, e.g. Table 4, could be used as information for RAN WG2 as well.
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Annex

A. Geometry CDF for E-UTRA 

The following geometry CDFs showin in Figure A.1 were obtained using a typical set of simulation assumptions described in Annex A of TR25.814. 
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Figure A.1. Geometry CDF for the each LTE simulation case
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