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1. Introduction

In this contribution, we propose the following responses to RAN2 LS [R1-070007].
2. Proposed Responses
In the following, the text in RAN2 LS is in blue.
Q1:

What is the number of bits that can be carried per 1ms TTI, if 1% BLER is targeted for 98% coverage reliability?
(Answer 1) Figure 1 shows the link-level simulation results on the BLER of the Primary BCH. Both single antenna transmission and two-antenna CDD-based transmission diversity are evaluated. The transmission bandwidth of the Primary BCH is set to 1.25 MHz (72 sub-carriers) and QPSK with turbo coding using the rate R of 1/3 is assumed. In this case, the number of bits for the Primary BCH is 480 bits with 1-ms TTI (we assume 10 OFDM symbols are used for the Primary BCH transmission). The figure shows that when single antenna transmission is assumed, the required SINR for achieving the average BLER of 1% is 3.7 dB. When two-antenna transmit diversity is used, the required SINR for achieving the average BLER of 1% is 2.1 dB
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Figure 1 – Average BLER of Primary BCH as a function of average received SINR.

Figure 2 shows the cumulative distribution of the average received SINR derived from the system-level simulation based on the agreed simulation assumptions [1]. The inter-site distance is set to 1732 m, and the penetration loss is set to 20 dB. The figure shows that the average received SINRs at 98, 95, and 90% coverage are approximately -6.6, -5.1, and -3.8 dB, respectively.
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Figure 2 – Cumulative distribution of average received SINR within a cell.

Based on the above simulation results, the allowable number of bits for the Primary BCH per 1-ms TTI for 98% coverage reliability assuming the required BLER of 1% is as follows.
With single antenna transmission: 480 x 10(-6.6 – 3.7)/10 = 45 bits
With two-antenna transmit diversity: 480 x 10(-6.6 – 2.1)/10 = 65 bits
Q2: 

What is the number of bits that can be carried per 1ms TTI, if the BLER and coverage reliability targets are relaxed (e.g., various combinations of 1-10% BLER and 95-98% coverage reliability)?
(Answer 2) Table 1 summarizes the allowable number of bits for the Primary BCH per 1-ms TTI for various coverage reliabilities assuming the required BLER of 1%.
Table 1 – Number of Primary BCH bits per 1-ms TTI for various coverage reliabilities assuming required BLER of 1%

	Coverage reliability
	Number of bits per 1-ms TTI

	
	With single antenna transmission
	With two-antenna transmit diversity

	98%
	45 bits
	65 bits

	95%
	63 bits
	91 bits

	90%
	85 bits
	123 bits


Q3:

If 200-300 bits do not fit 1 ms TTI in case of 1.25 MHz transmission bandwidth, is there a preference on the transmission scheme (e.g., larger transmission bandwidth, longer TTI, or segmentation) from RAN1 perspective?
(Answer 3) At the Seoul meeting (last October), RAN1 agreed on the use of a constant 1.25-MHz transmission bandwidth for the Primary BCH irrespective of the overall cell transmission bandwidth. The main reason for this decision was the simplicity of the cell search procedure. Therefore, unless the detection interval required for correct detection of the Primary BCH becomes too long, a longer TTI (or repetition over a few TTIs within a frame) is preferred compared to a larger transmission bandwidth to comply with the transmission bandwidth agreement.
Q4:

What would the answers to Q.1 and Q.2 be, if the transmission bandwidth is increased to 5 MHz? Would it be possible that the cell bandwidth is detected by synchronisation channel reception, if LTE supports multiple transmission bandwidths for primary BCH transmission?
(Answer 4) From [2], the required average SINR gain from expanding the transmission bandwidth of the Primary BCH from 1.25 MHz to 5 MHz is approximately 1.5 dB for the case without transmit diversity due to the increased frequency diversity. This means that the number of bits can be increased by approximately 1.4 times. If transmit diversity is employed, the additional gain by expanding the transmission bandwidth to 5 MHz will be below 1 dB since the additional frequency diversity gain is small due to the existence of the transmit diversity effect.

If multiple transmission bandwidths for the Primary BCH are defined, it is possible to detect that bandwidth using the synchronization channel. However, to avoid the increased options and the possible degradation in cell search performance, the number of options in the transmission bandwidths of the Primary BCH should be minimized.
Q5:

Does the answer to Q.3 depend on the periodicity of primary BCH (e.g., 10, 20, 40 ms, or even longer)?
(Answer 5) Yes. If the periodicity of the Primary BCH is increased, by soft combining the multiple Primary BCHs mapped to multiple radio frames, the number of bits of the Primary BCH can be increased. Assuming that one Primary BCH is mapped within one 10-ms radio frame, if the periodicity of the Primary BCH is increased to 20 or 40 ms, the number of bits can be increased by approximately 2 or 4 times, respectively.
Q6:

What is the assumption of periodicity of primary BCH transmission, considering the impact on cell search?
(Answer 6) We assume that we need to estimate the overall cell search time including higher layer processing when we determine the acceptable periodicity of the Primary BCH transmission. This value would also be dependent on the handover cell search procedure (need for primary BCH reception of a neighboring cell). RAN1 has not yet discussed this issue sufficiently.
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