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1. Introduction
During RAN2 #56, an LS on the primary BCH overhead and message size was sent to RAN1 [1]. In this contribution, we provide answers based on simulations and outline our views on the questions raised in the RAN2 LS.
2. Discussion
In the following section, the text quoted from the LS is marked in blue.

Question 1:
What is the number of bits that can be carried per 1ms TTI, if 1% BLER is targetted for 98% coverage reliablility?
Response & Discussion:

For the simulation case 3 from [2], the 2nd percentile of the cumulative distribution function of SINR is around -6dB. Figure 1 shows the BLER vs. SNR curves of 55, 110 and 220 bits transmitted in 1ms TTI. To improve the P-BCH link performance TX diversity is enabled (we considered CDD as one possible scheme). The results indicate that slightly less than 110 bits can be transmitted in 1ms TTI with 1% BLER at 98% coverage.
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Figure 1 BLER vs. SNR, 1ms TTI, 72 sub-carriers
Question 2:

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)?
Response & Discussion:
The 5th percentile of the CDF of SINR for simulation case 3 is around -5dB. When the coverage/BLER requirements are relaxed results in Figure 1 indicate that the following number of bits can be transmitted in 1ms TTI:

· 1% BLER 95% coverage: slightly more than 110bits
· 10% BLER 98% coverage: around 160 bits
· 10% BLER 95% coverage: slightly lees than 220bits
Question 3:

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?
Response & Discussion:

We considered two approaches for extending the capacity of the P-BCH:

· Extending P-BCH time domain resources to 2ms per radio frame

· Soft combing of P-BCH transmission from multiple radio frames
Figure 2 shows BLER vs. SNR curves for a 2ms P-BCH with soft combining of P-BCH transmissions from multiple radio frames.
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Figure 2 BLER vs. SNR per antenna, 2ms TTI with soft combining

Figure 3 shows the BLER vs. SNR curves for a 1ms P-BCH with soft combining of P-BCH transmissions from multiple radio frames.
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Figure 3 BLER vs. SNR per antenna, 1ms TTI with soft combining
The simulations results in Figure 2  indicate that it is possible to transmit 220 primary system information bits and fulfill the 98% coverage and 1% BLER requirements when the P-BCH occupies two sub-frames (2ms) per radio frame. The results in Figure 3 indicate that when P-BCH transmissions are soft combined from two radio frames it is possible to transmit 220 bits and fulfill the coverage/BLER requirements with a P-BCH that occupies one sub-frame (1ms) per radio frame. Soft combing from multiple sub-frames seems preferable since it does not require any additional air interface resources, but the penalty is that the periodicity/reading time of the P-BCH is extended (at least for UEs in low geometries).
 Question 4:

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?
Response & Discussion:

Figure 4 shows the BLER vs. SNR curves of a P-BCH that carries 220 and 440 bits using one sub-frame (1ms) and 288 sub-carriers per radio frame. More that 300 bits can be transmitted on the P-BCH per radio frame with 1ms TTI and 5MHz transmission BW (24 RBs). For example, the results in Figure 4 indicate that 440bits can be transmitted with 0.1% BLER and >98% coverage. However, the time-frequency resources of the P-BCH are increased 4x comparing to the 1ms x 72 sub-carriers P-BCH.
It is possible to signal the carrier bandwidth on the S-SCH; but if the minimum operating BW depends on the frequency band, signalling of the P-BCH BW may be not needed, e.g. the UE has prior knowledge that in a certain frequency band the minimum spectrum allocation is 5 MHz, see [3].
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Figure 4 BLER vs. SNR, 1ms TTI, 288 subcarriers
Question 5:

Does the answer to Q.3 depend on the periodicity of primary BCH (e.g., 10, 20, 40 ms, or even longer)?
Response & Discussion:
Yes if combining over multiple retransmissions is used, c.f. simulations results in Figure 2 and Figure 3 for the P-BCH periodicity of 10, 20, and 40ms.
Question 6:

What is the assumption of periodicity of primary BCH transmission, considering the impact on cell search?
Response & Discussion:

So far RAN1 has assumed that the P-BCH is transmitted in every radio frame, i.e. the periodicity of the P-BCH is 10ms.
3. Conclusion
In this contribution, we have provided our views on the issues raised in LS R1-070007. We propose to take into account the answers when responding to RAN2. It may be noted that the results are somehow optimistic, as they do not account for realistic channel estimation. Finally, the results presented in this paper indicate that costs, in terms of time-frequency resources, of conveying around 200 P-BCH bits in a single transmission are relatively high; therefore, it is desirable that the number of primary system information bits is minimized and/or the periodicity of the P-BCH is relaxed.
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Annex A – Simulations Assumptions

The simulation assumptions are outlined in Table 1.

Table 1 Simulation assumptions
	Parameter
	Value/Comment

	Transmission bandwidth 
	5 MHz

	Sampling frequency
	7.68 MHz

	Sub-carrier spacing
	15 kHz

	Rx diversity
	2 antennas

	Tx diversity
	on, CDD (cyclic delay value:2 us) 

	Sub-frame structure
	7 OFDM symbols – short CP

	Modulation
	QPSK

	Channel coding
	25.212 turbo

	BCH transport block size
	Variable (55, 110, 220, 440 bits)

	CRC
	16 bit

	P-BCH time-frequency resource per radio frame
	For question 1: 10 OFDM symbols (1ms TTI) x 72 sub-carriers

For question 3: 

Option 1: 20 OFDM symbols (2ms TTI) x 72 sub-carriers, soft combining of multiple retransmissions.

Option 2: 10 OFDM symbols (1ms TTI) x 72 sub-carriers, soft combining of multiple retransmissions. 
For question 4: 10 OFDM symbols (2ms TTI) x 288 sub-carriers

	Channel estimation
	Ideal

	Channel model 
	Typical Urban, 3km/h

	Total overhead (RS, SCH) per sub-frame
	4 OFDM symbols
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