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1. Introduction
During RAN1 #46bis, the bandwidth of the E-UTRA Primary Broadcast Channel was decided to be transmission bandwidth independent and equal to 72 sub-carriers. However, the time domain structure of the P-BCH is not yet concluded. In this contribution, we present link level results of the P-BCH, and some initial estimation of the time-frequency overhead of the channel based on its capacity and reliability requirements.
2. P-BCH
The P-BCH agreements can be summarized as follows:
· P-BCH BW is transmission bandwidth independent and equal to 72 sub-carriers [1]
· P-BCH is transmitted at least once per 10 ms radio frame [2]
· P-BCH MCS is predefined

· P-BCH carries static part of the system information
· Rough estimate by RAN WG2 of the capacity requirement for the static part is 190 ÷ 310 bits [3]
· RAN WG2 reliability requirement on the static part is a BLER target of 1% at 98% coverage [4]
While the working assumptions on the SCH structure from [5] is:

· P-SCH and S-SCH BW is 72 sub-carriers

· P-SCH and S-SCH are TDM multiplexed each occupies one OFDM symbol

· P-SCH, S-SCH pair is transmitted twice per radio frame in TTI #0 and TTI #5
3. Simulation 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
	220 bits

	CRC
	16 bit

	P-BCH time-frequency resource
	Option 1: 10 OFDM symbols x 72 sub-carriers
Option 2,3&4: 20 OFDM symbols x 72 sub-carriers

	Channel estimation
	Ideal

	Channel model 
	Typical Urban, 3km/h

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


We considered 4 options with respect to time domain structures of the P-BCH:

· Option 1: the coded P-BCH symbols are mapped onto one consecutive sub-frame pair per radio frame (i.e. sub-frame #0 and 1; 1.7 % overhead; coding rate 1/6)

· Option 2: the coded P-BCH symbols are mapped onto two consecutive sub-frame pairs per radio frame (i.e. sub-frame #0, 1, 2 and 3; 3.4 % overhead; coding rate 1/12)

· Option 3: the coded P-BCH symbols are mapped onto two separated by 5 ms sub-frame pairs per radio frame (i.e. sub-frame #0, 1 and 10, 11; 3.4 % overhead; coding rate 1/12) 

· Option 4: the coded P-BCH symbols are mapped onto two consecutive sub-frame pairs per radio frame (i.e. sub-frame #0, 1, 2 and 3; 3.4 % overhead; coding rate 1/12), CDD is off

4. Simulation results

Figure 1 shows the BLER vs. SNR curves of the considered structures of the P-BCH.
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Figure 1 BLER vs. SNR of P-BCH
Table 2 captures the required SNR to achieve a 1% BLER target of the primary system information together with the time-frequency overhead of the considered P-BCH options.
Table 2 Required SNR and T-F overhead of P-BCH options at 1 % BLER

	P-BCH structure
	Option 1
	Option 2
	Option 3
	Option 4

	Required SNR @ 1% BLER
	-3 dB
	-6 dB
	-6.2
	-5.2

	T-F overhead @ 5 MHz TX BW
	1.7%
	3.4%
	3.4%
	3.4%


The 2nd percentile of CDFs of SINR for simulation cases 1, 2, 3 and 4 from [2] is approximately -6 dB.
5. Conclusion
In this contribution, we have evaluated various options of the P-BCH time domain structure. Based on the results the following conclusions can be drawn:

· In order to satisfy the 1 % BLER at 98% coverage requirement the coding rate of the P-BCH should be around 1/12, which can be achieved by e.g. 1/3 turbo coding and repetition, some form of TX diversity e.g. CDD is essential
· Both Option 1 and Option 2 satisfy the P-BCH requirement consuming ~ 3.4% of time-frequency resources in the TX bandwidth of 5 MHz, but taking into account a channel estimation penalty the P-BCH coverage or payload will be slightly reduced
· The above holds, if the P-BCH is to be decoded with a minimum delay, i.e. based on a transmission in a single radio frame. If the delay requirement can be relaxed, then a combining mechanism can be employed in the UE to significantly improve the coverage.  
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