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1. Introduction
During RAN1 #49bis, the following principles of PBCH transmission were agreed:

· 4 OFDM symbols per PBCH burst in each sub-frame #0

· 4 self-decodable PBCH burst per PBCH TTI of 40ms

· PBCH scrambling period of 40ms

The current mapping of PBCH, as specified in [1], assumes that the precoded PBCH symbols are mapped to all available resources in the four OFDM symbols. As a consequence, the number of PBCH REs depends on the number of TX antennas at the eNode B. In this contribution, we analyse and propose an invariant structure of the PBCH. A similar structure is specified for the PDCCH in [1].
2. Discussion
Figure 1 (a) and (b) show the current structure of a PBCH burst for 1TX antenna and for 4 TX antennas at the eNode B respectively.
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Figure 1 Current PBCH structure for 1 and 4 TX antennas at the eNB
On the basis of the figures, one can observe that the number of available PBCH resource elements depends on the number of transmit antennas. This dependency causes the following features of the physical layer structure of the PBCH:
· Variable effective coding rates

· Variable lengths of the cell-specific scrambling code

· Variable rate matching configurations

In order to overcome the shortcomings of the current PBCH structure, we propose an invariant PBCH structure, similar to the one considered for the PDCCH in [2]. Due to the invariant PBCH, the number of REs does not depend on the actual number of TX antennas because the PBCH is mapped assuming that 4 TX antennas are always present. The invariant PBCH structure for 1 and 2 TX antennas is illustrated in Figure 2 (a) and (b) respectively.
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Figure 2 Invariant PBCH structure for 1 and 2 TX antennas at the eNB: the PBCH is mapped assuming that RS for 4 TX antennas are always present
3. Simulation results
In this section, we evaluate the performance of the invariant PBCH structures shown in Figure 2. Simulation assumptions are outlined in Table 1.
Table 1 Simulation assumptions

	Parameter
	Value

	Transmission bandwidth
	1.25 MHz

	IFFT size; # of used sub-carriers
	128; 72

	Occupied bandwidth; Sub-carrier spacing
	1.080 MHz; 15 kHz

	TTI length
	1 ms (14 OFDM symbols)

	PBCH TB size (information + 16 bit CRC)
	46 bits

	Modulation
	QPSK

	Channel model / UE velocity
	3GPP TU / 3 km/h

	Channel estimation
	Real 2D estimator using RS over 1 sub-frame

	Physical resource block (PRB) bandwidth
	12 sub-carriers, 180 kHz

	Transmit diversity; Receive diversity
	1 transmit (Tx) antenna & 2 Tx SFBC; 2 receive (Rx) antennas

	Detector
	Maximum likelihood


Furthermore, we investigate the performance impact of placing additional RS symbols into the empty sub-carriers created due to the invariant structure in case of one and two transmit antennas at the eNode B. An example of placing the additional RS symbols is shown in Figure 3 for the single transmit antenna case, where pilot symbols from antenna 0 are added into the unused sub-carrier positions of antenna 1, 2 and 3 within the PBCH OFDM symbols.
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Figure 3 Invariant PBCH structure for 1 TX antenna with additional RS symbols

Link level performance, in terms of block error rate (BLER) for the proposed invariant structure, is shown in Figure 4 for the single transmit antenna case. Results with two transmit antennas at the eNode B are shown in Figure 5. Channel estimation is performed over 1 sub-frame RSs in both cases.
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Figure 4 PBCH & invariant PBCH performance; 1 Tx at eNB; extra RSs for antenna 0 at RS{1,2,3} positions.
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Figure 5 PBCH & invariant PBCH performance; 2 Tx at eNB; extra RSs for antenna 0 at RS2 positions & extra RSs for antenna 1 at RS3 positions.
Table 2 summarizes the results at the BLER point of 1%.
Table 2 Simulation results

	Configuration
	SNR required to achieve 1 % BLER

	
	Current PBCH
	Invariant PBCH
	Invariant PBCH with additional RS

	1 TX antenna
	-8.35 dB
	-7.45 dB
	-8.57 dB

	2 TX antennas
	-9.05 dB
	-8.87 dB
	-9.23 dB


On the basis of the results we observe:
· The performance of the proposed invariant structure with additional RSs stands very close to one of the current PBCH structure with both one and two transmit antennas at the eNode B.
· The invariant structure with additional RSs complies with the 98% coverage reliability requirement in 3GPP case 3 shown in [3] with more than 2 dB extra margin in the single transmit antenna case. With 2 Tx SFBC transmission at eNB, the margin grows up to 3 dB. 
· The invariant structure alone complies with the coverage reliability requirements with more than 1 dB extra margin in all considered simulation cases.
Furthermore, we note that the gap between the current PBCH and the invariant PBCH can also be compensated by boosting the power of PBCH REs in OFDM symbols where unused sub-carriers are present (instead of placing additional RS symbols into these unused sub-carriers).
4. Discussion and conclusions

In this contribution, we evaluated an invariant PBCH structure. On the basis of the analysis and discussion in this paper, we propose that the number of PBCH REs does not depend on the number of TX antennas. The invariant structure offers the following advantages for the UE/eNB with respect to PBCH transmission/reception used to carry one transport block of a fixed size:
· Single length of the cell-specific PBCH scrambling code
· Single effective coding rate

· Single rate matching configuration
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