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1. Introduction
In the current version of 36.211 [1], the number of transmit antennas at the eNode B is not conveyed by the synchronization signals. However, the knowledge of the number of eNB TX antennas is needed at the UE, as the chosen TX diversity schemes are not transparent to the UE. If a TX diversity scheme is used with the PBCH with a certain number of configured TX antennas, the PCFICH/PDCCH will be transmitted using the same set of TX antennas as the one used for PBCH.
Therefore, there should be one-to-one relation between successful decoding of the PBCH with a certain assumption on the number of TX antennas at the UE and the actual number of TX antennas configured and used for PBCH transmission at the eNode B. One way, discussed over the RAN1 e-mail reflector, to make sure that successful PBCH decoding is equal to correct antenna configuration acquisition, is to include two explicit bits in the MIB to convey the number of configured TX antennas. This signalling would be used for the verification of blind antenna detection and it is the last open issue in the MIB content design.
In this contribution, we review the reliability of the blind antenna configuration detection based on the currently specified PBCH [1] and on the invariant PBCH structure [2]. Finally, we outline our views on the issue of antenna configuration acquisition.
2. Discussion and Simulation
In this section, we evaluate the performance of blind antenna detection based on the current and the invariant PBCH structure [1]. Poor performance of RS-based blind antenna detection was reported in [3] and in [4]. 
Figure 1 (A) and (B) show the current structure of a PBCH burst for 1TX antenna and 2 TX antennas at the eNode-B respectively. Figure 2 (A) and (B) shows the invariant PBCH structure for 1 and 2 TX antennas respectively.
Blind detection performance of the invariant PBCH structure is evaluated in simulations presented in Figure 3 assuming a TTI of 40 ms. The PBCH-to-RE mapping is the one of Figure 2. The PBCH block error rate (BLER) is shown as a function of the SNR for each assumption the UE makes on the TX antenna configuration, while the eNode-B performs either 1TX (black curves), 2 TX SFBC (blue curves) or 4 TX SFBC-FSTD (red curves) transmission.
Blind detection performance of the current PBCH mapping assuming a single self-decodable PBCH burst is depicted in Figure 4 (red curve) in the case the UE assumes a 2 TX SFBC transmission (see Figure 5 (B)) while a 4 TX SFBC-FSTD transmission takes place at eNode B (see Figure 5 (C)). The blue curve depicts the BLER performance under similar assumptions of the new proposed PBCH-to-RE mapping (see Figure 5 (B’) and (C’)). The proposed mapping is further discussed in this contribution. Detailed simulation assumptions are listed in Table 1.
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Figure 1 Current PBCH structure for 1 and 2 TX antennas at the eNB
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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
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)
	48 bits

	Channel coding
	CC-TB-L=7, circular buffer rate matching

	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
	1 transmit (TX) antenna, 2 TX SFBC, 4 TX SFBC-FSTD

	Receive diversity
	2 receive (RX) antennas

	Detector
	Maximum likelihood

	PBCH mapping
	Invariant mapping: PBCH is mapped around RSs for 4 TX antennas

Current mapping: PBCH is mapped around RSs given the actual number of TX antennas
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Figure 3 Reliability of blind antenna detection with the invariant PBCH structure. Black curves: 1 TX transmission at eNode-B. Blue curves: 2 TX SFBC transmission at eNode-B. Red curves: 4 TX SFBC-FSTD transmission at eNode B. UE assumes either one of the three TX configurations.
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Figure 4 Reliability of blind antenna detection with the current and proposed PBCH structures. Single PBCH burst (10 ms TTI), 4 TX SFBC-FSTD transmission at the eNode-B; 2 TX SFBC assumed at the UE.
The results in Figure 3 indicate that all the cases of hypothesis testing of the number of configured TX antennas have a certain non-zero false detection probability because the BLER is not equal to 1 for a wrong hypothesis on the TX configuration. Consequently, assuming the invariant PBCH structure, it is possible to correctly decode the PBCH with a wrong assumption on the number of TX antennas because:

· The PBCH-to-RE mapping is the same for all antenna configurations by definition of the invariant structure.
· TX diversity schemes as currently defined in [2] share together large amount of similarities within the transmitted signals, e.g. 1 TX transmission stands as a subset of the other two TX modes (i.e., 2 TX SFBC and 4 TX SFBC-FSTD).
· In a significant number of cases, FEC encoding of the PBCH at a low code rate (around 1/10 per burst) allows mitigating the self-interference resulting from a wrong assumption at the UE on the TX diversity scheme at the eNode-B side. Therefore, successful decoding of the PBCH can occur despite an incorrect assumption on the TX configuration.
Issues with blind antenna detection can be resolved in the case of an invariant PBCH structure by applying antenna configuration-specific CRC masking. This solution incurs negligible complexity and implementation effort since:

· CRC masking is already used for convolutionally encoded channels i.e. PDCCH UL/DL grants (for a similar reason). Thus it can be simply reused for the time-multiplexed PBCH.
· CRC masking takes place at the latest stage in the PBCH decoder.

With the current PBCH structure, we observe false detection issues for early PBCH detection (from the 1st self-decodable burst) in case the PBCH is transmitted with SFBC-FSTD (4 TX) while the UE assumes SFBC (2 TX): for SNRs above 15 dB, the BLER curve has a floor around 0.95, which means that in about 5% of the cases successful detection of PBCH will occur under a wrong assumption on the TX configuration. The false detection problems are due to:

· An identical PBCH-to-RE mapping for the first three OFDM symbols of the first PBCH burst between 2 TX and 4 TX transmissions (see Figure 5 (B) and (C)).
· Similarities between TX diversity schemes and low rate FEC encoding of the PBCH: as previously stated, this can lead to successful decoding of the PBCH given an incorrect assumption on the TX configuration. This is due to the fact that most of the PBCH symbol sequence is mapped onto identical REs between 2 and 4 TX configurations considering e.g. the 1st PBCH burst.
As indicated by the results in Figure 4, the false detection problems of the current PBCH structure can be easily solved be shifting the PBCH OFDM symbols so that they start at the first OFDM symbol of the second slot as shown in Figure 5 for the sub-frame structure with normal cyclic prefix. With this shift, the PBCH-to-RE mapping is different for different antenna configuration already in the first or in the second OFDM symbol (i.e. the rate matched bits are out-of-sync) which is sufficient to solve the false detection problems without any further modification to the specifications. The current and proposed PBCH-to-RE mappings are shown in Figure 6 of Appendix A for the sub-frame structure with extended cyclic prefix. We also note similarities of the proposed mapping between sub-frame structures with normal and extended cyclic prefix, which is beneficial from an implementation viewpoint.
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Figure 5 Current and proposed PBCH-to-RE mapping for normal CP
3. Discussion and conclusions

In this contribution, we evaluated the performance of the PBCH-based blind detection of eNode B antenna configuration. The results presented in this document indicate that PBCH-based blind detection is unreliable with the invariant PBCH and to some extent also with the currently specified PBCH. Furthermore, we presented simple solutions to the problem which lead to reliable performance. These solutions establish a one-to-one mapping between successful decoding of the PBCH with a certain assumption regarding TX antenna configuration at the UE and the actual number of TX antennas configured at the eNode B without the heavy burden of explicit MIB bits. The observation in this paper is equally applicable to the PBCH design for FDD and to the currently undecided PBCH mapping for TDD. On the basis of the analysis and discussion in this paper, we propose that:
· The PBCH content (MIB) does not include any bits with the number of TX antennas.
· The issues with the blind antenna detection are solved by one of the approaches stated below:
· Antenna configuration dependent PBCH CRC masking.
· A new PBCH-to-RE mapping starting in the first OFDM symbol of the second slot (this solution is only applicable to the non-invariant PBCH mapping, c.f. Figure 5 and Figure 6)
.
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Appendix A – Current and proposed PBCH mapping for extended CP
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(c) — Current PBCH structure, 4 TX antennas at eNB, extended CP
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Figure 6 Current and proposed PBCH-to-RE mapping for extended CP




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































� In case of TDD there is no DL-to-UL switching in sub-frame #0,. for half duplex FDD, a slight reduction of the DL-to-UL GP or no DL-UL switching in sub-frame #0 for HD-FDD UEs is not considered as an issue.





