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1
Introduction
In the current E-UTRA specification [1], UE needs to blindly detect the number of transmit (Tx) antennas at the eNodeB during initial acquisition stage. But the PBCH RE mapping in [1] has the following issues:

· Given one eNB Tx antenna configuration, multiple Tx antenna hypotheses may pass CRC check at UE (defined as false alarm event
) when decoding PBCH.
Thus, UE may not correctly find the number of Tx antennas by just checking the CRC status of different Tx antenna hypotheses. Accurate Tx antenna information is essential for both downlink and uplink operations. Either additional metrics are needed, or 1-2 bits of antenna information need to be transmitted in PBCH. 
This contribution proposes a method for UE to determine the number of Tx antennas by just checking multiple antenna hypotheses without sending antenna information in PBCH. The proposed method requires a very minor change in the current PBCH rate matching scheme and guarantees virtually zero false alarm probability.
2
Issues in the current PBCH specification
The transmit diversity mode of PBCH is linked to the number of Tx antennas:

· 1 Tx antenna: no transmit diversity

· Signal is directly mapped to consecutive data tones. 
· 2 Tx antennas with space-frequency block coding scheme (SFBC). 
· 4 Tx antennas: SFBC +frequency switch transmit diversity (FSTD). 

The PBCH coded symbols are mapped to OFDM symbols shown in Table 1for different cyclic prefix and frame structure combinations:

Table 1: Symbol Index value 
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	Configuration
	Values of index 
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	Frame structure type 1
	Frame structure type 2

	Normal cyclic prefix
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Figure 1: PBCH tone mapping for normal cyclic prefix

Figure 1 shows the PBCH resource element mapping for normal CP case. From this figure, we observe that

· There is significant overlapping for 2 and 4 Tx antenna configurations for the first 10ms transmission (early detection)

· The RE mapping for those two Tx antenna configurations diverges in the last PBCH symbol

· Although the channel estimates for 2 and 4 Tx antennas are different, we observe non-negligible false alarm probability in this case)
· Note that early detection was the primary reason for choosing SFBC as opposed to V-TSTD for PBCH transmission with multiple Tx antennas in RAN1 #49-bis
Due to the low code rate of PBCH and the significant overlapping of coded symbols mapped to the resource elements, multiple antenna hypotheses may pass CRC check when the SNR is high. 
We present simulation results for false alarm probability (FAP) for different Tx antenna settings: 
· 1 Tx antenna (Figure 2)
· 2 Tx antennas (Figure 3)
· 4 Tx antennas (Figure 4)
The simulation settings are shown in the Appendix. From those figures, we observe that high FAP for hypotheses 2 (4) given there are either 4 (2) Tx antennas at NodeB.
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Figure 2:   False alarm probability for one transmit antenna (Hypo n stands for UE assuming there are n Tx antennas)
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Figure 3: False alarm probability for two transmit antennas
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Figure 4:  False alarm probability for four transmit antennas

3     RS-invariant PBCH resource mapping [2]
In [2], RS-invariant PBCH structure was proposed: the number of REs does not depend on the actual number of TX antennas because the PBCH is mapped assuming that all the RS tones for 4 TX antennas are always present. From the analysis in Section 2, we can conclude that FAP in this structure would be much higher. Similar FAP issues were raised in [4].  
We now present simulation results for false alarm probability (FAP) for different Tx antenna settings: 

· 1 Tx antenna (Figure 5)

· 2 Tx antennas (Figure 6)

· 4 Tx antennas (Figure 7)

From the plots, we observe that FAPs are very high across different Tx antenna cases.
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Figure 5:  False alarm probability for one transmit antenna 
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Figure 6:  False alarm probability for two transmit antennas  
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Figure 7:  False alarm probability for four transmit antennas  
4
Proposed solutions
From the analysis in Section 2 and 3, we conclude that the FAP is caused by the symbol overlapping for different Tx antennas configurations. Thus, by introducing different redundancy versions (RVs) for different Tx antennas, we may be able to minimize the FAP. 
Different RVs can be achieved by introducing different starting points for different Tx antennas when reading bits from the circular buffer before transmission (similar to PDSCH transmission) as shown in Figure 8.
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Figure 8: Different starting points for different Tx antenna configurations
The current bit collection, selection and transmission for PBCH rate matching is shown as follows in green [3]:  

   5.2.4.1.2
Bit collection, selection and transmission

The circular buffer of length 
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Denoting by E the rate matching output sequence length for this coded block, the rate matching output bit sequence is 
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Set k = 0 and j = 0

while { k < E }


if 
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end if

end while
The proposed change is as follows in blue and the required changes are highlighted in red:
5.2.4.1.2
Bit collection, selection and transmission

The circular buffer of length 
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Denoting by E the rate matching output sequence length for this coded block, the rate matching output bit sequence is 
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Where,
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Set k = 0 and j = 0

while { k < E }
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j = j +1


else

j = j +1


end if

end while

Note that the proposed solution applies for both RS-invariant PBCH structure [2] and the current PBCH structure in [1].
In the following, we present simulation results
 for false alarm probability (FAP) for different Tx antenna settings by introducing different starting points for different Tx antenna configurations, i.e., different RVs (
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· 1 Tx antenna (Figure 9)

· 2 Tx antennas (Figure 10)

· 4 Tx antennas (Figure 11)

From those plots, we observe that the FAPs are zeroes for all Tx antenna cases at any SNR range. 
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Figure 9:  False alarm probability for one transmit antenna 
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Figure 10:  False alarm probability for two transmit antennas 
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Figure 11:  False alarm probability for four transmit antennas 

5
Summary
In this document, we addressed the issues of PBCH blind decoding and proposed the following:

· Different RVs for different Tx antennas when reading bits from the circular buffer before PBCH transmission

· Note that this solution would allow to eliminate the eNB transmit antenna configuration from the PBCH

The proposed solution requires a minor change in PBCH rate matching in [3] and the solution applies to both RS-invariant structure [2] and the current PBCH structure [1]. 

6
Appendix

6.1
Simulation set-up
· 2 receive antennas

· 1, 2, or 4 transmit antennas

· RS structures in [1]
· Bandlimited white interference and noise

· 1.25 MHz BW – uncorrelated TU – 3km/h

· Realistic channel estimator

· Signal detection – LMMSE

· Payload size – 60 bits

Table 2  Evaluation Numerology
	Slot duration
	0.5 ms

	Subframe duration
	1 ms

	Symbols / Subframe
	14

	FFT size
	128

	Tone spacing
	15 KHz

	Guard tones per symbol
	56

	Pilot Allocation
	See TS 36.211. [1]

	Channel coding
	TBCC, K=7, r=1/3

	Modulation order
	QPSK
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� False alarm event due to false CRC check is not considered here since the probability of such event is negligible given 16 bits CRC length in PBCH.


� The results are the same for both RS-invariant PBCH structure and the current PBCH structure. 
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