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1. Introduction
During RAN1 #51bis, the following agreements were reached regarding the PBCH:

· The same location of the PBCH OFDM symbols for TDD and for FDD

· PBCH location starts at the first OFDM symbol of slot #1 in sub-frame #0 and occupies 4 consecutive OFDM symbols

· No explicit bits in the PBCH to signal the number of TX antennas at the eNB

· PBCH encoding chain includes CRC masking dependent on the number of configured TX antennas at the eNode B

· PBCH is mapped onto RE assuming RS from 4 antennas are used at the eNB transmitter, irrespective of the actual number of TX antennas
The only remaining issue of the PBCH design is to select the antenna configuration dependent CRC masks. In this contribution, we discuss the CRC mask selection, provide simulations results for various sets of masks and finally propose a set of three CRC masks to be captured in [1].
2. Discussion
Figure 1 (a), (b) and (c) show the current invariant structure of a PBCH burst for 1TX, 2 TX and 4 TX antennas at the eNode B respectively. The CRC calculation for the PBCH specified in [1] uses a length 16 CRC generator polynomial, while the TX antenna configurations/transmit diversity schemes specified for the PBCH in [2] are:

· 1 TX;

· 2 TX: SFBC;

· 4 TX: SFBC-FSTD.

Therefore, three different masks of a 16 bit length need to be selected. 
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Figure 1 Current PBCH structure for 1 and 4 TX antennas at the eNB
3. Simulation results
In this section, we evaluate the performance of various sets of CRC masks with the agreed invariant PBCH structures shown in Figure 1. 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

	Subframe length
	1 ms (14 OFDM symbols)

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

	PBCH TTI
	10 ms (1 burst), 40 ms (4 bursts)

	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, 4 TX SFBC-FSTD; 2 receive (RX) antennas

	Detector
	Maximum likelihood


The considered sets of CRC masks are listed in Table 2.
Table 2 Simulated CRC Masks

	Set of Masks
	Mask
	Antenna Config.
	1TX↔2TX Hamming Distance
	1TX↔4TX Hamming Distance
	2TX↔4TX Hamming Distance

	#1
	<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
	1TX
	16
	8
	8

	
	<1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1>
	2TX
	
	
	

	
	<0,1,0,1,0,1,0,1,0,1,0,1,0,1,0,1>
	4TX
	
	
	

	#2
	<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
	1TX
	14
	9
	9

	
	<1,1,1,1,0,1,1,1,1,1,1,1,0,1,1,1>
	2TX
	
	
	

	
	<0,1,0,1,1,0,1,0,1,0,1,0,1,1,0,1>
	4TX
	
	
	

	#3
	<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
	1TX
	12
	10
	10

	
	<1,0,1,1,1,0,1,1,1,0,1,1,1,0,1,1>
	2TX
	
	
	

	
	<0,1,1,0,1,1,0,1,0,1,1,0,1,1,0,1>
	4TX
	
	
	

	#4
	<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
	1TX
	1
	-
	-

	
	<1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
	2TX
	
	
	

	
	-
	4TX
	
	
	

	#5
	<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
	1TX
	8
	-
	-

	
	<0,1,0,1,0,1,0,1,0,1,0,1,0,1,0,1>
	2TX
	
	
	

	
	-
	4TX
	
	
	

	#6
	<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
	1TX
	-
	16
	-

	
	-
	2TX
	
	
	

	
	<1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1>
	4TX
	
	
	

	#7
	-
	1TX
	-
	-
	16

	
	<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
	2TX
	
	
	

	
	<1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1>
	4TX
	
	
	


Figure 2 shows the block error rate performance of PBCH-based blind detection of eNode B antenna configurations without CRC masking. Results in Figure 3 indicate that TX antenna configuration dependent CRC masking solves the false alarm problems of the PBCH-based blind detection (set of masks #1 was assumed). Nevertheless, we may still face at the UE side one of the following false detection events:

· Given the correct assumption on TX configuration at the UE side:

· Errors in PBCH bits (payload or both payload and CRC bits) that lead to a successful CRC check. Assuming a 16 bit CRC length, the probability of this event is around 2-16 ≈ 1.5 ∙ 10-5 at low SNR and decreases with increasing SNR (in case of a valid code-block, i.e. PBCH signal is present and not only noise).
· Given an incorrect assumption on TX configuration at the UE side:

· Errors in PBCH bits (payload or both payload and CRC bits) that lead to a successful CRC check despite CRC de-masking with a mask that does not correspond to the actual TX configuration.
· No error in the payload but errors in CRC bits such that the applied mask at eNode B gets transformed into another valid mask (the one tied to hypothesis the UE makes on the TX configuration) that further leads to a successful CRC check.
Some attention should be given to the design of CRC masks regarding false detection events of the latter sort by ensuring sufficient Hamming distance between the masks.
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Figure 2 PBCH BLER vs. SNR for all eNB TX antenna configurations and for various UE assumptions – without CRC masking.
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Figure 3 PBCH BLER vs. SNR for all eNB TX antenna configurations and for various UE assumptions – with antenna configuration dependent CRC masking (set of masks #1 is used).
Figure 4 - 6 show false detection probabilities of antenna configuration detection as a function of SNR for the considered masks with 1 PBCH burst (early detection of a self-decodable burst). Figure 7 - 9 show the false detection probability of antenna configuration detection as a function of SNR with Mask Set #1 for the full PBCH TTI of 40 ms (4 PBCH bursts). On the basis of these results we observe:
· From Figure 4 and Figure 7, we may observe that masks with Hamming distance greater than 8 between 1 TX and 2 TX antenna configurations offer sufficient protection against misdetection.
· From Figures 5 & 8 and Figures 6 & 9, we conclude that increasing the Hamming distance between the masks does not have much beneficial impact with respect to the false detection probability. The reason behind this is that 1TX & 4TX and 2TX & 4TX misdetection events are much less likely: this leads to high bit error rates (see Figure 2) and thus almost random PBCH bits (both data and CRC bits) at the output of the decoder. Therefore, the false detection probability stays close to the level of a false positive detection with a 16-bit CRC at low SNR, i.e. 2-16.
Therefore, it makes sense to optimize masks against 1TX and 2 TX misdetection events (the most likely to happen without CRC masking) and hence opt for the maximum Hamming distance of 16 between the corresponding masks. Also, Hamming distances of 8 between masks for 2TX and 4TX configurations prove to be sufficient in practice. Hence the proposed Set of Masks #1 yields a good candidate for CRC mask selection for the PBCH in E-UTRAN. Also, the all-zero mask therein has the following advantages from a practical implementation viewpoint:
· Masking/de-masking operations are made unnecessary since applying the mask has no effect on the bits to be masked/de-masked (by XOR operation). Hence processing may be expedited in this case.

· PBCH for MBSFN can reuse the same coding chain (see R1-080327). Since there is always 1 TX in this case, (other number of TX antennas for MBSFN is not valid) hence no masking/de-masking needs to be implemented at the eNode B/UE side respectively.
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1Tx->2Tx: Mask set #4 (Hd=1)

1Tx->2Tx: Mask set #5 (Hd=8)

1Tx->2Tx: Mask set #3 (Hd=12)

1Tx->2Tx: Mask set #1(Hd=16)

2Tx->1Tx: Mask set #4 (Hd=1)

2Tx->1Tx: Mask set #5 (Hd=8)

2Tx->1Tx: Mask set #3 (Hd=12)

2Tx->1Tx: Mask set #1 (Hd=16)


Figure 4 CRC false detection for a single PBCH burst (10 ms TTI); 1Tx <->2Tx misdetection events.
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1Tx->4Tx: Mask set #1 (Hd=8)

1Tx->4Tx: Mask set #6 (Hd=16)

4Tx->1Tx: Mask set #1 (Hd=8)

4Tx->1Tx: Mask set #6 (Hd=16)


Figure 5 CRC false detection for a single PBCH burst (10 ms TTI); 1Tx <->4Tx misdetection events.
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2Tx->4Tx: Mask set #1  (Hd=8)

2Tx->4Tx: Mask set #7  (Hd=16)

4Tx->2Tx: Mask set #1  (Hd=8)

4Tx->2Tx: Mask set #7  (Hd=16)

Figure 6 CRC false detection for a single PBCH burst (10 ms TTI); 2Tx <->4Tx misdetection events.
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1Tx->2Tx: Mask set #5 (Hd=8)

1Tx->2Tx: Mask set #1 (Hd=16)

2Tx->1Tx: Mask set #3 (Hd=12)

2Tx->1Tx: Mask set #1 (Hd=16)


Figure 7 CRC false detection for four PBCH bursts (40 ms TTI); 1Tx <->2Tx misdetection events.
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1Tx->4Tx: Mask set #1 (Hd=8)

1Tx->4Tx: Mask set #3 (Hd=10)

4Tx->1Tx: Mask set #1 (Hd=8)

4Tx->1Tx: Mask set #3 (Hd=10)


Figure 8 CRC false detection for four PBCH bursts (40 ms TTI); 1Tx <->4Tx misdetection events.
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2Tx->4Tx: Mask set #1 (Hd=8)

4Tx->2Tx: Mask set #1 (Hd=8)


Figure 9 CRC false detection for four PBCH bursts (40 ms TTI); 2Tx <->4Tx misdetection events.

4. Discussion and conclusions

In this contribution, we evaluated the performance of PBCH-based blind antenna detection with various sets of CRC masks. On the basis of the results and the discussion in this paper, we propose that Set of Masks #1
 is used for antenna configuration depended CRC masking in the PBCH encoding chain and is captured in [1]:

	# of TX antennas
	PBCH CRC Mask

	1
	<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>

	2
	<1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1>

	4
	<0,1,0,1,0,1,0,1,0,1,0,1,0,1,0,1>
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� In fact, Set of Masks #2 or #3 also offer satisfactory performance and the difference between the three sets is not substantial.  





