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1. Introduction

This contribution provides an analysis of the performance of the primary broadcast channel (P-BCH) channel in a 1.25 MHz bandwidth or 6 RBs. The main focus in this contribution is to shape an operation mode for the P-BCH channel as follows:

1. A few tens of bits are transmitted on the P-BCH in 1 to 3 OFDM symbols in each sub-frame where the P-BCH is occurring.
2. Transmit diversity is used in conjunction with soft-combining P-BCH information over consecutive frames in order to improve performance. 
2. P-BCH detection performance
In this contribution the assumption is that the P-BCH occurs once per 10 ms frame in sub-frame #0 together with the P-SCH and S-SCH. Simulations have been conducted with the parameters specified in Table 1. Within a sub-frame containing P-BCH, the following structure is considered throughout this contribution:

1. The first three symbols of slot #0 are reserved for control signalling (PDCCH).
2. Symbols #5, 6 in slot #0 are allocated to S-SCH and P-SCH, respectively.
3. The P-BCH parameters are as follows: 

a. The P-BCH is time-domain multiplexed within the sub-frame it is allocated to.
b. Up to four OFDM symbols (6 PRBs) are allocated to P-BCH (slot #0, symbols #3, 4 and slot #1, symbols #0, 1), depending on the final choice for the effective code rate and the payload size. Subcarriers reserved for reference symbols (RS) (all transmit antennas) are not used for P-BCH transmission.
c. The P-BCH channel comprises of two separately encoded fields: the information field and the system frame number (SFN) field. Such a split will further allow soft-combining of the information part over consecutive frames (assumed to remain static over a sufficient amount of time), while the dynamic SFN field (counter) may be decoded and verified by selection combining over consecutive sub-frames. 
Figure 1 illustrates the structure. In this contribution we address the performance of the information field only. As only a few tens of information bits are intended transmitted on the P-BCH, convolutional codes (CC) are chosen, according to the current working assumption. Table 2 provides the channel coding and symbol mapping parameters chosen for simulation. A tail-biting convolutional code (CC-TB) at rate R=1/3 with constraint length L=7 is chosen. Each P-BCH block (information field) is encoded at rate 1/3. The corresponding block length for the information field (i.e., without SFN) of P-BCH is 48 bits (information + CRC). Lower effective code rates are achieved by soft-combining up to eight received P-BCH information blocks over consecutive frames. Thus the considered effective code rates are ranging from 1/3 down to 1/24 (see Table 2 for a detailed description).

Table 3 provides with alternative coding and symbol mapping parameters: performance should be close to identical wrt. Table 2 at equal effective code rate; however, as parameters in Table 1 offer a finer code rate granularity, they have been chosen for simulation studies. Alternatively, repetition coding would allow achieving identical effective rates with almost identical performance. However, a major benefit of the soft-combining approach is that UEs at high geometry values will most likely decode the P-BCH already from the first instance, keeping the decoding delay low. On the other hand, the UEs at lower geometry values will benefit of soft-combining over a longer time, as needed for the correct decoding. The P-BCH information field is assumed to remain invariant within the duration of the soft-combining window. Soft-combining can not be applied to any dynamic part of P-BCH such as the SFN, which changes at every frame. 

Assuming two receiving antennas, link level performance of P-BCH in terms of detection probability (information block error rate) is shown in Figure 2 for single transmit antenna transmission and Figure 3 for two transmit antennas applying space frequency block code (SFBC) transmit diversity technique.
Table 1 Simulation parameters
	Transmission bandwidth
	1.25 MHz

	IFFT size
	128

	Number of used sub-carriers
	 72

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	1.080 MHz

	TTI length
	1 ms (14 OFDM symbols)

	Channel model
	3GPP TU

	UE velocity
	3 km/h

	Channel estimation
	Real 2D estimator using reference symbols

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

	Number of PRBs for P-BCH
	6

	Receive diversity
	2 receive (Rx) antennas

	Detector
	Maximum likelihood

	Transmit diversity
	1. 1 transmit antenna (1 Tx)
2. 2 transmit antenna diversity (2 Tx SFBC)

	Time diversity
	1. None

2. Soft-combining over 2 to 8 P-BCH blocks within 20 to 80 ms


Table 2 P-BCH (information part) coding and symbol mapping parameters (simulated in the contribution).
	BCH allocation (information part)
	# of PRBs
	Channel code
	# of soft-combining
	Effective rate (Reff)
	# of coded bits
	# of information bits
	# of information bits wo 16 bit CRC

	Slot #0, symbol #3
	6
	CC-TB, R=1/3, L=7
	1
	1/3
	144
	48
	32

	
	
	
	2
	1/6
	
	
	

	
	
	
	3
	1/9
	
	
	

	
	
	
	4
	1/12
	
	
	

	
	
	
	5
	1/15
	
	
	

	
	
	
	6
	1/18
	
	
	

	
	
	
	7
	1/21
	
	
	

	
	
	
	8
	1/24
	
	
	


Table 3 Alternative coding and symbol mapping parameters for P-BCH (simulation not shown).
	BCH allocation (information part)
	# of PRBs
	Channel code
	# of soft-combining
	Effective rate (Reff)
	# of coded bits
	# of information bits
	# of information bits wo 16 bit CRC

	Slot #0, symbol #3, 4 
	6
	CC-TB, R=1/3, L=7, repetition factor of 2
	1
	1/6
	240
	40
	24

	
	
	
	2
	1/12
	
	
	

	
	
	
	3
	1/18
	
	
	

	
	
	
	4
	1/24
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Figure 1 P-BCH allocation within a sub-frame. Subcarriers allocated to P-BCH are marked in red. Subcarrier locations reserved for reference symbols (RS) for transmit antennas are not used for P-BCH transmission: there are 24 such RS subcarriers in each OFDM symbol they appear in (slot #0, symbol #4 and slot #1, symbols #0 contain RS subcarriers that reduce P-BCH capacity in those OFDM symbols).
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Figure 2 P-BCH link level performance; 1 Tx antenna transmission; soft-combining of up to 8 consecutive         P-BCH information blocks. Red vertical lines indicate 98% coverage reliability thresholds for 3GPP case 1 & 3.
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Figure 3 P-BCH link level performance; 2 Tx antenna diversity transmission; soft-combining of up to 8 consecutive P-BCH information blocks. Red vertical lines indicate 98% coverage reliability thresholds for 3GPP case 1 & 3.
3. P-BCH coverage performance
EUTRA simulation cases 1 and 3 have been considered [1] for investigation of the coverage performance. Full load interference is generated in other than the serving cell and the signal-to-interference statistics is collected for all the UEs in the coverage area. The cumulative distribution functions (c.d.f.) of the G-factor are shown in Figure 4 for both simulation cases. The corresponding values of the 2nd and 5th percentiles of the c.d.f. are indicated in Table 4. The 98% coverage reliability thresholds (3GPP case 1 & 3) are indicated by red vertical lines superimposed on link level performance curves (Figure 2 and Figure 3). The coverage reliability of the P-BCH at 1% detection probability is studied in Table 5. Simulation cases achieving a coverage reliability of 95% and 98% are highlighted in yellow and green, respectively.
Table 4 Minimum G-factor for 98% and 95% coverage reliabilities.
	
	Case 1
	Case 3

	98% coverage reliability
	-4.63 dB
	-6.32 dB

	95% coverage reliability
	-3.64 dB
	-4.88 dB
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Figure 4 Cumulative distribution of the G-factor in a cellular scenario for EUTRA simulation cases 1 and 3.
Table 5 P- P-BCH performance (green & yellow highlight scenarios with coverage reliability 
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98, 
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95%, respectively, at 1% P-BCH detection probability)

	Transmit diversity
	# of soft combinings
	Effective rate
	Required G-factor [dB] for 1% detection threshold
	Percentile below 1% detection threshold

	
	
	
	
	Case 1
	Case 3

	1 Tx 
	1
	1/3
	1.80
	42.1
	47.2

	1 Tx 
	2
	1/6
	-1.40
	18.1
	24.2

	1 Tx 
	3
	1/9
	-3.14
	7.2
	12.6

	1 Tx 
	4
	1/12
	-4.62
	2.0
	5.8

	1 Tx 
	5
	1/15
	-5.67
	0.5
	3.0

	1 Tx 
	6
	1/18
	-6.59
	0.1
	1.7

	1 Tx
	7
	1/21
	
	
	

	1 Tx
	8
	1/24
	
	
	

	2 Tx SFBC
	1
	1/3
	0.13
	29.9
	35.6

	2 Tx SFBC
	2
	1/6
	-2.89
	8.5
	14.1

	2 Tx SFBC
	3
	1/9
	-4.59
	2.1
	5.9

	2 Tx SFBC
	4
	1/12
	-5.97
	0.3
	2.5

	2 Tx SFBC
	5
	1/15
	-6.98
	0.0
	1.3

	2 Tx SFBC
	6
	1/18
	-7.77
	0.0
	0.8

	2 Tx SFBC
	7
	1/21
	
	
	

	2 Tx SFBC
	8
	1/24
	
	
	


4. Discussion and conclusions

In order to achieve the 98% coverage reliability for 1% P-BCH detection probability in EUTRA simulation cases 1 and 3, a low effective code-rate is needed in the order of 1/15 with 2 antenna Tx diversity and 1/18 without Tx diversity. Such low effective code rates may be achieved by allowing the UEs to soft-combine over time multiple instances of the received P-BCH blocks. At code-rate 1/3 with repetition factor of 2, two OFDM symbols (see Table 3) within the 10 ms frame provides with a capacity of 40 available bits for P-BCH transmission (24 + 16 bit CRC). Such configuration would require the UEs to soft-combine at most three times (i.e., the duration of the soft-combining window is 30 ms) to reach an effective code rate of 1/18 and hence meet the coverage targets.
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