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1. Introduction

This contribution addresses the choice of transmit (Tx) diversity for the primary broadcast channel (P-BCH) in 1.25 MHz bandwidth or 72 sub-carriers at the center of the bandwidth. This equals 6 PRBs for 1.25 MHz bandwidth. There are currently two leading options under study:
1. Space-frequency block codes (SFBC) together with (cell-specific) reference symbol (RS) based channel estimation for P-BCH demodulation.
2. Precoding vector switching (PVS), coupled to P-BCH demodulation using the (cell-group-specific) secondary synchronization sequence (S-SCH) as phase reference.
This contribution investigates which of the two solutions provides with the best coverage for the P-BCH.
2. Transmit diversity for P-BCH: detection performance
The benefits and drawbacks of the two considered combinations of transmit diversity scheme and channel estimation techniques for the P-BCH may be summarized as follows:
SFBC as transmit diversity scheme for P-BCH together with RS channel estimation:
i. Link level studies for the P-BCH show that SFBC outperforms other transmit diversity schemes with two antennas such as frequency switched transmit diversity (FSTD), cyclic delay diversity (CDD) as well as precoded vector switching.
ii. SFBC does not allow transparent UE operation regardless of the transmit antenna configuration at the base station. However, this is not a problem since one signalling bit is used during cell search to indicate whether one or more than one transmit antennas are in use.
iii. Degraded performance is expected at cell border within the serving eNodeB. Cell-specific scrambling of P-BCH content becomes mandatory in this case in order to randomize and mitigate such deterministic interference.
PVS and S-SCH as phase reference for P-BCH demodulation:
i. Using the NodeB-specific S-SCH sequence as phase reference restricts the choice of Tx diversity for P-BCH to be same than for S-SCH, i.e. most likely precoding vector switching. Moreover, as S-SCH is eNodeB-specific, the P-BCH content has also to be the same within an eNodeB.
ii. Large over-the-air soft-combining gains are expected at cell borders within the serving eNodeB.
iii. The S-SCH sequence offers a denser pilot pattern in frequency domain (72 consecutive subcarriers) compared to RS, which is expected to lead to improved channel estimation performance.
iv. PVS allows transparent receiver operation regardless of the transmit antenna configuration.

v. PVS catches channel diversity at low velocity, but to a less extent than SFBC. 

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 structure considered for P-BCH transmission throughout this contribution is detailed in [2]. 
Table 2 provides with detailed 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 is encoded at rate 1/3. The block length is set to 48 bits (information + CRC). Lower effective code rates are achieved by temporal soft-combining up to six received P-BCH blocks over consecutive frames. Thus the considered effective code rates are ranging from 1/3 down to 1/18. The P-BCH content 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 system frame number (SFN), which changes at every frame. However, SFN could be separately coded in that case, see [2]. Alternatively, repetition coding would allow achieving identical effective rates with almost identical performance but with higher P-BCH overhead. 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. 
Assuming two receiving antennas, link level performance of P-BCH in terms of detection probability (information block error rate) is shown for two antennas SFBC and PVS transmit diversity in Figure 1 and Figure 2 at 3 km/h and 30 km/h UE velocity, respectively. Single transmit antenna transmission is plotted as reference. At low UE velocity (3 km/h), the PVS scheme together with S-SCH based channel estimation benefits from increased transmit diversity when P-BCH is coded (soft-combined) over two or more frames, as the transmission experiences several consecutive switches of the precoding vector. At higher UE velocity (30 km/h), PVS benefits from increased time diversity but does not offer gain anymore over single transmit antenna transmission. On the other hand, SFBC always outperforms PVS transmission by 0.25 to 1.75 dB (at 1% block error rate), depending on the effective code rate and UE velocity. 
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, 30 km/h

	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 SFBC
3. 2 transmit antenna PVS; precoding vector ([1 1], [1 -1], [1 j] or [1 -j])/sqrt(2) switches every 10 ms

	Channel estimation
	1. Real 2D estimator using reference symbols over 2 consecutive subframes (in 1 Tx and 2 Tx SFBC simulations)
2. S-SCH sequence (72 subcarriers) used as phase reference for P-BCH demodulation (in 2 Tx PVS simulations)

	Time diversity
	1. None

2. Soft-combining over 2 to 6 P-BCH blocks within 20 to 60 ms


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

	Subframe #0, slot #0, OFDM 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
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Figure 1 P-BCH link level performance at 3 km/h UE velocity; 1 Tx and 2 Tx transmit diversity (SFBC, PVS) transmission; soft-combining of up to 6 consecutive P-BCH information blocks. Vertical lines indicate 98% coverage reliability thresholds for EUTRA simulation case 3 [1], with or without inter-cell soft-combining of P-BCH within the serving eNodeB.
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Figure 2 P-BCH link level performance at 30 km/h UE velocity; 1 Tx and 2 Tx transmit diversity (SFBC, PVS) transmission; soft-combining of up to 6 consecutive P-BCH information blocks. Vertical lines indicate 98% coverage reliability thresholds for EUTRA simulation case 3 [1], with or without inter-cell soft-combining of P-BCH within the serving eNodeB.
3. Transmit diversity for P-BCH: coverage performance
EUTRA simulation cases 1 and 3 [1] have been considered 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. Modified statistics are needed from system simulations in order to address the case of P-BCH soft-combining over the cells of the serving eNodeB. Signal-to-interference statistics were collected as follows:
i. No soft-combining of P-BCH within the cells of the serving eNodeB: All the cells in the system other than the own cell in the serving eNodeB are seen as interference.
ii. Soft-combining of P-BCH within the cells of the serving eNodeB: All the cells within the serving eNodeB are assumed to transmit useful signals, i.e. the cells’ signals add-up to the own cell signal within the serving eNodeB. All the other cells belonging to other eNodeBs in the system contribute to interference.
Figure 4 illustrates the geographical distribution of the soft-combining gain (G factor difference w/wo inter-cell soft-combining in the serving eNodeB). As expected, large soft-combining gains are observed at cell borders between two adjacent cells within the serving eNodeB, as most of the interference turns then into useful signal. The impact on the G factor cumulative distribution functions (c.d.f.) may be seen in Figure 3. The corresponding values of the 2nd and 5th percentiles of the c.d.f. are indicated in Table 4. As observed from Table 4, inter-cell soft-combining of P-BCH translates at most into 0.42 dB gain in the minimum G factor required for coverage. The 98% coverage reliability thresholds (3GPP Case 3) are indicated by vertical lines superimposed on link level performance curves (Figure 1 and Figure 2).
As a result, while soft-combining provides with large gains at cell border between two adjacent cells of the serving eNodeB, it does not benefit much to the users in the most difficult conditions, i.e., at low G geometries and close to another eNodeB’s cell.
Table 3 Minimum G-factor for 98% and 95% coverage reliabilities with and without inter-cell soft-combining of P-BCH within the serving eNodeB.
	
	No inter-cell P-BCH soft-combining
	Inter-cell P-BCH soft-combining

	
	Case 1
	Case 3
	Case 1
	Case 3

	98% coverage reliability
	-4.85 dB
	-6.40 dB
	-4.52 dB
	-5.98 dB

	95% coverage reliability
	-3.92 dB
	-5.15 dB
	-3.49 dB
	-4.75 dB
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Figure 3 Cumulative distribution of the G-factor in a cellular scenario for EUTRA simulation cases 1 and 3 with and without inter-cell soft-combining of P-BCH within the serving eNodeB.
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Figure 4 G-factor geographic gain of inter-cell P-BCH soft-combining within the serving eNodeB.
4. Discussion and conclusions

In order to achieve the 98% coverage reliability for the selected 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 transmit diversity and 1/18 without transmit 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. 
Inter-cell soft-combining of P-BCH within the serving eNodeB shifts favourably the coverage limit by 0.42 dB at most, while precoding vector switching together with S-SCH as phase reference is always (0.25 to 1.75 dB) behind SFBC and RS channel estimation, depending on the effective code rate and UE velocity. As a result, there is no major gain to be obtained from a system viewpoint out of the combination of PVS transmit diversity and channel estimation via the S-SCH sequence. Therefore, SFBC is a good choice for the transmit diversity scheme for the primary broadcast channel and does not constrain the P-BCH content to be cell group-specific.
Based on the observations in this study, we propose for 2 Tx antennas;

· SFBC as transmit diversity scheme, assuming 1 signalling bit (one Tx antenna / more than one Tx antenna) is conveyed by the S-SCH.
· We confirm the working assumption of cell-specific scrambling for the P-BCH.

· Temporal soft-combining of P-BCH (excluding SFN) over consecutive frames.
· No over-the-air soft-combining between the cells of the same eNodeB
For 4 Tx antennas a straightforward solution is to use SFBC transmitted from antennas 1 and 2 only. We note that this results to possible power loss in case of 1.25 MHz bandwidth depending on the power amplifiers used. In higher bandwidth cases, power stealing from other subcarriers can be used to overcome this effect. Hence the potential power loss effect is not seen significant in the case of P-BCH. However, for the L1/L2 control channel the power loss occurring from using only 2 out of 4 transmit antennas is seen important from system operation point of view as the L1/L2 control channel occupies the whole bandwidth [3]. If a Tx diversity method utilizing all 4 antennas is used, it is natural to use the same method for the P-BCH as for the L1/L2 control channel.  
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