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1. Introduction

Dynamic BCH (D-BCH) is used to carry system information (SI) over PDSCH to UEs within the cell. Similarly to physical broadcast channel (PBCH), D-BCH needs to be decoded successfully up to the cell edge.
In this contribution, we investigate the coverage and capacity of D-BCH for 1.4, 5 and 20 MHz system bandwidths (6, 25 and 100 RBs, respectively), which is of high importance for segmentation and scheduling of SI currently being discussed in RAN2 [1]. In addition, the contribution also quantifies the impact of additional time & spatial diversity in improving the D-BCH capacity.
2. Coverage performance and time diversity for D-BCH
Simulations parameters are given in Table 3 in the Appendix. The D-BCH is assumed to fully occupy the available system bandwidth (1.4, 5 or 20 MHz depending on the simulation case), as well as 11 OFDM symbols per 1 ms TTI in case of normal cyclic prefix length. The dynamic BCH is transmitted here in M=1, 2 or 4 self-decodable bursts within 1ms, 80 ms and 160 ms transmission time intervals (TTI), respectively. Figure 1 depicts the various time diversity configurations evaluated throughout this contribution. Since PDSCH is used as physical channel, QPSK modulation with turbo coding (mother code rate 1/3) is chosen. Lower effective code rates (ECR) are achieved through repetition coding and temporal soft-combining of subsequent D-BCH bursts. A major benefit of the soft-combining approach with several self-decodable bursts is that UEs at high geometry values will most likely decode the D-BCH already from the first instance, keeping the decoding delay as well as power consumption 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 D-BCH payload is assumed to remain invariant within the duration of the soft-combining window. Similarly to PBCH, a coverage reliability of 98% at 1% block error rate (BLER) is required for D-BCH in EUTRA simulation case 1 and 3 [2]. Table 4 in the Appendix provides with the associated required minimum G-factors obtained by system level simulations from [3].
The capacity of the dynamic BCH is pictured in the single transmit antenna case in Figures 2-4 for 1.4, 5 and 20 MHz system bandwidths, respectively. Results with two transmit antennas applying space-frequency block codes (2 Tx SFBC) are shown in Figures 5-7. The figures show the minimum required SINR for 1% BLER as a function of the D-BCH information block length (IBL). Results obtained when M=2 or 4 D-BCH bursts are placed in consecutive sub-frames are also displayed. Those serve as reference in order to dissociate and identify the time diversity gains from the soft-combining gains.
The maximum D-BCH capacities obtained for different system bandwidths and transmit antenna configurations are summarized in Table 1. From the table, we notice that D-BCH capacities are in the order of a few tens of bits in the case of 1.4 MHz system bandwidth and a single D-BCH burst. As one could predict, the 1.4 MHz band suffers from the lack of frequency diversity: very low effective code rates are needed (in the order of 1/30 and 1/17 in the single and dual transmit antenna cases, respectively). Thanks to the increased frequency diversity, transmission bandwidths beyond 5 MHz can cope with much higher ECRs. As SI is intended to be transmitted in scheduling units (SU), which typically vary in size from a hundred up to a few thousands of bits, typical SUs can not be always transmitted in a single sub-frame in the general case. On the basis of the results in Table 1, we note that in some cases, heavy segmentation of Scheduling Units might be needed. The current assumption in RAN2 about SU segmentation is ‘an SU may be segmented, in which case segments are scheduled in subsequent consecutive subframes’ [6]. This assumption might be not inline with the fact that some sub-frames might be used for MBSFN or UL.
Time diversity can play an essential role in improving D-BCH capacity, and allows increasing the effective code rate. This naturally leads to more bandwidth efficient transmission and reduces the need for segmentation. As seen from Table 1, benefits of time diversity are large in 1.4 MHz band (required effective code rates dropped from 1/30, 1/17 with M=1 down to 1/13 and below 1/12 with M=4 bursts, respectively); the effect is much less pronounced for bandwidths above 5 MHz bandwidths. Achievable time diversity gains are summarized in Table 2 for different bandwidths and transmit diversity schemes.
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Figure 1 Considered time diversity options for DBCH.
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Figure 2 Capacity of D-BCH in 1.4 MHz bandwidth; 1 Tx / 2 Rx antennas: minimum required SINR for 1% BLER as a function of the D-BCH information block length (IBL). Time diversity transmission with M=1, 2 & 4 self-decodable (1ms) bursts. Coverage reliability (98%) thresholds in 3 GPP cases 1 & 3 are indicated by red horizontal lines.
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Figure 3 Capacity of D-BCH in 5 MHz bandwidth; 1 Tx / 2 Rx antennas: minimum required SINR for 1% BLER as a function of the D-BCH information block length. Time diversity transmission with M=1, 2 & 4 self-decodable (1ms) bursts. Coverage reliability (98%) thresholds in 3 GPP cases 1 & 3 are indicated by red horizontal lines.
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Figure 4 Capacity of D-BCH in 20 MHz bandwidth; 1 Tx / 2 Rx antennas: minimum required SINR for 1% BLER as a function of the D-BCH information block length. Time diversity transmission with M=1, 2 & 4 self-decodable (1ms) bursts. Coverage reliability (98%) thresholds in 3 GPP cases 1 & 3 are indicated by red horizontal lines.
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Figure 5 Capacity of D-BCH in 1.4 MHz bandwidth; 2 Tx SFBC / 2 Rx antennas: minimum required SINR for 1% BLER as a function of the D-BCH information block length. Time diversity transmission with M=1, 2 & 4 self-decodable (1ms) bursts. Coverage reliability (98%) thresholds in 3 GPP cases 1 & 3 are indicated by red horizontal lines.
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Figure 6 Capacity of D-BCH in 5 MHz bandwidth; 2 Tx SFBC / 2 Rx antennas: minimum required SINR for 1% BLER as a function of the D-BCH information block length. Time diversity transmission with M=1, 2 & 4 self-decodable (1ms) bursts. Coverage reliability (98%) thresholds in 3 GPP cases 1 & 3 are indicated by red horizontal lines.
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Figure 7 Capacity of D-BCH in 20 MHz bandwidth; 2 Tx SFBC / 2 Rx antennas: minimum required SINR for 1% BLER as a function of the D-BCH information block length. Time diversity transmission with M=1, 2 & 4 self-decodable (1ms) bursts. Coverage reliability (98%) thresholds in 3 GPP cases 1 & 3 are indicated by red horizontal lines.

	Number of bursts
	           BW

Tx scheme
	1.4 MHz
	5 MHz
	20 MHz

	M=1
	1 Tx
	ECR≈1/30
IBL=47 bits
	ECR≈1/15
IBL=385 bits
	ECR≈1/14
IBL=1672 bits

	
	2 Tx SFBC
	ECR≈1/17
IBL=81 bits
	ECR≈1/11
IBL=517 bits
	ECR≈1/11
IBL=2147 bits

	M=2
	1 Tx
	ECR≈1/17
IBL=165 bits
	ECR≈1/11
IBL=1029 bits
	ECR≈1/10
IBL=4603 bits

	
	2 Tx SFBC
	ECR≈1/12
IBL=231 bits
	ECR≈1/8
IBL=1376 bits
	ECR≈1/8
IBL=5676 bits

	M=4
	1 Tx
	ECR≈1/13
IBL=436 bits
	ECR>1/11
IBL>1929 bits
	ECR>1/10
IBL>7726 bits

	
	2 Tx SFBC
	ECR>1/12
IBL>460 bits
	ECR>1/8
IBL>1929 bits
	ECR>1/8
IBL>7726 bits


Table 1 Maximum D-BCH information block length (IBL) and required effective code rate (ECR); 1.4, 5 and 20 MHz system bandwidths; time diversity transmission with M=1, 2 & 4 self-decodable (1ms) bursts within 160 ms TTI; 98% coverage reliability at 1% BLER in 3GPP case 3.
Table 2 Achieved time diversity gains at 1 % BLER point for 1.4, 5 and 20 MHz system bandwidths.

	Time diversity gain
	           BW

Tx scheme

	1.4 MHz
	5 MHz
	20 MHz

	M=2 x 1 ms burst in 80 ms

vs.

M=2 x 1 ms burst in 2 ms
	1 Tx
	1.6 dB
	1.1 dB
	0.9 dB

	
	2 Tx SFBC
	1 dB
	0.7 dB
	0.7 dB

	M=4 x 1 ms burst in 160 ms

vs.

M=2 x 1 ms burst in 4 ms
	1 Tx
	2.7 dB
	1.7 dB
	1.5 dB

	
	2 Tx SFBC
	1.7 dB
	1.2 dB
	1.2 dB


3. Discussion and conclusions

In this contribution, we evaluated the coverage and capacity of the D-BCH, we also quantified the gains of time diversity for SI transmission on the PDSCH. On the basis of the analysis, we conclude that:
· Without additional time diversity (M=1), low effective code rates are needed to ensure proper coverage performance for the D-BCH. This is particularly true for 1.4 MHz bandwidth, where a single 1 ms TTI can not accommodate as such any complete SUs and, hence, segmentation becomes mandatory. 

· The impact of additional time diversity within 1.4 MHz bandwidth is significant, as it increases the transmission efficiency, and thus contributes to reducing the need for segmentation. For system bandwidths beyond 5 MHz, gains are still observed, though less pronounced.
Furthermore, we propose that:
· RAN1 discusses L1 issues of the following aspects of system information delivery:

·  D-BCH capacity

· SI segmentation and mechanisms to enable D-BCH time diversity
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Appendix

Table 3 Simulation parameters.
	Transmission bandwidth
	{1.4, 5, 20} MHz

	IFFT size
	{128, 512, 2048}

	Number of used sub-carriers
	{72, 300, 1200}

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	{1.080, 4.500, 18.000} MHz

	TTI length
	1 ms (14 OFDM symbols, normal cyclic prefix)

	Modulation
	QPSK

	Channel model
	3GPP-TU

	UE velocity
	3 km/h

	Channel estimation
	Real 2D estimator using RS (over 2 consecutive sub-frames)

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

	Channel coding
	Turbo coding at rate 1/3; trellis termination, 12 tail bits; lower effective code rates achieved through repetition and puncturing
 Low



	Number of PRBs for D-BCH
	{6, 25, 100}

	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. M=1 self-decodable (1 ms) burst in 1 ms TTI;

2. M=2 self-decodable (1ms) bursts in 80 ms TTI;

3. M=4 self-decodable (1 ms) bursts in 160 ms TTI.

	D-BCH symbol mapping
	11 OFDM symbols per sub-frame:
 Slot #0: OFDM symbols #{2, 4, 5, 6}*, **
 Slot #1: OFDM symbols #{0, 1, 2, 3, 4, 5, 6}**
*First two OFDM symbols reserved for PDCCH
**Resource elements marked as reference symbols for all 4 Tx  antennas are left unused for D-BCH transmission.


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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