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1.
Introduction

At the last RAN WG2 meeting in Seoul we had some brief discussion regarding the ability to fit in all the system information currently intended for the P-BCH into one 1.25 MHz P-BCH channel in one 1ms TTI. Separately, there have been discussions in RAN1 on minimum downlink UE bandwidth capability. Current working assumption is 15 MHz, though there is hope for further simplification 
2.
Discussion 
The system broadcast channel will need to provide adequate reliability in the worst of deployment scenarios to be considered during specification design.  While important to ensure that the UE spends as little time as possible in acquiring system information and reliably so, it is equally important that the system expend as few resources as possible in transmitting the information. The initial targets set for the P-BCH are 98% area coverage reliability with 1% BLER. 
2.1
Control Channel Performance

Figure 1 shows the C/I CDF for 1732 meter ISD with 20 dB penetration loss (this corresponds to Case 3 in the RAN WG1 simulation scenarios and is the most challenging of all scenarios being considered and may well represent the worst case coverage scenario).  From Figure 1, it is seen that for a 1x1 frequency reuse system, to provide 95% cell coverage the operating C/I must be below -5.00 dB.  At 98% cell coverage, the operating C/I is -6.72 dB.  Figure 2 shows the spectral efficiency of a control channel with two receive and two transmit antennas, cyclic shift transmit diversity, 256 state convolutional coding, and non-ideal channel estimation with sub-frame interpolation.  The relevant simulation parameters are given by the AnnexTable (Table 2).
From the hull curves in Figure 2 corresponding to the MCSs in Table 1, it is seen that for the curve corresponding to QPSK modulation with R=1/3 and 2x repetition  approximately 0.33 b/s/Hz (i.e. modulation x coding rate = 2/6) is achievable at -4 dB C/I. Note also the curve responding to QPSK modulation with R=1/3 and 3x repetition corresponding to 2/9 b/s/Hz which is achievable at ~ -7.5 dB C/I.  If only QPSK R=1/3 is used, the operating C/I must be above 0 dB to ensure reliable reception of the control channel.  This results in reduced cell coverage of approximately 70%.  From the results, it can be seen that QPSK R=1/3 is not enough to provide 95% cell coverage by itself. Depending on the resources allocated for the P-BCH, targeted BLER and reliability, power allocation, use of transmit diversity, effectiveness of UE rx diversity and possible soft combining the required encoding rate can vary from 1/6 to 1/16.
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Figure 1.  C/(I+N) CDF for 1732 meter ISD.
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Figure 2.  Spectral efficiency for control channel.

Table 1 summarizes the performance for a variety of coding and modulation combinations. 
Table 1 - Cell coverage for TU channel at 1% BLER and 1732m ISD

	AMC Region
	1 TX Ant
	2 TX Ants

	16-QAM, R=2/3
	6%
	9%

	16-QAM, R=1/2
	16%
	21%

	QPSK, R=2/3
	26%
	32%

	QPSK, R=1/2
	45%
	53%

	QPSK, R=1/3
	64%
	73%

	QPSK, R=1/3, Repetition = 2
	80%
	90%

	QPSK, R=1/3, Repetition = 4
	93%
	99%


QPSK, R=1/3 and repetition = 2 corresponds to an effective rate of R=1/6. 
Figure 3 shows coding performance with respect to the packet size.  Under the TU channel, it is seen that convolutional code (CC) outperforms the Turbo code (TC) for smaller packet sizes (less than 160 bits), while the opposite is true for larger packet sizes.  The choice of coding to be used should be therefore based on the size of broadcast channel transport block chosen, with Turbo codes being used in case of block sizes larger than 160 bits 
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Figure 3.  Performance with respect to packet size, R=1/2, TU-3 km/h, non-ideal channel estimation.
The Table below summarizes the possible bit-rate achievable for various combinations of P-BCH bandwidth and power assuming QPSK and the use of the entire 1 ms sub-frame (12 symbols) over the corresponding bandwidth for P-BCH broadcast.
Table 2 – P-BCH capacity for Simulation Scenario Case 3 (TU 3km/h, 1732m ISD + 20dB penetration loss)
	Case
	P-BCH Bandwidth
	Coverage Reliability
	TX Power
	BLER
	Code Rate
	Bits
	Comments

	1
	5 MHz
	98%
	42 dBm
	1%
	1/12
	600
	TC

	2
	1.25 MHz
	98%
	37 dBm
	1%
	1/16
	106 
	CC

	3
	1.25 MHz
	95%
	37 dBm
	1%
	1/13
	130 [104]
	CC; [ ] number assumes 1 db Rx Div Implementation margin

	4
	1.25 MHz
	95%
	37 dBm
	10%
	1/11
	160
	CC

	5
	1.25 MHz
	95%
	37 dBm
	1%
	1/7
	244 [200]
	TC with UE soft combining 2 P-BCH transmissions; [ ] number assumes 1 db RX div Implementation margin. 

	6
	1.25 MHz
	98%
	37 dBm
	1%
	1/9
	200 [162]
	TC with UE soft combining 2 P-BCH transmissions; [ ] number assumes 1 db RX div Implementation margin.


2.1.1
5 MHz P-BCH bandwidth

Case 1 demonstrates that over 600 bits can be sent assuming the full 5 MHz bandwidth is being used for the transmission of the P-BCH. AT the current time, RAN WG1 seems to have assumed that the P-BCH is transmitted over 1.25 MHz only. It is not clear what led RAN WG1 to arrive at this conclusion. Presumably, one reason is to avoid having to indicate the cell bandwidth (and thus the P-BCH) bandwidth on the SCH. In any case, even considering the current P-BCH elements from RAN WG2’s standpoint this case provides substantially large number of bits compared to what is seen as being required. Some possibilities that might still permit the use of this case are:

1. Transmission over half of the 1 ms TTI (i.e. over the first 0.5 ms sub-frame of the 1 ms TTI) – this would yield 300 bits, also substantially more than what is hopefully needed for the P-BCH.

2. Transmitting the S-BCH along with the P-BCH in the first 1 ms TTI of a 10 ms radio frame. Assuming that the overall contents of the S-BCH will be substantially more than can be accommodated in the remaining space after provisioning for the transmission of the P-BCH, the S-BCH can be segmented and various segments transmitted along with the P-BCH at the desired repetition rate.
2.1.2
1.25 MHz P-BCH Bandwidth

In Case 2, the P-BCH is assumed to occupy 72 sub-carriers over the entire 1 ms TTI. For 98% coverage reliability and 1% BLER target, about 106 bits can be transmitted. This is about half the potential minimum P-BCH size that will be needed. A transmit power of only 37 dBm was assumed allowing for the remaining cell power to be used for the remaining sub-carriers. It is possible to allocate more transmit power and increase the number of bits that can be transmitted. 

2.1.3
Soft-Combining P-BCH

Case 6 demonstrates one further approach that is beneficial in increasing the number of bits while keeping the allocated power for P-BCH transmission to a reasonable value (37 dBm). In this case, UEs at the cell edge or in challenging radio conditions soft-combine multiple instances of the P-BCH transmission in order to increase the received signal to noise ratio. Assuming soft-combining two transmission of the P-BCH, a total of 200 bits can be transmitted. If a very conservative 1 dB Receive diversity implementation margin is assumed, the number of P-BCH bits drops to 162 bits. In this case, to keep the delay to a minimum the P-BCH would preferable be transmitted over 10 ms. Increasing the P-BCH repetition rate to 20 ms, would imply that reliable reception in some cases may take as much as 40 ms.
2.1.4
Reducing Reliability Targets

2.1.4.1 95% Area Coverage Reliability

One other approach to increasing the capacity of the P-BCH is to decrease the targets for the cell coverage reliability to 95% and keeping the BLER target at 1% (Case 3). In this case, 130 bits can be transmitted for 37 dBm transmit power for the P-BCH. By allowing for soft-combining of successive transmissions, this can be increased to 244 bits (Case 5). Even assuming, in the worst case a 1dB receive diversity implementation margin over 200 bits can be accommodated. 

2.1.4.2
10% BLER

Decreasing the area coverage reliability to 95% and the increasing the BLER target to 10%, results in only marginal improvement to 160 bits (Case 4). This reduces to 126 bits when accounting for receive diversity implementation margin.

2.2 Further Improvements
Further improvements in achievable P-BCH capacity can be obtained by using the following singly or in combination.

1. Lower base coding rate – Currently, the mother code rate is 1/3 which means that no additional coding gain is possible when repetition is used to provide a lower code rate (only repetition gain is present).  For example, with a base coding rate of 1/5, approximately 0.5 dB gain can be achieved.  As a result, with lower base coding rate, additional coding gain is available.
2. Pilot boosting – As shown, the C/I at the edge of the cell is less than -3 dB.  As a result, channel estimation performance may be poor even when reference symbols from previous sub-frames are used in estimating the channel.  Currently, reference symbols occupy approximately 5% of the transmission frame (assuming reference signals on two OFDM symbols and frequency spacing of 6).  For the broadcast channel, more reference symbols may be added to aid in channel estimation.  Additionally, pilot power boosting may also be used to improve channel estimation for cell edge users.
3.
Conclusions
1. Option 1: 5MHz transmit BW + S-BCH: Using all 300 sub-carriers in a 1ms TTI for the P-BCH results in larger than required BCH capacity than currently estimated. It is critical that RAN WG2 work to further reduce the number of bits required for the P-BCH rather than work to increase the P-BCH to fit the available capacity. It is possible to time-division multiplex various segments of the S-BCH and transmit these along with the P-BCH. This alternative should be evaluated by first evaluating what other uses can be made of the first TTI in the 10 ms radio frame. Similarly, the repetition rate and desired characteristics of the S-BCH should be considered before adopting this approach.
2. Option 2: 1.25 MHz + UE soft-combining: If it is desired to limit the P-BCH transmission to 1.25 MHz, then in order to accommodate more than 100 bits, it is desirable to permit the UE to soft-combine multiple P-BCH transmissions for reliable reception. Soft-combining two P-BCH transmissions allows 162-244 bits to be transmitted over the P-BCH depending on the area coverage reliability targeted. Targeting 95% area coverage reliability and 1% BLER, results in the P-BCH being able to carry 200 bits. Increasing the area coverage target to 98%, reduces the capacity to 160 bits. In an effort to minimize the overall overhead, it is critical to identify what information really needs to be transmitted over the P-BCH and keep it within this 160 bits achievable capacity. 
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Annex

Table 2.  Simulation parameters.

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	TTI Duration
	0.5 ms

	FFT size
	512

	Sampling rate
	7.68 MHz

	Resource Block BW
	375 kHz (25 sub-carriers)

	No of Resource Blocks
	12

	Control & Pilot Overhead
	2 OFDM symbols

	Propagation channels
	TU (3 km/h)

	Channel estimator
	Non-Ideal with interpolation/averaging from previous and next sub-frames

	Modulation
	QPSK

	# of TX antennas
	2 (with cyclic shift diversity)

	# of RX antennas
	2

	Convolutional Coder
	R=1/3, K=9, Tail-biting
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