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1.
Introduction

In the Athens joint RAN1-RAN2 meeting, the various options for system broadcast signalling was briefly discussed. In the summary for the way-forward it was stated that RAN WG2 should identify ways to reduce the amount of information on the BCH. RAN WG1 was tasked with the job of estimating the cost vs bit-rate i.e. the amount of resources required for supporting various bit-rates for the required reliability.
2.
Discussion 
The system broadcast channel will need to provide adequate reliability (better than 98% coverage) in the worst of deployment scenarios to be considered during specification design.  This contribution investigates the modulation and coding selection for the broadcast channel targeting at least 98% cell coverage reliability.  From simulation results, it will be shown that only 70% cell coverage is possible for QPSK R=1/3 with two transmit and two receive antennas.  To achieve 95% cell coverage, coding rate lower than R=1/3 is needed. In order to achieve 98% reliability, a code rate of   1/6 is required. 
2.1
Control Channel Performance

Figure 1 shows the C/I CDF for 1732 meter ISD with 20 dB penetration loss.  From the figure, it is seen that for a 1x1 frequency reuse system, to provide 95% cell coverage the operating C/I must be below -4 dB.  At 98% cell coverage, the operating C/I is -5 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 shown in the Annex.

From the figure, it is seen that approximately 0.3 b/s/Hz is achievable at -4 dB C/I.  This translates to a coding rate of R=1/7 with QPSK modulation.  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.  
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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. The Table below summarizes the possible bit-rate achievable for QPSK assuming the entire 0.5 ms sub-frame (6 symbols) of a 5 MHz carrier is allocated to broadcast.
Table 2 – Capacity for 0.5 ms sub-frame @ 5MHz assuming 2 Tx Antennas, 1% BLER and 1732m ISD
	Rate
	Repetition
	Bits/sub-frame
	Reliability

	QPSK, R=1/3
	1
	1200
	73%

	QPSK, R=1/3
	2
	600
	90%

	QPSK, R=1/3
	3
	400
	97%

	QPSK, R=1/3
	4
	300
	99%


To improve cell coverage of the broadcast channel assuming QPSK R=1/3 the following mechanisms can be considered:

1) Transmit diversity – Transmit diversity can increase cell coverage substantially.  In [1], it was shown that cell coverage increases by up to 10% when two transmit antennas with cyclic shift transmit diversity are used.  However, transmit diversity gain diminishes with each additional antenna, and no significant cell coverage gain is expected when four transmit antennas are deployed.

2) Turbo coding – Since the system information fields will be encoded together, more advanced coding may provide a coding gain.  In [1], a gain of approximately 1 dB was observed for Turbo code over the baseline convolutional code with larger packet size.  While this gain is substantial, 95% cell coverage is still not possible with QPSK R=1/3. Figure 3 shows coding performance with respect to the packet size.  Under the TU channel, it is seen that convolutional code outperforms the Turbo code 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.
3) 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.
4) Pilot boosting – As shown, the C/I at the edge of the cell is less than -5 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.
Based on the discussion above, it can be seen that up to 2 dB improvement in link performance may be possible for cell edge transmission.  Table 3 illustrates the supportable number of bits per sub-frame and reliability assuming up to 2 dB improvement in cell edge link performance. 
Table 3 – Capacity for 0.5 ms sub-frame @ 5MHz assuming 2 Tx Antennas, 1% BLER and 1732m ISD
	Rate
	Repetition
	Bits/sub-frame
	Reliability

	QPSK, R=1/3
	1
	1200
	81%

	QPSK, R=1/3
	2
	600
	98%

	QPSK, R=1/3
	3
	400
	99%

	QPSK, R=1/3
	4
	300
	99%


3.
Conclusions
Table 3 summaries the cost per bit in terms of effective code rate to achieve different reliability targets. An effective code rate of R = 1/6 is seen necessary in order to achieve a reliability target exceeding 98% under the most stringent of deployment scenarios (case 3), i.e. 1732 m ISD, 20 dB penetration loss. A 0.5 ms sub-frame under these assumptions can transport 600 bits of system information.
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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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