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1. Introduction

Because control channel coverage will need to extend to the cell edge without the benefits of H-ARQ, appropriate modulate and coding selection is important to ensure reliable reception.  This contribution investigates the modulation and coding selection for the common control channel targeting at least 95% 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.  
2. 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 Table 1.  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.
The following techniques have been considered for extending cell coverage of the control channel assuming QPSK R=1/3 – 

· 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.
· Joint coding – If control fields are 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.
· Power boosting/reduction – If UE control fields are encoded separately, different power assignment for each UE is possible.  This can ensure that transmission power is not wasted on UEs in good location (power reduction), leaving additional power available to UEs in poor location (power boosting).  However, this will required separate coding of control fields, which introduces additional control overhead and eliminates possible coding performance gain.  In addition, the interference generated by such power control scheme may adversely impact reception in other cells – power boosting gain cannot be guaranteed as another cell may also increase power on the same control resources, 
· User-specific Beamforming – Beamforming could also be applied to the control channel to ensure reliable reception.  However, since beamforming is not expected to be a mandatory feature, it cannot be relied upon to provide reliable reception of all control channel information.   

It is therefore proposed that coding rate lower than R=1/3 be supported for the control channel.  One simple approach to obtain a lower coding rate is to use repetition.
3. Conclusions

From simulation results, it is seen 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. To minimize the impact on the total control channel overhead, techniques such as having a separate coding region for cell edge users or having some control information sent with the data should be considered.[1]   
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Table 1.  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






























































































































































































































































