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1. Introduction
This contribution presents simulation results for one transmit antenna when using one or two RSs (either the first OFDM symbol or the first and fifth OFDM symbols in Figure 1) to obtain channel estimates used to decode the DL control channel.  The simulation results show:
· One RS is sufficient to decode the DL control channel.

· Using two RSs can improve the performance by up to about 1.2 dB which is helpful under low SNR conditions.
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Figure 1.
Downlink RS format for up to four transmit antennas.  Tm stands for reference symbol for transmit antenna m and D stands for a data symbol.  The thick lines mark RB boundaries (in frequency) and TTI boundaries (in time).  Note that this figure is shown for one possible hopping pattern.
2. Simulation Results
Table 1.  Parameters for DL CCH simulations.

	Parameter
	Value

	Carrier bandwidth
	5 MHz

	Carrier frequency
	2.0 GHz

	TTI duration
	1.0 ms

	FFT size
	512

	Sampling rate
	7.68 MHz

	Propagation channels
	TU (30 and 120 km/h)

	Channel estimator
	DFT w/Bayesian threshold

	Code type
	Convolutional Code (rate 1/3) with tailbiting

	# of info bits
	48

	# of OFDM symbols in CCH
	n=2

	# of TX antennas at Node B
	1

	# of RX antennas at UE
	2


Simulations were run for the parameters given in Table 1.  The channel estimator when only a single RS was used for channel estimation was a IDFT channel estimator across frequency followed by a Bayesian weighting of the time taps [2] (see Section II).  In other words an IDFT of the received pilot data was performed and then a Bayesian weighting [1] based on an estimated power delay profile (PDP) is applied to the time tap estimates.  Then an FFT is performed on the resulting signal to get the frequency-domain channel estimate.  The PDP was found by averaging the magnitude of the time-domain channel estimates for the first RS on the previous four TTIs (unlike [2] a different PDP was found for each Tx-Rx pair).  The channel estimator when two RSs were used for channel estimation collapsed the two RSs (with RS spacing of 1/6) into one effective RS with spacing of 1/3 and then ran a similar IDFT estimator with the Bayesian weighting (except designed for 1/3 spacing).
Figure 2 through Figure 5 show FER results for one control channel element (CCE) (effective coding rate is 2/3), two CCEs (effective coding rate is 1/3), four CCEs (effective coding rate is 1/6), and eight CCEs respectively (effective coding rate is 1/12) (see [3] for working assumption DL control channel structure).  The results show that one RS is sufficient to decode the control channel (within 1.5 dB of ideal) at the higher SNRs (higher effective coding rate) and if needed, the UE can use the second RS to further improve the performance by up to about 1.2 dB for the lower SNRs.  Note that the channel estimation for combining of the two RSs (on OFDM symbols one and five) at 120 kph was only impacted when one CCE (effective coding rate 2/3) was used.
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Figure 2.
FER results for one CCE (effective coding rate is 2/3).
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Figure 3.
FER results for two CCEs (effective coding rate is 1/3).
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Figure 4.
FER results for four CCEs (effective coding rate is 1/6).
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Figure 5.
FER results for five CCEs (effective coding rate is 1/12).
3. Conclusion
This contribution presented simulation results for the DL control channel when using one or two RSs to obtain channel estimates.  The results show that one RS is sufficient to decode the control channel (within 1.5 dB of ideal at higher SNRs) but if needed (e.g., at lower SNRs) the second RS can also be used to further improve decoding performance by up to about 1.2 dB even for a UE speed of 120 kph.
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