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1. Introduction
This contribution presents simulation results for different reference symbol formats when employing a single transmit antenna at the Node B.  For all formats investigated, the reference symbol placement (in time and frequency) will follow the baseline four antenna reference symbol allocation which is shown in Figure 1 for one particular hopping pattern.  To improve the channel estimation performance for the control channel (using a single transmit antenna) at low SNRs, the use of additional reference symbols for the single transmit antenna (antenna one) is explored.  The baseline performance is to use the 1/6 reference symbol density on the first OFDM symbol in a subframe as shown in Figure 1.  The first alternative explored is to replace the reference symbols for antenna 4 on the second OFDM symbol in a subframe with reference symbols for antenna 1 thus creating an effective reference symbol density of 1/3 (if preferred, a nearly equivalent option would be to replace the reference symbols for antenna 2 on the first OFDM symbol in a subframe with reference symbols for antenna 1).  The second alternative explored is to replace the reference symbols for antennas 2, 3, and 4 on the first and second OFDM symbols in a subframe with reference symbols for antenna 1.  The replacement of reference symbols for antennas 2 through 4 are also compared to reference symbol power boosting of the reference symbols for antenna 1 (where power is stolen from the control channel and also when the power is not reduced on the control channel).
The simulation results for replacing the reference symbols show:
· The baseline reference symbol format with 1/6 reference symbol density is sufficient to decode the DL control channel, but can be up to 3.4 dB worse than ideal at very low SNRs (e.g., below about -3 dB).  At higher SNRs (e.g., greater than 2 dB), the performance of the baseline reference symbol format has only about a 1.2 dB loss over ideal.
· The first alternative, where a 1/3 reference symbol density is created, can improve the performance over the baseline by about 0.36 dB at SNRs around 2 to 5 dB and by about 1.3 dB at SNRs around -5 to -2 dB.
· The second alternative, where a 1/3 reference symbol density is employed on the first two OFDM symbols in a subframe, can improve the performance over the baseline by about 0.7 dB at SNRs around 2 to 5 dB and by about 1.8 dB at SNRs around -5 to -2 dB.

The simulation results for the power boosting (by 3 dB) show:

· Significant losses (up to about 0.4 dB) of power boosting compared to using extra reference symbols for the case where the control channel power is reduced to increase the reference symbol power (especially with a small number of control channel elements).
· As expected, in the noise limited case with the TU channel model, there was little difference between boosting the power by 3 dB and increasing the reference symbols density by two.

· Using the extra reference symbols in next OFDM symbol (which is something power boosting cannot do) and thus increasing the reference symbol density by four, provides up to additional 1.8 dB of gain.

· In the interference limited environment and unlike power boosting, increasing the reference symbol density by two will provide a gain even in the case that the interferer is also boosted.
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Figure 1.
Baseline downlink reference symbol format for up to four transmit antennas.  Tm stands for reference symbol for transmit antenna m and D stands for a data or control symbol.  The thick lines mark RB boundaries (in frequency) and subframe boundaries (in time).  Note that this figure is shown for one possible hopping pattern.
2. Simulation Results
Table 1.  Parameters for DL Control Channel Simulations.

	Parameter
	Value

	Carrier bandwidth
	5 MHz

	Carrier frequency
	2.0 GHz

	Subframe duration
	1.0 ms

	FFT size
	512

	Sampling rate
	7.68 MHz

	Propagation channels
	TU (3 km/h)

	Channel estimator
	IDFT w/Bayesian threshold

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

	Payload size (bits)
	48

	# of OFDM symbols for the control channel
	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 used was an IDFT channel estimator across frequency followed by a Bayesian weighting of the time taps (see Section II of [2]).  In other words an IDFT of the received reference symbol 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 eight subframes (unlike [2] a different PDP was found for each Tx-Rx pair).  For the case where there is a 1/3 pilot symbol density on the first two OFDM symbols in a subframe, the received reference symbols on the two OFDM symbols are averaged first before computing the channel estimate with the IDFT/Bayesian channel estimator.
The results for replacing reference symbols for Tx antennas two through four with reference symbols for Tx antenna one will be compared against reference symbol power boosting (by 3 dB) for transmit antenna one.  Two cases for reference symbol power boosting will be considered.  The first case is where power is reduced on the control channel and the second case is where the power is not reduced on the control channel (e.g., when the control channel is punctured to accommodate the power increase on the reference symbols).  Note that the results for reference symbol power boosting will be optimistic since the simulations are run for a noise limited environment.  For an interference limited environment, the interfering Node B may boost its reference symbols by the same amount as the desired Node B.  In this case there will be no gain for reference power boosting, however, there will still be a gain when replacing the reference symbols for Tx antenna two with the reference symbols for Tx antenna one.

Figure 2 and 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 by increasing the reference symbol density for the single transmit antenna to 1/3 (the “2 RS” results) improves the performance over the baseline reference symbol format (with 1/6 reference symbol density) by about 0.4 dB at SNRs around 5 dB and around 1.3 dB at SNRs around -5 to -2 dB.  By using all reference symbols on the first two OFDM symbols in a subframe (i.e., having a 1/3 reference symbol on both the first and second OFDM symbol in a subframe, the “4 RS” results) the performance over the baseline reference symbol format is improved by about 0.7 dB at SNRs around 5 dB and by about 1.8 dB at SNRs around -5 to -2 dB.  For power boosting of the reference symbol (by 3 dB) when power is not reduced on the CCEs, the results show the performance is similar to creating a 1/3 pilot spacing by replacing reference symbols for antenna four (or two) with reference symbols for antenna one.
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Figure 2.
FER results for one CCE (effective coding rate is 2/3).  PB stand for power boosting of the reference symbols by 3 dB.
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Figure 3.
FER results for two CCEs (effective coding rate is 1/3).  PB stand for power boosting of the reference symbols by 3 dB.
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Figure 2.
FER results for four CCE (effective coding rate is 1/6).  PB stand for power boosting of the reference symbols by 3 dB.
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Figure 3.
FER results for eight CCEs (effective coding rate is 1/12).  PB stand for power boosting of the reference symbols by 3 dB.
3. Conclusion
This contribution investigated increasing the number of reference symbols available for antenna one when decoding the control channel which is transmitted from one transmit antenna.  The simulation results showed that:  1) The baseline reference symbol format with 1/6 reference symbol density (on the first OFDM symbol in a subframe) is sufficient to decode the DL control channel, but can be up to 3.4 dB worse than ideal at very low SNRs (e.g., below about -3 dB).  At higher SNRs (e.g., greater than 2 dB), the performance of the baseline reference symbol format has only about a 1.2 dB loss over ideal.  2) When a 1/3 reference symbol density is created (i.e., the reference symbol density for antenna one is doubled), the performance can be improved over the baseline by about 0.4 dB at SNRs around 5 dB and by about 1.3 dB at SNRs around -5 to -2 dB.  3) When the pilot density is quadrupled over the baseline (i.e., where a 1/3 reference symbol density is employed on the first two OFDM symbols in a subframe) the performance can be improved over the baseline by about 0.7 dB at SNRs around 5 dB and by about 1.8 dB at SNRs around -5 to -2 dB.
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