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1. Introduction
This contribution presents simulation results comparing orthogonal RSs between sectors to random RSs between sectors for both long and short CPs.  The simulations were run for the control channel with microsleep and hence only the first RS was used for channel estimation.  Because only the first RS was used for channel estimation, the maximum delay spread protection of the orthogonal RSs is 3.7 (sec (if the first two RSs are used then the maximum delay spread protection improves to 7.4 (sec).  The 3.7 (sec results from there being three orthogonal sequences and there being a 11.11 (sec maximum delay spread estimation with reference symbol spacing of every six subcarriers in the frequency domain.
The simulation results with a TU channel and a short CP (4.7 (sec) show:
· For signal to interference ratios (SIRs) less than around 5.0 dB, the performance of orthogonal RSs was the better.
· For SIRs above about 5.0 dB the performance of random RSs was either better or was similar (depending on SIR and modulation and coding rate) to orthogonal RSs.
· Channel estimation with orthogonal RSs is relatively unaffected by interference power whereas channel estimation with random RSs is greatly affected by interference power.
· Even at the lowest code rate (1/12) the random RSs could not achieve a 1.0% FER for SIRs less than 0 dB.  On the other hand, orthogonal RSs could achieve a 1.0% FER for negative SIRs (and low code rates) but only when interference suppression is employed.

The simulation results with a Vehicular-B channel and a long CP (16.67 (sec) show:

· The FER performance of both the random RSs and the orthogonal RSs was similar.
· The channel estimation performance of orthogonal RSs was better than random RSs for SIRs up to at least 10 dB.
2. Simulation Results
Table 1.  Parameters for DL Control Channel Simulations.

	Parameter
	Value

	Carrier bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Subframe duration
	1.0 ms

	FFT size
	1024

	CP size
	Short (4.7 (sec) for TU
Long (16.67 (sec) for Vehicular B

	Sampling rate
	15.36 MHz

	Propagation channels
	TU (3 km/h) and Vehicular B (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 orthogonal RSs and when the SIR is less than or equal to 10 dB (for both the TU and the Vehicular B channels) the time-domain channel estimate was windowed to 3.6 (sec which assumes that there was a significant interferer on the adjacent (in the time-domain) orthogonal sequence.  For channel estimation with orthogonal RSs (for the TU channel only) when the SIR is greater than 10 dB, the time-domain channel was windowed to 6.0 (sec (3.6 (sec was always used for the Vehicular-B channel).  For the random RSs the time-domain channel estimate was windowed to 6.0 (sec for both the TU channel and the Vehicular B channel.  When interference suppression was used with random RSs a separate IDFT/Bayesian channel estimator was run on both the desired Node B and interfering Node B using knowledge of the SINR and knowledge of the RSs to the respective sources.  Note that when using this channel estimator to get an estimate of the channel to all three sectors that three IDFTs of the received RS data need to be taken for random RSs (one for each sector) whereas for orthogonal RSs only one IDFT needed to be taken.
Figure 1 and Figure 2 show the SINR of the channel estimate for random RSs and orthogonal RSs for various SIRs and the TU channel with the short CP and the Vehicular-B channel with the long CP respectively.  For the TU channel and the short CP, the orthogonal RSs have similar performance for various SIRs whereas the performance with random RSs is greatly affected by SIR.  For SIRs greater than about 5 dB the performance of random RSs is better than the orthogonal RSs.  This is because for weaker interference it is more important to estimate all rays in the channel (recall the random RSs can estimate all rays up to 6.0 (sec which easily encompasses all rays in the TU channel whereas the orthogonal RS estimator only estimated rays up to 3.6 (sec (for SIRs up to 10 dB) and hence the last TU ray is not estimated).  For the Vehicular-B channel and the long CP, from a channel estimation SINR perspective, the orthogonal RSs appear better than or equal performance to the random RSs for SIRs up to 10 dB.
Figure 3 through Figure 6 show the SNR required to achieve a 1.0% FER 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 DL control channel structure used).  If no SNR can achieve a 1.0% FER then nothing is plotted (e.g., for the one CCE case (Figure 3) with the Vehicular-B channel, no channel estimation method was able to achieve a 1.0% FER).

For the TU channel with the short CP a similar trend to the channel estimation SINR results is seen where the point where random RSs is better than the orthogonal RSs is around a SIR of 5.0 dB.  The performance of the random RSs is better than the orthogonal RSs for SIRs between around 5.0 dB to 17.0 dB and after around 17.0-18.0 dB the performance of random and orthogonal RSs is similar.  Not surprisingly, interference suppression only improves the performance when the interference is not significantly weaker than the noise.  Note that even at the lowest code rate that the random RSs could not achieve a 1.0% FER for SIRs less than 0 dB.  On the other hand, orthogonal RSs could achieve a 1.0% FER for negative SIRs (and low code rates) but only when interference suppression is employed.
For the vehicular-B channel with the long CP the results show that the performance of both the random RSs and the orthogonal RSs was similar.
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Figure 1.
SINR of channel estimates for random and orthogonal RSs for various SIRs and the TU channel model with short CP.
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Figure 2.
SINR of channel estimates for random and orthogonal RSs for various SIRs and the Vehicular-B channel model with long CP.
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Figure 3.
SNR required to achieve a 0.01 FER for one CCEs (effective coding rate is 2/3) for TU and short CP (left) and Vehicular B and long CP (right).  If no SNR can achieve a 0.01 FER than nothing is plotted for that method.  (IS stands for interference suppression.)
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Figure 4.
SNR required to achieve a 0.01 FER for two CCEs (effective coding rate is 1/3) for TU and short CP (left) and Vehicular B and long CP (right).  If no SNR can achieve a 0.01 FER than nothing is plotted for that method.  (IS stands for interference suppression.)
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Figure 5.
SNR required to achieve a 0.01 FER for four CCEs (effective coding rate is 1/6) for TU and short CP (left) and Vehicular B and long CP (right).  If no SNR can achieve a 0.01 FER than nothing is plotted for that method.  (IS stands for interference suppression.)
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Figure 6.
SNR required to achieve a 0.01 FER for eight CCEs (effective coding rate is 1/12) for TU and short CP (left) and Vehicular B and long CP (right).  If no SNR can achieve a 0.01 FER than nothing is plotted for that method.  (IS stands for interference suppression.)
3. Conclusion
This contribution investigated the performance of orthogonal RSs between sectors and random RSs between sectors for both a short CP (with the TU channel) and a long CP (with the Vehicular-B channel).  The results showed that for the short CP the orthogonal RSs improved the results especially for strong inter-sector interference (for SIRs less than about 5.0 dB) and that the channel estimation performance of orthogonal RSs is relatively unaffected by the SIR value.  For the long CP the performance of both the random RSs and the orthogonal RSs was similar.  It was also noted that for the IDFT-based channel estimator used that with orthogonal RSs the computational complexity of obtaining channel estimates to all three sectors is less than with random RSs (where the channel estimates to all sectors is important when employing an interference suppression receiver at the UE).  Hence for all these reasons it is proposed that orthogonal RSs between sectors be used for both the short CP and the long CP.
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