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1 Introduction

At the RAN1 LTE Ad Hoc meeting, the pilot structure in OFDM downlink were discussed in [1][2][3]. The key criteria as for designing pilot structure in time and frequency domain are channel estimation performance, CQI measurement, and overhead. 
In this contribution, we are focusing on the comparison of BLER performances between different pilot structures.
2 Pilot structures

There are 3 pilot structures in time and frequency domain in Figure 1 in which the horizontal axis represents time and the vertical axis represents frequency. Pilot symbols in the first structure (TDM) are transmitted only in the fifth OFDM symbol using all subcarriers. In the second (TF2) and third (TF4) structures, pilot symbols are transmitted using the scattered-type resources in time and frequency domain. 
If all structures have the same overhead, main difference between them is densities in time and frequency domain. Therefore, preferable structure would be different according to the channel selectivity and mobile speed. 

Interpolation between subframes is not considered, but we can expect better performance compared to interpolation within only a single subframe.

[image: image1]
Figure 1: Pilot structures

3 Simulation results 
3.1 Parameters 
Table 1 describes basic parameters used in this contribution and the considered mobile speeds are 3, 30, 300km/h. We simulated with the same pilot overhead for all structures because it is clear that bigger overhead could improve channel estimation performance. 

Estimation for channel response in time and frequency domain is done in 2 steps as follows. 
· Step 1) frequency domain interpolation: DFT-type interpolator [4]
· Step 2) time domain interpolation: combining (3,30km/h)/linear interpolation(300km/h)
	Transmission bandwidth (MHz)
	5

	Sub-frame duration (ms)
	0.572

	Sampling rate (MHz)
	7.68

	IFFT size
	512 

	Number of used subcarriers
	300

	Number of CP samples
	37

	Number of OFDM symbols in a TTI
	8

	Channel model
	Vehicular A

	AMC level
	QPSK, code rate = 1/3 (Turbo)

	UE speed (km/h)
	3, 30, 300

	Pilot overhead
	12.5%

	Number of antennas (Tx, Rx)
	(1,1)


Table 1: Basic parameters
3.2 BLER performances 
Figure 1 through Figure 3 show the BLER performances in case of 3km/h, 30km/h, 300km/h, respectively. 
In case that UE speed is not so big (<= 30km), which is shown in Figure 2 and Figure 3, all structures show the same performance because of low channel variation in time. But in case of 300km/h, which is shown in Figure 4, the TDM structure fails in tracking channel variation in time. The TF2 structure outperforms the TDM structure by 4 dB at 10% BLER and the TDM structure starts to show an error floor. 
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Figure 2: VA 3km/h
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Figure 3: VA 30km/h
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Figure 4: VA 300km/h

4 Conclusion
In low speed, performance difference caused from pilot structure is slight. However, in high speed, the TDM structure using 1 OFDM symbol for pilot transmission in a single subframe shows worse channel estimation performance than those of other structures. And using 1 more OFDM symbol for pilot transmission in TDM structure does not make sense considering the overhead. Therefore, the TDM structure seems not preferable from a channel estimation point of view. 

As a next step, it is needed to evaluate pilot structures regarding CQI measurement performance.
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