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1 Introduction

At RAN WG1#42bis and WG1#43 meetings, several pilot structures for E-UTRA downlink were proposed [1]-[8]. There are two main concepts of pilot structure: TDM and scattered pilot formats. Most contributions came to the conclusion that TDM pilot format performs well at low UE velocities, but scattered pilot format outperforms TDM pilot format at high UE velocities such as 250 – 350 km/h.

In the most previous contributions, linear interpolation was adopted for the channel estimation, but some other techniques were proposed to improve the channel estimation performance. In this contribution, we apply the interpolation technique based on the sampling theorem to both TDM and scattered pilot formants, and evaluate their performances at several UE velocities.

2 Pilot Structure and Channel Estimation
2.1 Pilot Structure

The pilot structure considered in this contribution is shown in Figure 1. Figure 1(a) shows TDM pilot format where pilot symbols are transmitted in the 1st OFDM symbol in every sub-frame. The pilot symbols are allocated with equal symbol intervals. Figure 1(b) shows scattered pilot format where pilot symbols exist in the 1st and 4th OFDM symbols in every sub-frame. The pilot symbols are allocated with equal symbol intervals and positions of the pilot symbols are different between the 1st and 4th OFDM symbols.
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Figure 1. Pilot Structure: (a) TDM and (b) Scattered Formats.

2.2 Channel Estimation

After the channel coefficient 
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 are obtained by using pilot symbols, the channel coefficient 
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 for data symbols are calculated by the channel estimation. In this contribution, as shown in Figure 2, the channel estimation is performed by the interpolation firstly in the frequency domain and secondly in the time domain. In the frequency domain, the interpolation based on the sampling theorem (referred to as “sampling interpolation”) is adopted as well as the linear interpolation. To the contrary, only the linear interpolation is adopted in the time domain. 
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Figure 2. Channel Estimation: (a) TDM and (b) Scattered Pilot Formats.

2.2.1 Linear Interpolation

The channel coefficient 
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 is calculated by
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where 
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 are the channel coefficients of the adjacent pilot symbols, and 
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 are the weight coefficients inversely proportional to the distances between the data and pilot symbols. If there is no pilot symbol in lower (upper) side of the data symbol, we use the coefficient of the adjacent pilot symbol in upper (lower) side as 
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2.2.2 Interpolation based on Sampling Theorem

According to the sampling theorem in the frequency domain, the channel function 
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 can be obtained as
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where 
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 is the frequency interval of the pilot symbols. As an example, we calculate the channel coefficient of the data symbol 
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 in Figure 3 where the pilot symbols are allocated at every four subcarriers. The channel coefficient 
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 is calculated by
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All pilot symbols contribute to the channel estimation of each data symbol, but their influence become smaller as the distance between the data and pilot symbols increases. As in the case of the linear interpolation, if there is no pilot symbol in lower (upper) side of the data symbol, we use the coefficient of the adjacent pilot symbol in upper (lower) side as 
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Figure 3. Sampling Interpolation.

3 Performance Evaluation
3.1 Simulation Assumption
Table 1 lists the simulation parameters. In the TDM pilot format, 300 pilot symbols are allocated at every two subcarriers in the 1st OFDM symbol. In the scattered pilot format, 150 pilot symbols are allocated at every four subcarriers in both 1st and 4th OFDM symbols. The power ratio of pilot symbol to data symbol 
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 is set to 0 and 3 dB. As for the maximum Doppler frequencies, we consider 56, 222, and 648 Hz that correspond to 30, 120, and 350 km/h at the carrier frequency of 2.0 GHz, respectively.

Table 1. Simulation Parameters
	Transmission BW
	10.0 MHz

	Carrier Frequency
	2.0 GHz

	Sampling frequency (= W)
	15.36 MHz

	Sampling rate ts (= 1 / W)
	0.0651 sec.

	FFT Size (= NFFT)
	1024

	OFDM symbol duration (= NFFTts)
	66.7 sec.

	# of CP (= NCP)
	73 or 74 (Short CP Fmt.)

	CP duration (= NCPts)
	4.75 or 4.82 μsec. (Short CP Fmt.)

	# of OFDM symbols per sub-frame
	7 (Short CP Fmt.)

	Sub-frame duration
	500 sec.

	# of occupied sub-carriers
	601

	# of occupied sub-carriers per user
	200 (QPSK), 100 (16QAM)

	# of pilot sub-carriers
	300

	# of info.bits per sub-frame (incl. tail bits)
	1200 (R = 1/2), 1800 (R = 3/4)

	Channel coding
	Turbo code (K = 4)

	Coding rate (= R)
	1/2, 3/4

	Decoding algorithm
	Max Log-MAP / 8 iterations

	Modulation
	QPSK, 16QAM

	Channel model
	C.3.3 (Typical Urban)

	Maximum Doppler Frequency (= fD)
	56 Hz, 222 Hz, 648 Hz

	# of receiving antenna
	1

	Channel estimation
	Perfect,
Sampling or Linear Interpolation (Freq. Domain),
Linear Interpolation (Time Domain)

	Power ratio of pilot to data symbols (= p/d)
	0 dB, 3 dB


3.2 Simulation Results

In this simulation, we evaluate OFDM transmission performances using perfect channel estimation (Perfect) and 4 kinds of actual channel estimation: linear interpolation with TDM pilot format (TDM-Linear), sampling interpolation with TDM pilot format (TDM-Sampling), linear interpolation with scattered pilot format (Scattered-Linear), and sampling interpolation with scattered pilot format (Scattered-Sampling).

Figure 4 and 5 compare the FER performances among 4 channel estimation schemes in case of QPSK modulation. The power ratio 
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 is 0 and 3 dB in Figure 4 and 5, respectively. When 
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, there are little differences between 4 channel estimation schemes. When 
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, the scattered pilot format outperforms the TDM pilot format.

Figure 6 and 7 are for 16QAM case. It can be seen that the sampling interpolation improves the performance of the scattered pilot format remarkably. When 
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, the sampling interpolation with the scattered pilot format performs the best for all cases. The reason is as follows. The required 
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 to achieve the target FER is relatively high for 16QAM modulation. In such range of 
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, the accuracy of the channel estimation for the pilot symbols themselves becomes high due to the little influence of the noises, and the sampling interpolation can restore the channel coefficients for the data symbols with high accuracy. Large 
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 also improves the accuracy of the channel estimation using the sampling interpolation.
4 Conclusion

In this contribution, we evaluated and compared the performance of TDM and scattered pilot structures. It is shown that applying the interpolation technique based on the sampling theorem to the channel estimation can improve the performance of the scattered pilot format, especially for large 
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 and 
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. The sampling interpolation with the scattered pilot format performs well with little dependence on the UE velocities.
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     (b)
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     (c) 
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     Figure 4. Frame Error Rates

      (QPSK,  R=1/2, p/d = 0 dB).
[image: image36.wmf]0.001

0.01

0.1

1

0

5

10

15

Perfect

TDM-Linear

TDM-Sampling

Scattered-Linear

Scattered-Sampling

FER

Es/No [dB]


     (a) 
[image: image37.wmf]56 Hz

D

f

=


   [image: image38.wmf]0.001

0.01

0.1

1

0

5

10

15

Perfect

TDM-Linear

TDM-Sampling

Scattered-Linear

Scattered-Sampling

FER

Es/No [dB]


     (b) 
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     (c) 
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     Figure 5. Frame Error Rates

      (QPSK,  R=1/2, p/d = 3 dB).
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      Figure 6. Frame Error Rates

      (16QAM,  R=3/4, p/d = 0 dB).
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      Figure 7. Frame Error Rates

      (16QAM,  R=3/4, p/d = 3 dB).

5 Text Proposal (Section 7.1.1.2.2 in TR 25.814) 
----------------------------------------- Start of Text Proposal -----------------------------------------------------

7.1.1.2.2 Downlink reference-signal structure
The position (in the frequency domain) of the reference symbols (first reference symbols as well as second reference symbols) may vary from sub-frame to sub-frame and between cells.

The first reference symbols are transmitted in every downlink sub frame from one or multiple TX antennas.

It is still FFS if the second reference symbols are selectively transmitted or transmitted in every downlink sub frame
In the case of selectively transmitted second reference symbols, the transmission of second reference symbols could be based on e.g.

· The possibility for inter-sub-frame interpolation between first reference symbols (second reference symbols e.g. only transmitted when inter-sub-frame interpolation between first reference symbols is not possible, e.g. when some sub-frames are used for Single-Frequency-Network- based broadcast)

· Doppler, in case of common channels the highest anticipated Doppler (second reference symbols only transmitted at high Doppler, but appropriate channel estimation techniques can make good use of second reference symbols and improve the estimation accuracy.) 
· Scheduling decision (second reference symbols only transmitted in resource blocks being scheduled)

· Selected ”transport format”  (second reference symbols only transmitted e.g. in the case of higher-order modulation)

· Number of TX antennas used for transmission (second reference symbols only transmitted in case of transmission from more than a certain number of TX antennas)
If second reference symbols are transmitted, the possibility for different power offset between the first reference symbols and the second reference symbols could be considered.
------------------------------------------ End of Text Proposal -----------------------------------------------------
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