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1. Introduction
At the RAN joint WG meeting on LTE (Quebec), it was agreed for requirement TR[1] that mobility shall be maintained at speed of up to 350 km/h. In order to keep the radio link in the high mobility condition, the receiver should update a channel estimation more frequently than in the low mobility condition since a propagation condition changes rapidly. Some contributions about the pilot arrangement have so far been discussed[2-6], and this contribution presents investigations on the pilot structure focused on enabling the receiver to update the channel estimation with an appropriate period.
2. Downlink pilot structure

Downlink channel estimation for the coherent demodulation/detection at the UE[7] should be carried out frequently to follow changes of the channel condition due to the movement of the terminal. To satisfy a mobility which LTE takes into consideration, i.e. from the static to 350 km/h, two or more channel estimations may be required in a sub-frame in the case that OFDMA is employed in the DL and the sub-frame of 0.5msec consists of 6 or 7 OFDM symbols[7]. Therefore, as shown in Fig. 1, this contribution assumes that the pilot is allocated to every other subcarrier of one to three symbols in one sub-frame. In the case where a pilot is allocated only one symbol of 7 symbols in the sub-frame, they are allocated at the head of the sub-frame. Moreover, in the case of two pilots, they are allocated at the 1st and 5th symbol, and in the case of three pilots, at the 1st, 3rd, and 5th symbol, respectively.
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Figure 1. Downlink pilot structure

3. Performance evaluation

Computer simulations are employed to measure the performances. Simulation parameters are shown in Tab. 1 and they basically follow the description in [7]. In the transmitter, information bits for one user are encoded using turbo coding (R=1/3), interleaved, and mapped to subcarriers. In the receiver, the phase and amplitude references for demodulation are calculated using interpolation between the pilots in the frequency domain and the time domain. After de-interleaving and turbo decoding, received information bits are obtained.
In Fig.2-4, SNR for BLER=10% is shown for each modulation scheme, mobile speed, and pilot format. In these figures, it is shown that performance differences are not so large among all pilot formats when the mobile speed is 15km/h or 120km/h. However, when the mobile speed is 350 km/h, Format #1 has much worse performance than the others. Moreover, Format #1 cannot achieve BLER=10% in a realistic SNR with 16QAM and 64QAM. These results indicate that at least 2 pilot symbols are necessary to support the mobile speed of 350 km/h.

Table 1. Simulation assumption


	Parameter
	Assumption

	Bandwidth
	10 MHz

	Number of occupied sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	TTI length
	0.5 msec

	Multipath delay profile
	Typical Urban

	Carrier frequency
	2GHz

	UE speed
	15, 120, 350 km/h (fD = 28, 222, 648 Hz)

	Modulation scheme
	QPSK, 16QAM, 64QAM

	Coding scheme
	Turbo Coding, R = 1/3

	Hybrid ARQ
	none

	Number of received antennas
	1

	Number of symbols in sub-frame
	7


However, allocating more pilots to improve BLER performance makes the throughput worse. Accordingly, evaluation on the basis of the throughput is also important. The throughput is defined by the number of information bits per second and per Hz which are received successfully. Fig. 5 – Fig. 7 show the throughput vs. various Doppler frequency fd, and Tab. 2 shows the range where the throughput of each sub-frame format is the best of all. While the throughput of Format #1 is better than the others in lower fd, Format #2 and #3 indicate better throughput in higher fd. Thus, there are 2 cross points on the throughput curves for these pilot formats and the fd of the cross points shift lower when higher order modulation schemes are used.
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Figure 2. SNR at BLER = 10 % in QPSK
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Figure 3. SNR at BLER = 10% in 16QAM
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Figure 4. SNR at BLER = 10% in 64QAM
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Figure 5. Throughput (QPSK : SNR=6.2[dB])
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Figure 6. Throughput (16QAM : SNR=10.5[dB])
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Figure 7. Throughput (64QAM : SNR=15.2[dB])
Table 2. fd [Hz] range in which the best throughput is obtained
	Format
	#1
	#2
	#3

	QPSK
	0 – 480
	480 – 1150
	1150 – 

	16QAM
	0 – 380
	380 – 840
	840 – 

	64QAM
	0 – 300
	300 – 640
	640 – 


4. Conclusion

In this contribution, the link level performances under certain mobility conditions are measured by using several pilot formats. The appropriate number of pilot symbols in one sub-frame is varied according to the UE speed. Furthermore, an adaptive control of the number of pilot symbols can be applicable though more consideration is necessary from the viewpoint of system complexity.
References

[1]
TR 25.913, “Requirement for evolved UTRA and UTRAN.”
[2]
R1-050450, “On pilots for E-UTRA.”
[3]
R1-050583, “EUTRA downlink numerology and design.”
[4]
R1-050589, “Pilot channel and scrambling code in evolved UTRA Downlink.”
[5]
R1-050590, “Physical channels and multiplexing in evolved UTRA Downlink.”
[6]
R1-050642, “Pilot pattern design considerations for E-UTRA DL.”
[7]
TR 25.814, “Physical layer aspects for evolved EUTRA (release 7).”
































































-1/5-

