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1. Introduction
At the RAN joint WG meeting on LTE in Quebec, it was agreed in the requirement TR 25.913 [1] that the E-UTRA should be optimized for low mobile speed (<15km/h). In addition, the E-UTRA should support higher mobile speed of up to 120km/h, and should also maintain at speed of as fast as 350 km/h. In order to meet this requirement, the E-UTRA needs to employ a pilot format capable of accommodating UE’s with such a wide range of speeds. This contribution investigates the effect of the pilot format in the downlink OFDMA under various mobility conditions.
2. Downlink pilot structure

Pilot channel is used for several important purposes, such as channel estimation, CQI measurement, cell search and initial acquisition. TDM pilot format has been discussed in the previous contribution [2]-[8]. TDM pilot format potentially have some advantages over scattered or FDM pilot, which include low power consumption, faster synchronization (cell search), and lower latency to decode control channel. For this purpose, the number of OFDM symbols carrying pilot channel should be minimized as long as the required performance can be achieved.
In this contribution, TDM pilot formats with one or two OFDM symbols in a sub-frame are investigated, where 1st and conditionally 4th OFDM symbols carry the pilot channel.  First OFDM symbol is considered to be a common pilot, while the 4th OFDM is a dedicated pilot in order to support UE at speed of up to 350 km/h. For a purpose of comparison, a TDM pilot format with two OFDM symbols may be considered as a scattered pilot format if we assume 4th OFDM symbol is also a common pilot. 
Figures 1-2 show TDM pilot formats with one or two OFDM symbols, respectively. Each figure illustrates three pilot formats with different pilot overheads, 3.57%, 7.14%, and 14.3%, respectively. Pilot symbols are mapped onto QPSK constellations, while other symbols can be modulated by QPSK, 16QAM, or 64QAM. 
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Figure 1: TDM pilot format with one OFDM symbol per sub-frame (TDM1)
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Figure 2: TDM pilot format with two OFDM symbols per sub-frame (TDM2)
3. Performance evaluation

The link-level computer simulations are carried out to evaluate the performance of TDM pilot formats with different pilot overhead as shown in Figs. 1-2. Table 1 summarizes the simulation assumptions, which are based on the TR25.814 [9]. Maximum likelihood (ML) channel estimation in frequency domain [10] and linear interpolation in time domain are used as illustrated in Fig. 3. First OFDM symbol in the succeeding sub-frame is also used for linear interpolation in time domain.
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(a) TDM pilot with one OFDM symbol
　  　(b) TDM pilot with two OFDM symbols
Figure 3: Channel estimation/interpolation for TDM pilot format
Table 1. Simulation assumption
	Parameter
	Assumption

	Bandwidth
	10 MHz

	Number of occupied sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	TTI (sub-frame) 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 transmit antennas
	1

	Number of receive antennas
	1

	Number of symbols in sub-frame
	7

	Pilot overhead
	3.57, 7.14, 14.3 %


 Figures 4(a)-(c) show block error rate (BLER) at 15km/h with each TDM pilot format shown in Figs 1-2, in which TDMx(y%) indicates TDM pilot format with x OFDM symbol(s) and y% pilot overhead.  In these figures, BLER performance with ideal channel estimation is also plotted as a reference. 
From these figures, it can be observed that TDM1 format performs better than TDM2 with the same pilot overhead, especially for lower pilot overhead. This is very understandable because TDM1 has superior channel estimation capability in frequency domain, while a channel variation at 15km/h is too small to take full advantage of two pilot OFDM symbols within a sub-frame. 
Figure 4(d) shows the required SNR to achieve the BLER of 10% at 15km/h. For instance, TDM1 outperforms TDM2 by 0.3 – 0.6 dB in the case of 7.14% pilot overhead. Increasing pilot overhead gradually improves the performance as expected. It is interesting to note that TDM1(7.14%) and TDM1(14.3%) have almost the same BLER performance with 64QAM. 
[image: image4.emf]1.E-03

1.E-02

1.E-01

1.E+00

2 3 4 5 6 7 8

SNR [dB]

BLER

IDEAL

TDM1(14.3%)

TDM2(14.3%)

TDM1(7.14%)

TDM2(7.14%)

TDM1(3.57%)

TDM2(3.57%)

[image: image5.emf]1.E-03

1.E-02

1.E-01

1.E+00

8 9 10 11 12 13 14

SNR [dB]

BLER

IDEAL

TDM1(14.3%)

TDM2(14.3%)

TDM1(7.14%)

TDM2(7.14%)

TDM1(3.57%)

TDM2(3.57%)


(a) BLER with QPSK 

            (b) BLER with 16QAM
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(c) BLER with 64QAM                        (d) SNR at BLER 10%
Figure 4: BLER performance at 15km/h

 Figures 5(a) – (c) show BLER performance at 120km/h for QPSK, 16QAM, and 64QAM, respectively. From these figures, one can notice that the performance difference between TDM1 and TDM2 becomes smaller than that of 15km/h. TDM1 tends to perform better than TDM2 at lower SNR region as in the case of QPSK, while TDM2 is better than TDM1 at higher SNR region. 

  Figure 5(d) shows the required SNR to achieve the BLER of 10% at 120km/h. As can be seen in the figure, the performance of TDM1 is still better than or almost equal to that of TDM2 with the same pilot overhead, except for 64QAM modulation with 7.14 or 14.3% overhead. 
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(a) BLER with QPSK


(b) BLER with 16QAM
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(c) BLER with 64QAM                        (d) SNR at BLER 10% 
Figure 5: BLER performance at 120km/h
 Figures 6(a) – (c) show BLER performance at 350km/h for QPSK, 16QAM, and 64QAM, respectively. It is clear that the performance degradation of TDM1 becomes substantial at such a high velocity. Since the channel varies significantly within a sub-frame, one pilot OFDM symbol per sub-frame is not enough to compensate for a whole sub-frame anymore. This tendency is more obvious for higher order QAM because higher order QAM is more sensitive to the channel estimation error. 
 Figure 6(d) show the required SNR to achieve BLER of 10% at 350km/h. Although TDM1 shows worse performance than TDM2, QPSK signal still can be demodulated at the expense of extra 1 – 2dB signal energy. However, 16QAM and 64QAM cannot even achieve the BLER of 10% due to severe error floor. This result suggests that at least two pilot OFDM symbols are necessary to achieve a reasonable performance at 350 km/h.
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 (a) BLER with QPSK 

 
  (b) BLER with 16QAM
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   (c) BLER with 64QAM             
    (d) SNR at BLER 10%
Figure 6: BLER performance at 350km/h
4. Conclusion

In this contribution, TDM pilot formats with one or two OFDM symbols are evaluated for three kinds of pilot overheads in terms of BLER performance under various mobility conditions. It has been shown that the appropriate number of pilot OFDM symbols per sub-frame depends on the UE speed as well as modulation scheme. Based on the simulation results, we propose that the common pilot channel should be inserted into one symbol per sub-frame, and that the dedicated pilot channel can be additionally inserted into another symbol in order to support a UE at very high speed. 
---------------------------------------- Text Proposal for TR 25.814 ----------------------------------------------------------

7.1.1.2.2
Downlink pilot structure

The downlink reference/pilot symbols can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The reference/pilot symbols are inserted into the time/frequency grid according to a known pattern. The exact reference/pilot-symbol pattern is TBD, but the density of reference/pilot symbols in the time/and frequency domain should be sufficient to handle the highest time and frequency selectivity expected for E-UTRA. The use of an adjustable pilot density in order to adapt to different channel properties (time/frequency selectivity) should also be considered.
In the downlink, common pilot/reference signals should be defined. Dedicated pilot/reference signals should be considered. 
The number of symbols carrying pilot channel should be minimal for the benefits of lower power consumption of UE, faster synchronization (cell search), and lower latency to decode control channel as long as the required performance can be achieved. The common pilot channel should be preferably inserted into one symbol per sub-frame. The dedicated pilot channel can be additionally inserted into another symbol in order to support a UE at very high speed in the case of TDM pilot format.
The common pilot/reference-signal structure should allow for different pilot signals between different cells/sectors, where the pilot symbols can be either mutually orthogonal or mutually non-orthogonal, and that enable good system performance. For the same Node B, orthogonal patterns are preferred. 

The downlink common pilot channel signal should be transmitted once per sub-frame.
Scattered pilots should be evaluated as well as pure time or frequency multiplexed pilots.
In order to support advanced antenna solutions such as MIMO, beam-forming etc., multiple orthogonal reference/pilot-symbol patterns should be possible within one cell (different reference/pilot-symbol patterns for different TX antennas, different beams, etc.). 
-------------------------------------- End of Text Proposal for TR 25.814-----------------------------------------------------
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