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1
Introduction
At the RAN1#40bis (Beijing), RAN1#41 (Athens) and RAN1 Ad Hoc (Sophia Antipolis) meetings, OFDM based radio access scheme has been proposed as the downlink transmission scheme by most companies [1]. Burst transmission scheme of TDD system requires that each timeslot in the downlink should be self-contained, i.e. having enough pilots for data demodulation. Some considerations and simulation results on pilot structure for TDD-OFDM LTE Downlink are given for comparison and analysis in this contribution.
2
Consideration of Pilot Structure
The correlation characteristics of the channel should be fully exploited for minimizing the overhead of the pilot symbols. If practical problems are not concerned, pilot symbols should be distributed evenly across the overall bandwidth for channel estimation employing appropriate interpolators.
However, data bursts is transmitted alternately for uplink and downlink in TDD system, so the correlation between adjacent timeslots is not always utilizable, leading to that every timeslot must be self-contained, i.e. the pilots within the timeslot must be sufficient for data demodulation.
The frame structure of TDD EUTRA [2] is shown in Figure 1. The ratio of resource between uplink and downlink can be adjusted by the position of UDSP. DwPTS and TS0 may be used for cell search and CQI measurement for all UE within a cell or sector.
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Figure1
Frame Structure of OFDM based scheme for TDD EUTRA
The spectrum allocated for TDD-OFDM LTE system is divided into many Time Frequency Units (TFU i.e. “chunk”). TFU is the resource allocation unit of the system. A specific number of TFUs may be assigned for a UE by the scheduler of the system.
As various types of UEs within a cell may communicate with the Node B simultaneously, TFU should be considered as self-contained during system design phase. The reason is that different types of transmission modes (e.g. adaptive beam-forming, Space Time Coding or Spatial Multiplexing) for different types of UEs may employ different types of pilot structures, so interpolation between TFUs is not always realizable for channel estimation.
However, if the interpolation between TFUs is realizable in practice, the correlation characteristic of channel should be fully exploited for performance enhancement. The pilot structure of TFU should be optimized for the tradeoff between system capacity and performance.

2.1
Pilot Structure for SISO
The fading characteristics of wireless channel, including the maximum mobility speed and the maximum delay spread, limit the pilot structure for each TFU, i.e. the pilot spacing in time domain and in frequency domain should fulfill the Nyquist sampling theorem. 
The use of a TDM pilot structure is suggested in [3], especially for FDD system. TDM pilot structure which contains two OFDM symbols used for pilot is illustrated in Figure 2, especially for the downlink of TDD system to meet the mobility requirement for LTE system [4].
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Figure 2 pilot structure for SISO 

2.2
Considerations for MIMO Transmission 
MIMO transmission needs to estimate more channel parameters than SISO transmission, therefore, more pilot symbols are required for MIMO transmission. An example of pilot structure for 2x2 MIMO is shown in Figure 3.
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Figure 3   Pilot structure for 2x2 MIMO

In 2x2 MIMO, the consecutive orthogonal pilot structure is used to obtain a good balance between system performance and bandwidth efficiency [5].  The two consecutive pilot symbols in the first Tx antenna should be orthogonal to those in the second Tx antenna. For example, the pilot symbols for the first antenna at the first and second consecutive sub-carriers can be 1 + j, –1 – j, respectively, and for the second antenna at the first and second consecutive sub-carriers can be 1 – j, 1 – j , respectively. The insertion density of pilot symbols in MIMO scenario will be further analysed.
3
Simulation Results and Analysis
Supposing that matrix 
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represents the TDM pilot structure, row vectors
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 and 
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 for the time domain pilot structure and the frequency domain pilot structure respectively, we can get the following relation:
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Note: 
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 denotes Kronecker tensor product, and 
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is ‘1’ if the position counts for pilot, otherwise the value is ‘0’.
The time domain pilot structure and the frequency domain pilot structure are shown in Table 1 and Table 2 respectively.
Table 1   Time domain pilot structure
	PT_NUM
	ΔT
	pt

	5
	2
	[1 0 1 0 1 0 1 0 1]

	4
	2
	[0 1 0 1 0 1 0 1 0]

	3
	3
	[0 1 0 0 1 0 0 1 0]

	2
	4
	[0 0 1 0 0 0 1 0 0]

	1
	-
	[0 0 0 0 1 0 0 0 0]


Table 2 Frequency domain pilot structure
	PF_NUM
	ΔF
	pf

	5
	2
	[0 1 0 1 0 1 0 1 0 1 0 0]

	4
	3
	[0 1 0 0 1 0 0 1 0 0 1 0]

	3
	4
	[0 1 0 0 0 1 0 0 0 1 0 0]

	2
	5
	[0 0 0 1 0 0 0 0 1 0 0 0]

	1
	-
	[0 0 0 0 0 1 0 0 0 0 0 0]


The pilot density in frequency domain is concerned in this contribution. Ideal estimation in frequency domain followed by linear interpolation in time domain is used for channel estimation.

Simulation results for frequency domain pilot structure are shown in Figure 4. The results in figure 4 suggest that PF_NUM=2 is sufficient for 6 ray TU channel [6] in the simulations, and PF_NUM=2 is used for the following simulations, but PF_NUM=2 may be not sufficient for practical system.
According to LTE requirements, high speed (e.g. 350Km/h) should be supported [4]. Simulation results for time domain pilot structure are shown in Figure 5 and Figure 6.
The results in Figure 5 show that PT_NUM=2 is sufficient for mobile speed of 120Km/h. The results in Figure 6 shows that PT_NUM=2 could maintain preferable performance for mobile speed of 350Km/h (QPSK).
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Figure 4   Simulation result for frequency domain pilot structure
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Figure 5   Simulation result for time domain pilot structure
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Figure 6   Simulation result for 350Km/h QPSK
Considering some non-ideal factor for channel estimation, more pilot symbols could be inserted in frequency domain in practice, and the density of pilot in frequency domain is for further study (FFS).
4 Conclusion

Some pilot structure considerations for SISO and MIMO are given for the downlink of TDD-OFDM LTE Downlink in this contribution. TFU should be considered as self-contained during system design phase. However, if the interpolation between TFUs is realizable in practice, the correlation characteristic of channel should be fully exploited for performance enhancement. The proposed TDM pilot structure is investigated with ideal estimation in frequency domain followed by linear interpolation in time domain. Simulation results have shown that the pilot structure may be a promising candidate for the proposed frame and timeslot structure of TDD-OFDM LTE system.
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