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1 Introduction

According to [1], the reference/pilot symbols are inserted into the time/frequency grid according to a known pattern. Considering its importance of pilot pattern, a good pilot pattern should at least satisfy the following properties:

1. Tradeoff between the performance of channel estimation and overhead of the system.

2. Channel estimation based on this pattern can be realized with little computation.

3. Can extend to MIMO mode easily.

In this proposal, the pilot pattern with properties above is discussed.

2 Pilot Pattern 

Assuming that reference/pilot symbols are transmitted on every 
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-th sub-carrier in every 
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-th OFDM symbol. To balance the performance of channel estimation and overhead of system, the following conditions must be satisfied:
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where,
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 is sub-carrier spacing;
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 is the coherence bandwidth of channel;
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is the duration of cyclic prefix.
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 is the coherence time of channel;

According to [2], 
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where,
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is the delay spread of channel ;
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 is the maximum of Doppler shift of channel.

Based on (1) ,(2),(3) and (4), 
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 can be obtained by:
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   where, 
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 is normalized Doppler shift  by sub-carrier spacing;
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is normalized delay spread by the inverse of sub-carrier spacing.

Usually 
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 is smaller than 5%  when sub-carrier spacing is 15 kHz. According to (5), we have
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Noted that there are only 7 OFDM symbols in a sub-frame, we can conclude that the acceptable performance of channel estimation can be achieved when 
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Delay spread with cell radius d for the four different propagation environments, urban, suburban, rural, and mountain, are listed as the following table [3]:

	
	90 % value of r.m.s. delay spread (usec) with cell radius, d (km) 

	
	Urban area
	Suburban area
	Rural area
	Mountain area

	Conditions
	T1 = 1.0, 

 = 0.5,

y = 2.0 dB
	T1 = 0.3, 

 = 0.5,

y = 2.0 dB
	T1 = 0.1, 

 = 0.5,

y = 2.0 dB
	T1 = 0.5, 

 = 1.0,

y = 2.0 dB

	Cell radius, d (km)
	3 km
	2.5
	0.8
	0.25
	1.9

	
	5 km
	3.2
	1.0
	0.32
	3.2

	
	10 km
	4.6
	1.4
	0.46
	6.3







Table-1 Delay spread of different propagation environments

 
When the delay spread is large, for example , 
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 = 6.3 us(
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 ＝0.1 when sub-carrier spacing is 15kHz.), we can find the acceptable performance of channel estimation  achieved when 
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When the delay spread is relatively small, for example, 
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 = 3.2 us (
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 =0.05 when sub-carrier spacing is 15kHz.), we can find the acceptable performance of channel estimation  achieved when 
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Based on the discussions above, the proposed pilot patterns are shown as the following pictures:


.
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Figure 1 pilots pattern for large delay spread
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Figure 2 pilots pattern for moderate delay spread


As show in figure 1 and figure 2, pilots are inserted at the beginning of sub-frame. By this way, channel estimation, synchronization and CQI measurement can be performed as soon as the UE receive the first symbol of sub-frame, instead of receiving the full data of sub-frame.

3 Pilot Pattern in MIMO mode

According to [1], 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.)
Figure 3 shows the proposed pilot pattern when the number of transmitter antenna is two. In our proposal, pilot symbol assigned to two antennas are preformed space-time coding (STC). In other words, antenna 1 and antenna 2 transmit pilots at the same time/frequency grid in a period of pilot assignment (two sub-frames) with the following character: pilot symbols transmitted by antenna 1 in sub-frame 2 are the reverse conjugation transmitted by antenna 2 in sub-frame 1 while pilot symbols transmitted by antenna 2 in sub-frame 2 are the conjugation transmitted by antenna 1 in sub-frame 1.
Comparing with the general pilot assignment schemes, our scheme has the following advantages:

1. The density of pilots in our scheme is twice compared to the general pilot’s pattern for two transmitter antennas in the same condition. In the other words, there are no carriers are nulled, which make the efficiency of bandwidth between one transmitter antenna and two transmitter antennas identical.

2. According our scheme, pilot pattern for single transmitter antenna and two transmitter antennas has little difference, which can reduce the complexity of transmitter and receiver.

3. The accuracy of channel estimation can be enhanced because of the gain from STC.
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Figure 3   pilots pattern for two transmitter antennas


Our pilot assignment scheme for two transmitter antennas can extend to four antennas easily.  Just as two transmitter antenna case, all antennas transmit pilots at the same time/frequency grid when the number of transmitter antenna is four. Figure 4 show the pilot pattern in two consecutive sub-frames
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Figure 4 pilots pattern for four transmitter antennas

To preserve the orthogonality of pilots among different transmitter antennas, a 4-th order Hadamard matrix is employed here to encode the pilots from different antennas. The row index of matrix indicates the antenna index, and the column index of matrix indicates the symbol time when the pilots are sent. 
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4 Simulation Results

The performance of proposed pilot pattern is evaluated by simulations. The detail simulation parameters are shown in Table 1.

	System Bandwidth
	10MHz

	FFT size
	1024

	Sub-carrier spacing
	15kHz

	Sub-frame period
	0.5ms

	Channel Model
	TU 30km/hr, TU 120km/hr, TU350km/hr

	Channel coding and modulation
	QPSK+Turbo coding

	Carrier frequency
	2.6GHz


Table 1 simulation parameters
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Figure 5 Performance of proposed pilot pattern (1Tx~1Rx case)
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Figure 6 Performance of proposed pilot pattern (2Tx~1Rx case)
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Figure 7 a general pilot pattern for two transmitter antennas

The performance of proposed pilot pattern in Figure.1 is shown in Figure.5. This simulation result shows that our proposed pilot pattern performs better in the typical environment up to the speed 120km/hr. When the UE’s speed is extremely high, such as 350km/hr, the additional dedicated pilots may be used to enhance the performance.

The performance of proposed pilot pattern in Figure.3 is shown in Figure 6. For comparison, the performance of a general pilot pattern is also shown in Figure 6. The employed general pilot pattern is shown in Figure 7. The simulation result shows that our proposed pilot pattern in two transmitter antennas achieved 1dB gain in SNR when BER is 10e-4.

5 Conclusion

In this proposal, pilot patterns in OFDM LTE downlink are presented. Based on our discussion, Pilot symbols are assigned at the beginning of each sub-frame. Pilot spacing in frequency are adjustable based on the expected delay spread. For the pilot pattern of MIMO mode, we address compatibility of pilot patterns between SISO and MIMO.  To preserve the orthogonality of pilots from different antennas, the STC of pilots should be used.

---------------------------------Start of Text Proposal--------------------------------------------
The following text proposal is for TR25.814.

7.1
OFDMA (FDD / [TDD])
7.1.1  Basic transmission scheme

7.1.1.2  Multiplexing including pilot structure
7.1.1.2.2 Downlink pilot structure
The reference/pilot symbol pattern inserted into the time/frequency grid is characterized by:

· Reference/pilot symbol should insert at the beginning of each sub-frame (i.e. the first symbol of each  sub-frame). 

· Pilot spacing in frequency are adjustable based on the expected delay spread,( i.e., two sub-carriers for large delay spread and four sub-carriers for moderate delay spread)

· The reference/pilot sequences on multi-transmitter-antennas should be compatible with that on single antenna. To preserve the orthogonality of pilots from different antennas, the STC of pilots should be used.

---------------------------------End of Text Proposal---------------------------------------------
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