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1 Introduction

Pilot symbols are distributed among data symbols into an OFDM block. This distribution, called pilot shape, can take any form as long as it is known at both side: transmission and reception. Pilot distribution shape must respect the sampling theorem concerning the channel variation. This contribution concerns intercellular pilot interferences in an OFDM cellular systems. In such systems, all transmitters use the same pilot shape, this results in an interference among pilots received from different transmitters and experience different channel conditions. By applying different pilot shape, this interference may be reduced without any additional complexity which enhances performances.

2 Pilot Shape Distribution

An example of pilot shape distribution is given in Figure 1. Pilot separation in time is Nt and is Nf in frequency domain. 
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Figure 1 – Pilot Shape distribution in an OFDM block

Considering the following parameters :

· Fd  
the channel fading half band bandwidth : 
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, v: mobile velocity, c light celerity

·  Bc  
the coherence bandwidth 
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, Tmax is the maximum channel delay

· Ts 
the OFDM symbol duration (including the guard interval time)
· 
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the sub carrier separation.

In order to sample the channel in such a way that no information is lost, separation between pilot in time and frequency domain must respect Shannon theorem :
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3 OFDM link level Parameters

Two sets of OFDM link level parameters are considered, the transmission is fulfilled within an interval of TTI = 2 ms, the two sets are given in Table 1.

	OFDM Parameters
	Set 1
	Set 2

	FFT Size 
	512
	1024

	OFDM sampling rate (MHz)
	7.68
	6.528

	Sub carrier separation (kHz)
	15
	6.375

	OFDM symbol duration (µs)
	~ 75
	166.67

	# OFDM symbols in TTI
	27
	12

	# modulated sub carrier
	297 (or 295)
	705


Table 1 – OFDM link level parameters

Three propagation channel types are considered, namely Output to Input A (3km/h) and B (3 km/h) and vehicular A for both velocities (30 km/h and 120 km/h). Coherence band and Doppler Band are presented in Table 2.

	Channel type
	OI-A (3 km/h)
	OI-B (3 km/h)
	VA (30 km/h)
	VA (120 km/h)

	Bc [kHz]
	2439
	270
	398
	398

	Fd [Hz]
	6
	6
	55.8
	223

	max Nf (set 1) [(0]
	162
	18
	26
	26

	max Nt (set 1) [Ts]
	1111
	1111
	119
	29

	max Nf (set 2) [(0]
	382
	42
	62
	62

	max Nt (set 2 ) [Ts]
	499
	499
	53
	13


Table 2 – Simulated Propagation channel condition

We notice that a pilot time separation of 10 Ts and frequency separation of 16(0 satisfy all the considered propagation conditions. For set 1 configuration we get 
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 pilots in frequency domain, thus a total of 57 pilots in a block of 297*27=8019 symbols. 

For set 2 configuration we get 
[image: image9.wmf]é

ù

2

10

/

12

=
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 pilots in frequency domain, thus a total of 90 pilots in a block of 705*12=8460 symbols.

In the following sections let Pp stand for pilot power, and Pe stands for modulated sub-carrier power.

4 Reducing inter-pilot interference

4.1 Different pilot shape for different cells

In an OFDM cellular system, if only one pilot shape is used by all the cells, different pilots may arrive at the same time and carried by the same sub carrier resulting in an inter-pilot interference at the UE side. This interference may damage the channel estimation since it highly depends on the channel values on the pilots. Since pilot energy is usually higher than the data energy, thus by applying different pilot shape for different cells in such a way that no more than one pilot symbol is received at a specific time and at a specific sub-band, we can eliminate any inter-pilot interference. The resulting Pilot-to-Interference-and-noise ratio becomes:
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, N0 stands for AWGN PSD.

This scheme is illustrated in Figure 2.
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Figure 2 – Different pilot shapes for different OFDM cells

In the matter of fact, there is no need to give every single OFDM cell a different pilot shape since OFDM transmitters are situated far away the one from the other, the relevant inter-pilot interference is caused essentially by geographically neighbor cells, in this case only few pilot shapes must be specified and distributed to a set of adjacent cells, the same pattern can be repeated all over the system.

Note that this method can be applied because the UE has prior knowledge about the identity of the OFDM communicating cell link since the request is supposed to be initialized by the UMTS link. If the pilot shape generating function has the identity of the OFDM cell as a parameter,  it can recognize the OFDM cell very easily.

4.2 Placing holes into other cells pilots’ position

By applying the previous method, the inter-pilot interference is eliminated but replaced by interference between pilots and data. The absence of inter-pilot interference may be enough to better estimate the channel since the data energy is less than pilot energy. In order to get a free pilot interference, the OFDM transmitter can place holes in the positions of other OFDM cells’ pilots positions, in such a way that a pilot symbol is detected without any interference. Note that in this case the spectral efficiency is reduced but since pilot symbol number are much less than data symbol number (pilot symbols represent ~ 1% of the block), this reduction is far to be crucial. The resulting Pilot-to-Interference-and-Noise-Ratio is replaced by Pilot-to-Noise-Ratio:
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This method is illustrated in Figure 3.
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Figure 3 – Different pilot shapes and holes placing

5 Simulation results

Simulation are performed considering OFDM link level set 2 only. Three OFDM cells are considered, the serving cell and two interfering cells. Pilot are placed in a rectangular manner, the pilot separation in time is Nt = 8, and in frequency Nf = 12. Pilot power 
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. (Pe is the modulated sub-carrier power). For the useful OFDM cell, pilots symbols start at the position (2,4), and for the interferer cells, pilot symbols start at position (0,0) and (4,2). The turbo code has rate 2/3. The useful signal has an SNR of 20 dB whereas the SNR of each interference signal (of exactly the same type) ranges from –15 dB to 0 dB. Three configurations are simulated : same pilot shape distribution resulting in an inter-pilot interference, different pilot shape distribution and different pilot shape distribution with hole placing in other cell pilots’ positions. Interpolation is done by a projection over a basis of 15 Discrete Prolate Spheroidal Sequences.
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Figure 4 – Simulation results for OI-A and OI-B channels,  Serving cell c/No=20dB, two interferer cells.
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Figure 5 - Simulation results for VA (30 km/h) channel,  Serving cell c/No=20dB, two interferer cells

6 Conclusion

We have presented two methods for reducing intercellular interference on pilot symbols. These methods enhance performances without any additional complexity. In order to illustrate the benefits of these method, performances with channel estimation by interpolation are presented. The interpolation method is not a goal by itself and any other method can be used (of course the resulting performances may depend upon the used method but not the gain of using the presented inter-pilot interference reduction techniques). We can notice, from simulation results, that by reducing the interference on pilot symbols, the channel estimation is enhanced and the final bit error rate is reduced. A gain going from 1dB to 3.5dB is observed among several curves. We suggest that these pilot shape distribution methodology shall be considered in physical channel definition.
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