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1 Introduction

The pilot signals for channel estimation in OFDM-based cellular systems have the form of time-frequency patterns, which are used in the receivers to obtain the channel samples both in time and frequency. Such signals consist of predetermined tones placed in different locations in frequency and time of the communication channel, forming specific patterns. These pilot patterns have to allow equidistant sampling of the signals both in time and frequency dimensions, in order to alleviate interpolation or filtering of the channel samples.
If all the pilot patterns transmitted from the different NodeBs are the same, they will interfere in the UE, especially if the UE is close to the cell edge. As pilot signals in general have higher power than data signals, this interference becomes particularly critical for the quality of channel estimates. Thus it is desirable to have a set of different pilot patterns such that each pair of pilot patterns has a small maximum number of hits (“hit” is the transmission on the same frequency both from the serving and non-serving cells during an observed OFDM symbol interval at the UE). The different pilot patterns from the set can be allocated to the neighbouring base stations and/or can be pseudo-randomly selected for transmission in a certain period of time. In both cases it is beneficial to have as large as possible number of pilot patterns with limited interference, or to have a possibility to make a trade-off between the number of patterns and the maximum number of pair-wise hits.
As typically the base stations in the cellular systems are not mutually time synchronized, an additional requirement the sets of such pilot patterns have to satisfy is that each pair of pilot patterns needs to have a small maximum number of hits under arbitrary mutual periodic time shift. 
In this contribution we outline the basic method to produce a large number of pilot patterns for channel estimation in OFDM-based system. The method is based on the application of the large sets of frequency-hopping (FH) sequences with bounded number of hits. As the first step in the numerical evaluation of this solution for pilot patterns for channel estimation, we compare the performances of FH pilot patterns with some conventional pilot patterns (square and scattered) in a single-cell environment.
2  Frequency-hopping pilot patterns for channel estimation
The a-th pilot signal f(a)(i) in the i-th OFDM symbol is defined as 
     





    f(a)(i)= (j-1)M+x(a)(i),    j=1,…, Np, 
where M is the period of pilot tones in the frequency domain, and Np is the number of pilot tones in an OFDM symbol, i.e. the number of repetitions of pilot tones in the frequency domain. 

The pattern x(a)(i), i=0,1,…, nT-1, is obtained  from the FH sequence of length n by inserting a certain number (T-1) of empty symbols (nulls) between the successive elements of the FH sequence, to achieve the sampling period of T OFDM symbols in the time domain. The pattern x(a)(i) can be shortened, depending on the applications, in which case the number of possible different pilot patterns with the same maximum crosscorrelation is increased. The pattern x(a)(i) can be called a generic pilot pattern, because it is repeated along the frequency axis in a given pilot pattern. The generic pilot patterns belong to a set of patterns with limited number of hits between any two patterns from the set. 
3 Link-level Monte-Carlo simulations 
3.1 Simulation Setup

The performances of frequency-hopping pilot patterns for channel estimation are evaluated by link simulation. For comparison，the performance of conventional OFDM pilot patterns such as square and scattered patterns for channel estimation are also evaluated. The evaluated pilot patterns in the simulation are illustrated in Fig. 1.
[image: image1.png]M =
H = === = =
—m e e s
(@ Sapare it patern ) Square it gt
(tigh densiy n tie comain) (tigh densiy in frequency domain)
r r

| = JE

— m e m - —m e m

(c) Scattered pilot pattern (&) Frequency-hopping pilot pattem

Pilottone [ Data tone




Fig. 1. Pilot patterns evaluated in the simulation.
In Figure 1, both (a) and (b) are the square pilot patterns. The pattern(c) is a conventional scattered OFDM pilot pattern. Finally, the pattern (d) is a frequency-hopping pilot pattern which is generated by the sequence {0 1 3 7 4 9 8}. 
The values of pilot spacing in time domain T (OFDM symbols), and of the spacing in frequency domain M (tones), for different pilot patterns are shown in Table 1. These two parameters determine the pilot TF resource overhead
. The pilot TF resource overheads of different pilot patterns are ensured to be nearly equal, about 5%, as it can be seen from the Table1.
Table1: Pilot Pattern Parameters

	Patterns
	T (symbols)
	M (tones)
	Pilot TF resource overhead

	(a), (c) and (d)
	2
	10
	5%= (1/2) × (1/10)

	(b)
	7
	3
	4.76%= (1/7)× (1/3)


The detailed simulation assumptions are shown in Table 2.
Table 2: Simulation  assumptions
	TTI duration
	0.5 ms

	FFT size
	512

	OFDM sampling rate
	7.68MHz

	CP Length (μs/samples)
	(4.69/36) ( 3, (4.82/37) ( 4

	Subcarrier separation
	15 KHz

	Number of OFDM symbols per TTI
	7

	Total OFDM symbol duration (μs/samples)
	(71.36/548) (3, (71.62/549) (4

	Number of useful subcarrier per OFDM symbol
	300 (excluding DC)

	OFDM bandwidth
	4.5 MHz

	Carried frequency
	2.0GHz

	Transport bit block size (including CRC)
	480

	Coding rate
	1/2

	Modulation
	QPSK

	Number of turbo decoding iterations
	4

	Percent of total power allocated to pilot channel
	10%

	Percent of total power allocated to signaling
	10%

	Percent of total power allocated to traffic
	80%

	Channel environments
	VA30km/h, VA120km/h, VA350km/h,  TU 30km/h

	Channel estimation algorithm
	Firstly, frequency interpolation 

Secondly, time interpolation 


3.2 Simulation Results
The simulation results in different channel environment are shown in Figure 2 to Figure 5.
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Fig. 2. BLER for VA 30kmph channel.
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Fig. 3. BLER for VA 120kmph channel.
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Fig. 4. BLER for VA 350kmph channel.
[image: image5.png]BLER

BLER for TU 30kmph channel

Ideal CE

Real CE -Pattern(s)
Real CE -Pattern (b
Real CE -Pattern (c)
Real CE -Pattern (o)

E,/N, (4B)




Fig. 5. BLER for TU 30kmph channel.
The simulation results indicate that, in a single-cell scenario, the FH pilot patterns have very similar performances as the conventional scattered pilot patterns. For all but one of the investigated channels the selected FH pilot pattern has better performances than both types of square pilot patterns. Having in mind that FH patterns are not introduced to improve the performances in a single-cell scenario, this is an additional advantage of the investigated FH pilot pattern.
4 Conclusions 
In this contribution, we have identified the need for the multiple frequency-hopping pilot patterns for channel estimation in an OFDM-based EUTRA, in order to mitigate the inter-pilot interference between the cells. We have also identified the design requirements that such multiple pilot patterns have to satisfy. Thus we propose that the need for such multiple pilot patterns for channel estimation is reflected by one additional sentence in the TR25.814, as it is shown bellow.
5 Text proposal

--------8<----------------------8<----------------------8<----------------------8<----------------------8<--------------
7.1.1.2.2
Downlink pilot structure

…….

Scattered pilots should be evaluated as well as pure time or frequency multiplexed pilots. Multiple pilot patterns should be designed to allow for good channel estimation performance in scenarios where the interference from neighboring cells significantly limits performances. 
……..






































































































































































































� The pilot TF resource overhead is defined as the number of TF-cells allocated by pilot symbols divided by total number of available TF-cells. It directly tells how the peak data rate in the cell is affected (the larger the resource overhead, the lower the peak data rate). In the Table 3 of TR 25.892 it is suggested to be up to 10%.





