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1 Introduction

In [1], we have outlined a method to produce a large number of so-called frequency-hopping (FH) pilot patterns for channel estimation in OFDM-based EUTRA system. The aim was to mitigate the inter-cell interference between the pilots by allocating (near) orthogonal FH pilot patterns to the different cells. As typically the power on a pilot tone is higher than the power on a data tone, the (near) orthogonal pilots in the different cells are expected to improve the channel estimates and thus bring an improvement of the cell throughput, i.e. block error rate (BLER). The subsets of such pilots can be used as the orthogonal pilots for MIMO transmissions. The FH pilot pattern used for the simulations in [1] was just an example, and it was assumed that the optimum parameters of the FH pilot patterns should be discussed and selected later. 
In the meantime, some discussion on the desirable repetition periods of the OFDM pilots has already taken place, as for example in [2]. There it was pointed out that besides the channel estimation quality, some other aspects might be relevant to the selection of the repetition periods of the two-dimensional pilot patterns for channel estimation. For example, it is expected that many of the E-UTRA user equipment (UE) will have Discontinuous Reception (DRX), in order to minimize the power consumption. It is assumed the UE’s sleeping periods in such micro-sleep mode will be multiples of the 0.5ms sub-frame interval (TTI). From that assumption it follows (see [2]) that it would be desirable that the power of the pilot symbols is concentrated at the beginning of each TTI, instead of being scattered across the TTI. Assuming that there are 7 OFDM symbols in a TTI, the repetition period in time domain T of the pilot tones is thus recommended to be T=7 OFDM symbols. The selection of the repetition period in the frequency domain M might also depend on several factors, such as the pilot signal construction, the performance of channel estimation interpolators, the number of transmit antennas and the inter-cell interference.
In this contribution we present some evaluation results for the FH pilot patterns in the multi-cell environment, by using the set of parameters that allows both good channel estimation properties and implementation of micro-sleep mode. We will compare the performances of these pilot patterns with the patterns proposed in [3]-[4].

2 Description of the pilot patterns used in the simulations 
One type of FH pilot patterns is evaluated in the simulations, shown in Fig.1. 
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Fig.1. Example of FH pilot pattern with parameters T=7 and M=4.
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Fig.2. Two-dimensional (TDM) pilot pattern with parameters T=7 and M=4, used for the evaluation of DoCoMo pilots with cell-specific scrambling codes.

Assuming that the TTI length in the system is 0.5ms and the subcarrier spacing is 15kHz, the choice of T=7 and M=4 allows for estimation of channels with coherence time/bandwidth of 0.5ms and 60kHz associated with Doppler spreads of up to about 2000Hz (1000km/h@2GHz) and delay spreads of up to about 15s.

3 Link-level Monte-Carlo simulations 
3.1 Simulation Setup

The two different solutions for the pilots for the channel estimation are compared in the synchronous multi-cell environment:

1. The different cells have the different near-orthogonal FH pilot patterns. 
2. The different cells have the same two-dimensional pilot pattern, while each pilot tone is modulated with a cell-specific scrambling code (DoCoMo pilot [3])
. 
The tone repetition periods T=7 and M=4 are used in both Huawei and DoCoMo pilots. This set of parameters is also used for simulations in [2]. 
In TR25.814 V0.1.2 (Page 22), the TU channel model for initial or early simulations is suggested, so only this channel is simulated.

The complete list of simulation parameters is given in Table I.

Table I: Simulation parameters 

	Transmission BW
	5MHz

	Carried frequency
	2GHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	7.68 MHz

	FFT size
	512

	CP Length (μs/samples)
	4.69/36

	Number of occupied sub-carriers
	301 (DC sub-carrier is null.)

	Number of OFDM symbols per TTI
	7

	Transport bit block size (including CRC)
	480

	Average total power allocated to pilot channel
	10% maximum available total power of base station

	Pilot overhead
	3.57% = (1/4×1/7)  

	Channel coding/decoding
	1/2 Turbo code /

Max-Log-MAP decoding with 8 iterations

	Modulation
	QPSK 

	Channel environments
	Typical Urban 30km/h

	Antenna configuration
	1 transmit antenna, 2 receive antennas (MRC)



   To simulate a realistic multi-cell environment, a 7-cell model is used. One cell is the serving cell and the other 6 cells are interfering cells. The signal powers from all the interfering cells are assumed to be equal. 

          The channel estimation method used in the simulations has the following steps:
1. Interpolation in frequency domain for the OFDM symbol with pilots in one TTI.

2. Reuse the above channel estimates for all the other OFDM symbols in the same TTI.

In the serving cell the load is always 100%, while in the interfering cells the loads can have the three different values: 100%, 50% and 25%. For loads lower than 100%, the data is mapped on the orthogonal FH patterns, as described in the TR25.892.

In all simulation scenarios, 10% of the transmitted energy during a TTI is assigned to the pilot channel. For the fully loaded interfering cell, with T=7 and M=4, it follows (see the Appendix) that the ratio of the pilot tone power to the data tone power is equal to 3. The same pilot-to-data tone power ratio is used for all other loads of interfering cells, because we assume that the data traffic channels have always the same power, independent of the cell load.
3.2 Simulation Results
The simulation results, in the form of BLER versus SIR, for the three values of the interfering cell loads (100%, 50% and 25%) are shown in Figure 3 to Figure 5. The SIR is defined as the ratio of the average total received power from the serving cell to the average total power received from the interfering cells. The abbreviation FH-DP denotes the solution with the FH pilots having Different Patterns in different cells, while DoCoMo-SP-DS denotes DoCoMo pilots with the Same (two-dimensional) Pattern and tones modulated with Different Sequences in different cells.
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Fig.3. Simulation results for 100% interfering cell loads.
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Fig.4. Simulation results for 50% interfering cell loads.
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 Fig.5. Simulation results for 25% interfering cell loads.
From the above figures it can be seen that FH-DP provides significant gains in the required SIR compared to DoCoMo-SP-DS, for all simulated cell loads. The results are summarized in Table II.

Table II: The SIR gain of FH-DP over DoCoMo-SP-DS

	Load
	Gain
(BLER=1.0e-2)

	100%
	1 dB

	50%
	1.9 dB

	25%
	2.3dB


For DoCoMo-SP-DS, in the serving cell the interference to the pilot tones is from the pilot tones of interfering cells, while for FH-DP, the interference is from the data tones of interfering cells. As the pilot tone power is higher than the power of data tone, the interference on pilot tones is lower for FH-DP than for DoCoMo-SP-DS, so the better channel estimates can be obtained with FH-DP. 

On the other side, although with FH-DP a part of data tones in serving cell will be interfered by the pilot tones of interfering cells (where the pilot tones have the higher power than data tones), the low pilot tones overhead ( =1/28) makes this kind of pilot-to-data interference overwhelmed by the gain obtained by an improved channel estimation.
4 Conclusions 
The simulation results show that the solution with the different near-orthogonal FH pilot patterns in different cells outperforms significantly the solution where the same two-dimensional square pilot pattern with different cell-specific near-orthogonal scrambling codes is applied in the different cells. We have demonstrated that it is possible to have an effective solution for the OFDM DL pilots, offering both the excellent performances in the multi-cell environment and the potential implementation of micro-sleep mode.

5 Appendix 


The ratio between the power of a pilot tone, Pp, and the power of a data tone, Pd, is calculated starting from the two basic requirements: that the average total pilot power Ptotal_pilot=0.10 Ptotal, and that the average total data power Ptotal_data=0.90 Ptotal. Within M consecutive tones, the average pilot power Pp_av and the average data power Pd_av are proportional the Ptotal_pilot  and Ptotal_data. Then it follows that 

                                                                       Pp_av=Pd_av/9.                                                            
(1)

The average powers Pp_av and Pd_av are given by

                                                Pp_av = Pp/T, and  Pd_av = Pd(M∙T-1)/T .                                       
(2)

From (1) and (2) one obtains, 
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(3)

From (3) it follows that Pp/Pd=3 for T=7, M=4.
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� Note that modulation of cell-specific scrambling codes with sector-specific OVSF sequences, as envisaged in [3], does not have influence on the inter-cell interference properties if the cells have different scrambling codes, because if the scrambling codes are random, the modulation will not change their properties. 
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