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1. Introduction

Inter-cell interference mitigation techniques are important to meet cell edge requirements. In the technical report TR25.814 [1], orthogonal pilot among cells is described as a candidate technique for downlink OFDM.

In this document, we discuss interference on pilot symbols and evaluate orthogonal pilot among cells. 

2. Interference on pilot symbols

Channel estimation accuracy is essential to improve packet error rate performance or user throughput. 

One method is increasing the number of pilot symbols in a TTI or a resource block. However this reduces the data rate by occupying time-frequency resources. 

The other method is increasing pilot symbol power compared to data, i.e. pilot power offset. This would be useful to improve channel estimation accuracy without decrease of time-frequency resources for data. However, because pilot power in adjacent cells is also increased, interference from adjacent cells would degrade packet error rate performance or user throughput. 

Therefore interference mitigation on pilot symbols is beneficial to improve channel estimation accuracy. 

Use of orthogonal pilot among cells [2] is a promising candidate for interference mitigation on pilot symbols. Figure 1 shows inter-cell interference within a Node B.  In this figure, UE(A) suffers from interference originally transmitted to UE(B) in an adjacent cell. 
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Figure 1 intercell interference

3. Orthogonal pilot among cells 

Orthogonal pilot among cells can be realized by using cell specific orthogonal sequences for the pilot sequence. Orthogonal sequences are obtained by OVSF sequence (Figure2) or phase rotation (Figure 3).  OVSF sequences of length four can support up to 4 cells in a Node B. OVSF sequences of length eight can support up to 8 cells in a Node B, and so forth. Phase rotation sequences of length three can support up to 3 cells in a Node B. Phase rotation sequences of length six can support up to 6 cells in a Node B, and so forth. 
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Figure 2 Orthogonal pilot (OVSF sequence)
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Figure 3 Orthogonal pilot (phase rotation)

In the receiver side, channel estimation is performed by de-spreading pilot symbols over the length of the orthogonal sequence in order to mitigate inter-cell interference on channel estimation output. 

The length of the orthogonal sequence is preferable to be within the coherence bandwidth in order to maintain orthogonality between cells even under highly frequency selective channels. We evaluated the performance using a TDM based pilot mapping, i.e. with a high pilot density in the frequency domain. 

4. Simulations

Our link level simulations results of orthogonal pilot sequences among cells are shown in this section. 

4.1. Simulation assumptions

The simulation assumptions are shown in Table 1.

Table 1 Simulation assumptions
	Transmission BW
	10MHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	15.36 MHz

	FFT size
	1024

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

	Number of OFDM symbols per sub frame
	7

	Power ratio of pilot to data
	0 dB

	Pilot overhead
	7.14%

	Channel coding
	Turbo code 

	Modulation
	QPSK and 16QAM 

	Channel environments
	Typical Urban 3km/h

	Antenna configuration
	1 transmit antenna, 2 receive antenna

	Channel estimation
	Real(with pilot)

	Decoder algorithm
	Max-Log-MAP with 8 iterations


We use a 2-cell model shown in figure 4. The UE receives desired signal and interference which experience independent frequency selective fading processes. 
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Figure 4 2-cell model

Figure 5 shows the employed TDM based pilot mapping. Pilot symbols are mapped on every 2 sub-carriers in the 1st OFDM symbol of each sub-frame. Each pilot symbol is multiplied by OVSF or phase rotation sequence. 
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Figure 5 TDM pilot assumed in the simulation

Figure 6 (a) and (b) show the channel estimation methods for OVSF and phase rotation sequences, respectively. Channel estimation method for OVSF sequence is as follows. 

(1) de-spreading over consecutive 4 pilot symbols. Then the receiver obtains channel estimation value for centered sub-carrier within these 4 pilot symbols. This channel estimation value is also used for the adjacent sub-carrier. 

 (2) linear interpolation between current sub-frame estimation and next sub-frame estimation in time domain. 

The method for the Phase rotation sequence applies the method described in (1) with de-spreading pilot length of 3 and (2) accordingly.

In the non-orthogonal pilot case, we use 5 pilots for averaging in frequency domain to average noise effects.  
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(a) in case of OVSF sequence                                    (b) in case of phase rotation sequence

Figure 6 channel estimation method in the simulation

4.2. Simulation results
Figure 7 and figure 8 show the BLER performance for OVSF pilot and phase rotation pilot for QSPK, R=1/3 and 16QAM, R=1/2, respectively. Table 2 and table 3 summarize required SNR at BLER=0.1 for QPSK, R=1/3 and 16QAM, R=1/2, respectively. 

In these figures, “D/U” in the captions means the ratio of desired signal power (D) to interference (undesired) signal power (U) at the receiver. 

From these results, the orthogonal pilot shows better performance than non-orthogonal pilot, and OVSF and phase rotation pilot sequences show similar performance. For example, for QPSK, R=1/3, D/U=6dB, the OVSF pilot is by 0.8 dB better than the non-orthogonal pilot. The phase rotation pilot in these conditions is by 0.6 dB better than the non-orthogonal pilot. For 16QAM, R=1/2, D/U=15dB, both the OVSF and the phase rotation pilot are by 0.5 dB better than the non-orthogonal pilot. For lower D/U ratios, the gain of both orthogonal pilot approaches increases. 

Table 2 Required SNR@BLER=0.1 for QPSK, R=1/3

	
	D/U=6dB
	D/U=3dB
	D/U=0dB

	With OVSF pilot
	4.5 dB
	6.2 dB
	16.0 dB

	With phase rotation 
	4.7 dB
	6.3 dB
	15.2 dB

	Non-orthogonal pilot
	5.3 dB
	11.0 dB
	Floor


Table 3 Required SNR@BLER=0.1 for 16QAM, R=1/2

	
	D/U=15dB
	D/U=12dB
	D/U=9dB

	With OVSF pilot
	12 dB
	13.1 dB
	17.3 dB

	With phase rotation 
	12 dB
	13.1 dB
	17.2 dB

	Non-orthogonal pilot 
	12.5 dB
	14.3 dB
	Floor 
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Figure 7 simulation results for QPSK, TU3km/h
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Figure 8 simulation results for 16QAM, TU3km/h

5. Conclusion
We have discussed inter-cell interference mitigation for pilot symbols, and we have evaluated orthogonal pilot sequences among cells. Simulation results show that orthogonal pilot sequences can improve the BLER performance compared to non-orthogonal pilot sequences. We observe that length-4 OVSF and length-3 phase rotation show similar performance. Therefore both are fine to use if we assume 3 cells in a Node B. However, if we assume more cells in a Node B, we should carefully choose either the OVSF or phase rotation approach and the respective sequence length taking into account the number of supportable cells in a Node B and loss of orthogonality due to frequency selective fading.
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