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1. Introduction
RAN WG 1has agreed that the cell-specific reference signal generation is based on symbol-by-symbol product of an orthogonal sequence and a pseudo random sequence [1]. In this contribution we show simulation results with different orthogonal sequences for reference signals in different sectors of the same cell, and discuss the implications these orthogonal sequences have on the timing error estimation. 
2. Simulation setup
Simulation parameters are given in the following table.
	Parameter
	Value

	Coding
	1/3 rate Turbo code

	Modulation
	QPSK

	Antenna configuration
	1 tx antenna, 2 rx antennas 

	Channel Model
	typical urban (6-ray model)

	Mobile Speed
	3 km/h

	DIR
	0 and 6 dB

	Channel estimation
	2-D wiener estimator using pilots from two sub-frames

	Bandwidth
	5 MHz

	Number of interferers 
	1

	Parameters of the

orthogonal sequence (according to [2]) 
	Own sector: 
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Interfering sector: 
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3. Simulation results
Figure 1shows the frame error rates obtained with random and orthogonal reference signals. It can be seen that the orthogonal reference signals outperform random reference signals, but the differences in the coded FER performance are fairly small, roughly 0.1 dB – 0.2 dB. We have observed similar small performance differences irrespective of channel model and number of transmit antennas used in the simulations. 
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Figure 1 Comparison of frame error rates.  Single antenna transmission with 6-ray typical urban channel model

4. The effect of orthogonal pilots on timing algorithms
Because the orthogonal code is composed of regular phase shifts and the Fourier transform of a delayed signal is a phase-shifted version of the transform of the non-delayed signal, the timing error estimation algorithm will detect the signals from the other sectors as delayed copies of the signal originating from the wanted sector.

The delay can be calculated as follows: delaying a signal by 
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 samples corresponds to multiplying the Fourier transform of the original signal by 
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 where 
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 is the sub-carrier number and 
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 is the length of the Fourier transform. The orthogonal code shifts the phase of a reference symbol by a factor of 
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 relative to a previous pilot symbol and this corresponds to a delay of 
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 samples when reference signals are spaced 6 samples apart. When reference signals from two consecutive symbols are used together, the reference signal spacing is reduced to one half and the delay of the false copy is doubled.  For an FFT length of 128 the numeric values are 7 and 14 samples, for one and two symbols respectively. 

These false propagation paths reduce the range allowed for timing error, because it is not possible to distinguish between the real and the false path. Having the pull-in range of the timing estimation as large as possible is desirable especially when waking up from sleep in case of DRX since the UE’s reference time is drifting significantly during sleep. A lower pull-in range could effectively reduce the power saving from DRX as the UE would have to maintain a more accurate timing during sleep.
5. Conclusions
We have observed that with accurate channel estimation method, the orthogonal reference signal sequences bring only marginal gains in data throughput compared to random reference signals.. We also show that   using orthogonal sequences for reference signals causes and undesirable reduction in the range of the timing estimator. Given this, we would like to again discuss the use of orthogonal sequences for reference signals in LTE., 
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