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 Introduction
 RAN1 has agreed to construct the reference signal sequences from a combination of random sequences and orthogonal sequences where the letter is used between collocated cells as this improves the channel estimation performance in case of high DIR. In [1], we raised the implication this has on the LTE timing estimator. 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. A lower pull-in range for the timing estimator will effectively reduce the power saving from DRX as the UE will have to maintain a more accurate timing during sleep or wake up more frequently to make sure the timing is still within the pull-in range.
Other impacts to channel estimation in long delay spread channel models were raised in [2].

In this contribution we put the impact to the timing estimation in perspective by comparing the achievable timing estimator range for GSM, WCDMA and LTE. 
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Timing Analysis
The timing estimator ranges for GSM, WCDMA and LTE with and without orthogonal sequences are shown in Table 1.
Table 1 Idle mode synchronization timing estimator range

	
	GSM
	WCDMA
	LTE without OS RS
	LTE with OS RS

	Max. paging period
	2.12 sec
	5.12 sec
	5.12 sec
	5.12 sec

	Timing estimator range
	+/- 5.5 Symbols
= +/- 20.3us*
	+/- 128 chips
= +/- 33us**
	+/- 5.6us***
	+/- 1.9 us***

	Synchronization signal
	Normal Burst 
Training Sequence
	CPICH
	Unicast RS
	Unicast RS

	Relative clock inaccuracy accepted
	1.5
	1
	0.16
	0.057


The maximum timing estimation ranges derived below are best case, i.e. they assume a single tap power delay profile. When delay spread occurs, the timing estimator ranges are reduced.

*) GSM: The best case timing range given by the normal burst training sequence is 11 symbols (+/- 5.5 symbols). The Normal Burst Training Sequence has good autocorrelation properties when correlating the middle part (16 symbols) with the full TS (26 symbols) which gives 11 correlation values.
**) WCDMA: The maximum timing estimator range using CPICH is 256 chips, i.e. +/- 128 chips = +/- 33us.
***) EUTRAN: The maximum timing estimator range can be derived from the frequency separation of the RS, i.e. 
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 without OS RS and 1/3 of that with OS RS.
Some observations can be made from the figures:

· While the maximum paging period is the same for both WCDMA and LTE, the timing estimator range for LTE is only 1/6 of that of WCDMA even when no orthogonal sequences are used for refernce signals.
· Orthogonal sequences for reference signals furthermore reduces the timing estimator range for LTE to 1/18 compared to WCDMA

· The reduced range means tighter requirements for sleep clock accuracy, i.e. smaller timing errors are required
Based on these, we think that only random sequences should be used for RS.
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Conclusion
Based on the impact to the timing estimation and the limited scenario in which orthogonal sequences give gain, we propose to not use orthogonal sequences for reference signals in LTE, but only have random sequences.
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