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1 Introduction 
In RAN1#68, there were some initial evaluations and analysis about both the CRS based and CSI-RS based frequency and time tracking [1-6] for non-synchronized new carriers. Besides, for acquisition aspects about PSS/SSS, it has been concluded that:

· No new detection/acquisition signals will be designed for the NCT (except possibly new time/frequency configurations of existing signals)
· For non-synchronized new carriers:

· Working assumption: Rel-8 PSS/SSS sequences are transmitted
· Time-frequency location of PSS/SSS is FFS; baseline is as per Rel-8. For proposals for other time-frequency locations, benefits relative to baseline should be shown

· Study further whether there is a benefit in preventing a Rel-8 UE acquiring the PSS/SSS of a carrier of the new type, and if so, how this might be done
· Aim to confirm the working assumption and close the FFS at RAN1#68bis.
The following discussion in RAN1 will be on whether to use reduced CRS or CSI-RS to do synchronization/tracking/measurement on the new unsynchronised carriers. In this contribution, we provide some preliminary evaluations and corresponding analysis, for both CRS-based and CSI-RS based tracking.
2 Discussions
Signal Model & Tracking Algorithms 
Consider an OFDM system in which 
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-point FFT/IFFT is used. In the m-th OFDM symbol, the cyclic prefix (CP) has a duration of 
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 samples if without oversampling), and an OFDM symbol (CP plus the useful part) has a duration of 
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 samples). We denote 
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(Hz) as the carrier frequency offset (CFO) between the eNB and UE and 
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as the sampling clock frequency offset (SFO). Specifically, if define 
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 as the sampling rate, according to [7, 8], in the absence of ISI (correct timing synchronization), the frequency domain received node with impact of CFO and SFO on k-th subcarrier of m-th OFDM symbol can be written as follows: 
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Then based on this model, the corresponding ML CFO and SFO estimation algorithms can be written as:
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Here the subscript “p” is used to indicate the reference signal related subcarriers. 
Simulation Assumptions  
The simulation assumptions are given in Table 1. Here we use the standard variance of the estimated CFO and SFO to show the performance, where 
[image: image13.png]R el

_pl|a=w
K

o[-



                                                                     (5)

Table 1 Simulation assumptions

	Parameter
	Value

	System bandwidth
	{10} MHz

	Useful PRB Pairs
	 50 (central position)

	Carrier frequency
	2 GHz

	Channel profile 
	ETU

	Vehicular speed
	100 km/hr ((180 Hz Doppler spread)

	Initial frequency uncertainty (
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	500 Hz

	Sampling clock frequecy offset (
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)
	0.00001

	RS used
	CRS and CSI-RS

	Number of antenna ports
	1 for both CRS and CSI-RS

	CRS Density
	Wideband, normal density

	CSI-RS density
	Per 5 subframes

	Measurement Unit
	For CRS, every subframe

For CSI-RS, every 5 subframe

	SNR
	{-7 to 15} dB 
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Figure 1 Evaluation of CFO Tracking 
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Figure 2 Evaluation of SFO Tracking 
From the simulation results, we find that the CRS based tracking provides much better performance compared to CSI-RS based tracking when the tracking is performed based on the RS in one subframe. This is as expected, because here we use the normal CRS configuration, and the density of CRS is much higher than that of CSI-RS. 
It is generally expected that if the CRS and CSI-RS pattern is kept as it is as in Rel-10, the CRS-based tracking would provide better performance than CSI-RS-based tracking when the same number of subframes is used for tracking. However, further investigation would be needed in order to answer whether CSI-RS would be able to provide satisfactory tracking performance and what new patterns (time and frequency density) for CRS or CSI-RS would be sufficient.
3 Conclusions

In this contribution, we have provided the preliminary link level performance evaluation for both CRS and CSI-RS based CFO/SFO tracking. Further investigation is needed to conclude on which option to adopt and what density would be sufficient. 
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