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1. Introduction

In RAN1 #67, the time and frequency tracking for LTE Rel-11 new carrier type is discussed. Both CRS and CSI-RS based solutions were discussed, and the possible reduction of reference signal density in time and frequency domain was also discussed [1]. In this paper, we present simulation results and discussions on different time tracking reference signal alternatives.  
2. Evaluations of Timing Tracking 
Timing tracking with reduced CRS density

First we investigate the impact of reducing CRS on time tracking performance. Three cases are considered, i.e., 
· CRS, 1 port, 1ms periodicity, normal subframes 

· CRS, 1 port, 5ms periodicity, and

· CRS, 1 port, 1ms periodicity, 6 MBSFN subframes in a radio frame

For all the three cases, the bandwidth of the reference signal is assumed to be 1.4MHz in the band center. The other simulation assumptions for time tracking are given in Appendix A. 
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Figure 1 Time tracking performance for different CRS densities
In Figure 1 the tracking performance is shown for the three cases. From the figure, it is seen that the performance gap between CRS with 5ms periodicity and the Rel-8 FDD reference (i.e., 6 MBSFN subframes in a radio frame) is obvious. As indicated in [2], if the CRS reduction results in performance loss which may require relaxation on the synchronization performance, the discussions shall involve RAN4 before any decision could be made in RAN1. 
CRS vs. CSI-RS –based time tracking
In the following we provide comparisons of time tracking performance based on CRS and CSI-RS. To omit the impact of pilot density in the time domain, the time tracking is based on the pilot in every subframe. In Figure 2, the results for 1.4Mhz RS bandwidth are provided.  From the Figure it is seen that the CSI-RS with a density of 1RE per PRB is too low to handle the timing error range of +-2.6us, but CRS or CSI-RS with increased density is able to track time error range at least +-4.68us. In Appendix B the results for 10MHz bandwidth are provided, which give similar observation. 
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Figure 2 CRS vs. CSI-RS time tracking performance, 6 PRB bandwidth, EVA 100km/h (CSI-RS 2 REs is with increased density in frequency domain than Rel-10)
3. Conclusions
In this paper, we present simulation results and discussions on different time tracking reference signal alternatives. Based on our analysis, we have the following observations
Observations

· There is clear time tracking performance gap between CRS with 5ms periodicity and Rel-8 reference performance (6 MBSFN subframes in a radio frame). RAN4 needs to be involved if such performance relaxation is required in CRS density selection. 
· CSI-RS with current density is insufficient to handle the timing error range of +-2.6us. It needs further discussions whether the CSI-RS density needs to be increased in the frequency domain. 
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Appendix A 
Table 1 Simulation assumptions for timing tracking, reduced CRS

	Channel bandwidth
	10 MHz 

	Carrier frequency
	2 GHz

	Channel profile
	EVA 100 km/h 

	Initial frequency uncertainty
	0 Hz

	Initial time uncertainty window
	Uniformly distributed in [-1.175, 1.175] μs

	Time/frequency estimation algorithm
	Correlating between adjacent pilots, then averaging over Rx antennas and all ubframes within the observation window. 

	Total number of subframes measured (including the subframes where no CRS/CSI-RS is transmitted)
	Timing estimation updated every 5 subframe

	Periodicity for CRS (if used)
	1 ms, which means CRS is continuous

	Reduced bandwidth for CRS or CSI-RS
	6 PRBs (48 CRS pilots in each subframe)

	SNR
	-8 dB for Figure 1(a)

	Number of antenna ports for CRS
	1


Appendix B
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Figure 3 CRS vs. CSI-RS time tracking performance, 50 PRB bandwidth, EVA 100km/h (CSI-RS 2 REs is with increased density in frequency domain than Rel-10)


