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1. Introduction
In R11 NCT discussions, there are discussions on the reference signals for time and frequency synchronization. Both CSI-RS and bandwidth reduced CRS are proposed for this purpose on NCT, however, according to the simulation results from the majority of companies, the CSI-RS based time frequency synchronization method less accuracy due to the less density of CSI-RS compared to CRS. Consequently, we discuss the bandwidth reduction of CRS for time frequency synchronization on NCT. 
2. Discussion 
We have simulated the timing and frequency accuracy under different channel characteristics. The simulation assumptions are shown in the Appendix.

Fig 1 shows the results of timing accuracy. As can be seen the timing accuracy of 6RB is worse than that of 25RB and 50RB, due to the less of frequency samples. And the timing accuracy of 25RB and 50RB is almost the same, which draw the conclusion that reducing the CRS bandwidth from 50RB to 25RB doesn’t lead to serious performance loss and meanwhile can reduce the overhead to a large extent.
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Fig 1 Timing accuracy in EPA channel

Fig 2 is the frequency accuracy in EPA channel. The same trend as that of timing accuracy can be observed. The performance of 6RB configuration is worse than that of other configurations, and the performance of half bandwidth 25RB is almost the same as that of the full bandwidth 50RB, consequently, we can draw the conclusion that the half bandwidth CRS configuration can make a balance between performance and overhead.
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Fig 2 Frequency accuracy in EPA channel

Fig 3 is the simulation results on EVA channel, which shows that the 6RB timing accuracy is worse than expected, and the half bandwidth CRS configuration shows satisfying timing accuracy with acceptable overhead.
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Fig 3 Timing accuracy in EVA channel

Fig 4 is the frequency accuracy under EVA channel, which means that even the speed is increased, the half bandwidth configured CRS can get good frequency tracking performance with decrease on overhead.
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Fig 4 Frequency accuracy in EVA channel

In a word, no matter the UE speed is low or fast, the timing and frequency accuracy estimated by half bandwidth CRS configuration is almost the same as the full bandwidth CRS configuration with saving of overhead, hence, our proposal is as following:

Proposal: Half bandwidth CRS for timing and frequency tracking in NCT is supported.

3. Conclusion
This contribution simulated the timing and frequency tracking performance under EPA and EVA channel, and our proposal is as following:

Proposal: Half bandwidth CRS for timing and frequency tracking in NCT is supported.
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5. Appendix
Table 1 Simulation asssuptions
	Parameter
	Value

	Channel bandwidth
	10 MHz

	Carrier frequency 
	2 GHz

	Channel profile
	EVA 100 km/h, EPA 3 km/h

	Reference period (T)
	Full-band CRS (CRS):  5ms

	Bandwidth
	6PRB, 25RB, 50RB

	Error Model
	Concurrently introduce random frequency offset and random timing offset

	Initial frequency uncertainty
	Uniformly distributed in [-500, 500] Hz

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

	Tracking period
	Average over 1 radio frame (1 rf), i.e. every 10ms

	Total number of subframes measured (including the subframes where no CRS is transmitted)
	10000

	SNR
	8 dB

	Number of Antennas
	1Tx, 1Rx
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