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1. Introduction
Research of unsynchronized carrier type reveals the need of s tracking performance evaluation in time and frequency domain of different tracking reference signals. In RAN1#70 meeting, the existing CRS are determined to be used on the NCT [1]. 

In this contribution, we attempt to shed some light on achievable performance gain of frequency hopping in time and frequency tracking according to [2].

2. Discussion 
2.1 Frequency hopping of tracking reference signal

Frequency hopping is employed in Rel-8 LTE uplink and expected to bring frequency diversity gain in performance. If we want to introduce it in time and frequency tracking of new carrier type, the TRS bandwidth should be much less than system bandwidth. In most contributions, TRS are transmitted in the central X PRBs and the value of X should be configurable and a subset of system bandwidth supported in Rel-8. However, X=6 should be guaranteed, not only because this arrangement is already supported in Rel-8 but also because its performance is proved to be sufficient. In this contribution, 6 PRBs CRS with 1ms period is the working baseline.

In Rel-8, frequency hopping has two modes: inter-subframe and intra-subframe. As for CRS, the former one is more preferred because intra-subframe frequency hopping makes it impossible to compare the phases of the same subcarrier in two slots which is used for CRS frequency tracking. As for CSI-RS, which only occupies REs in one slot in a subframe, there is no meaning to introduce intra-subframe frequency hopping.
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Figure 1: Central 6 PRBs without frequency hopping

Proposal 1: Inter-subframe frequency hopping is more preferred than intra-subframe because the latter one makes frequency tracking impossible for CRS and has no meaning for one-slot-occupied CSI-RS.

We considered two types of inter-subframe frequency hopping:

· Randomly frequency hopping

· Circularly frequency hopping (in ascend or descend subcarrier index order)

The latter one is preferred by us, considering TRS is cell-specific and circularly frequency hopping can save control signalling.
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Figure 2: 6 PRBs with randomly frequency hopping (system bandwidth = 50 PRBs)
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Figure 3: 6 PRBs with randomly circularly frequency hopping in descend order (system bandwidth = 50 PRBs)

In this contribution, we only discuss the former one.

2.2 Simulation results
The simulation assumptions are given in Table 1.
Table 1: Simulation assumptions

	Parameter
	Value

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	EVA 100 km/hr, and EPA 3 km/hr

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

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

	Total number of subframes measured (including the subframes where no CRS is transmitted)
	Averaging period 10 subframes
Measurement period 10000 subframes

	Reduced bandwidth for CRS 
	6 PRBs, 50PRBs

	Periodicity for CRS (if used)
	5 ms 

	Periodicity for Frequency Hopping
	5 ms

	Number of antenna ports for CRS
	1

	CRS Pattern
	Full CRS , subset CRS 

	SNR
	{-8} dB
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Figure1: time tracking performance in EPA 3km/hr
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Figure 2: Frequency tracking performance in EPA 3km/hr
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Figure 3: Time tracking performance in EVA 100km/hr
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Figure 4: Frequency tracking performance in EVA 100km/hr
Observation 1: Frequency offset estimation is more sensitive to frequency hopping than time offset estimation. 
Observation 2: Frequency hopping gain is more obvious in high velocity scenarioes.
Hopping CRS with 5ms period has even achieved better performance than that fixed CRS with 1ms period. But the latter one’s overhead is five times than that of the former one.
Proposal 2: Frequency hopping is beneficial in high velocity scenarioes.
3. Conclusion
This contribution discussed the possibility of frequency hopping for tracking RS for NCT, as it can bring frequency diversity gain which has been proved and accepted in LTE uplink Release 8. The following are our observations and suggestions:

Proposal 1: Inter-subframe frequency hopping is more preferred than intra-subframe because the latter one makes frequency tracking impossible for CRS and has no meaning for one-slot-occupied CSI-RS.

Observation 1: Frequency offset estimation is more sensitive to frequency hopping than time offset estimation. 
Observation 2: frequency hopping gain is more obvious in high velocity scenarioes.
Proposal 2: Frequency hopping is beneficial in high velocity scenarioes.
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