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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#68bis meeting, there was an agreement achieved for the cell-specific reference signal on new carrier type[1]. 
Agreement (at least for the unsynchronised case):

· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation

In this contribution, we consider CRS with frequency hopping for time-frequency tracking on unsynchronised new carriers and have done simulations to investigate its time-frequency tracking performance based on contribution [2].

2. Discussion 
2.1 Frequency hopping of tracking reference signal

Compared with none-frequency hopping in figure 1, LTE uplink exploits frequency hopping to provide frequency diversity gain to time-frequency tracking performance. In Rel-8, frequency hopping has two modes: inter-subframe and intra-subframe. 
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Figure 1: Central 6 PRBs without frequency hopping

When CRS signal is used as tracking reference signal (TRS), intra-subframe mode cannot compare the phases of the same subcarrier in two slots for frequency tracking, and thus inter-subframe mode is preferred. If CSI-RS signal is exploited, since they only occupy the REs in one slot per subframe, intra-subframe frequency hopping seems unnecessary to consider. 
Proposal 1: Inter-subframe frequency hopping is preferred for time-frequency tracking. 
If frequency hopping is introduced in unsynchronised new carriers for frequency tracking, the TRS bandwidth must be much less than system full bandwidth. In some contributions, TRS are transmitted in 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 deployment was already supported in Rel-8 but also because it can provide sufficient performance. 
Therefore, based on the agreement achieved in RAN1#68bis meeting, 6 PRBs CRS with 5ms period is the working baseline in this contribution. 
2.2 Randomly inter-subframe frequency hopping

For inter-subframe frequency hopping, there are two types as follows: 
· Randomly frequency hopping

· Circularly frequency hopping (in ascend or descend subcarrier index order)
Here, we mainly consider the tracking performance difference between none-hopping and randomly frequency hopping, which is shown in figure 2. Under the assumptions in the appendix Table 1, simulation results are respectively given in figure 3-4 for EPA channel and figure 5-6 for EVA channel. 
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Figure 2: 6 PRBs with randomly frequency hopping (system bandwidth = 50 PRBs)
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Figure 3: Time tracking performance in EPA 3km/h
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Figure 4: Frequency tracking performance in EPA 3km/hr
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Figure 5: Time tracking performance in EVA 100km/hr
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Figure 6: Frequency tracking performance in EVA 100km/hr
From the above figures, it obviously shows that the CRS with frequency hopping provides better performance for time and frequency tracking, especially in high velocity scenario. 
Proposal 2: CRS with frequency hopping provides better performance for time and frequency tracking, especially in high velocity scenario.
2.3 Circularly inter-subframe frequency hopping

The other type of inter-subframe frequency hopping is circularly frequency hopping, in ascend or descend subcarrier index order. For example, figure 7 shows circularly frequency hopping in the order of descend subcarrier index. 
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Figure 7: 6 PRBs with circularly frequency hopping in descend order (system bandwidth = 50 PRBs)

In consideration of TRS’s cell-specific feature, circularly frequency hopping will bring the interferences uniformly distributed in full bandwidth and consequently decrease the interference to neighbour cells especially in heterogeneous network scenario. In such scenario, if TRS signals are all placed in the center X PRBs for different heterogeneous cells, the strongest mutual interferences will greatly degrade the tracking performance. 
In addition, circularly frequency hopping can reduce the control signalling interaction and thus save signalling overhead as well. 

Due to all these advantages, we believe that circularly frequency hopping will provide better performance than randomly frequency hopping does. However, it needs further simulation results to confirm. 
Proposal 3: Circularly frequency hopping may provide better performance than randomly frequency hopping does, but it needs further simulations to confirm. 

3. Conclusion
This contribution considered CRS with frequency hopping for time-frequency tracking on unsynchronised new carriers and investigated its time-frequency tracking performance. The following are our suggestions: 

Proposal 1: Inter-subframe frequency hopping is preferred for time-frequency tracking. 
Proposal 2: CRS with frequency hopping provides better performance for time and frequency tracking, especially in high velocity scenario.
Proposal 3: Circularly frequency hopping may provide better performance than randomly frequency hopping does, but it needs further simulations to confirm. 
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5. Appendix
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

	SNR
	{-8} dB
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