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1 Introduction
In RAN4#63, the LS on the RS for additional carrier types for carrier aggregation enhancement was received from RAN1 [1] and the corresponding RS port bandwidth was discussed from the perspective of both time and frequency tracking accuracy and RRM measurements. 

In this paper we discuss the RS port bandwidth for time and frequency tracking accuracy. 
2 Agreements in RAN1 #68bis
The excerpt from the RAN1 LS [1] is quoted below:

Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):

· 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

· FFS how RSRP measurements would then be handled for the NCT 

· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

· min(system BW, X) where X is selected from {6, 25}RBs

· configurable between full system BW and min(system BW, X)

Agreement (for unsynchronised cases): Rel-8 PSS/SSS sequences are transmitted.

According to the above RAN1 agrement in an unsynchronized additional carrier type (aka new carrier type) the RS port will be transmitted in a subframe every 5 ms. 
3 Simulation results
In this section, we provide the simulation results for the time and frequency tracking performance with respect to RS port bandwidth, which ranges from 6 RBs to 50 RBs (full system bandwidth). 
3.1 Simulation conditions

Time and frequency tracking accuracy was evaluated in an EVA and EPA channel environment. The key parameters used for the simulation are derived from the evaluation document [2]. A summary of the key parameters is shown in Table 1. The detector used was a time-frequency correlator that performs a correlation over 1 subframe of the basic pattern for each signal and combines results in a non-coherent manner across subframes over a pre-defined tracking time. 

	Parameter
	Value

	Signal bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	EVA, EPA

	Vehicular speed
	100 km/h (EVA), 3 km/h (EPA)

	Initial frequency uncertainty
	Uniform in +/- 500 Hz

	Initial time uncertainty window
	Uniform in +/- 1.175 μs

	Tracking time
	5, 10 ms


Table 1. Simulation parameters
3.2 Time tracking accuracy
Time tracking performance is measured in terms of the cumulative distribution function (CDF) and the standard deviation of timing error. The CDF of timing error is measured at an SNR of -8 dB. For simplicity, the EVA channel with 100 km/h mobility is assumed in this sub-section, whereas the EPA channel with 3 km/h mobility is assumed in the Appendix (6.1).
Figure 1 presents the time tracking accuracy for a tracking time of 5 ms. The RS port bandwidth of 6 RBs shows a significant performance loss, compared to the RS port bandwidth of 50 RBs. The performance loss due to narrowband RS does not diminish significantly, even at a high SNR (e.g., 8 dB). 
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Figure 1. Time tracking accuracy: 5 ms tracking time, EVA 100 km/h
Figure 2 shows that the narrowband RS (6 RBs) also degrades the time tracking accuracy severely (compared to the RS port of full system bandwidth) for a tracking time of 10 ms. Again, the performance loss due to narrowband RS remains substantial even at a high SNR.
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Figure 2. Time tracking accuracy: 10 ms tracking time, EVA 100 km/h
Based on Figue 1 and Figure 2, it can be concluded that the time tracking accuracy heavily depends on the RS port bandwidth (rather than the tracking time or the operating SNR).
3.3 Frequency tracking accuracy

Likewise, frequency tracking performance is measured in terms of the cumulative distribution function (CDF) and the standard deviation of frequency error. Again, the CDF of frequency error is measured at an SNR of -8 dB. We only show the simulation results for the EVA channel with 100 km/h mobility, and the simulation results for the EPA channel with 3 km/h mobility are provided in the Appendix (6.2).

Figure 3 presents the frequency tracking accuracy for a tracking time of 5 ms. The frequency tracking with 6 RB RS is significantly less accurate than that with 50 RB RS. The performance difference exists at a high SNR (e.g., 8 dB), though it becomes less significant. 
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Figure 3. Frequency tracking accuracy with 5 ms tracking time, EVA 100 km/h
In Figure 4, it is shown that 6 RB RS also causes severe frequency tracking performance degradation for a tracking time of 10 ms. 
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Figure 4. Frequency tracking accuracy with 10 ms tracking time, EVA 100 km/h
Based on Figue 3 and Figure 4, we can conclude that the RS port bandwidth has a serious impact on the frequency tracking accuracy. 
Based on the time and frequency tracking performance simulations provided in this section, we propose to use the RS port of full system bandwidth for NCT.

· Proposal: The RP port needs to be transmitted over the full system bandwidth for time and frequency tracking accuracy.

4 Conclusions
In this paper we discussed the RS port bandwidth for time and frequency tracking accuracy. Based on the simulation results, we propose to use the RS port of full system bandwidth for NCT.
Proposal: The RP port needs to be transmitted over the full system bandwidth for time and frequency tracking accuracy.
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6 Appendix
6.1 Time tracking accuracy (EPA 3 km/h)
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Figure 5. Time tracking accuracy: 5 ms tracking time, EPA 3 km/h
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Figure 6. Time tracking accuracy: 10 ms tracking time, EPA 3 km/h
6.2 Frequency tracking accuracy (EPA 3 km/h)
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Figure 7. Frequency tracking accuracy: 5 ms tracking time, EPA 3 km/h
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Figure 8. Frequency tracking accuracy: 10 ms tracking time, EPA 3 km/h
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