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1
Introduction
An incoming LS [1] is received regarding the RS for additional carrier types for carrier aggregation enhancement. RAN1 has reached the following agreements:

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)
RAN4 is asked to provide inputs on following two issues regarding reduced CRS density and the required CRS bandwidth:

· From the perspective of time and frequency tracking accuracy, which bandwidth (as listed in the agreement above) is considered as sufficient?

· How should the RRM measurements be handled for the new carrier type?

· If the RRM measurements are performed based on the RS port described above, which bandwidth (as listed in the agreement above) is considered as sufficient?

In this contribution, we show the impact of bandwidth to the performance of frequency and timing tracking based on CRS with new carrier type.
2
Simulation Assumptions
In this contribution, we show the impact of bandwidth to the performance of frequency and timing tracking based on this 1 port CRS. The simulation parameters are listed in the following table
Table 1. Simulation Assumptions
	Parameter
	Value

	Channel bandwidth
	10 MHz mandatory

	Carrier frequency
	2 GHz

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

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

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

	Tracking period
	5ms, 10ms 

	Bandwidth for CRS 
	6RBs, 25RBs, 50 RBs

	Number of antenna ports for CRS
	1

	SNR
	-8 dB, 8 dB

	PSS/SSS
	Transmitted as in Rel-8/9/10


3
Simulation Results

This section shows the simulation results of utilizing 50RBs, 25 RBs, and 6 RBs for frequency and time tracking based on CRS, under different SNR assumptions. 

3.1
Frequency Tracking Performance under -8dB SNR

The frequency tracking performance with 5ms/10ms tracking period, and 6/25/50 RBs are plotted in the following figures for both EVA and EPA channels, under -8dB SNR assumption.  
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Figure 1. Frequency tracking performance under -8dB SNR with EVA and EPA channels
3.2
Frequency Tracking Performance under 8dB SNR

The frequency tracking performance with 5ms/10ms tracking period, and 6/25/50 RBs are plotted in the following figures for both EVA and EPA channels, under 8dB SNR assumption.  
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Figure 2. Frequency tracking performance under 8dB SNR with EVA and EPA channels
3.3
Time Tracking Performance under -8dB SNR

The time tracking performance with 5ms/10ms tracking period, and 6/25/50 RBs are plotted in the following figures for both EVA and EPA channels, under -8dB SNR assumption.  
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Figure 3. Time tracking performance under -8dB SNR with EVA and EPA channels
3.4
Time Tracking Performance under 8dB SNR

The time tracking performance with 5ms/10ms tracking period, and 6/25/50 RBs are plotted in the following figures for both EVA and EPA channels, under 8dB SNR assumption.  
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Figure 4. Time tracking performance under 8dB SNR with EVA and EPA channels

4
Discussion

Based the simulation results, it is clear 6RB is not sufficient to provide reliable frequency and time tracking performance. Even 25 RBs still has noticeable performance loss comparing with 50RBs in all simulated scenarios. Therefore, we recommend full bandwidth of CRS for new carrier type.  
5
Conclusions 

In this contribution, we showed the impact of CRS bandwidth to the frequency and time tracking performance with new carrier type. Based on the simulation results, we recommend full bandwidth of CRS for new carrier type.
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