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1 Introduction

In RAN4 meeting #64bis, the reduced RS bandwidth for new carrier type was discussed extensively. From the perspective of timing and frequency tracking, the main concern is that the UE tracking performance would be greatly degraded when the system bandwidth is narrow, e.g., 1.4MHz [1] and the subframes with CRS are transmitted once every 5ms. In this paper we will further share our view on this issue.
2 Simulation results
The evaluation cases are given Table 1, for the Reduced CRS (RCRS) and the other detailed simulation assumptions are given in TS36.101 and Table 2 in Appendix.

Table 1: Evaluation cases for time and frequency tracking

	No.
	Description
	Bandwidth
	Reference channel
	Propagation
	RCRS BW  (PRB)

	1
	Single layer TM9 FDD with 1ms and 5ms  RS subframe periodicities
	1.4MHz
	1/3 QPSK
	EVA5 2x2 low
	Full bandwidth


Assuming that the system bandwidth is 1.4 MHz, we compare the performance with 1 ms (i.e., normal CRS without time reduction) and 5 ms RCRS periodicity in Figure 1.

During the simulation, estimates of the frequency and time offsets are averaged over the RCRS subframes within 5 ms. When the periodicity is 5 ms, it is equal to the single subframe based tracking. When the periodicity is 1 ms, it means that the UE averages 5 adjacent subframes to obtain one estimate.

From the simulation results, we can observe that given the 5 ms averaging period, the 5 ms RCRS periodicity results in significant performance degradation for 1.4 MHz bandwidth in the whole range of operating SNR. Thus, there could be significant issues in deploying the NCT for small system bandwidths and the performance could potentially be even worse than legacy carriers. 
Therefore we have the observation that:

· Observation 1: The 5 ms RCRS periodicity is not sufficient for narrow system bandwidths.
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Figure 1: Simulation results for 1.4MHz bandwidth
3 Discussion
For the narrow bandwidth, 5ms periodicity seems too sparse. If UE did not use the long term averaging for tracking, the performance would be degraded significantly. As pointed out during the discussion, the short term averaging could be used for DRX and high speed scenario. There would be no reason to constrain UE implementation too much.
On the other hand, the simulation in [1] showed that for the wider system bandwidth the tracking performance can be guaranteed when the RS bandwidth is larger than 25PRBs. And one of the motivations for NCT is to reduce the inter-cell interference from the CRS. From that perspective, the reduced RS bandwidth would be beneficial. Moreover, with reduced RS the more REs are available for EPDCCH transmission, which help improving EPDCCH performance.
Therefore, we propose that:

· Proposal:  

1)
For system bandwidths equal to or larger than 5 MHz, a RCRS bandwidth of min(system BW, 25PRB) is sufficient from both synchronization and RRM point of view. 
2)
For system bandwidths smaller than 5 MHz, the 5 ms periodicity will not be sufficient, assuming synchronization is limited to a single subframe and RAN1 may need to re-think the solution.
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