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1 Introduction

In last RAN4# 66BIS meeting, a WF [1] on NCT CRS bandwidth war approved. 
· Observations 

· For system bandwidth up to 25 RBs, 

· full CRS bandwidth is required for time-frequency tracking performance with 5ms periodicity

· For the system bandwidth of 6 PRBs, there is no consensus whether robust time-frequency tracking performance can be guaranteed with full CRS bandwidth and 5 ms periodicity

· For system bandwidth larger than 25 RBs, 

· full CRS bandwidth is beneficial to improve time-frequency tracking performance and RRM measurement accuracy

· CRS bandwidth with 25 RB can satisfy the minimum RRM measurement requirement 
· Conclusions:

· Full system bandwidth for the RS-port 0 improves time tracking, frequency tracking performances, and RRM measurements accuracy

· There is no consensus on whether bandwidths lower than full bandwidth of the RS-port is sufficient 

There have been concerns on tracking performance for NCT system bandwidth of 6PRBs (1.4MHz) and bandwidth larger than 25RBs, we propose to reconsider the CRS allocation pattern in subframes. We provided simulation results based on the proposed CRS allocation pattern. 
2 Discussion
The basic idea to improve the performance of timing/frequency tracking is increasing the CRS density, which can be realized either in time domain or frequency domain. As original RAN1’s decision on CRS periodicity was reducint it down to every 5ms, which probably is insufficient for small bandwidth NCT (ie. 1.4MHz) while the CRS bandwidth already occupies the whole system bandwidth. We consider of two alternatives of expansion in time domain.
· Alternative1: For 1.4MHz NCT bandwidth, RCRS are allocated in 2 pairs of adjacent subframes in every radio frame (eg. RCRS are allocatede in subframe#0,#1 and subframe#5,#6, or in subframe#0,#4,#5,#9).

· Alternative2: For 1.4MHz NCT bandwidth, RCRS are allocated in every next subframe.
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Figure 1. Two alternative of RCRS subframe allcotions for improving tracking performance

As for alternative1 the 5ms periodicity still remains,  the additional complexity of UE  implementation is one more  CRS detection in adjacent subframe and a combination of tracking results in small NCT bandwidth environment, thus less modification needed compared to alternative2. Furthmore, the adjacent subframe CRS sequence is able to bring more accumulated gain and consequently more accurate tracking results compared to sparse allocations, while save 25% CRS overhead than alternative2. The following figures show its results for low speed and high speed UE tracking performance. 
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Figure 2. Tracking performance (ETU, UE velocity=3km/h, SNR=-8dB, SYS-BW=1.4MHz )
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Figure 3.  Tracking performance (ETU, UE velocity=120km/h, SNR=-8dB, SYS-BW=1.4MHz)
3 Conclusions

In this contribution, we provided further views on CRS allocations with 2 CRS allocation patterns in subframes. From the results we can draw the conclusion that alternative 1 can improve the tracking performance for small bandwidth system.
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Appendix: Simulation Assumptions
	Parameters
	Value

	Channel bandwidth
	1.4 MHz

	Carrier frequency
	2 GHz

	Channel profile
	ETU  UE speed=3km/h, UE speed=120km/h

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

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

	Periodicity for CRS
	5ms

	Tracking period
	10ms 

	Bandwidth for CRS 
	6 PRBs

	Number of antenna ports for CRS
	1

	SNR
	-8dB
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