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1 Introduction

From the RAN1 LS [1], 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 provided the simulation results showing the impact of RCRS bandwidth on the performance of RSRP measurements and time/frequency tracking based on CRS for NCT.

2 Simulation results
Simulation results were provided for the time and frequency tracking and RSRP measurement performance with respect to the RS port bandwidth, which ranges from 25RB to 50 RB. Further simulation assumptions are listed in Appendix. 

2.1 RSRP measurement accuracy
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Figure 1: RSRP measurement performance of different measurement bandwidth in AWGN
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Figure 2: RSRP measurement performance of different measurement bandwidth in EPA5
[image: image3.emf]0 1 2 3 4 5 6

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Estimated RSRP-Ideal RSRP  dB

CDF

ETU,Measurement period=200ms(4samples)

 

 

snr=-3dB(25RB)

snr=-3dB(50RB)

snr=0dB(25RB)

snr=0dB(50RB)

snr=3dB(25RB)

snr=3dB(50RB)


Figure 3: RSRP measurement performance of different measurement bandwidth in ETU70
Figure 1 to 3 presents the results on NCT RSRP measurement performance in AWGN, EPA5 and ETU70 channel environment respectively.
Observation 1: The performance of 25RB is not much worse than 50RB in all channel conditions or SNR range. 
Observation 2: The wider bandwidth can only bring about 0.3dB improvement of RSRP accuracy.
Based on the observations above, we propose
Proposal 1: From RSRP measurement perspective, 25RB RCRS bandwidth is sufficient.

2.2 Time and Frequency tracking accuracy
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Figure 4: Time tacking accuracy of different measurement bandwidth in ETU70
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Figure 5: Frequency tacking accuracy of different measurement bandwidth in ETU70

Figure 4 and 5 show the simulation results of time and frequency tracking accuracy in ETU70 channel. The cumulative distribution function (CDF) error of time and frequency is measured at SNR = -8dB. 
Observation 3: The curve of 25RB bandwidth is almost the same as the curve of 50RB. The CRS bandwidth of CRS appears to have negligible impact on time and frequency tracking performance.
Based on the observation above, we propose that
Proposal 2: From time and frequency tracking perspective, 25RB RCRS bandwidth is sufficient.

3 Conclusions

In this contribution, we analyse the remaining NCT issues from RRM measurements and time/frequency tracking perspectives. Based on the simulation results and observations, our proposals are,
Proposal 1: From RSRP measurement perspective, 25RB RCRS bandwidth is sufficient.

Proposal 2: From time and frequency tracking perspective, 25RB RCRS bandwidth is sufficient.
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Appendix: Simulation Assumptions
· RSRP measurement simulation assumptions
The simulation results of RSRP measurement use the assumptions described in Table 1.

	Parameters
	Value
	Unit

	Measurement bandwidth
	300/600
	Sub-carriers

	Measurement period
	200 
	ms

	Sampling rate
	Once per 50
	ms

	L3 filtering
	disabled
	

	Receive antennas
	1
	

	Transmit antennas
	1
	

	L3 filtering
	Disabled 
	

	DRX/DTX
	OFF
	

	Propagation conditions
	AWGN,EPA5,ETU70
	

	Frequency band
	2.6
	GHz

	Noise power [Ioc] 
	-70 
	dBm

	SNR
	-3, 0, 3
	dB


Table 1 - Simulation parameters
· Time and frequency tracking simulation assumptions
The simulation parameters of time and frequency tracking are listed in Table 2.

	Parameters
	Value

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	ETU70

	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 
	25RB, 50RB

	Number of antenna ports for CRS
	1

	SNR
	-8dB


Table 2 - Simulation parameters
