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Introduction
In the last RAN4 #86bis meeting, RAN4 agreed the way-forward [1] to acknowledge the feasibility of the NPBCH-based RRM measurement for the serving cell under the condition that UE regenerates MIB-NB and spare bits in MIB-NB. However, the feasibility of the NPBCH based RRM measurement for the neighbor cell remains open.  

In this paper, we present the simulation based on the correlation-based NRSRP measurement and propose the simulation assumptions for the evaluation of the feasibility of the NPBCH-based neighbor cell RRM measurement.
Discussion
As discussed in [2], NPBCH-based RRM measurement can be done either using the reconstruction-based method or correlation-based method. Compared to the serving cell measurement, MIB-NB decoding of the neighbor cells could be more opportunistic and may not be always possible. To this end, the correlation-based method taking the correlation of the NPBCH REs between the adjacent NPBCH subframe pair could be more plausible approach when considering NPBCH-based RRM measurement for the neighbor cells.
Observation 1. Reconstruction-based NRSRP measurement method may not be reliably available for neighbor cell RRM measurement based on NPBCH.
Observation 2. Correlation-based NRSRP measurement method could be more suitable for neighbor cell RRM measurement based on NPBCH.
Simulation result
In this section, we present the simulation result for NPBCH-based NRSRP measurement based on the correlation-based method. Test parameters used in the simulation is captured in the Table 1. In particular, it is assumed that UE takes the correlation between the adjacent NPBCH subframe pairs and non-coherently combines them within one NPBCH sub-block.
Table 1 Parameters used in the correlation-based NPBCH-based RSRP measurement simulation 
	Parameter
	Value
	Comment

	Num Cells
	1
	

	Measurement BW/System BW
	1 resource block
	

	Antenna Config
	2x1 
	

	NPBCH2NRS EPRE
	-3dB
	

	Channel model
	AWGN, EPA5
	

	Es/Iot per cell
	-15dB, -6dB
	

	RRM measurement method
	NPBCH-based: Correlation-based
	

	Measurement sampling rate
	1 in 80ms
	

	L1 measurement period
	800ms
	

	Frequency error
	+/- 50Hz
	With respect to the serving cell

	Carrier Frequency 
	2GHz
	

	CP length
	Normal
	



Figure 1 and 2 shows the CDF of the NPBCH-based NRSRP measurement accuracy based on the correlation-based method in the AWGN and EPA5 channel, respectively. It is shown that in the normal coverage, 90-percential accuracy of 1.5dB and 6.5dB can be achieved in the AWGN channel in the normal and enhanced coverage, respectively, and simiarly 3.5dB and 6.5dB in the EPA5 fading channel in the normal and enhanced coverage, respectively.
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Figure 1. NRSRP measurement accuracy based on correlation-based method in AWGN channel at -6dB SNR (left) and -15dB SNR (right)
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Figure 2. NRSRP measurement accuracy based on correlation-based method in EPA5 fading channel at -6dB SNR (left) and -15dB SNR (right)
[bookmark: _GoBack]Observation 3. Correlation-based NPBCH-based NRSRP measurement method provides an improved NRSRP measurement accuracy of 2.5~3.5dB, compared to NRS-based measurement, both in normal and enhanced coverage.
Simulation assumption
In the last meeting, there was some concern raised regarding the NPBCH-based RRM measurement using the correlation-based method when there is a systematic collision of the NPBCH subframes from other interfering cells. However, NPBCH subframes already employ a different symbol-level scrambling across the repetitions within each sub-block and UE first needs to perform symbol-level descrambling of each NPBCH subframe before taking the correlation across the adjacent NPBCH subframe pairs. Therefore, we expect that the interference from other cells would be already randomized while performing the NPBCH correlation.
Observation 4. In the correlation-based method, NPBCH interference from other cells is already randomized by the symbol-level descrambling performed prior to the correlation between the adjacent NPBCH subframe pairs.
To this end, we propose the Table 2 as the simulation assumption to evaluate the feasibility of the NPBCH-based RRM measurement for the neighbor cell.
Proposal 1. To use Table 2 to evaluate the NRSRP accuracy of the NPBCH-based RRM measurement of neighbor cell.
Table 2 Simulation assumption for NPBCH-based RSRP measurement accuracy evaluation
	Parameter
	Value
	Comment

	Num Cells
	1
	

	Measurement BW/System BW
	1 resource block
	

	Antenna Config
	2x1 
	

	NPBCH2NRS EPRE
	-3dB
	

	Channel model
	AWGN, EPA5
	

	Es/Iot per cell
	-15dB, -6dB
	

	RRM measurement method
	NPBCH-based: Correlation-based
	Note 1

	Measurement sampling rate
	1 Sample in 80ms
	Implementation dependent (Note 1)

	L1 measurement period
	800ms
	

	Frequency error
	+/- 50Hz
	With respect to the reference cell

	Carrier Frequency 
	2GHz
	

	CP length
	Normal
	

	Note 1: Companies are requested to provide the details of the measurement sampling rate.



Conclusions
In this paper, we presented the simulation based on the correlation-based NRSRP measurement and proposed the simulation assumptions for the evaluation of the feasibility of the NPBCH-based neighbor cell RRM measurement. Observations and proposal made in this paper is summarized as follows:

Observation 1. Reconstruction-based NRSRP measurement method may not be reliably available for neighbor cell RRM measurement based on NPBCH.
Observation 2. Correlation-based NRSRP measurement method could be more suitable for neighbor cell RRM measurement based on NPBCH.
Observation 3. Correlation-based NPBCH-based NRSRP measurement method provides an improved NRSRP measurement accuracy of 2.5~3.5dB, compared to NRS-based measurement, both in normal and enhanced coverage.
Observation 4. In the correlation-based method, NPBCH interference from other cells is already randomized by the symbol-level descrambling performed prior to the correlation between the adjacent NPBCH subframe pairs.
Proposal 1. To use Table 2 to evaluate the NRSRP accuracy of the NPBCH-based RRM measurement of neighbor cell.
Table 2 Simulation assumption for NPBCH-based RSRP measurement accuracy evaluation
	Parameter
	Value
	Comment

	Num Cells
	1
	

	Measurement BW/System BW
	1 resource block
	

	Antenna Config
	2x1 
	

	NPBCH2NRS EPRE
	-3dB
	

	Channel model
	AWGN, EPA5
	

	Es/Iot per cell
	-15dB, -6dB
	

	RRM measurement method
	NPBCH-based: Correlation-based
	Note 1

	Measurement sampling rate
	1 Sample in 80ms
	Implementation dependent (Note 1)

	L1 measurement period
	800ms
	

	Frequency error
	+/- 50Hz
	With respect to the reference cell

	Carrier Frequency 
	2GHz
	

	CP length
	Normal
	

	Note 1: Companies are requested to provide the details of the measurement sampling rate.
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