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1 Introduction
In last RAN4#80bis meeting in Ljubljana RAN4 made further progress on NB-IoT measurement accuracy discussion including making several agreements. Additionally RAN4 agreed a WF on NB-IoT Measurement Accuracy in [1]. In this paper we provide input on the remaining open topics related to measurement accuracy for NB-IoT.
2 Discussion
In the Ljubljana meeting, RAN4 agreed on the measurement period as well as the measurement accuracy for NRSRP for normal coverage. Following agreements were reached:
· Measurement period for normal coverage: 800ms
· Measurement period for enhanced coverage: 1600ms
· NRSRP measurement accuracy, normal coverage: +-6dB
RAN4 is still to make decisions regarding the measurement accuracy for NRSRP enhanced coverage as well as NRSRQ accuracy for both normal and enhanced coverage. Open topics to be decided in this meeting are [1]:
· Companies are encouraged for next meeting:
· To verify the agreed numbers
· To verify if agreed numbers can also be applied to non-inband scenarios
· In RAN4#81 RAN4 should decide:
· Final agreement on measurement accuracy for in-band scenario
· RAN4 should decide whether measurement accuracy for in-band scenario can also be applied to stand-alone/guard-band scenario
Additionally companies were invited to provide accuracy numbers for relative NRSRP to evaluate cell reselection threshold.
3 Simulation Results
Two topics needed new set of simulation results: NRSRP accuracy requirements for normal and enhanced mode and relative NRSRP for reselection discussion.
3.1 NRSRP enhanced coverage
First we look at the numbers related to NRSRP accuracy for normal and enhanced coverage and verification of the agreed numbers in last meeting.
In Table 1, NRSRP absolute accuracy is shown. For these results, we have used the simpler algorithm in which channel estimates, obtained from three subframes containing NRS, are coherently combined every 40ms (sampling rate) and a NRSRP sample is obtained. At measurement period (800ms or 1600ms), 40 NRSRP samples are averaged to obtain final RSRP metric.
Table 1: NRSRP simulation results
	Channel model
	SNR (dB)
	Meas period (ms)
	Consecutive NRS SFs
	5%
	50%
	95%
	Absolute accuracy
	Relative Accuracy

	AWGN
	-15
	1600
	3
	8.06
	8.16
	8.29
	8.29
	0.23

	EPA1
	-15
	1600
	3
	5.17
	8.47
	12.15
	12.15
	6.98

	ETU1
	-15
	1600
	3
	5.35
	7.72
	11.65
	11.65
	6.30

	Absolute accuracy: max(abs(5%), abs(95%)) 
Relative accuracy: 95% - 5%



	Channel model
	SNR (dB)
	Meas period (ms)
	Consecutive NRS SFs
	5%
	50%
	95%
	Absolute accuracy
	Relative Accuracy

	AWGN
	-6
	800
	3
	0.44
	0.69
	1.06
	1.06
	0.62

	EPA1
	-6
	800
	3
	-2.01
	1.56
	6.49
	6.49
	8.50

	ETU1
	-6
	800
	3
	-1.77
	1.31
	4.90
	4.90
	6.67

	Absolute accuracy: max(abs(5%), abs(95%)) 
Relative accuracy: 95% - 5%



These results are without impairments. Looking at the results provided in the Ljubljana meeting - as captured also in [1]:
[image: ]
We can observe that using the using the agreed measurement period improves the AWGN moderately and we’re still well within our earlier proposed accuracy for enhanced coverage. Based on the new results we propose:
Proposal 1: RAN4 agreed +-6dB as final accuracy for NRSRP in normal coverage
Proposal 2: NRSRP measurement accuracy for enhanced coverage is +-8.3dB (without impairments)
3.2 NRSRQ accuracy for normal and enhanced coverage
Open, and still to be agreed in this meeting, is the accuracy requirements related to NRSRQ in both normal and enhanced coverage. These numbers should be aligned and based on the agreed NRSRP accuracy numbers. The definition of NRSRQ is same as for RSRQ and defined in 36.214.
As the NRSRQ is based on division of the measured NRSRP with the measured NRSSI, the effect of the UE RF impairment will be reduced significantly. For example for intra-frequency RSRQ accuracy under normal conditions the difference is 2dB. We expect same would be valid for NRSRQ for NB-IoT. Based on this we propose:
Proposal 3: NRSRQ measurement accuracy for normal coverage is +-[4]dB
Proposal 4: NRSRQ measurement accuracy for enhanced coverage is +-[8.3]dB
3.3 Inband vs non-inband requirements
It was discussed in Ljubljana whether the accuracy numbers, which are for inband deployments, would also be applicable for non-inband deployments or whether these deployments would have separate accuracy requirements. It can be expected that the accuracy for non-inband deployments would be better due to more dense availability of NRS. RAN4 could of course define separate requirements but in light of the time schedule and closing the work item we can accept to apply same accuracy requirements for all deployment modes.
3.4 relative NRSRP
In [1] companies were invited to provide accuracy numbers for relative NRSRP to evaluate cell reselection threshold. In above table 1 we have provided our input on the relative accuracy for NRSRP normal and enhanced coverage.
4 Conclusion
In this paper we have provided input on the remaining open topics related to measurement accuracy for NB-IoT. Companies were encouraged to verify the agreed numbers and provide input for final agreement on measurement accuracy for in-band scenario. We propose:
Proposal 1: RAN4 agreed +-6dB as final accuracy for NRSRP in normal coverage
Proposal 2: NRSRP measurement accuracy for enhanced coverage is +-8.3dB (without impairments)
Proposal 3: NRSRQ measurement accuracy for normal coverage is +-[4]dB
Proposal 4: NRSRQ measurement accuracy for enhanced coverage is +-[8.3]dB
Additionally, in light of the time schedule and closing the work item we can accept to apply same accuracy requirements for all deployment modes.
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Annex
Simulation assumptions for NB-IoT in-band deployment
	Parameters
	Value
	Comments

	Measurement bandwidth 
	1 resource block
	Both RSRP and RSRQ measured over 1 RB*

	L1 measurement period
	Enhanced mode: 1600 ms
	

	Measurement sampling rate
	40ms
	

	Consecutive NRS subframes
	3
	

	L3 filtering
	Disabled
	

	Antenna configuration
	In-band: 2 Tx, 1 Rx
	

	Channel model
	AWGN, EPA 1Hz, ETU 1Hz
	

	Measurement type
	NRS only based
	

	CP length
	Normal
	

	Carrier frequency
	2.0 GHz
	

	Ec/IoT
	Enhanced mode: -15 dB
	AWGN noise

	Frequency error modeling 
	±50 Hz
	With respect to reference cell

	*NOTE: RSRQ is be based on using all symbols in the measured subframe
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