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1. Introduction

In last RAN4 #80 meeting, a WF [1] on measurement accuracy for NB-IoT was approved, in which the following agreements were reached:
	· For next meeting RAN4#80bis companies are encouraged to bring simulation results:
· Inband scenario
· Enhanced coverage
· Normal coverage
· Stand-alone scenario
· Results should be without margins
· RAN4 will discuss the margin separately
· RAN4#80bis should agree on accuracy numbers for:
· Normal Coverage measurement accuracy:
· NRSRP: -+[TBD]dB
· NRSRQ: -+[TBD]dB
· Enhanced Coverage measurement accuracy:
· NRSRP: -+[TBD]dB
· NRSRQ: -+[TBD]dB
· Margins
· RAN4 should decide whether separate requirements will be defined for in-band and stand-alone/guard-band?
· In RAN4#80bis meeting:
· Decide on the measurement periods:
· [400]ms for normal coverage
· [800]ms for enhanced coverage
· Agree on final measurement periods for NB-IoT normal and enhanced coverage.
Following parameters need to be included in the assumptions for alignment of results: 
· Frequency error: 
· +/- 50Hz @2 GHz 
· Minimum number of subframes containing NRS per L1 measurement period used by the UE for NRSRP/NRSRQ measurements: 
· For L1 measurement period of 400 ms: 30 subframes containing NRS 
· For L1 period of 800 ms: 60 subframes containing NRS 
· Time window over which coherent combining is done is to be disclosed by the companies for alignment purpose. 
· Measurement periods in non-DRX: 400 ms (normal coverage) and 800 ms (enhanced coverage) 
· Measurement accuracy requirements derived for maximum value obtained at the 5th and 95th percentiles of CDF 


Besides, an updated simulation assumption was also captured in [1], which is informatively provided in appendix. In this contribution, simulation result based on the simulation assumption will be provided. 

2. Discussion
In this section, simulation results are provided according to the following aspects:

· Channel mode

· AWGN, ETU1, EPA1

· Side condition

· SNR = -6dB, SNR = -15dB

· L1 measurement period

· 400ms

· 800ms

· Number of samples per L1 measurement period: 

· 10, 30 and 50 for 400ms L1 measurement period

· 20, 60 and 100 for 800ms L1 measurement period

2.1. AWGN

	AWGN

	Period
	SNR
	Number of samples
	NRSRP
	NRSRQ

	
	
	
	5%
	50%
	95%
	5%
	50%
	95%

	400ms
	-6dB
	10
	-6.69
	0
	2.9
	-6.71
	0.11
	2.98

	
	
	30
	-3.16
	0
	1.87
	-3.12
	0.02
	1.91

	
	
	50
	-2.28
	0.03
	1.49
	-2.28
	0.03
	1.52

	
	-15dB
	10
	-5.86
	4.7
	9.02
	-4.71
	4.72
	9.34

	
	
	30
	-8.42
	2.65
	6.91
	-7.21
	2.75
	6.97

	
	
	50
	-6.8
	2
	6.02
	-7.07
	2.03
	6.01

	800ms
	-6dB
	20
	-4.01
	-0.05
	2.13
	-3.93
	0.04
	2.25

	
	
	60
	-1.98
	-0.01
	1.33
	-1.97
	0.03
	1.38

	
	
	100
	-1.46
	-0.01
	1.12
	-1.44
	0.01
	1.14

	
	-15dB
	20
	-6.77
	3.41
	7.49
	-6.45
	3.52
	7.69

	
	
	60
	-7.63
	1.64
	5.69
	-8.24
	1.67
	5.68

	
	
	100
	-7.44
	1.05
	4.85
	-7.22
	1.04
	4.84
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(a) SNR=-6dB, 10 samples     (b) SNR=-6dB, 30 samples     (c) SNR=-6dB, 50 samples     (d) SNR=-15dB, 10 samples     (e) SNR=-15dB, 30 samples     (f) SNR=-15dB, 50 samples

Figure 1 AWGN channel, 400ms L1 measurement period
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(a) SNR=-6dB, 10 samples     (b) SNR=-6dB, 30 samples     (c) SNR=-6dB, 50 samples     (d) SNR=-15dB, 10 samples     (e) SNR=-15dB, 30 samples     (f) SNR=-15dB, 50 samples

Figure 2 AWGN channel, 800ms L1 measurement period
2.2. EPA1

	EPA1

	Period
	SNR
	Number of samples
	NRSRP
	NRSRQ

	
	
	
	5%
	50%
	95%
	5%
	50%
	95%

	400ms
	-6dB
	10
	-6.11
	0.27
	4.89
	-6.2
	0.42
	4.96

	
	
	30
	-4.69
	0.08
	3.27
	-4.72
	0.11
	3.41

	
	
	50
	-3.44
	0.26
	2.7
	-3.78
	0.02
	2.79

	
	-15dB
	10
	-5.12
	4.86
	12.78
	-5.32
	5.17
	12.95

	
	
	30
	-6.75
	2.98
	10.53
	-6.71
	3.08
	10.67

	
	
	50
	-8.21
	2.14
	9.18
	-6.93
	2.18
	9.3

	800ms
	-6dB
	20
	-4.7
	0.1
	3.16
	-4.97
	0.18
	3.4

	
	
	60
	-3.01
	-0.03
	1.98
	-3.13
	0.02
	2.11

	
	
	100
	-2.25
	0
	1.53
	-2.37
	0.02
	1.59

	
	-15dB
	20
	-6.14
	3.43
	10.23
	-7.09
	3.55
	10.35

	
	
	60
	-6.04
	1.77
	7.7
	-6.77
	1.84
	7.66

	
	
	100
	-7.28
	1.13
	6.17
	-7.61
	1.21
	6.18
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(a) SNR=-6dB, 10 samples     (b) SNR=-6dB, 30 samples     (c) SNR=-6dB, 50 samples     (d) SNR=-15dB, 10 samples     (e) SNR=-15dB, 30 samples     (f) SNR=-15dB, 50 samples

Figure 3 EPA1 channel, 400ms L1 measurement period
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(a) SNR=-6dB, 10 samples     (b) SNR=-6dB, 30 samples     (c) SNR=-6dB, 50 samples     (d) SNR=-15dB, 10 samples     (e) SNR=-15dB, 30 samples     (f) SNR=-15dB, 50 samples

Figure 4 EPA1 channel, 800ms L1 measurement period
2.3. ETU1

	ETU1

	Period
	SNR
	Number of samples
	NRSRP
	NRSRQ

	
	
	
	5%
	50%
	95%
	5%
	50%
	95%

	400ms
	-6dB
	10
	-7.05
	-0.23
	3.64
	-7.58
	-0.14
	3.75

	
	
	30
	-6.59
	-0.54
	2.21
	-6.49
	-0.55
	2.34

	
	
	50
	-5.46
	-0.53
	1.83
	-5.4
	-0.49
	1.88

	
	-15dB
	10
	-5.43
	4.84
	12.22
	-5.46
	5.05
	12.22

	
	
	30
	-5.93
	2.81
	10.03
	-5.87
	2.96
	10.02

	
	
	50
	-7.26
	2.25
	8.84
	-6.9
	2.24
	8.93

	800ms
	-6dB
	20
	-6.13
	-0.43
	2.44
	-6.26
	-0.34
	2.62

	
	
	60
	-5.16
	-0.58
	1.32
	-5.3
	-0.6
	1.4

	
	
	100
	-4.26
	-0.57
	0.88
	-4.41
	-0.59
	0.97

	
	-15dB
	20
	-7.24
	3.43
	9.03
	-5.93
	3.53
	9.21

	
	
	60
	-8.51
	1.14
	7.13
	-8.34
	1.47
	7.23

	
	
	100
	-8.03
	1.08
	5.82
	-8.56
	1.15
	5.96
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(a) SNR=-6dB, 10 samples     (b) SNR=-6dB, 30 samples     (c) SNR=-6dB, 50 samples     (d) SNR=-15dB, 10 samples     (e) SNR=-15dB, 30 samples     (f) SNR=-15dB, 50 samples

Figure 5 ETU1 channel, 400ms L1 measurement period
[image: image31.png]CDF

ETU1, 800ms period, 20 samples, SNR = 648

LEIS

LES

07k

06

05

04

03t

-5

i
5

0



  [image: image32.png]CDF

ETU1,800ms period, 60 samples, SNR = -5dB

1 T T T

09

07

[l

04

03[

0



 [image: image33.png]CDF

ETU1, 800ms period, 100 samples, SNR = 648




 [image: image34.png]CODF

ETU1, 800ms period, 20 samples, SNR = 1548
1 T T T T




 [image: image35.png]CDF

ETU1, 800ms period, B0 samples, SNR = -15d8




 [image: image36.png]CDF

ETU1, 800ms period, 100 samples, SNR

09

08[--

07

[l

05

04

03[

01

il
35 30 25 20 15 0

15




(a) SNR=-6dB, 10 samples     (b) SNR=-6dB, 30 samples     (c) SNR=-6dB, 50 samples     (d) SNR=-15dB, 10 samples     (e) SNR=-15dB, 30 samples     (f) SNR=-15dB, 50 samples

Figure 6 ETU1 channel, 800ms L1 measurement period
2.4. Observation
As it was agreed in RAN4 that accuracy requirement shall cover both normal and enhanced coverage mode. Furthermore, L1 measurement period was also agreed as 400ms and 800ms for normal and enhanced coverage, respectively. The SNR level for normal and enhanced coverage was agreed as -6dB and -15dB, respectively. Therefore, we focus on the simulation results of 400ms L1 measurement period with SNR = -6dB and 800ms L1 measurement period with SNR = -15dB. The rest of the results can be used for alignment.
As it was also agreed in [1] that measurement accuracy requirements shall be derived for maximum value obtained at the 5th and 95th percentiles of CDF. Note that the number of samples used in L1 measurement period has significant impact on not only the measurement accuracy but also the power consumption. On the other hand, this number is an UE implementation issue and won’t be specified in specification. Thus RAN4 shall be careful of sample number when discussing the accuracy requirement in order to avoid poor accuracy or unacceptable power consumption. We believe around 30~50 samples per L1 measurement period is more reasonable.

From above tables and figures we can have following observations:
· NRSRP measurement accuracy for Cat-NB1 UE under normal coverage is 5.5dB.
· NRSRP measurement accuracy for Cat-NB1 UE under enhanced coverage is 8.5dB.

· NRSRQ measurement accuracy for Cat-NB1 UE under normal coverage is 5.5dB.

· NRSRQ measurement accuracy for Cat-NB1 UE under enhanced coverage is 8.5dB.
Another issue is about the RF margin. Considering extreme low cost for NB-IoT chipset, it’s rational to expect a larger RF margin compared to legacy LTE UE, which is about 1.5dB. Hence we propose 3dB as the RF margin for NB-IoT.
3. Conclusions

In this contribution we provide simulation results based on the approved simulation in RAN4 #79AH meeting. After that we also provide proposals for the corresponding accuracy requirements for UE Cat-NB1.
Proposal 1: Base band NRSRP measurement accuracy for Cat-NB1 UE under normal coverage is 5.5dB.

Proposal 2: Base band NRSRP measurement accuracy for Cat-NB1 UE under enhanced coverage is 8.5dB.

Proposal 3: NRSRQ measurement accuracy for Cat-NB1 UE under normal coverage is 5.5dB.

Proposal 4: NRSRQ measurement accuracy for Cat-NB1 UE under enhanced coverage is 8.5dB.

Proposal 5: 3dB implementation margin should be considered additionally for NB-IoT NRSRP measurement accuracy requirement.
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5. Appendix
In this section, the approved simulation assumptions are informatively provided.
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