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1 Introduction
This document summarizes the evaluation results that have been presented to RAN1 for NB-IoT. The intention is to use the latest version from each company, so where results presented at RAN1#82bis are updated at RAN1#83, this contribution will use the results only from RAN1#83.
There are references included to each company’s results. The assumptions regarding PAPR/CM/synchronization error/filtering design can be found in each individual reference.
2 Discussion
2.1 UL exception report latency
[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Ericsson

Source 2 = Nokia

Source 3 = Huawei, HiSilicon

Source 4 = China Unicom]
2.1.1 UL exception report standalone
Table 1 : Exception report delivery time.

DL 15 kHz, UL 2.5 kHz SC-FDMA based.
	
	
	90% confidence (ms)
	99% confidence (ms)

	
	Initial Transmission BLER
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB

	Source 1

(R1-157391)
	10%
	1434
	2415
	5473
	1514
	3015
	7373

	
	1%
	
	
	
	
	
	6000

	Source 2

(R1-157243)

Notes: 1
	10%
	-
	5884
	-
	8092

	Source 3

(R1-156467)
	10%
	1524
	2485
	5623
	1604
	3085
	7623


NOTES:
1. Single-tone SC-FDMA. 
Table 2: Exception report delivery time.

DL 3.75 kHz, UL FDMA based.
	
	
	90% confidence (ms)
	99% confidence (ms)

	
	Initial Transmission BLER
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB

	Source 3

(R1-156467, R1-157464)

Notes: 2
	10%
	802
	1162
	3897
	1122
	1802
	6137

	
	1%
	
	
	
	
	
	4537

	Source 4

(R1-157364)

Notes: 1
	10%
	1137
	1372
	4807
	1457
	1692
	7047


NOTES:
1.
UL sub-channel spacing = 5 kHz.
2.
UL sub-channel spacing  = 2.5 kHz
Table 3: Exception report delivery time.

DL 15 kHz, UL FDMA based.
	
	
	90% confidence (ms)
	99% confidence (ms)

	
	Initial Transmission BLER
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB

	Source 3

(R1-156467)

Notes: 1
	10%
	1249
	1602
	4378
	1369
	2082
	

	
	1%
	
	
	
	
	
	6418


NOTES:
1.
UL sub-channel spacing = 2.5 kHz.

2.1.2 UL exception report guard-band

Table 4 : Exception report delivery time.

DL 15 kHz, UL 2.5 kHz SC-FDMA  based.
	
	
	90% confidence (ms)
	99% confidence (ms)

	
	Initial Transmission BLER
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB

	Source 1

(R1-157451)
	10%
	1354
	2607
	7420
	1434
	3207
	9460

	
	1%
	
	
	
	
	
	7797

	Source 2

(R1-157547)
	10%
	-
	8802
	-
	11094

	
	1%
	
	
	
	9522

	Source 3
(R1-157466)
	1%
	
	
	
	8762


Table 5 : Exception report delivery time.

DL 15 kHz, UL FDMA  based.
	
	
	90% confidence (ms)
	99% confidence (ms)

	
	Initial Transmission BLER
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB

	Source 3
(R1-157466)
Notes: 1
	10%
	1059
	1643
	5322
	1154
	2118
	7412

	
	1%
	
	
	
	
	
	5962


NOTES:

1.
UL sub-channel spacing = 2.5 kHz.
Table 6: Exception report delivery time.

DL 3.75 kHz, UL FDMA based.
	
	
	90% confidence (ms)
	99% confidence (ms)

	
	Initial Transmission BLER
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB

	Source 3

(R1-156470, R1-157464)

Notes: 1
	10%
	807
	1397
	5397
	1127
	2037
	7957

	
	1%
	
	
	
	
	
	5713


NOTES:

1.
UL sub-channel spacing  = 2.5 kHz.
2.1.3 UL exception report in-band
2.1.3.1 No MBSFN subframes, 6 dB PSD boosting
Table 7 : Exception report delivery time.

DL 15 kHz, UL 2.5 kHz SC-FDMA based.
	
	
	90% confidence (ms)
	99% confidence (ms)

	
	Initial Transmission BLER
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB

	Source 1

(R1-157454)

Notes: 1
	10%
	1555
	2811
	7833
	1635
	3411
	9913

	
	1%
	
	
	
	
	
	8210

	Source 2

(R1-157548)
	10%
	-
	9162
	-
	11478

	
	1%
	
	
	
	9882

	Source 3

(R1-156475)

Notes: 1
	1%
	
	-
	10119


Table 8 : Exception report delivery time.
DL 15 kHz, UL FDMA based.
	
	
	99% confidence (ms)

	
	Initial Transmission BLER
	144 dB
	154 dB
	164 dB

	Source 3

(R1-156475)

Notes: 1, 2
	1%
	1409
	3072
	8198


NOTES:

1.
UL sub-channel spacing  = 2.5 kHz.

2.
99% confidence calculated using an initial BLER of 1%.

2.1.3.2 With MBSFN subframes, 6 dB PSD boosting
Table 9: Exception report delivery time.
DL 15 kHz, 6 MBSFN subframes.
	
	
	UL modulation
	99% confidence (ms)

	
	Initial Transmission BLER
	
	144 dB
	154 dB
	164 dB

	Source 3

(R1-156475)

Notes: 1, 2
	1%
	FDMA
	2102
	5333
	14510

	
	1%
	SC-FDMA
	-
	16698


NOTES:

1.
UL sub-channel spacing  = 2.5 kHz.

2.
99% confidence calculated using an initial BLER of 1%.
2.1.3.3 With 3 dB PSD boosting, no MBSFN subframes.
Table 10: Exception report delivery time.
DL 15 kHz.
	
	
	UL modulation
	99% confidence (ms)

	
	Initial Transmission BLER
	
	144 dB
	154 dB
	164 dB

	Source 3

(R1-156475)

Notes: 1, 2
	1%
	FDMA
	1871
	3957
	11769

	
	1%
	SC-FDMA
	-
	14515


NOTES:

1.
UL sub-channel spacing  = 2.5 kHz.

2.
99% confidence calculated using an initial BLER of 1%.
2.1.4 UL exception report latency observations
· Note: The observations summarized below are based on the evaluation results which are impacted by both the assumed numerology and the assumed protocols. 
Observations A: Standalone operation

A1. DL 15 kHz with UL 2.5 kHz SC-FDMA meets the UL exception report latency for each target MCL value with 99% confidence.

A2. UL 2.5 kHz FDMA meets the UL exception report latency for each target MCL with 99% confidence, for both DL subcarrier spacings.

A3. UL 2.5 kHz FDMA achieves lower UL exception report latency with DL 3.75 kHz subcarrier spacing than with DL 15 kHz subcarrier spacing, at each target MCL with 90% and 99% confidence.

Observations B: Guard-band operation

B1. DL 15 kHz with UL 2.5 kHz SC-FDMA meets the UL exception report latency for each target MCL value with 90% confidence.
B2.  The DL 15 kHz with UL 2.5 kHz SC-FDMA meets the UL exception report latency for each target MCL value with 99% confidence.

B3. UL 2.5 kHz FDMA meets the UL exception report latency for each target MCL value with 99% confidence, for both DL subcarrier spacings.
Observations C: In-band operation

C1. DL 15 kHz with UL 2.5 kHz SC-FDMA, 6 dB PSD boosting, and no MBSFN subframes meets the UL exception report latency for each target MCL value with 99% confidence.

C2. DL 15 kHz with UL 2.5 kHz FDMA, 6 dB PSD boosting, and no MBSFN subframes meets the UL exception report latency for each target MCL with 99% confidence.

C3. With 3 dB PSD boosting, and no MBSFN subframes, the UL exception report latency target is not met with 99% confidence for 164 dB MCL for either UL modulation. It is met by UL 2.5 kHz FDMA for 144 dB and 154 dB MCL.
C4. With 6 MBSFN subframes, and 6 dB PSD boosting, the UL exception report latency target is not met with 99% confidence for 164 dB MCL for either UL modulation. It is met by UL 2.5 kHz FDMA for 144 dB and 154 dB MCL.

2.2 Capacity
[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Ericsson

Source 2 = Nokia

Source 3 = Huawei, HiSilicon

Source 4 = ZTE

]
2.2.1 Standalone
2.2.1.1 Uplink

	
	


Table 2.2-1: Comparison of Uplink Capacity Performance
NOTE: These results use a 2.5 kHz UL subcarrier spacing except where noted.
	Uplink Capacity (devices/cell)

	　
	Source 1 (R1-157398)
	 Source 3 (R1-156468)

	Standalone
	SC-FDMA
	207k
	152k

	
	FDMA
	106k(*)
	182k


(*) This result uses a 5 kHz subcarrier spacing.
Note 1: QPSK in addition to GMSK is used by Source 3

2.2.1.2 Downlink

	
	


Table 2.2-2: Comparison of Downlink Capacity Performance
	Downlink Capacity (devices/cell)

	Standalone
	
	Source 1 (R1-157398)
	Source 3 (R1-157338)

	
	15k
	~230k
	case1: 190k
case2: 120k

	
	3.75k
	
	case1: 230k
case2: 135k


Notes 1: the results with “~” are read from the figures.

2.2.2 Guard-band
2.2.2.1 Uplink

	
	
	


Table 2.2-3: Comparison of Uplink Capacity Performance
NOTE: These results use a 2.5 kHz UL subcarrier spacing except where noted.
	Uplink Capacity (devices/cell)

	　
	Source 1 (R1-157408)
	Source 3 (R1-156471)
	Source 4 (R1-156623)

	Guardband
	SC-FDMA
	207k
	128k
	~50k

	
	FDMA
	106k(*)
	168k
	~40k(*)


(*) This result uses a 5 kHz subcarrier spacing.
Note 1: the results with “~” are read from the figures.

Note 2: QPSK in addition to GMSK is used by Source 3

2.2.2.2 Downlink

	
	


Table 2.2-4: Comparison of Downlink Capacity Performance
	Downlink Capacity (devices/cell)

	
	
	Source 1 (R1-157408)
	Source 3 (R1-157337)
	Source 4 (R1-156623)

	Guardband
	15k
	210k
	case1:155k
case2:80k
	~48k

	
	3.75k
	　
	case1:200k
case2:115k
	


Note: the results with “~” are read from the figures.

2.2.3 In-band

2.2.3.1 Uplink

	
	
	


Table 2.2-5: Comparison of Uplink Capacity Performance
NOTE: These results use a 2.5 kHz UL subcarrier spacing except where noted
	Uplink Capacity (devices/cell)

	　
	Source 1 (R1-157417)
	Source 2 (R1-157248)
	Source 3 (R1-156476)
	Source 4 (R1-156624)

	Inband
	SC-FDMA
	180k　
	>71k(#)
	139k
	~50k

	
	FDMA
	　~100k(*)
	　
	162k
	~35k(*)


(*) This result uses a 5 kHz subcarrier spacing.
(#) This results uses a 15 kHz subcarrier spacing.
Note 1: the results with “~” are read from the figures.

Note 2: QPSK in addition to GMSK is used by Source 3
2.2.3.2 Downlink
Table 2.2-6: Comparison of Downlink Capacity Performance
	Downlink Capacity (devices/cell)

	
	Source 1 (R1-157417)
	Source 4 (R1-156624)

	Inband
	15k
	no MBMS:180k

60% MBMS:72k　
	~40k

	
	3.75k
	　
	


Note: the results with “~” are read from the figures.
2.2.4 Observations

Observations A: Standalone operation

A1. UL 2.5 kHz SC-FDMA and UL 2.5 kHz FDMA both meet the UL capacity target.

A2. DL 15 kHz and DL 3.75 kHz both meet the capacity target.

A3. UL FDMA 2.5 kHz achieves higher uplink capacity than UL FDMA 5 kHz.

Observations B: Guard-band operation

B1. UL 2.5 kHz SC-FDMA and UL 2.5 kHz FDMA both meet the UL capacity target.

B2. DL 15 kHz and DL 3.75 kHz both meet the capacity target.

B3. UL FDMA 2.5 kHz achieves higher uplink capacity than UL FDMA 5 kHz.

Observations C: In-band operation

C1. UL 2.5 kHz SC-FDMA and UL 2.5 kHz FDMA both meet the UL capacity target.
C2. DL 15 kHz meets the capacity target.
C3. UL FDMA 2.5 kHz achieves higher uplink capacity than UL FDMA 5 kHz.

2.3 Coverage
2.3.1 Standalone
[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Ericsson

Source 2 = Nokia

Source 3 = Huawei, HiSilicon

Source 4 = Intel
Source 5 = MediaTek
]
2.3.1.1 Uplink data channel
Table 2.3-3: MCL evaluations for uplink data channels
	
	Source 1
	Source 2 
	Source 3
	Source 4
	Source 5

	UL Numerology
	SC-FDMA (R1-157389)
	FDMA (R1-157392)
	SC-FDMA (R1-157246)
	FDMA(R1-156466)
	SC-FDMA(R1-157536)
	SC-FDMA 

(R1-156974)

	Transmitter
	
	
	
	
	
	23
	23
	23
	23
	23

	(1) Total Tx power (dBm)
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	
	
	
	
	

	Receiver
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	2,500
	5000
	80,000
	3750
	2500
	1875
	3750
	30,000
	2500
	5000
	80,000
	2500
	30,000
	30,000
	3,750
	15,000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5)) (dBm)
	-137.0
	-134.0
	-122.0
	-135.3
	-137.0
	-138.3
	-135.3
	-126.2
	-137.0
	-134.0
	-122.0
	-137.0
	-126.2
	-126.2
	-135.2
	-129.2

	(7) Required SINR (dB)
	-5.8
	-0.6
	0.8
	-6.4
	-5.8
	-3.5
	4.2
	4.5
	-5.0
	0.1
	1.0
	-4.0
	-5.8
	4.3
	3.8
	10.1

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-142.8
	-134.6
	-122.4
	-141.7
	-142.8
	-141.8
	-131.1
	-121.7
	-142
	-133.9
	-121
	-141.0
	-132.0
	-121.9
	-131.4
	-119.1

	(9) Rx processing gain (dB)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Maximum coupling loss
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	165.8
	157.6
	145.4
	164.7
	165.8
	164.8
	154.1
	144.7
	165
	156.9
	144
	164.0
	155.0
	144.9
	154.4
	142.1

	Data rate above SNDCP (kbps) 
	0.354
	1.77
	18.9
	0.246
	0.31
	0.35
	1.7
	13.6
	0.35
	1.8
	28.3
	0.31
	2.36
	18.89
	2.36
	18.89

	NOTES:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	(1)
	(2)


Notes
1: Single tone SC-FDMA with 3.75 kHz subcarrier spacing is assumed.

2: Single tone SC-FDMA with 15 kHz subcarrier spacing is assumed.

2.3.1.2 Downlink

[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Nokia

Source 2 = Huawei, HiSilicon

Source 3 = Intel

Source 4 = Samsung

Source 5 = LGE

]
Table 2.3-4: MCL evaluations for downlink channels

	
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5

	DL Numerology
	15kHz subcarrier spacing (R1-157246)
	3.75kHz subcarrier spacing(R1-157339)
	15kHz subcarrier spacing (R1-157536)
	15kHz subcarrier spacing (R1-156800)
	15 kHz subcarrier spacing (R1-155805)

	DL Channel
	M-PBCH
	M-EPDCCH
	M-PDSCH
	NB-PBCH
	NB-EPDCCH
	NB-PDSCH
	NB-PDCCH
	NB-PDSCH
	N-PBCH
	N-PBCH
	N-PBCH
	N-PDCCH
	N-PDSCH
	E-PDCCH
	PDSCH

	Transmitter
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(1) Total Tx power (dBm)
	43
	43
	43
	43
	43
	43
	43
	43
	43
	43
	43
	43
	43
	43
	43

	Receiver
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (kHz)
	180
	180
	180
	180
	180
	180
	180
	180
	180
	180
	180
	90
	180
	180
	180

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5)) (dBm)
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-119.5
	-116.4
	-116.4
	-116.4

	(7) Required SINR (dB)
	-5.7
	-5.8
	-5.0
	-7.8
	-4.9
	-4.8
	-4.6
	-4.6
	-5.9
	0.9
	4.2
	-5
	-4.8
	-4.6
	-4.7

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-122.1
	-122.2
	-121.4
	-124.2
	-121.3
	-121.2
	-121
	-121
	-122.3
	-115.5
	-112.2
	-124.5
	-121.2
	-122.4
	-122.4

	(9) Rx processing gain (dB)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	

	Maximum coupling loss
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	165.1
	165.2
	164.4
	167.2
	164.3
	164.2
	164
	164
	165.3
	158.5
	155.2
	164.5
	164.2
	164
	164.1

	Data rate above SNDCP (kbps) 
	
	
	2.73
	
	
	3.4
	
	2.1
	
	
	
	
	3
	
	2.98


Notes

2.3.2 Guard-band
[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Ericsson

Source 2 = Nokia

Source 3 = Huawei, HiSilicon

Source 4 = Intel]
2.3.2.1 Uplink data channel

Table 2.3-7: MCL evaluations for uplink data channels

	
	Source 2 
	Source 3
	Source 4

	UL Numerology
	SC-FDMA (R1-157246)
	FDMA(R1-156466)
	SC-FDMA(R1-157537)

	Transmitter
	
	
	
	
	
	

	(1) Total Tx power (dBm)
	23
	23
	23
	23
	23
	23

	Receiver
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	2500
	1875
	3750
	30,000
	2500
	5000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5)) (dBm)
	-137.0
	-138.3
	-135.3
	-126.2
	-137.0
	-134.0

	(7) Required SINR (dB)
	-5.8
	-3.5
	4.2
	4.5
	-4.0
	0.1

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-142.8
	-141.8
	-131.1
	-121.7
	-141
	-133.9

	(9) Rx processing gain (dB)
	0
	0
	0
	0
	0
	0

	Maximum coupling loss
	
	
	
	
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	165.8
	164.8
	154.1
	144.7
	164
	156.9

	Data rate above SNDCP (kbps) 
	0.31
	0.35
	1.7
	13.6
	0.35
	1.8


2.3.2.2 Downlink

[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Nokia

Source 2 = Huawei, HiSilicon

Source 3 = Intel

Source 4 = Samsung

Source 5 = MediaTek

]
Table 2.3-8: MCL evaluations for downlink channels

	
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5

	DL Numerology
	15kHz subcarrier spacing (R1-157249)
	3.75kHz subcarrier spacing(R1-157336)
	15kHz subcarrier spacing (R1-157537)
	15kHz subcarrier spacing (R1-156801)
	15kHz subcarrier spacing (R1-156968)

	DL Channel
	M-PBCH
	M-EPDCCH
	M-PDSCH
	NB-PBCH
	NB-EPDCCH
	NB-PDSCH
	NB-PDCCH
	NB-PDSCH
	N-PBCH
	N-PBCH
	N-PDCCH
	N-PDSCH
	M-PBCH
	M-PDCCH
	M-PDSCH

	Transmitter
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(1) Total Tx power (dBm)
	35
	35
	35
	35
	35
	35
	35
	35
	35
	35
	32
	35
	35
	35
	35

	Receiver
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (kHz)
	180
	180
	180
	180
	180
	180
	180
	180
	180
	180
	90
	180
	180
	180
	180

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5)) (dBm)
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-119.5
	-116.4
	-116.4
	-116.4
	-116.4

	(7) Required SINR (dB)
	-12.6
	-12.7
	-13.3
	-12.7
	-13.1
	-13.0
	-12.6
	-12.7
	-11.7
	-4.4
	-13.1
	-13.8
	-12.6
	-12.6
	-12.6

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-129.0
	-129.1
	-129.7
	-129.1
	-129.5
	-129.4
	-129
	-129.1
	-128.1
	-120.8
	-132.6
	-130.2
	-129.0
	-129.0
	-129.0

	(9) Rx processing gain (dB)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Maximum coupling loss
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	164.0
	164.1
	164.7
	164.1
	164.5
	164.4
	164
	164.1
	163.1
	155.8
	164.6
	165.2
	164.0
	164.0
	164.0

	Data rate above SNDCP (kbps) 
	
	
	0.59
	
	
	0.71
	
	0.46
	
	
	
	0.667
	
	
	0.52


Notes

1:The interference from LTE to NB-IoT is considered by Source 4. 
2.3.3 In-band
[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Ericsson

Source 2 = Nokia

Source 3 = Huawei, HiSilicon

Source 4 = Intel
]
2.3.3.1 Uplink data channel
Table 2.3-11: MCL evaluations for uplink data channels

	
	Source 2 
	Source 3
	Source 4

	UL Numerology
	SC-FDMA (R1-157252)
	FDMA(R1-156466)
	SC-FDMA 

(R1-157538)

	Transmitter
	
	
	
	
	
	

	(1) Total Tx power (dBm)
	23
	23
	23
	23
	23
	23

	Receiver
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	2500
	1875
	3750
	30,000
	2500
	5000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5)) (dBm)
	-137.0
	-138.3
	-135.3
	-126.2
	-137.0
	-134.0

	(7) Required SINR (dB)
	-5.8
	-3.5
	4.2
	4.5
	-4.0
	0.1

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-142.8
	-141.8
	-131.1
	-121.7
	-141
	-133.9

	(9) Rx processing gain (dB)
	0
	0
	0
	0
	0
	0

	Maximum coupling loss
	
	
	
	
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	165.8
	164.8
	154.1
	144.7
	164
	156.9

	Data rate above SNDCP (kbps) 
	0.31
	0.35
	1.7
	13.6
	0.35
	1.8


2.3.3.2 Downlink

[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Nokia

Source 2 = Intel

Source 3 = Samsung

Source 4 = MediaTek

Source 5 = LGE

]
Table 2.3-12: MCL evaluations for downlink channels
	
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5

	DL Numerology
	15kHz subcarrier spacing (R1-157252)
	15kHz subcarrier spacing (R1-157538)
	15kHz subcarrier spacing (R1-156802)
	15kHz subcarrier spacing (R1-156971)
	15kHz subcarrier spacing (R1-155806)

	DL Channel
	M-PBCH
	M-EPDCCH
	M-PDSCH
	NB-PDCCH
	NB-PDSCH
	N-PBCH
	N-PBCH
	N-PDCCH
	N-PDSCH
	M-PBCH
	M-PDCCH
	M-PDSCH
	E-PDCCH
	E-PDSCH

	Transmitter
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(1) Total Tx power (dBm)
	35
	35
	35
	35
	35
	35
	35
	32
	35
	35
	35
	35
	35
	35

	Receiver
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (kHz)
	180
	180
	180
	180
	180
	180
	180
	90
	180
	180
	180
	180
	180
	180

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5)) (dBm)
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-119.5
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4
	-116.4

	(7) Required SINR (dB)
	-12.6
	-13.0
	-13.7
	-12.6
	-12.6
	-11.7
	-4.4
	-12.8
	-12.7
	-12.6
	-12.6
	-12.6
	-12.8
	-12.6

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-129.0
	-129.4
	-130.71
	-129
	-129
	-128.1
	-120.8
	-132.3
	-129.1
	-129.0
	-129.0
	-129.0
	-122.4
	-122.4

	(9) Rx processing gain (dB)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	

	Maximum coupling loss
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	164.0
	164.4
	165.8
	164
	164
	163.1
	155.8
	164.3
	164.1
	164.0
	164.0
	164.0
	164.2
	164.0

	Data rate above SNDCP (kbps) 
	
	
	0.44
	
	0.36
	
	
	
	0.667
	
	
	0.45
	
	0.47


Notes

1:The interference from LTE to NB-IoT is considered by Source 3. 2: The target BLERs for M-PDSCH, M-PBCH and M-PDCCH are 10%, 1% and 1% respectively by Source 4
2.3.4 Observations
Observation A: On Coverage

· Both UL single-tone SC-FDMA and UL single sub-channel FDMA meet the extended coverage/data-rate target for UL in all deployment scenarios. 
· Both DL 15 kHz and DL 3.75 kHz meet the extended coverage/data-rate target for DL in standalone and guard-band deployment. DL 15 kHz also meets the extended coverage/data-rate target for DL in in-band deployment.
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