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Summary

This contribution provides updated simulation results of coexistence studies between NB-IoT and LTE, guard-band case.
1
Introduction
Coexistence simulation cases, methodology, and assumptions were agreed in the last meeting [1,2,3]. Due to the discrepancy of the simulation results from different companies in the last RAN4 meeting, it was agreed among interested companies that companies would re-visit their simulation platforms and re-run simulations based on common interference leakage modelling. The common interference leakage modelling is the average among these companies’ inputs [4], which were shared via email discussion.

Interference between NB-IoT (3.75kHz subcarrier spacing) UL and LTE UL is modelled for guard-band case. In this study, baseband simulations are run to find out the interference leaked from NB-IoT UL to LTE UL (on RB level), as well as from LTE UL to NB-NoT UL (on subcarrier level). The following two tables give the average leakage values based on the inputs from several interested companies.
Table 1-1: NB-IoT leakage to LTE

	NB-IoT to LTE, leakage in dB

	1st adjacent LTE PRB
	-17.98

	2nd adjacent LTE PRB
	-30.21

	3rd adjacent LTE PRB
	-34.31

	Other LTE PRB
	-37.00


Table 1-2: LTE leakage to NB-IoT

	LTE to NB-IoT, leakage in dB

	NB-IoT subcarrier
	0
	1
	2
	3
	4
	5
	6
	7

	Leakage
	-5.38
	-14.87
	-14.69
	-10.43
	-11.99
	-19.59
	-16.56
	-13.54

	NB-IoT subcarrier
	8
	9
	10
	11
	12
	13
	14
	15

	Leakage
	-15.59
	-20.50
	-18.97
	-15.84
	-17.58
	-22.04
	-20.38
	-17.60

	NB-IoT subcarrier
	16
	17
	18
	19
	20
	21
	22
	23

	Leakage
	-18.75
	-22.70
	-20.76
	-18.67
	-19.62
	-23.43
	-21.75
	-19.67

	NB-IoT subcarrier
	24
	25
	26
	27
	28
	29
	30
	31

	Leakage
	-19.98
	-23.72
	-22.52
	-20.82
	-20.65
	-24.57
	-23.82
	-21.37

	NB-IoT subcarrier
	32
	33
	34
	35
	36
	37
	38
	39

	Leakage
	-21.02
	-25.10
	-24.10
	-22.03
	-21.71
	-25.57
	-25.22
	-21.84

	NB-IoT subcarrier
	40
	41
	42
	43
	44
	45
	46
	47

	Leakage
	-21.76
	-25.83
	-26.69
	-22.05
	-22.07
	-26.49
	-27.00
	-22.33


For NB-IoT DL, NB-IoT UL multi-tone, and NB-IoT UL single-tone with subcarrier spacing of 15kHz, it is assumed they are orthogonal to legacy LTE. Such that there is no interference between NB-IoT (15kHz) and legacy LTE. This contribution only focuses on NB-IoT UL single-tone with subcarrier spacing of 3.75kHz.
2
Simulation results of guard-band case UL single-tone (3.75kHz)
This contribution provides simulation results of coexistence studies between NB-IoT and LTE, guard-band case. From the following results of 900Mz and 2GHz, we can see that the results of 900MHz are quite similar to the results of 2GHz.
2.1 
900 MHz
This sub-section provides simulation results of 900MHz, for both NB-IoT UL and LTE UL. From the NB-IoT UL performance results, it can be seen that most NB-IoT users’ SNR is degraded by 1dB and the cell edge users’ SNR is degraded by 3dB or more. The LTE UL throughput loss results show that there are some interferences from NB-IoT to the first adjacent LTE PRB and the impact on the second adjacent LTE PRB is much less. The interferences to the third and beyond PRB are negligible.
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Figure 2.1-1: SINR of NB-IoT UL interfered by LTE UL, guard-band case, 900MHz

Table 2.2-1: IoT UL SINR loss interfered by LTE UL, guard-band case, 900MHz

	Case 14
LTE -> NB-IoT
48 UEs - 3.75 kHz
	LTE 0.9 GHz

	Sourcing
	SNR loss
5%
	SNR loss
50%
	SNR loss
95%
	SNR loss
99%

	Intel
	2.7
	0.9
	0.7
	0.7
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Figure 2.1-2: SINR of LTE UL interfered by NB-IoT UL, guard-band case, 900MHz

Table 2.1-1: LTE UL throughput loss interfered by NB-IoT UL, guard-band case, 900MHz
	Sourcing
	Case 13
NB-IoT -> LTE
48 UEs - 3.75 kHz
	LTE 0.9 GHz

	
	Metric
	1st adjacent PRB (P1)
	2nd adjacent PRB (P2)
	3rd adjacent PRB (P3)
	other PRB (P4)

	Intel
	degradation of 
5%-ile SNR (in dB)
	4.0
	0.3
	0.1
	0.0

	
	Throughput loss
5% (in %)
	54
	5.0
	1.7
	0.7

	
	degradation of 
50%-ile SNR (in dB)
	1.5
	0.2
	0.1
	0.1

	
	Throughput loss
 Average (in %)
	18
	3.5
	1.7
	1.1


2.2 
2 GHz
This sub-section provides simulation results of 2GHz, for both NB-IoT UL and LTE UL. From the NB-IoT UL performance results, it can be seen that most NB-IoT users’ SNR is degraded by 0.5-1dB and the cell edge users’ SNR is degraded by 2dB or more. The LTE UL throughput loss results show that there are some interferences from NB-IoT to the first adjacent LTE PRB and the impact on the second adjacent LTE PRB is much less. The interferences to the third and beyond PRB are negligible.
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Figure 2.2-1: SINR of NB-IoT UL interfered by LTE UL, guard-band case, 2GHz

Table 2.2-1: IoT UL SINR loss interfered by LTE UL, guard-band case, 2GHz

	Case 14
LTE -> NB-IoT
48 UEs - 3.75 kHz
	LTE 2 GHz

	Sourcing
	SNR loss
5%
	SNR loss
50%
	SNR loss
95%
	SNR loss
99%

	Intel
	2.4
	0.8
	0.7
	0.7
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Figure 2.2-2: SINR of LTE UL interfered by NB-IoT UL, guard-band case, 2GHz

Table 2.2-1: LTE UL throughput loss interfered by NB-IoT UL, guard-band case, 2GHz
	Sourcing
	Case 13
NB-IoT -> LTE
48 UEs - 3.75 kHz
	LTE 2 GHz

	
	Metric
	1st adjacent PRB (P1)
	2nd adjacent PRB (P2)
	3rd adjacent PRB (P3)
	other PRB (P4)

	Intel
	degradation of 
5%-ile SNR (in dB)
	2.4
	0.2
	0.0
	0.0

	
	Throughput loss
5% (in %)
	37
	2.8
	0.9
	0.4

	
	degradation of 
50%-ile SNR (in dB)
	1.2
	0.2
	0.1
	0.0

	
	Throughput loss
 Average (in %)
	15
	2.3
	1.1
	0.6


3
Conclusion

This contribution provides coexistence studies between NB-IoT and legacy LTE, guard-band case. LTE UL introduces some interference to NB-IoT UL, which causes about 1dB SNR degradation for most users. The LTE UL throughput loss results show that there are some interferences from NB-IoT to the first adjacent LTE PRB and the impact on the second adjacent LTE PRB is much less. The interferences to the third and beyond PRB are negligible.
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