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1 Introduction
In this contribution, we prepare text proposals on coexistence study for in-band and guard band operation to be captured into the TR [1] based on the approved way forward on coexistence study for in-band and guard band operation [2] and the related collection of simulation results [3].
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6.4
Coexistence simulation results
<Start of text proposal for TR>
1.1.1 Case13 –Guard band uplink, NB-IoT aggressor, LTE victim

Table 6.4-13 Simulation results for case 13
	Sourcing
	Case 13
NB-IoT -> LTE
48 UEs - 3.75 kHz
	LTE 0.9 GHz
	LTE 2 GHz

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

	Huawei
	degradation of 
5%-ile SNR
	0.07
	0.013
	5.00E-04
	0
	0.07
	0.014
	5.00E-04
	0

	
	Throughput loss
5%-ile
	1.30%
	0.20%
	0.01%
	0%
	1.40%
	0.20%
	0.01%
	0%

	
	degradation of 
average SNR
	0.23
	0.022
	1.20E-03
	0
	0.24
	0.023
	1.20E-03
	0

	
	Throughput loss
 Average
	3.50%
	0.30%
	0.02%
	0%
	3.70%
	0.35%
	0.02%
	0%

	Ericsson
	degradation of 
5%-ile SNR
	0.1
	0
	0
	0
	　
	　
	　
	　

	
	Throughput loss
5%
	0.9
	0
	0
	0
	　
	　
	　
	　

	
	degradation of 
average SNR
	0.2
	0.1
	0
	0
	　
	　
	　
	　

	
	Throughput loss
 Average
	2.1
	0.9
	0
	0
	　
	　
	　
	　

	
	degradation of 
95%-ile SNR
	0.3
	0.1
	0
	0
	　
	　
	　
	　

	
	Throughput loss
 95%
	3.5
	0.9
	0
	0
	　
	　
	　
	　

	Intel
	degradation of 
5%-ile SNR (in dB)
	3.1
	0.2
	0.1
	0
	2.9
	0.2
	0.1
	0

	
	Throughput loss
5% (in %)
	47
	3.6
	1.1
	0.1
	44
	3.8
	1.4
	0.1

	
	degradation of 
average SNR (in dB)
	1.4
	0.2
	0.1
	0
	1.2
	0.2
	0.1
	0

	
	Throughput loss
 Average (in %)
	17
	3.3
	1.6
	0.2
	15
	3
	1.5
	0.2

	ZTE
	degradation of 
5%-ile SNR
	1.14 
	0.05 
	0.03 
	0.02 
	1.05 
	0.06 
	0.01 
	0.01 

	
	Throughput loss
5%
	5.79 
	0.20 
	0.08 
	0.05 
	5.11 
	0.24 
	0.10 
	0.05 

	
	degradation of 
average SNR
	1.61 
	0.10 
	0.04 
	0.03 
	1.53 
	0.13 
	0.05 
	0.03 

	
	Throughput loss
 Average
	10.45 
	0.77 
	0.32 
	0.18 
	10.01 
	0.73 
	0.31 
	0.17 

	Nokia
	degradation of 
5%-ile SNR
	0.03
	<0.01
	<0.01
	<0.01
	0.03
	<0.01
	<0.01
	<0.01

	
	Throughput loss
5%
	0.6
	　
	　
	　
	0.5
	　
	　
	　

	
	degradation of 
average SNR
	0.16
	<0.01
	<0.01
	<0.01
	0.15
	<0.01
	<0.01
	<0.01

	
	Throughput loss
 Average
	2.4
	　
	　
	　
	2.2
	　
	　
	　

	
	degradation of 
95%-ile SNR
	0.7
	<0.01
	<0.01
	<0.01
	0.6
	<0.01
	<0.01
	<0.01

	
	Throughput loss
 95%
	4.7
	　
	　
	　
	4.5
	　
	　
	　



1.1.2 Case14 –Guard band uplink, LTE aggressor, NB-IoT victim

Table 6.4-14 Simulation results for case 14
	Case 14
LTE -> NB-IoT
48 UEs - 3.75 kHz
	LTE 0.9 GHz
	LTE 2 GHz

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

	Huawei
	0.12
	0.2
	0.4
	0.4
	0.16
	0.3
	0.5
	0.5

	Ericsson
	0.2
	0.2
	0.5
	0.6
	0.3
	0.2
	0.6
	0.6

	Intel
	2.9
	0.9
	0.8
	0.8
	2.7
	0.8
	0.6
	0.6

	ZTE
	0.18 
	0.25 
	0.50 
	0.59 
	0.17 
	0.24 
	0.51 
	0.57 

	Nokia
	0.2
	0.6
	2
	2.1
	0.2
	0.6
	2.1
	2.2


1.1.3 Case15 –In-band uplink, NB-IoT aggressor, LTE victim

Table 6.4-15 Simulation results for case 15
	Sourcing
	Case 15
NB-IoT -> LTE
48 UEs - 3.75 kHz
	LTE 0.9 GHz
	LTE 2 GHz

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

	Huawei
	degradation of 
5%-ile SNR
	0.07
	0.013
	5.00E-04
	0
	0.07
	0.014
	5.00E-04
	0

	
	Throughput loss
5%-ile
	1.30%
	0.20%
	0.01%
	0%
	1.40%
	0.20%
	0.01%
	0%

	
	degradation of 
average SNR
	0.23
	0.022
	1.20E-03
	0
	0.24
	0.023
	1.20E-03
	0

	
	Throughput loss
 Average
	3.50%
	0.30%
	0.02%
	0%
	3.70%
	0.35%
	0.02%
	0%

	Ericsson
	degradation of 
5%-ile SNR
	0.1
	0
	0
	0
	　
	　
	　
	　

	
	Throughput loss
5%
	0.9
	0
	0
	0
	　
	　
	　
	　

	
	degradation of 
average SNR
	0.2
	0.1
	0
	0
	　
	　
	　
	　

	
	Throughput loss
 Average
	2.1
	0.9
	0
	0
	　
	　
	　
	　

	
	degradation of 
95%-ile SNR
	0.3
	0.1
	0
	0
	　
	　
	　
	　

	
	Throughput loss
 95%
	3.5
	0.9
	0
	0
	　
	　
	　
	　

	Intel
	degradation of 
5%-ile SNR (in dB)
	3.1
	0.2
	0.1
	0
	2.9
	0.2
	0.1
	0

	
	Throughput loss
5% (in %)
	47
	3.6
	1.1
	0.1
	44
	3.8
	1.4
	0.1

	
	degradation of 
average SNR (in dB)
	1.4
	0.2
	0.1
	0
	1.2
	0.2
	0.1
	0

	
	Throughput loss
 Average (in %)
	17
	3.3
	1.6
	0.2
	15
	3
	1.5
	0.2

	ZTE
	degradation of 
5%-ile SNR
	1.14 
	0.05 
	0.03 
	0.02 
	1.05 
	0.06 
	0.01 
	0.01 

	
	Throughput loss
5%
	5.79 
	0.20 
	0.08 
	0.05 
	5.11 
	0.24 
	0.10 
	0.05 

	
	degradation of 
average SNR
	1.61 
	0.10 
	0.04 
	0.03 
	1.53 
	0.13 
	0.05 
	0.03 

	
	Throughput loss
 Average
	10.45 
	0.77 
	0.32 
	0.18 
	10.01 
	0.73 
	0.31 
	0.17 

	Nokia
	degradation of 
5%-ile SNR
	0.03
	<0.01
	<0.01
	<0.01
	0.03
	<0.01
	<0.01
	<0.01

	
	Throughput loss
5%
	0.6
	　
	　
	　
	0.5
	　
	　
	　

	
	degradation of 
average SNR
	0.16
	<0.01
	<0.01
	<0.01
	0.15
	<0.01
	<0.01
	<0.01

	
	Throughput loss
 Average
	2.4
	　
	　
	　
	2.2
	　
	　
	　

	
	degradation of 
95%-ile SNR
	0.7
	<0.01
	<0.01
	<0.01
	0.6
	<0.01
	<0.01
	<0.01

	
	Throughput loss
 95%
	4.7
	　
	　
	　
	4.5
	　
	　
	　


1.1.4 Case16 –In-band uplink, LTE aggressor, NB-IoT victim

Table 6.4-16 Simulation results for case 16
	Case 16
LTE -> NB-IoT
48 UEs - 3.75 kHz
	LTE 0.9 GHz
	LTE 2 GHz

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

	Huawei
	0.15
	0.4
	0.72
	0.7
	0.18
	0.42
	0.8
	0.8

	Ericsson
	0.3
	0.3
	0.9
	1.1
	0.5
	0.4
	1
	1.2

	Intel
	5.6
	1.5
	1.2
	1.5
	5.9
	1.4
	1.1
	1.1

	ZTE
	0.33 
	0.50 
	1.09 
	1.30 
	0.32 
	0.50 
	1.09 
	1.37 

	Nokia
	0.2
	0.6
	1.9
	2.1
	0.2
	0.6
	2
	2.2


1.1.5 Background and conclusion

The power leakage modeling data with same granularity from different companies are not totally same (e.g. with/without filtering). The simulation results from different companies are based on their own power leakage model. Power leakage model is somehow dependent on implementation (e.g. filtering), sinc-shaped pulse filter could be regarded as the worst case.  Comment: Not sure this difference could really explain all results’ differences: we all have  similar power leakage, but still, simulations results are not converging.
NB-IoT can coexist with LTE in-band and guard band with the observations as follows,

· NB-IoT perform some interference on 1st adjacent LTE PRB, while the interference on other PRBs is insignificant or acceptable.

· Some impact on NB-IoT at high SNR. 

· Guard band operation perform slightly better coexistence compared to in-band operation.

<End of text proposal for TR>











































































