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1 Introduction

At RAN4#77 meeting, coexistence study assumptions and methodology for NB-IoT were discussed [1][2]. 
At RAN#70 meeting, the update WID of NB-IoT was approved where downlink numerology of NB-IoT is OFDMA 15 kHz sub-carrier spacing [3].
In this contribution, we propose the downlink coexistence simulation results between NB-IoT and legacy LTE/UMTS/GSM for stand-alone operation. 
2 Discussion
2.1 Simulation cases
Simulation cases for the downlink are summarized in Table 1.
Table 1 Simulation cases
	Cases
	Aggressor
	Victim

	1
	NB-IoT
	LTE

	2
	LTE
	NB-IoT

	3
	NB-IoT
	UMTS

	4
	UMTS
	NB-IoT

	5
	NB-IoT
	GSM

	6
	GSM
	NB-IoT


2.2 Simulation results
2.2.1 Case1: NB-IoT aggressor, LTE victim
1) For carrier frequency 900MHz, 
The results of LTE throughput loss are given in Figure 1 and summarized in Table 2. 
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Figure 1 LTE downlink throughput loss, 900MHz
Table 2 Summary of LTE downlink throughput loss, 900MHz
	BS ACLR (dB)
	40
	45
	50
	55
	60

	Average throughput loss (%), 900MHz
	1.7
	0.74
	0.38
	0.26
	0.22

	5%-ile throughput loss (%), 900MHz
	5.4
	2.2
	1.4
	1.1
	1.0


The SINR distribution of LTE can be observed in Figure 2.
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Figure 2 LTE downlink SINR distribution, 900MHz
2) For carrier frequency 2000MHz, 
The results of LTE throughput loss are given in Figure 3 and summarized in Table 3.
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Figure 3 LTE downlink throughput loss, 2000MHz
Table 3 Summary of LTE downlink throughput loss, 2000MHz

	BS ACLR (dB)
	40
	45
	50
	55
	60

	Average throughput loss (%), 2000MHz
	1.8
	0.77
	0.4
	0.27
	0.23

	5%-ile throughput loss (%), 2000MHz
	6.2
	2.3
	1.5
	1.2
	1.0


The SINR distribution of LTE can be observed in Figure 4.
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Figure 2 LTE downlink SINR distribution, 2000MHz
If GSM BS mask is assumed for NB-IoT, the equivalent ACLR can be regard larger than 60dB at the LTE victim’s bandwidth where frequency offset to the central of NB-IoT is larger than 600kHz (i.e. considering LTE internal guard) [4]. Accordingly, the throughput loss of LTE is less than 1% both for 900MHz and 2000MHz.
2.2.2 Case2: LTE aggressor, NB-IoT victim

1) For carrier frequency 900MHz, 

The result of NB-IoT SINR distribution is given in Figure 4.
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Figure 4 NB-IoT downlink geometry, 900MHz
2) For carrier frequency 2000MHz, 

The result of NB-IoT SINR distribution is given in Figure 5.
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Figure 5 NB-IoT downlink geometry, 2000MHz
If GSM UE ACS is assumed for NB-IoT, the equivalent ACS can be regard as 58dB at the LTE aggressor’s bandwidth where frequency offset to the central of NB-IoT is larger than 600kHz (considering LTE internal guard) [4]. Accordingly, the SINR loss of NB-IoT is expected very minor both for 900MHz and 2000MHz.
2.2.3 Case3: NB-IoT aggressor, UMTS victim
Carrier frequency 900MHz is assumed. Simulation result of UMTS capacity loss is summarized as follows.
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Figure 6 UMTS downlink capacity loss
Table 4 Summary of UMTS downlink capacity loss

	BS ACLR (dB)
	40
	45
	50
	55
	60

	Capacity loss (%)
	4.01
	2.27
	1.54
	1.32
	1.28


If GSM BS mask is assumed for NB-IoT, the equivalent ACLR can be regard larger than 60dB at the LTE victim’s bandwidth where frequency offset to the central of NB-IoT is larger than 680kHz (considering UMTS internal guard) [4]. Accordingly, the capacity loss of UMTS is less than 1.28%.
2.2.4 Case4: UMTS aggressor, NB-IoT victim

Carrier frequency 900MHz is assumed. Simulation result of NB-IoT SINR is summarized as follows.
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Figure 7 NB-IOT downlink geometry
If GSM UE ACS is assumed for NB-IoT, the equivalent ACS can be regard as 58dB at the LTE aggressor’s bandwidth where frequency offset to the central of NB-IoT is larger than 680kHz (considering UMTS internal guard) [4]. Accordingly, the SINR loss of NB-IoT is expected very minor.
2.2.5 Case5: NB-IoT aggressor, GSM vicitm
Simulation results of GSM SINR and outage are summarized as follows.
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Figure 8 GSM downlink geometry
Table 5 Summary of GSM downlink outage increase
	BS ACLR (dB)
	40
	45
	50
	55
	60

	Outage increase (-point %)
	3.4
	2.3
	1.9
	1.6
	1.5


If GSM BS mask is assumed for NB-IoT, the equivalent ACLR can be regard as 36dB at the adjacent GSM carrier and larger than 60dB for other GSM carriers (considering 100kHz additional guard) [4]. Accordingly, the GSM outage increase is around 1.5% for the adjacent GSM and less than 1.5% for other GSM carriers.
2.2.6 Case6: GSM aggressor, NB-IoT vicitm

Simulation result of NB-IoT SINR is summarized as follows.
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If GSM UE ACS is assumed for NB-IoT, the equivalent ACS at the adjacent GSM carrier can be regard as 47dB at the adjacent GSM carrier and larger than 55dB for other GSM carriers (considering 100kHz additional guard) [4]. Accordingly, the SINR loss of NB-IoT is expected very minor.
3 Conclusions
In this contribution we presented downlink coexistence study results between NB-IoT and other legacy systems. 
Observation 1: The impact on the downlink of legacy systems or NB-IoT due to the interference leakage between each other is minor for NB-IoT stand-alone operation.
Proposal 1: RAN4 approves to capture the above downlink coexistence study results for NB-IoT stand-alone operation.
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