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1. Introduction
This document evaluates the coexistence of NB-IoT system in stand-alone mode with other legacy 3GPP systems including LTE/UMTS/GSM in both uplink and downlink directions. The uncoordinated deployment as the worst case is applied to all the scenarios, where BSs of the victim system are deployed at the cell edge of the aggressor system.

2. Coexistence Simulation Results
As discussed in [1], the impact of aggressor system on victim system is generally evaluated as the victim system performance losses versus ACIR (Adjacent Channel Interference Ratio) and the agreed ACIR modelling method in [2] is applied for NB-IoT coexistence study.  In this section, the cases for NB-IoT coexisting with LTE and UMTS listed in Table 1 and Table 2 are evaluated. For clarity, ACLR and ACS values which determine the ACIR for each case will be briefly discussed. The more detained simulation assumptions please refer to [1].  Moreover, the same open loop power control model of set 1 for LTE UL agreed in [4] is reused for both LTE and NB-IoT systems in this study. 
	Cases
	Aggressor
	Victim
	Link Direction
	Deployment

	1
	NB-IoT
	LTE
	DL
	Uncoordinated

	2
	LTE
	NB-IoT
	DL
	Uncoordinated

	3
	NB-IoT
	LTE
	UL
	Uncoordinated

	4
	LTE
	NB-IoT
	UL
	Uncoordinated


Table 1 Simulation cases for coexistence of NB-IoT with LTE
	Cases
	Aggressor
	Victim
	Link Direction
	Deployment

	5
	NB-IoT
	UMTS
	DL
	Uncoordinated

	6
	UMTS
	NB-IoT
	DL
	Uncoordinated

	7
	NB-IoT
	UMTS
	UL
	Uncoordinated

	8
	UMTS
	NB-IoT
	UL
	Uncoordinated


Table 2 Simulation cases for coexistence of NB-IoT with UMTS
	Cases
	Aggressor
	Victim
	Link Direction
	Deployment

	9
	NB-IoT
	GSM
	DL
	Uncoordinated

	10
	GSM
	NB-IoT
	DL
	Uncoordinated

	11
	NB-IoT
	GSM
	UL
	Uncoordinated

	12
	GSM
	NB-IoT
	UL
	Uncoordinated


Table 3 Simulation cases for coexistence of NB-IoT with GSM
2.1. Simulation Results for NB-IoT with LTE 
For case 1 of NB-IoT as aggressor and LTE as victim in DL, the ACIR is determined by ACLR (Adjacent Channel Leakage Power Ratio) of NB-IoT BS and ACS (Adjacent Channel Selectivity) of LTE UE.  For ACS of LTE UE, the value of ACS is agreed to be 33 dB in [2]. While for ACLR of NB-IoT BS, several values of ACLR with certain step could be assumed. In this study, ACLR is assumed to be 40, 45 and 50 dB. In order to calculate ACIR for the considered coexistence scenario, ACLR is firstly converted from aggressor system bandwidth (narrow band of 180KHz) to victim system bandwidth (wideband of 9MHz) as discussed in [4 ] and then be combined with ACS of  LTE UE.
For clarity, the ACLR and ACS values are listed again in Table 3. 
	ACS of 
LTE UE [dB]
	ACLR of 
NB-IoT BS [dB]

	33
	40

	
	45

	
	50

	
	55


Table 4.  Case 1: NB-IoT as aggressor and LTE as victim DL
In Figure 1, the LTE system performance losses in term of average throughput losses and 5%-tile throughput losses versus ACLRs are depicted. 
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Figure 1: LTE system performance degradation due to interference from NB-IoT system
For the scenario of LTE as aggressor and NB-IoT as victim in DL defined as case 2 in Table 1, the ACIR is determined by ACLR of LTE BS and ACS of NB-IoT UE.  For ACLR of LTE BS, the value of ACLR is agreed to be 45 dB in [2]. While for ACS of NB-IoT UE, several values of ACS with certain step are assumed. In this study, ACS is assumed to be 30, 35 and 40 dB. Moreover, given the converted ACLR from wideband to narrow band is even larger, the ACIR for the considered coexistence scenario will be dominated by ACS of NB-IoT UE.     

For clarity, the above discussed ACLR and ACS values are listed again in Table 2. 
	ACLR of 

LTE BS [dB]
	ACS of 

NB-IoT UE [dB]

	45
	30

	
	35

	
	40


Table 5.  Case 2: LTE as aggressor and NB-IoT as victim DL

Coexistence simulation results for scenario of LTE as aggressor and NB IoT as victim in DL are illustrated in Figure 2 with subcarrier spacing of 15 kHz. 
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Figure 2: NB-IoT system performance degradation due to interference from LTE system Downlink
For case 3 of NB-IoT as aggressor and LTE as victim in UL, the ACIR is determined by ACLR of NB-IoT UE and ACS of LTE BS.  The value of ACS for LTE BS is agreed to be 45 dB in [2]. While ACLR value of NB-IoT UE varies from 40 dB to 50dB with step of 5. For clarity, the above discussed ACLR and ACS values are listed in Table 5. 
	ACS of 

LTE BS [dB]
	ACLR of 

NB-IoT UE [dB]

	45
	40

	
	45

	
	50


Table 6.  Case 3: NB-IoT as aggressor and LTE as victim UL
[image: image3.jpg]Thoughput loss [%]

20

LTE Victim and NB-loT Aggressor Uplink: Uncoordinated Deployment

18

16

14

12

101

T T T T T T
Average thoughput loss
= 5%-ile throughput loss

4

42

43

i I
44 45 46 47 48 49 50
NB-loT UE ACLR




Figure 3: LTE system performance degradation due to interference from NB-IoT system Uplink
For case 4 of LTE as aggressor and NB-IoT as victim in UL, the ACIR is determined by ACLR of LTE UE and ACS of NB-IoT BS.  Similarly, the ACS of NB-IoT BS could take several values. In this study, ACS is assumed to be 40, 45, 50 and 55 dB.   For LTE UE ACLR, two approaches are evaluated for comparison purpose. The one is used in [5], where a single value of 45 dB is assumed.   The other is the so-called two stages ACLR model proposed in [4].   

For clarity, the ACLR from both approaches 1 and 2 along with ACS values are listed in Tables 6-1 and 6-2, respectively. 
	ACLR of 

LTE UE [dB]
	ACS of 

NB-IoT BS [dB]

	45
	40

	
	45

	
	50

	
	55


Table 7-1.  Case 4: NB-IoT as victim and LTE as aggressor UL
	ACLR1 and ACLR2  of 

LTE UE [dB]
	ACS of 

NB-IoT BS [dB]

	ACLR1=30

  ACLR2=43
	40

	
	45

	
	50

	
	55


Table 7-2.  Case 4: NB-IoT as victim and LTE as aggressor UL
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Figure 4-1: NB-IoT system performance degradation due to interference from LTE system Uplink
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Figure 4-2: NB-IoT system performance degradation due to interference from LTE system Uplink
2.2. Simulation Results for NB-IoT with UMTS 

In this subsection, simulation results for the cases of 5, 6, 7 and 8 for NB-IoT coexisting with UMTS are illustrated in Figure 5, 6, 7 and 8.  For the legacy system of UMTS, the ACS/ACLR of UMTS BS/UE is taken the same value as in the previous coexistence study agreed in [2]. For the new system of NB-IoT, ACS/ALCR for BS/UE may take serval values with certain steps. For clarity, the ACS and ACLR values of interest depending on the specific scenario are given of each case.   
	ACS of 

UMTS UE [dB]
	ACLR of 

NB-IoT BS [dB]

	33
	35

	
	40

	
	45


Table 8.  Case 1: NB-IoT as aggressor and UMTS as victim DL
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Figure 5: UMTS system performance degradation due to interference from NB-IoT system Downlink

	ACLR of 

UMTS BS [dB]
	ACS of 

NB-IoT UE [dB]

	45
	30

	
	35

	
	40


Table 9.  Case 6: UMTS as aggressor and NB-IoT as victim DL
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Figure 6: NB-IoT system performance degradation due to interference UMTS system Downlink
	ACS of 

UMTS BS [dB]
	ACLR of 

NB-IoT UE [dB]

	45
	40

	
	45

	
	50

	
	55

	
	60


Table 10.  Case 7: NB-IoT as aggressor and UMTS as victim UL
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Figure 7: UMTS system performance degradation due to interference from NB-IoT system Uplink

	ACLR of 

UMTS UE [dB]
	ACS of 

NB-IoT BS [dB]

	33
	40

	
	45

	
	50


Table 11.  Case 8: NB-IoT as victim and UMTS as aggressor UL
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Figure 8: NB-IoT system performance degradation due to interference from UMTS system Uplink
2.3. Simulation Results for NB-IoT with GSM
In this subsection, the coexistence of NB-IoT with GSM with uncoordinated deployment is studied, where GSM is assumed to have 4/12 frequency reuse pattern [7] and deployed at one end of GSM carriers with 100kHz guard band.  For case 9 of NB-IoT as aggressor and GSM as victim DL, the ACS of GSM UE and ACLR of NB-IoT BS determine the ACIR value. The ACS of GMS UE could be derived from [6]. ACLRadj-1 of NB-CIoT BS for the first adjacent channel and ACLRadj-2 for the second adjacent channel are derived based on the GSM PSD mask as worst case given NB-CIoT PSD curve is under GSM PSD mask as shown in [7]. In this input, a realist model of using ACIRadj-1 of 32 dB for the first adjacent channel and ACLRadj-2 of 55 dB for all the rest adjacent channels is proposed. Additionally, an offset of -5, 0 and 5 applied to the ALCR values for all channels to follow the similar method of modelling ACIR which includes several values when modelling ACS and ACLR for NB-IoT system. 
	ACLR of NB-IoT BS [dB]

	ACLRadj-1
	ACLRadj-2 
	Notes

	32 dB
	55 dB 
	ACLRadj-n for all the rest adjacent channels with index greater than 2 are assumed to be 55 dB


Table 12. Case 9: NB-IoT as aggressor and GSM as victim DL 
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Figure 9: GSM system performance degradation due to interference from NB-IoT system Downlink
For the case 10 of GSM as aggressor and NB-IoT as victim downlink, GSM BS ACLR is derived from [6] and NB-IoT UE ACS varies from 30 dB to 40 dB with step 5.  
[image: image11.jpg]C.D.F. [%]

GSM Aggressor and NB-loT Victim Downlink: Uncoordinated Deployment

100 T T T T T T

90+

70+

60

40+

30

Baseline

= ACS=30 ||

ACS=35
ACS=40

-20 -15 -10 -5 0 5 10 15
Geometry [dB]





Figure 10: NB-IoT system performance degradation due to interference from GSM system Downlink

For the case 11 of NB-IoT as aggressor and GSM as victim uplink, GSM BS ACS is derived from [6] and NB-IoT UE ACLR takes values of 30, 35, 40 and 45 dB. 
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Figure11: GSM system performance degradation due to interference from NB-IoT system Uplink

For the case 12 of NB-IoT as victim and GSM as aggressor uplink, GSM UE ACLR is derived based on emission marsk from [6] and  NB-IoT BS ACS are assumed to be 40, 45, 50 and 55 dB.  
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Figure12: NB-IoT system performance degradation due to interference from GSM system Uplink

3. Conclusions
The coexistence simulation results for NB IoT with LTE/UMTS/GSM with uncoordinated deployment in both DL and UL are discussed. The results indicate that the NB-IoT could be deployed in the adjacent frequency bands of LTE/ UTMS/GSM without causing significant impact to LTE/UMTS/GSM and vice versa. 

The more detailed observations are as follows:

The impact from NB-IoT to LTE system in both UL and DL is small in terms of throughput losses. Though the NB-IoT UL performance degrades a bit due to interference from LTE UEs, the performance losses become small when NB-IoT BS ACS could achieve 50 dB.

Regarding the coexistence of NB-IoT with UMTS, UMTS system has almost negligible impact to NB-IoT in both DL and UL direction. Furthermore, the impact from NB-IOT to UMTS in DL is insignificant. In case of UMTS UL as a victim, when NB-IoT UE’s ACLR is around 55 dB, the capacity losses becomes lower than 5%.

For NB-IoT coexisting with GSM case, no significant performance losses are observed in DL directions for GSM as victim with NB-IoT as aggressor as well as for the case of NB-IoT as victim and GSM as aggressor. For the UL direction, GSM is not much impacted by NB-IoT in the SINR region lower than target SINR partly due to strict UL power control.  When considering the case of NB-IoT as victim in UL, if NB-IoT BS ACS is around 50 dB, the system outage loss becomes negligible.  
All these results have been obtained considering full buffer load for both victim and aggressor systems. In more realistic operating conditions, the impact from/to NB-IOT to/from cellular systems is expected to be limited.
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