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1 Introduction
This paper contains a coexistence evaluation for NB-LTE. Scenarios include standalone deployment vs. GSM/UMTS/LTE, and inband deployment vs LTE. 
Parameters and assumptions are taken from TR 45.820 [1], whenever possible.
The NB-LTE system simulated is as described in [5].
2 Scenarios
The following simulations scenarios have been investigated, aligning with TR 45.820 [1].
[bookmark: _Ref429489712]Table 1: Simulation cases for NB-LTE coexistence
	Case
	Aggressor
	Victim
	Link direction
	GSM frequency reuse
	Deployment

	1
	NB LTE
	GSM
	Downlink
	4/12
	Uncoordinated

	2
	NB LTE
	GSM
	Downlink
	3/9
	Uncoordinated

	3
	NB LTE
	GSM
	Uplink
	4/12
	Uncoordinated

	4
	NB LTE
	GSM
	Uplink
	3/9
	Uncoordinated

	5
	GSM
	NB LTE
	Downlink
	4/12
	Uncoordinated

	6
	GSM
	NB LTE
	Downlink
	3/9
	Uncoordinated

	7
	GSM
	NB LTE
	Uplink
	4/12
	Uncoordinated

	8
	GSM
	NB LTE
	Uplink
	3/9
	Uncoordinated

	9
	NB LTE
	LTE
	Downlink
	N/A
	Uncoordinated

	10
	NB LTE
	LTE
	Uplink
	N/A
	Uncoordinated

	11
	LTE
	NB LTE
	Downlink
	N/A
	Uncoordinated

	12
	LTE
	NB LTE
	Uplink
	N/A
	Uncoordinated

	13
	NB LTE
	UMTS
	Downlink
	N/A
	Uncoordinated

	14
	NB LTE
	UMTS
	Uplink
	N/A
	Uncoordinated

	15
	UMTS
	NB LTE
	Downlink
	N/A
	Uncoordinated

	16
	UMTS
	NB LTE
	Uplink
	N/A
	Uncoordinated



TR 45.820 also looks at a number of coordinated scenarios for the same amount of guard-band. Since these show smaller impact than uncoordinated scenarios they are not considered here. 
However, uncoordinated deployment is not envisioned for NB-LTE inband deployment. Hence the following scenarios are added.
	Case
	Aggressor
	Victim
	Link direction
	Deployment

	17
	NB LTE
	LTE
	Uplink
	Coordinated inband

	18
	LTE
	NB-LTE
	Uplink
	Coordinated inband


3 Simulation assumptions
The simulation assumptions in this paper are as described in TR 45.820 [1], Annex G, which in turn points to TR 36.942 [2] for LTE related assumptions. Table 2 lists assumptions for NB-LTE. Table 3 lists the performance metrics that have been used to evaluate simulation results.
Table 2: NB-LTE Input parameters for coexistence simulations
	Parameter
	Assumption (NB-LTE)

	Cellular Layout
	For coexistence with GSM, Inter-site distance 1732m
For coexistence with LTE and UMTS, Inter-site distance 750m

	Frequency usage
	1

	System bandwidth
	180 kHz

	Output power
	BS: 43 dBm fixed, UE: -40 dBm to +23 dBm

	Power control
	-See sub-clause 5.1.1.6 of 3GPP TR 36.942, 
-P0: -104 dBm/90 kHz channel, -120/2.5 kHz channel
(equivalent SNR as PC set 1 -101 dBm/180 kHz)

-Alpha: 1, full path-loss compensation

	System loading
	- Traffic model: full buffer
- Downlink: 1 active UE per sub-frame, 180 kHz channel
- Uplink: 2 active UEs per sub-frame (90 kHz channel)
It is shown in cases 3 and 4, that the number of active UEs per sub-frame does not impact the results. A higher number of users lead to lower channel bandwidths, which in turn scales down the power control target to achieve desired SNR.

	ACLR/ACS
	For BS,
- ACLR: [40,45,50] dB (varied around LTE’s 45 dB)
- ACS: [40,45,50] dB (varied around LTE’s 45 dB)
For UE,
-ACLR2: [30,35,40,45,50] dB (varied around LTE’s ACLR2 of 43 dB)
-ACS: [30,35,40] dB (varied around LTE’s 33 dB) 
In these simulations, it is assumed that these levels do not vary with frequency separation from the carrier.
It is assumed that the listed ACLR is achievable in the bandwidth of the victim channel, due to the existence of a guard band. 
In the UL maximum half of the system bandwidth is used. Together with the guardband assumption this means that ACLR2 should be applicable in the bandwidth of the victim channel. See Table 5.2 in TR 36.942 for similar assumptions.

	Carrier separation
	To GSM: 110 kHz guardband (300 kHz center-to-center)
To LTE: 110 kHz guardband to LTE system bandwidth


	Building penetration loss
	As per TR 45.820, not used when acting as UL aggressor

	Parameter
	Assumption (GSM)

	Output power
	BS: 43 dBm, MS: From 5 dBm to 33 dBm

	System loading
	- Traffic model: Full load, 8/8 timeslots in use per carrier

	Power control
	-For outage evaluation, CS power control model according to TR 25.816
-For throughput degradation, PS (EGPRS) power control where max power is used unless at maximum throughput.

	Parameter
	Assumption (LTE)

	Output power
	BS: 46 dBm fixed, UE: -40 dBm to +23 dBm

	System bandwidth
	10 MHz

	Parameter
	Assumption (UMTS)

	Output power
	BS: 43 dBm, UE: -50 dBm to +21 dBm

	System bandwidth
	5 MHz




Table 3: Performance metrics for coexistence simulations
	Metric
	Metrics

	Outage increase
	Relative increase of nodes below SINR threshold expressed as percentage points.
Applicable for GSM with SINR threshold 8.5 dB in DL, and 5.5 dB in UL.
Applicable for NB-LTE with SINR threshold -4.55 dB in DL, and -4.0 dB in UL, corresponding to link budget for 164 dB coupling loss. All NB-LTE links are measured against this threshold, since it is assumed that links can be adapted.-Not applied for LTE
Results summarized for 1% and 2% outage increase compared to infinitely high NB-LTE ACLR/ACS

	Throughput degradation
	-SINR is mapped to throughput (LTE: TR36.942, GSM: GP-081127). 
-Results are summarized for 5% average throughput degradation.
-Not applied for NB-LTE
-Note that for GSM, data channels are often transmitted with full power. This means that it can be discussed whether CS power control from TR 25.816 model GSM data performance realistically.

	Capacity
	-Applicable for UMTS
For DL, this corresponds to the number of satisfied users (not in outage, Eb/N0 target 7.9 dB in DL and 6.1 dB in UL)
For UL, capacity is the number of users where 6 dB noise rise is reached



4 Results
Case 1-2: Aggressor: NB-LTE, Victim: GSM, Direction DL
Simulation results for NB-LTE interference into the GSM DL can be found below. 
It can be seen that for GSM outage increase below 1%, the NB-LTE UE would need up to 50 dB ACLR. For outage increase below 2%, the NB-LTE UE would need up to 45 dB ACLR. For GSM throughput degradation below 5%, NB-LTE would need up to 45 dB ACLR (case 2 not considered here since GSM CS power control is not applicable).
ACLR GSM ACS levels are taken from TS 45.005 for adjacent channel protection. NB-LTE ACLR is scaled for the slightly larger GSM channel BW.
Table 4: NB-LTE into GSM DL, adjacent channel isolation parameters
	ACLR
	ACS
	ACIR 

	NB-LTE ACLR [dB]
	ACLR Scaled to victim bandwidth (200 kHz) [dB]
	GSM
ACS1, ACS2, ACS2+ [dB]
	ACIR1, ACIR2, ACIR2+ [dB] for first, second and above adjacent GSM channels

	40
	39.5
	18, 50, 58 
(TS 45.005)
	18, 39, 39

	45
	44.5
	
	18, 43, 44

	50
	49.5
	
	18, 47, 49
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	[bookmark: _Ref197333857]Figure 1. Case 1, DL SINR for GSM 4/12 no power control
	Figure 2. Case 2, DL SINR for GSM 3/9 with CS power control
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	Figure 3. Case 2, DL SINR for GSM 3/9 with EGPRS power control
Table 5: NB-LTE into GSM DL, results
	

	
	Case 1
	Case 2

	NB-LTE ACLR [dB]
	40
	45
	50
	40
	45
	50

	Outage increase [%-points]
	2.8
	1.5
	0.8
	2.5
	1.7
	0.5

	Avg. throughput loss [%]
	6.0
	3.2
	1.6
	5.2
	2.8
	1.4

	5th prctile throughput loss [%]
	40.2
	23.6
	11.5
	34
	21
	11



Case 3-4: Aggressor: NB-LTE, Victim: GSM, Direction UL
Simulation results for NB-LTE interference into the GSM UL can be found below.
It can be seen that for GSM outage increase below 1%, the NB-LTE UE would need up to 35 dB ACLR2. For outage increase below 2%, the NB-LTE UE would need up to 30 dB ACLR. For GSM throughput degradation below 5%, NB-LTE would need up to 20 dB ACLR2. 
ACLR GSM ACS levels are taken from TS 45.005 for adjacent channel protection. However, since a 100 kHz guard-band is assumed between NB-LTE and GSM, the applicable GSM protection level will vary depending on what part of the NB-LTE channel that is being used for 80 kHz transmission. Transmission on sub-carriers #33-64 will for these guard-band assumptions be outside of the first adjacent GSM channel, hence ACP 18 dB will not be applied. Instead the ACP value for the second adjacent GSM channel will be used instead. 
NB-LTE ACLR is scaled for the slightly larger GSM channel BW.
Table 6: NB-LTE into GSM DL, adjacent channel isolation parameters
	ACLR
	ACS
	ACIR 

	NB-LTE UE ACLR2 [dB]
	ACLR Scaled to victim bandwidth (200 kHz) [dB]
	GSM
ACS1, ACS2, ACS2+ [dB]
	ACIR1, ACIR2, ACIR2+ [dB] for first, second and above adjacent GSM channels

	30
	29.5
	subcarrier #1-36:
18, 50, 58
subcarrier #37-64
50, 58, 58
	subcarrier #1-36:
18, 30, 30
subcarrier #37-72:
30, 30, 30

	35
	34.5
	
	subcarrier #1-36:
18, 34, 35
subcarrier #37-72:
34, 35, 35

	40
	39.5
	
	subcarrier #1-36:
18, 39, 39
subcarrier #37-72:
39, 39, 39

	45
	44.5
	
	subcarrier #1-36:
18, 43, 44
subcarrier #37-72:
43, 44, 44

	50
	49.5
	
	subcarrier #1-36:
18, 47, 49
subcarrier #37-72:
47, 49, 49



Results for 2 NB-LTE UEs per cell:
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	Figure 4. Case 3, UL SINR for GSM 4/12 with CS power control
	Figure 5. Case 4, UL SINR for GSM 3/9 with CS power control
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	Figure 6. Case 3, UL SINR for GSM 4/12 with EGPRS power control
	Figure 7. Case 4, UL SINR for GSM 3/9 with EGPRS power control



Table 7: NB-LTE into GSM UL, results
	
	Case 1
	Case 2

	NB-LTE ACLR2 [dB]
	30
	35
	40
	45
	50
	30
	35
	40
	45
	50

	Relative outage increase [%]
	1
	0.4
	0.2
	0.06
	0.02
	1.3
	0.7
	0.4
	0.2
	0.2

	Avg. throughput loss [%]
	3.0
	1.6
	0.8
	0.4
	0.2
	2.7
	1.4
	0.7
	0.3
	0.07

	5th prctile throughput loss [%]
	20
	11
	4.4
	2.4
	0.9
	15
	7
	2.5
	0.7
	0.5



Results for 72 NB-LTE UEs per cell:
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	Figure 8. Case 4. 72 NB-LTE UEs per cell
	Figure 9. Case 4. 2 NB-LTE UEs per cell


Results for 72 NB-LTE UEs per cell have not been studied in detail in this paper, because the impact towards the adjacent system is very similar. Having 72 users in 2.5 kHz each gives a very similar amount of interference as 2 users in 90 kHz each. The reason is that the power control target (P0) is proportional to the channel bandwidth, which in turn is inversely proportional to the numbers of users. 
Case 5-6: Aggressor: GSM, Victim: NB-LTE, Direction DL
Simulation results for GSM interference into the NB-LTE DL can be found below. It can be seen that for NB-LTE outage increase below 1%, the NB-LTE UE would need up to 40 dB ACS. For outage increase below 2%, the NB-LTE UE would need up to 35 dB ACS. 
Table 8: GSM into NB-LTE DL, adjacent channel isolation parameters
	Input parameters
	Simulation parameter 

	GSM ACLR180kHz [dB]
	NB-LTE
ACS
	ACIR1, ACIR2, ACIR2+ [dB]

	GSM ACLR is integrated from the emission mask [3] over the NB-LTE victim [180 kHz]. Guard-band is considered. (Or ‑60 dBc IM3, whichever less stringent.)

	30
	30, 30, 30

	
	35
	35, 35, 35

	
	40
	40, 40, 40
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	Figure 10. Case 5, NB-LTE DL SINR for GSM 4/12 no power control
	Figure 11. Case 6, NB-LTE DL SINR for GSM 3/9 with power control


Table 9: GSM into NB-LTE DL, results
	
	Case 5
	Case 6

	NB-LTE UE ACS[dB]
	30
	35
	40
	30
	35
	40

	Outage increase [%-points]
	3.8
	2.0
	1.0
	0.06
	0.04
	~0


Case 7-8: Aggressor: GSM, Victim: NB-LTE, Direction UL
Simulation results for GSM interference into the NB-LTE UL can be found below. It can be seen that for NB-LTE outage increase below 1%, NB-LTE would need up to 50 dB ACS. For outage increase below 2%, NB-LTE would need up to 45 dB ACS. 
Table 10: NB-LTE into GSM UL, adjacent channel isolation parameters
	Input parameters
	Simulation parameter 

	GSM ACLR [dB]
	NB-LTE
ACS
	ACIR1, ACIR2, ACIR2+ [dB]

	GSM ACLR is integrated from the emission mask [3] over the NB-LTE victim [90 kHz and below]. Guard-band is considered.
	40
	subcarrier #1-36:
38, 40, 40
subcarrier #37-72:
40, 40, 40

	
	45
	subcarrier #1-36:
41, 45, 45
subcarrier #37-72:
45, 45, 45

	
	50
	subcarrier #1-36:
42, 50, 50
subcarrier #37-72:
49, 50, 50
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	Figure 12. Case 7, NB-LTE UL SINR for GSM 4/12 no power control
	Figure 13. Case 8, NB-LTE UL SINR for GSM 3/9 with power control


Table 11: GSM into NB-LTE UL, results
	
	Case 7
	Case 8

	NB-LTE BS ACS[dB]
	40
	45
	50
	40
	45
	50

	Outage increase [%-points]
	4.2
	1.8
	0.7
	5.1
	2.0
	0.7



It can be seen that these degradations are relatively modest compared to degradations seen in TR 45.820 for similar scenarios. It is possible to come closer to these levels by modifying NB-LTE power settings. Lower SNR target from 15 dB to 5 dB gives bigger impact:
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	Figure 14. Case 8, NB-LTE UL SINR for GSM 3/9 with power control, 10 dB lower NB-LTE SNR target (5 dB SNR).
	



Table 12: GSM into NB-LTE UL, lower SNR target, results
	
	Case 8

	NB-LTE BS ACS[dB]
	40
	45
	50

	Outage increase [%-points]
	18
	10
	4.6



Case 9: Aggressor: NB-LTE, Victim: LTE, Direction: DL
Simulation results for NB-LTE interference into the LTE DL can be found below. It can be seen that the average LTE throughput degradation is below 5% for all simulated NB-LTE ACLR levels.
Note that uncoordinated deployments of NB-LTE and  LTE are not likely when both are operated by the same operator.
Table 13: NB-LTE into LTE DL, adjacent channel isolation parameters
	ACLR
	ACS
	ACIR 

	NB-LTE ACLR [dB]
	ACLR Scaled to victim bandwidth (9 MHz) [dB]
	LTE ACS
	ACIR into 9 MHz

	40
	23
	33
	23

	45
	28
	
	27

	50
	33
	
	30
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	Figure 15. Case 9, LTE DL throughput degradation when interfered by NB-LTE


Case 10: Aggressor: NB-LTE, Victim: LTE, Direction UL
Simulation results for NB-LTE interference into the LTE UL can be found below. It can be seen that the average LTE throughput degradation is below 5% for all simulated NB-LTE ACLR levels.
Table 14: NB-LTE into LTE DL, adjacent channel isolation parameters
	ACLR
	ACS
	ACIR 

	NB-LTE ACLR [dB]
	ACLR Scaled to victim bandwidth (9 MHz) [dB]
	LTE ACS
	ACIR into 9 MHz

	40
	23
	45
	23

	45
	28
	
	28

	50
	33
	
	33
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	Figure 16. Case 9,ISD, LTE UL throughput degradation when interfered by NB-LTE
	


Case 11: Aggressor: LTE, Victim: NB-LTE, Direction DL
Simulation results for LTE interference into the NB-LTE DL can be found below. It can be seen that for NB-LTE outage increase below 2%, the NB-LTE UE would need up to 40 dB ACS. 1% outage increase was not achieved.
Note that uncoordinated deployments of NB-LTE and LTE are not likely when both are operated by the same operator.

Table 15: NB-LTE into LTE DL, adjacent channel isolation parameters
	ACLR
	ACS
	ACIR 

	LTE ACLR [dB]
	ACLR Scaled to victim bandwidth (9 MHz) [dB]
	NB-LTE UE ACS [dB]
	ACIR [dB]

	45
	62
	30
	30

	
	
	35
	35

	
	
	45
	45
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	Figure 17. Case 11 ISD 500m, NB-LTE DL interfered by LTE
	


Table 16: LTE into NB-LTE DL, results
	
	

	NB-LTE UE ACS[dB]
	30
	35
	40

	Outage increase [%-points]
	4.7
	2.8
	1.5


Case 12: Aggressor: LTE, Victim: NB-LTE, Direction UL
Simulation results for NB-LTE interference into the GSM UL can be found below. It can be seen that for NB-LTE outage increase below 2%, the NB-LTE UE would need up to 50 dB ACS. 1% outage increase was not achieved.

Table 17: NB-LTE into LTE UL, adjacent channel isolation parameters
	ACLR
	ACS
	ACIR 

	LTE ACLR [dB]
	ACLR Scaled to victim bandwidth (9 MHz) [dB]
	NB-LTE BS ACS [dB]
	ACIR [dB]

	45
	62
	40
	40

	
	
	45
	45

	
	
	50
	50
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	Figure 18. Case 12,  NB-LTE UL interfered by LTE. 
	


Table 18: LTE into NB-LTE UL, results
	
	Case 12: ISD 750m

	NB-LTE BS ACS[dB]
	40
	45
	50

	Outage increase [%-points]
	3.9
	1.3
	0.5


Case 13: Aggressor: NB-LTE, Victim: UMTS, Direction: DL

Table 19: NB-LTE into UMTS DL, adjacent channel isolation parameters
	ACLR
	ACS
	ACIR 

	NB-LTE BS ACLR [dB]
	ACLR Scaled to victim bandwidth (5 MHz) [dB]
	UMTS UE ACS [dB]
	ACIR [dB]

	40
	25
	33
	25

	45
	30
	
	30

	50
	35
	
	35



Table 20: NB-LTE into UMTS DL, results
	
	

	NB-LTE ACLR dB]
	40
	45
	50

	Capacity degradation [% ]
	11
	6
	2



Case 14: Aggressor: NB-LTE, Victim: UMTS, Direction: UL
Table 21: NB-LTE into UMTS UL, adjacent channel isolation parameters
	ACLR
	ACS
	ACIR 

	NB-LTE UE ACLR2 [dB]
	ACLR Scaled to victim bandwidth (5 MHz) [dB]
	UMTS BS ACS[dB]
	ACIR [dB]

	40
	25
	45
	25

	45
	30
	
	30

	50
	35
	
	35



[bookmark: _Ref429489731]Table 22: NB-LTE into UMTS UL, results
	SNR target
	15 dB
	5 dB

	NB-LTE ACLR2 dB]
	40
	45
	50
	40
	45
	50

	Capacity degradation [% ]
	21
	13
	5
	3
	1
	0.3



SNR target 15 dB is used as the setting for NB-LTE UL throughout this report since it corresponds to E-UTRA power control set 1. We see that the resulting degradation of the UMTS UL is significant. This is consistent with similar studies made in TR 36.942 7.1.1.3, where we see comparable degradation for LTE 5MHz aggressor. The results can be expected given the simulation assumptions and methodology and is not specific to NB-LTE. One mitigation option can be to reduce the NB-LTE SNR target. Results are also shown in Table 22 for an SNR target of 5 dB.
Case 15: Aggressor: UMTS, Victim: NB-LTE, Direction: DL
Table 23: NB-LTE into LTE DL, adjacent channel isolation parameters
	ACLR
	ACS
	ACIR 

	UMTS BS ACLR [dB]
	ACLR Scaled to victim bandwidth [dB]
	NB-LTE UE ACS [dB]
	ACIR [dB]

	45
	60
	30
	30

	
	
	35
	35

	
	
	40
	40
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	Figure 19. Case 15, NB-LTE DL interfered by UMTS


Table 24: UMTS into NB-LTE DL, results
	
	

	NB-LTE UE ACS[dB]
	30
	35
	40

	Outage increase [%-points]
	2.1
	1.2
	0.5



Case 16: Aggressor: UMTS, Victim: NB-LTE, Direction: UL
Table 25: NB-LTE into LTE DL, adjacent channel isolation parameters
	ACLR
	ACS
	ACIR 

	UMTS UE ACLR [dB]
	ACLR Scaled to victim bandwidth [dB]
	NB-LTE UE ACS [dB]
	ACIR [dB]

	33
	48
	40
	39

	
	
	45
	43

	
	
	50
	46
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	Figure 20. Case 16, NB-LTE UL interfered by UMTS


Table 26: UMTS into NB-LTE UL, results
	
	

	NB-LTE BS ACS[dB]
	40
	45
	50

	Outage increase [%-points]
	0.01
	0
	0



Case 17: Aggressor: NB-LTE, Victim: LTE, Direction UL, coordinated inband
Assuming that the interference is dominated by OFDM sub-carrier mismatch, ACLR and ACS is not considered.  Instead,  power leakage (dBc) is applied flat across the LTE carriers, comparing the received PSD over the two system bandwidths.
Assuming that this leakage would only apply only for the closest PRB, then below results would reflect the performance of that PRB.
15 dB SNR power control target is assumed for both systems.
[image: ]
Figure 21. Case 17,  LTE UL interfered by NB-LTE, coordinated inband.
Case 18: Aggressor: LTE, Victim: NB-LTE, Direction UL, coordinated inband
Assuming that the interference is dominated by OFDM sub-carrier mismatch, ACLR and ACS is not considered.  Instead, a power leakage (dBc) is applied flat across NB-LTE, comparing the received PSD over the two systems bandwidths.

15 dB SNR power control target is assumed for both systems.

[image: ]
Figure 22. Case 18, NB-LTE UL interfered by LTE, coordinated inband.

Table 27: NB-LTE into LTE UL, results
	
	

	Leakage [dB]
	15
	20
	25
	30

	Outage increase [%-points]
	0.3
	0.1
	0.01
	0.01




5 Results summary

	Case
	Aggressor
	Victim
	Link direction
	GSM frequency reuse
	Observation

	1
	NB LTE
	GSM
	Downlink
	4/12
	Outage increase <1% for NB-LTE BS ACLR 50 dB
Outage increase <2% for NB-LTE BS ACLR 45 dB

	2
	NB LTE
	GSM
	Downlink
	3/9
	

	3
	NB LTE
	GSM
	Uplink
	4/12
	Outage increase <1% for NB-LTE UE ACLR2 30 dB

	4
	NB LTE
	GSM
	Uplink
	3/9
	Outage increase <1% for NB-LTE UE ACLR2 35 dB
Outage increase <2% for NB-LTE UE ACLR2 30 dB

	5
	GSM
	NB LTE
	Downlink
	4/12
	Outage increase <1% for NB-LTE UE ACS 40 dB
Outage increase <2% for NB-LTE UE ACS 35 dB

	6
	GSM
	NB LTE
	Downlink
	3/9
	Very small impact over simulated parameter range

	7
	GSM
	NB LTE
	Uplink
	4/12
	Outage increase <1% for NB-LTE BS ACS 50 dB
Outage increase <2% for NB-LTE BS ACS 45 dB

	8
	GSM
	NB LTE
	Uplink
	3/9
	

	9
	NB LTE
	LTE
	Downlink
	N/A
	Average throughput loss <5% for BS NB-LTE ACLR 40 dB

	10
	NB LTE
	LTE
	Uplink
	N/A
	Average throughput loss <5% for UE NB-LTE ACLR2 40 dB

	11
	LTE
	NB LTE
	Downlink
	N/A
	Outage increase <1% not reached in simulated range
Outage increase <2% for NB-LTE ACS 40 dB

	12
	LTE
	NB LTE
	Uplink
	N/A
	Outage increase <1% for NB-LTE BS ACS 45 dB
Outage increase <2% for NB-LTE BS ACS 50 dB

	13
	NB LTE
	UMTS
	Downlink
	N/A
	Capacity degradation <10 % NB-LTE BS ACLR 45 dB
Capacity degradation <5% NB-LTE BS ACLR 50 dB

	14
	NB LTE
	UMTS
	Uplink
	N/A
	Capacity degradation <5% NB-LTE UE ACLR2 50 dB

	15
	UMTS
	NB LTE
	Downlink
	N/A
	Outage increase <1% not reached in simulated range
Outage increase <2% for NB-LTE ACS 40 dB

	16
	UMTS
	NB LTE
	Uplink
	N/A
	Very small impact over simulated parameter range



With the exception of cases 11, 14 and 15, these simulations indicate that it should be feasible to adopt LTE-like ACLR and ACS requirements also for NB-LTE, considering the 2% outage criterion.
For cases 11 and 15, UMTS and LTE interference into NB-LTE DL, the results indicate that NB-LTE UE ACS may need to be more stringent (>33 dB). However, we should note these results are based on a flat ACS response. In a NB-LTE UE receiver good ACS would be more easily achieved outside the first few adjacent channels. Here, the LTE carrier spans 50 of the NB-LTE adjacent channels.
For case 14, NB-LTE interference into UMTS UL, the results indicate that NB-LTE UE ACLR2 may need to be more stringent (>43 dB). However, it is also shown that degradation in this scenario is highly dependent on NB-LTE power control assumptions. A lower SNR target will reduce UMTS UL capacity degradation significantly. This needs to be taken into account going forward.
 
	17
	NB-LTE
	LTE
	Uplink,
inband coordinated
	N/A
	Average throughput 1% degradation, for 20 dBc leakage

	18
	LTE
	NB LTE
	Uplink,
inband coordinated
	N/A
	Very small impact to NB-LTE outage over simulated parameter range


[bookmark: _Ref429433132]6 Inband UL coexistence BLER study
In this section we look further into the coexistence in the UL by looking at the impact to BLER performance when NB-LTE is deployed  inside an LTE carrier. 
6.1 LTE to NB-LTE leakage
Here we investigate the impact to the NB-LTE PRB due to leakage from neighboring LTE PRBs.
The studied scenarios for picking the PRB for NB-LTE are shown in Table 28.
[bookmark: _Ref429490089]Table 28: NB-LTE PRB selection scenarios
	Scenario
	PRB selected
	Picture

	1
	2 LTE PRBs adjacent to NB LTE
	[image: ]

	2
	1 LTE PRB left of NB LTE
	[image: ]

	3
	1 LTE PRB right of NB LTE
	[image: ]



The considered NB-LTE resource allocation within the NB-LTE PRB including the associated coverage enhancement level are shown in Table 29.
[bookmark: _Ref429491962]Table 29: NB-LTE configurations
	Configuration
	MCL
[dB]
	Target SNR
[dB] 
	Sub carriers allocated
(from 1 to 72)
	Picture

	1
	144
	2.3
	5 to 36
	[image: ]

	2
	154
	-0.8
	5 and 6
	[image: ]

	3
	164
	-5.6
	36
	[image: ]



Since the eNB scheduler can pair users with similar required SNR, we look at the impact of scheduling cell edge LTE users next to NB-LTE users.  Assuming that the LTE cell edge user has the same required SNR as the basic coverage case in NB-LTE, 2.3 dB, we show in Table 30, the impact of scheduling LTE cell edge users in neighboring PRBs to the NB-LTE PRB. 

[bookmark: _Ref429491703]Table 30: BLER performance
	
	No interference
	Scenario

	Configuration
	
	1
	2
	3

	1
	10 %
	11 %
	11 %
	10 %

	2
	9 %
	14 %
	14 %
	9 %

	3
	6 %
	6 %
	6 %
	6 %



From the simulated results we see that the impact is rather limited.
A similar comparison could be done when the neighboring PRB is occupied by PUCCH, but since a typical target SNR for PUCCH is 2 dB, the results will be the same as for the PUSCH case above.

Additionally, LTE networks are usually not operated at full resource utilization. This means that with good scheduling practices, the impact to NB-LTE can also be controlled for larger differences in SNR.
In conclusion, the interference from LTE users to NB-LTE users in the UL can be controlled using proper scheduling of LTE users in PRBs adjacent to the NB-LTE PRB.
6.2 NB-LTE to LTE leakage
Here we investigate the impact to neighboring LTE PRBs due to leakage from the NB-LTE PRB 
The worst-case interference occurs when the NB-LTE UE occupies frequency resources adjacent to the scheduled PUSCH resources for the desired LTE UE (Figure 23). To compare the impact of NB-LTE interference with legacy LTE interference, simulation results in case of an interfering LTE UE are provided as well. 

[image: ]
[bookmark: _Ref429412014][bookmark: _Ref428895009]Figure 23 Physical resources occupied by the desired and interfering UL signals

The simulation assumptions are shown in Table 31.
[bookmark: _Ref429431658][bookmark: _Ref429431654]Table 31 Simulation Parameters
	Parameter
	Value

	Carrier frequency
	900 MHz

	System bandwidth
	10 MHz

	Channel model
	TU_GSM

	BS antenna ports
	2

	Subcarrier spacing
	15 KHz (LTE), 2.5 KHz (NB-LTE)

	Doppler shift
	100 Hz (LTE UE), 1 Hz (NB-LTE UE)

	Frequency offset
	100 Hz (LTE UE), -100 Hz (NB-LTE UE)

	NB-LTE Freq Allocation
	72 NB-LTE subcarriers (180 kHz)

	HARQ Transmissions
	1

	Equalizer
	LMMSE



The simulation results are shown in Figure 24. The dashed curves represent a NB-LTE interferer while the solid curves represent a LTE interferer. The blue, red and green curves represent SNR levels of 10, and 15 and 20 dB respectively for the desired LTE UE. LTE MCS values 12, 17 and 22 were chosen corresponding to the SNR levels so that the BLER is ~10% in each case. It is observed that in case of a LTE interferer, the BLER performance of the desired LTE UE is not impacted significantly over the entire SNR span of 0-30 dB for the interfering UE. On the other hand with a NB-LTE interferer, the BLER performance begins to degrade when the interferer SNR exceeds 15 dB. This is typically a high NB-LTE SNR; in general the received SNR for the uplink NB-LTE signal would be between 10 dB and 15 dB, which is not observed to cause any significant impact on the BLER performance of the LTE PUSCH signal occupying adjacent frequency resources.
[image: P:\LIGER_FINAL_STORAGE\ecl\plots\3gpp\r_plenary_69_2015_09_phoenix\coex_lte_inband\COEX_BLER_VS_INTERF_SNR.png]No additional impact of NB-LTE interference compared to LTE
Additional NB-LTE interference impact compared to LTE

[bookmark: _Ref428981341]Figure 24 Interfering UE is adjacent to desired LTE UE. The blue, red, and green curves represent desired LTE UE SNR of 10, 15, and 20 dB respectively.
In conclusion, the leakage from NB-LTE to LTE is insignificant for realistic differences in SNR levels between the NB-LTE and LTE.

7 DL TX signal filtering
In order to comply with the GSM spectrum and ACLR requirement, in the stand alone deployment, a low pass filter can be applied at the NB-LTE signal. As an example, Figure 25 plots a filtered NB-LTE signal compared to the GSM PSD mask. In this example, a 103 taps low pass filter is used in the DL at a sampling rate of 1.92 MHz, which is longer than the CP of the NB-LTE signal. However, most of the energy of this filter concentrates within the CP. In this case the normal will be sufficient to cater for the time dispersion introduced by the filter.
Therefore, no significant performance degradation is observed. To be more specific, compared with no TX filtering is applied, a moderate EVM of 4.2% on average is observed, and the 90-% EVM is 6.3%. The EVM is well below the requirement of QPSK defined in [6]. The low pass filter used here serves just as an example, and further optimized filter design can be expected. 

[image: ]
[bookmark: _Ref429484776][bookmark: _Ref429484771]Figure 25 Filtered NB-LTE signal
8 Conclusion
In this contribution we performed a coexistence study for NB-LTE and conclude the following:
· The simulations indicate that to adopt typical LTE ACLR and ACS performance also for NB-LTE, scaled for BW is feasible. 
· The interference from LTE users to NB-LTE users in the UL can be controlled using proper scheduling of LTE users in PRBs adjacent to the NB-LTE PRB.
· The interference from NB-LTE to LTE is insignificant
· DL TX filtering to meet the GSM spectrum is feasible
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