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1 Introduction
This paper contains a coexistence evaluation for operation of the NB-LTE UL inband in an LTE carrier looking at the impact to BLER performance when NB-LTE is deployed  inside an LTE carrier.
The NB-LTE system simulated is as described in [1].
[bookmark: _Ref429433132]2	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 1.
[bookmark: _Ref429490089]Table 1: NB-LTE PRB selection scenarios
	Scenario
	PRB selected
	Picture

	1
	2 LTE PRBs adjacent to NB LTE
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	2
	1 LTE PRB left of NB LTE
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	3
	1 LTE PRB right of NB LTE
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The considered NB-LTE resource allocation within the NB-LTE PRB including the associated coverage enhancement level are shown in Table 2.
[bookmark: _Ref429491962]Table 2: NB-LTE configurations
	Configuration
	MCL
[dB]
	Target SNR
[dB] 
	Sub carriers allocated
(from 1 to 72)
	Picture

	1
	144
	2.3
	5 to 36
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	2
	154
	-0.8
	5 and 6
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	3
	164
	-5.6
	36
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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 3, the impact of scheduling LTE cell edge users in neighboring PRBs to the NB-LTE PRB. 
[bookmark: _Ref429491703]Table 3: 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.
3 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 1). 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. 
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[bookmark: _Ref429412014][bookmark: _Ref428895009]Figure 1 Physical resources occupied by the desired and interfering UL signals

The simulation assumptions are shown in Table 4.
[bookmark: _Ref429431658][bookmark: _Ref429431654]Table 4 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 2. 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
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[bookmark: _Ref428981341]Figure 2 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.
[bookmark: _Ref429484771]l
4 Conclusion
In this contribution we performed a coexistence study for inband NB-LTE and conclude the following:
· 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
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