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1 Introduction
In last meeting, a new work item ‘NB-IOT’ has been discussed for the first time. On the part of newly defined scenarios and criteria, the online and offline discussions mainly focused on scenarios and evaluation assumptions especially for in-band case and guard-band case. And, link-level evaluation assumptions for in-band deployment has been agreed [1]. In this meeting, companies are encouraged to provide evaluation results based on the agreed evaluation assumptions to speed the meeting progress.
In this contribution, SC-FDMA based PUSCH performance was evaluated for in-band operation, including IOT-PUSCH performance with or without in-band LTE interference and LTE-PUSCH performance with or without in-band IOT interference. Based on the evaluation results, some observations and proposals were made.
2 Discussion
2.1 Simulation assumptions

Table 1 gives the link-level simulation assumptions for in-band operation, wherein IOT-PUSCH and LTE-PUSCH simulation assumptions refer to [2] and [3] respectively. Regarding in-band interference modeling, for IOT-PUSCH performance simulation, adjacent LTE-PUSCH signal with 15 kHz subcarrier spacing occupying 180 kHz is modeled as in-band interference. Similarly, for LTE-PUSCH performance simulation, adjacent IOT-PUSCH signal with 2.5 kHz subcarrier spacing occupying 180 kHz is modeled as in-band interference. No any filter is applied for serving signal or interference signal. 
The parameter ‘power offset for in-band interference modelling’ means the ratio of in-band interference signal power to serving signal power. For normal coverage, the maximum 6dB power offset between LTE UE and IOT UE is assumed. For extreme coverage, the maximum 20dB power offset is assumed, i.e., the receiving power of LTE-UE is larger 20dB than IOT-UE. 
Table 1 Link-level simulation assumptions for in-band operation

	
	IOT-PUSCH
	LTE-PUSCH

	Frequency band
	2G Hz

	Antenna configuration
	MS: 1Tx, BS: 2Rx

	BLER target
	10%

	Propagation channel model
	ETU, 1 Hz

	Coding scheme
	Turbo coding

	CRC length
	24 bits

	DMRS density/pattern
	1 DMRS symbol each 7 SC-FDMA symbols

	Timing error
	Randomly chosen from [-2.5, 2.5] us
	N/A

	Frequency error
	F_offset(t)=F_est_error+(F_drift_active * t)
F_est_error: Randomly chosen from [-50, 50] Hz
F_drift_active: 22.5 Hz/second
	N/A

	Subcarrier pacing
	2.5k Hz
	15k Hz

	Modulation scheme
	QPSK
	16QAM 

	TBS
	776 bits
	176 bits 

	Resources for once transmission
	Normal case: 12 subcarriers, 6 M-subframes
Extreme case: 1 subcarrier, 360 M-subframes
	1PRB 

	Cross-subframe channel estimation
	Normal case: no cross-subframe channel estimation
Extreme case: cross 6 M-subframe channel estimation
	N/A

	Power offset for in-band interference modelling 
	Normal case: 0dB, 3dB, 6dB for in-band LTE-PUSCH interference modelling

Extreme case: 10dB, 20dB for in-band LTE-PUSCH interference modelling
	0dB, 3dB, 6dB for in-band IOT-PUSCH interference modelling


Section 2.2 and 2.3 give PUSCH performance evaluation with or without in-band interference for IOT-PUSCH and LTE-PUSCH respectively, wherein ‘no IF’ means without in-band interference, and ‘~dB IF’ means with ~dB in-band interference.
2.2 IOT-PUSCH performance
Figure 1 shows IOT-PUSCH performance with or without LTE interference for normal case (i.e. 12 subcarriers and 6 M-subframes for resource allocation). From the results, we can see the IOT-PUSCH performance loss at 10% BLER point may be acceptable for low level interference power, e.g., about 0.2dB and 0.5dB loss for ‘0dB IF’ and ‘3dB IF’ case respectively. However, the IOT-PUSCH performance loss is up to about 1.4dB for ‘6dB IF’ case, and it may not be an ignorable issue. 
In order to solve the IOT-PUSCH performance loss issue caused by high level interference power for normal case, eNB could allocate a proper LTE-UE with low level power offset at the adjacent frequency location of IOT-UE, i.e., eNB scheduling may be able to handle the issue. And, some advanced detection algorithms may be helpful to reduce the loss. 
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Figure 1   In-band IOT-PUSCH performance for normal case
Figure 2 shows IOT-PUSCH performance with or without LTE interference for extreme case (i.e. 1 subcarrier and 360 M-subframes for resource allocation). Due to the large level interference power, the IOT-PUSCH performance loss for extreme case is much more serious than normal case. For ‘10dB IF’ case, about 2.5dB performance loss is caused at 10% BLER point. For ‘20dB IF’ case, IOT-PUSCH detection may not work if no any handling schemes.
Similar to normal case, eNB scheduling may be needed to handle the IOT-PUSCH performance loss issue for extreme case. Considering the number of IOT-UEs with coverage extension may be small, it may not be difficult to handle the issue by eNB scheduling. In addition, for the case of ultra large level interference power, IC algorithm may be needed if eNB scheduling cannot avoid it. 

Observation #1: The performance loss due to interference from LTE is acceptable for normal coverage case. eNB scheduling may be needed to handle the IOT-PUSCH performance loss for extreme coverage case.   
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Figure 2   In-band IOT-PUSCH performance for extreme case
2.3 LTE-PUSCH performance
Figure 3 shows LTE-PUSCH performance with or without IOT interference. Due to the high working SNR for LTE-UE, LTE-PUSCH performance loss would be worse than IOT-PUSCH with the same level interference power. In addition, 16QAM modulation used by LTE UE may be more sensitive to interference. From the results, we can see the LTE-PUSCH performance loss at 10% BLER point is about 0.5dB, 1dB and 2.6dB for ‘0dB IF’, ‘3dB IF’ and ‘6dB IF’ case respectively. 
Considering the 144dB MCL target for standalone operation may also be applied for in-band operation and maximum 140.7dB MCL for LTE UE, the overall working SNR range of most IOT-UE UEs may be lower than LTE-UE. And, uplink power control may be used for IOT-UE to not cause serious interference to adjacent LTE-UE since IOT-UE may not much care peak data rate. So, LTE-UE suffering IOT-UE interference with a high level power offset may be a small probability event. In addition, LTE-PUSCH performance loss may be reduced if a fine TX filter is used by IOT-UE. Thus, In-band interference from IOT-UE to LTE-UE may not be an issue since the uplink receiving power of IOT-UE would not be much larger than LTE-UE in practical network and TX filter at IOT-UE side would be helpful. 
Observation #2: In-band interference from IOT-UE to LTE-UE may not be an issue since the uplink receiving power of IOT-UE would not be much larger than LTE-UE in practical network and TX filter at IOT-UE side would be helpful. 
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Figure 3   In-band LTE-PUSCH performance

3 Conclusion
In this contribution, we evaluated SC-FDMA based PUSCH performance for in-band operation. Based on the evaluation results, we have following observations:
Observation #1: The performance loss due to interference from LTE is acceptable for normal coverage case. eNB scheduling may be needed to handle the IOT-PUSCH performance loss for extreme coverage case.   
Observation #2: In-band interference from IOT-UE to LTE-UE may not be an issue since the uplink receiving power of IOT-UE would not be much larger than LTE-UE in practical network and TX filter at IOT-UE side would be helpful. 
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