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1 Introduction

At RAN1#82bis and through the following email discussion, agreements were made upon the link-level evaluation assumptions with respect to the guard-band operation mode, which were summarized by Rapporteur in [1]. 
The link-level co-existence performance between FDMA based NB-IoT uplink and LTE uplink in guard-band operation mode are examined in this contribution, including:

· LTE PUCCH performance with and without interference from FDMA based NB-IoT uplink
·  FDMA based NB-IoT uplink performance with and without interference from LTE PUCCH
The link-level co-existence evaluations between FDMA based NB-IoT uplink and LTE uplink in guard-band operation mode are provided in our companion contribution [2].
2 Evaluations
The simulation settings are shown in Appendix, which fully comply with the agreed evaluation assumptions in [1].

2.1 NB-IoT performance with interference from LTE
In this subsection, the impact on the FDMA based NB-IoT uplink (i.e. NB-IoT PUSCH) caused by leakage from LTE PUCCH is evaluated. The NB-IoT configurations associated with different coverage enhancement levels used in the evaluations are shown in Table 1.

Table 1. NB-IoT Configurations

	Configuration
	Coupling loss (dB)
	Sub-channel spacing
	Target SNR

	1
	144
	40 kHz (i.e. 16x bonding)
	4.5dB

	2
	154
	 5 kHz (i.e. 2x bonding)
	4.2dB

	3
	164
	2.5 kHz
	-3.5dB


NB-IoT band is placed immediately adjacent to LTE (i.e. 0 Hz separation), with 100kHz separation or with 200kHz separation. Note that the separation means edge-to-edge distance in frequency domain. The performance of the NB-IoT uplink sub-channel that is closest to LTE edge is evaluated as shown in Figure 1.
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Figure 1. The position of the NB-IoT sub-channel used for evaluation.

According to the agreed simulation settings [1], LTE PUCCH format 1b is assumed with the target SNR of -4.7dB. The BLER performance is shown in Table 2 for no separation, 100kHz separation and 200kHz separation.  According to the results, very tiny BLER increase can be observed only for the 0 separation case at 164 dB coupling loss. 
Table 2. BLER performance of NB-IoT uplink with interference from LTE PUCCH

	Coupling loss (dB)
	No interference
	0Hz separation
	100kHz
	200kHz separation

	144
	10%
	10%
	10%
	10%

	154
	10%
	10%
	10%
	10%

	164
	10%
	10.5%
	10%
	10%


Observation 1: The impact of LTE interference to the FDMA based NB-IoT uplink performance in guard-band operation mode is negligible.

2.2 LTE performance with interference from NB-IoT

Full bandwidth (i.e. 180kHz ) is employed by the FDMA based NB-IoT uplink for evaluation of the impact to LTE PUCCH  to present a relatively worst case as shown in Figure 2 . The impacts to both LTE PUCCH format 1b and format 2b are evaluated by assuming LTE PUCCH format 2b at the outmost PRB while LTE PUCCH format 1b at the second outmost PRB. 
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Figure 2. NB-IoT configuration
In Table 3 and Table 4, the impacts of NB-IoT uplink on LTE PUCCH format 1b and format 2b with different separations between NB-IoT and LTE PUCCH are shown. It can be seen that with 0Hz separation, the BLER of LTE PUCCH format 2b becomes higher than 1% only when the NB-IoT uplink receiving SNR is not smaller than 10 dB, but the increase of BLER is minor. In all the other cases without separation, the BER values for LTE PUCCH format 1b or the BLER values for LTE PUCCH format 2b are smaller than 1% with insignificant increase. When the separation is 100kHz or 200kHz, the performance degradation of LTE PUCCH performance is negligible.  
Table 3. BER of LTE PUCCH format 1b with and without NB-IoT interference
	
	No interference
	NB-IoT SNR (dB)

	
	
	-10
	-5
	0
	5
	10

	0Hz separation
	0.79%
	0.80%
	0.80%
	0.81%
	0.86%
	0.89%

	100kHz separation
	0.79%
	0.79%
	0.79%
	0.80
	0.81%
	0.83%

	200kHz
separation
	0.79%
	0.79%
	0.79%
	0.79%
	0.79%
	0.79%


Table 4. BLER performance of LTE PUCCH format 2b with and without NB-IoT interference
	
	No interference
	NB-IoT SNR (dB)

	
	
	-10
	-5
	0
	5
	10

	0Hz separation
	0.88%
	0.89%
	0.91%
	0.93%
	0.97%
	1.04%

	100kHz
separation
	0.88%
	0.88%
	0.89%
	0.91%
	0.94%
	0.98%

	200kHz
separation
	0.88%
	0.88%
	0.88%
	0.88%
	0.89%
	0.92%


Observation 2: The impact of FDMA based NB-IoT uplink to LTE PUCCH in guard-band operation mode is very limited even without frequency separation. 

3 Conclusions
In this document, simulation results for co-existence performance between FDMA based NB-IoT uplink and LTE PUCCH in guard-band operation are presented. The following observations are made: 

Observation 1: The impact of LTE interference to the FDMA based NB-IoT uplink performance in guard-band operation mode is negligible.

Observation 2: The impact of FDMA based NB-IoT uplink to LTE PUCCH in guard-band operation mode is very limited even without frequency separation. 
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Appendix
Simulation settings
	Parameter
	Value

	LTE system

	Bandwidth
	10MHz

	UE transmit power
	23dBm

	Antenna configuration
	1Tx, 2Rx

	Channel model
	TU1

	Transmission mode
	TM1

	Case
	PUCCH(Format 1b)

	Num of scheduled PRBs
	1(at edge of system BW)

	Modulation
	QPSK

	Channel estimation
	Realistic

	NB-IoT system

	UE transmit power
	23dBm

	Antenna configuration
	1Tx, 2Rx

	Channel model
	TU1

	Separation between LTE and NB-IoT
	0Hz
	100kHz
	200kHz
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