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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 the NB-IoT downlink with 3.75kHz subcarrier spacing and LTE downlink in guard-band operation mode are evaluated in this contribution, including:

· LTE PDCCH performance with and without interference from NB-IoT downlink with 3.75kHz subcarrier spacing;
· LTE PDSCH performance with and without interference from NB-IoT downlink with 3.75kHz subcarrier spacing;
NB-IoT PSDCH downlink performance with and without interference from LTE PDSCH
The link-level co-existence evaluations between NB-IoT uplink and LTE uplink in in-band and guard-band operation mode are provided in our companion contribution [2]
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[3].
2 Evaluations
The simulation settings fully comply with the agreed evaluation assumptions in [1]. Particularly 6 dB higher PSD is assumed for NB-IoT downlink compared to LTE downlink.
2.1 NB-IoT performance with interference from LTE
In this subsection, the impact on the NB-IoT downlink (i.e. NB-IoT PDSCH) caused by leakage from LTE PDSCH 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)
	Number of subcarriers
	Target SNR

	1
	144
	47
	7.4

	2
	154
	47
	-2.6

	3
	164
	47
	-12.6


NB-IoT band is placed immediately adjacent to LTE (i.e. 0 Hz separation), or with 100kHz separation. Note that the separation means edge-to-edge distance in frequency domain. 
The two LTE PDSCH configuration cases as defined in [1] are considered, which are re-captured in Table 2:
Table 2. LTE PDSCH configurations

	PRBs allocated to PDSCH
	Case 1: 1 (i.e. 1/N_DL^RB of BS power)
	Case 2: 10 (i.e. 10/N_DL^RB of BS power)

	LTE PDSCH modulation
	16QAM
	QPSK

	LTE PDSCH TBS
	176
	1384


The typical target SNR considered in the simulation for PDSCH case 1 is 2.5 dB whereas for PDSCH case 2 is 6.4dB.  The BLER performance of NB-IoT with and without interference is shown in Table 3.

Table 3. BLER performance of NB-IoT with interference from LTE PDSCH
	Coupling loss (dB)
	Without interference
	Case 1
	Case 2

	
	
	0Hz separation
	100kHz separation 
	0Hz separation
	100kHz separation 

	144
	9.9%
	10.9%
	10%
	11.3%
	10.2%

	154
	9.5%
	10.3%
	9.6%
	10.6%
	9.6%

	164
	5.4%
	6.1%
	5.4%
	6.6%
	5.4%


From the results, it can be seen that the interference impact on BLER performance of NB-IoT is negligible with 100kHz separation. Even without separation (i.e. 0Hz separation), the downlink performance degradation of 3.75 kHz NB-IoT due to interference from LTE is still very limited. 
Observation 1: The impact of LTE interference to the NB-IoT downlink with 3.5kHz subcarrier spacing in guard-band operation mode is negligible when NB-IoT DL and LTE DL are separated by 100kHz from edge to edge. Even without separation (i.e. immediately adjacent to each other), the impact is still very limited.
2.2 LTE performance with interference from NB-IoT

The impact in the opposite direction (i.e. NB-IoT interfering LTE) is evaluated also for downlink. 
The simulation results for the same two cases for LTE PDSCH are shown in Table 4.  It is observed that the impact to the BLER performance of LTE PDSCH is negligible with 100kHz separation. Even without separation, the impact is insignificant.  

Table 4. LTE PDSCH BLER with or without NB-IoT interference

	
	No interference
	NB-IoT SNR (dB)

	
	
	0Hz
	100kHz

	Case 1
	10%
	10.9%
	10.1%

	Case 2
	10%
	10.5%
	10%


Table 5. LTE PDCCH BLER with or without NB-IoT interference 

	No interference
	NB-IoT(dB)

	
	0Hz
	100kHz

	0.95%
	0.98%
	0.96%


In Table 5, the impact of NB-IoT data channel on LTE PDCCH is shown. The same observations as LTE PDSCH can be obtained for LTE PDCCH.
Observation 2: The impact of NB-IoT downlink with 3.75kHz subcarrier spacing to LTE downlink in guard-band operation mode is negligible when NB-IoT DL and LTE DL are separated by 100kHz from edge to edge. Even without separation (i.e. immediately adjacent to each other), the impact is still very limited.
3 Conclusions
In this document, link-level simulation results for co-existence performance between NB-IoT downlink with 3.75kHz subcarrier spacing and LTE downlink in guard-band operation are presented. The following observations are made: 

Observation 1: The impact of LTE interference to the NB-IoT downlink with 3.75kHz subcarrier spacing in guard-band operation mode is negligible when NB-IoT DL and LTE DL are separated by 100kHz from edge to edge. Even without separation (i.e. immediately adjacent to each other), the impact is still very limited.

Observation 2: The impact of NB-IoT downlink with 3.75kHz subcarrier spacing to LTE downlink in guard-band operation mode is negligible when NB-IoT DL and LTE DL are separated by 100kHz from edge to edge. Even without separation (i.e. immediately adjacent to each other), the impact is still very limited.
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