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1 Introduction
This document summarizes the observations discussed offline regarding link level coexistence.
2 Discussion
2.1 Link level co-existence

[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Ericsson

Source 2 = Huawei, HiSilicon
Source 3 = ZTE

Source 4 = MediaTek

Source 5 = Intel

Source 6 = LGE]
2.1.1 Guard-band

Table 15 Interference between LTE downlink and NB-IoT

	　

　

　

　

　

　
	LTE degradation 
	NB-IoT 3.75 kHz subcarrier spacing degradation

	
	0 kHz separation
	40 kHz separation
	100 kHz separation
	200 kHz separation
	0 kHz separation
	100 kHz separation
	180 kHz separation
	200 kHz separation

	Source 1

(R1-157453, R1-157407)
Notes: 1
　
	QPSK
	0dB power boosting
	
	
	　

　

　

-　

　

　
	
	negligible
	
	negligible
	

	
	
	3dB power boosting
	
	
	
	
	negligible
	
	negligible
	

	
	
	6dB power boosting
	<0.5
	negligible
	
	negligible
	negligible
	
	negligible
	

	
	
	35dBm power (i.e. 10.77 dB PSD boosting)
	2
	negligible
	
	negligible
	
	
	
	

	
	
	38dBm power (i.e. 13.77 dB PSD boosting)
	5
	negligible
	
	negligible
	
	
	
	

	
	16QAM
	6dB power boosting
	>6dB
	0.2
	
	<0.5
	
	
	
	

	
	
	35dBm power (i.e. 10.77 dB PSD boosting)
	Cannot receive
	0.9
	
	<0.5
	
	
	
	

	
	
	38dBm power (i.e. 13.77 dB PSD boosting)
	Cannot receive
	2
	
	<0.5
	
	
	
	

	Source 2

(R1-157335)

Notes: 2, 3
　
	PDSCH

Notes: 4
	Case 1
	0.9%
	
	0.1%
	-
	1% @ 144dB

0.8%@154dB
0.7% @164dB
	0.1%@ 144dB

0.1%@154dB
0% @164dB
	
	　-
　

	
	
	Case 2
	0.5%
	
	0%
	
	1.4%@ 144dB

1.1%@154dB
1.2% @164dB
	0.3%@ 144dB

0.1%@154dB
0% @164dB
	
	

	
	PDCCH
	
	0.03%
	
	0.01%
	
	
	
	
	

	Source 6
(R1-156880)

Note 1.
	LTE PDSCH (1PRB)

TBS 176

16QAM


	35dBm power (i.e. 10.77 dB PSD boosting)
	2.5dB
	
	0.4dB
	
	
	
	
	

	
	
	38dBm power (i.e. 13.77 dB PSD boosting)
	Cannot

receive
	
	0,7dB
	
	
	
	
	

	
	LTE PDSCH

(10PRBs)

TBS 1384

QPSK
	35dBm power (i.e. 10.77 dB PSD boosting)
	0.1dB
	
	<0.1dB
	
	
	
	
	

	
	
	38dBm power (i.e. 13.77 dB PSD boosting)
	0.2dB
	
	<0.1dB
	
	
	
	
	


Notes:

1.
SINR degradation at 10% BLER.

2.
BLER increment at SINR for 10% BLER without interference

3.
6 dB PSD boosting is assumed.

4.
LTE PDSCH, case 1: 1PRB/16QAM/176TBS; case 2: 10PRB/QPSK/1384

Table 16 Interference between LTE uplink and NB-IoT
	　

　

　
	LTE degradation 
	NB-IoT degradation

	
	0 kHz separation
	100 kHz separation
	200 kHz separation
	0 kHz separation
	100 kHz separation
	200 kHz separation

	Source 1
(R1-157452)
Notes: 1
　
	SC-FDMA
	negligible
	
	

	
	FDMA
	negligible
	
	

	Source 2
(R1-156473)
Notes: 2
	FDMA
	LTE PUCCH 1b
	0.01%@-10dB

0.01%@-5dB

0.02%@0dB

0.07%@5dB

0.1%@10dB

Notes: 3
	0%@-10dB

0%@-5dB

0.01%@0dB

0.02%@5dB

0.04%@10dB

Notes: 3
	0%@-10dB

0%@-5dB

0%@0dB

0%@5dB

0%@10dB

Notes: 3
	0%@144dB

0%@154dB

0.5%@164dB
	0%@144dB

0%@154dB

0%@164dB
	0%@144dB

0%@154dB

0%@164dB

	
	
	LTE PUCCH 2b
	0.01%@-10dB

0.03%@-5dB

0.05%@0dB

0.09%@5dB

0.16%@10dB

Notes: 3
	0%@-10dB

0.01%@-5dB

0.03%@0dB

0.06%@5dB

0.1%@10dB

Notes: 3
	0%@-10dB

0%@-5dB

0%@0dB

0.01%@5dB

0.04%@10dB

Notes: 3
	

	Source 5 (R1-157537)
	SC-FDMA
	
	
	
	Extreme coverage
	1.2dB@0dB,0
0dB@0dB,1

0.1dB@5dB,1

Notes: 4
	
	

	
	
	
	
	
	Extended coverage
	0.7dB@0dB,0

0dB@0dB,1

2.3dB@5dB,0
0.2dB@5dB,1

Notes: 4
	
	

	
	
	
	
	
	Normal coverage
	0.2dB@0dB,0

0dB@0dB,1

0.5dB@5dB,0

0dB@5dB,1

1.4dB@10dB,0

0.3dB@10dB,0

Notes: 4
	
	


Notes:

1.
Impacts on PUCCH 1b, SINR degradation at 10% BLER, assuming received NB-IoT SNR as 5dB.

2.
BLER increment at SINR for 10% BLER without interference

3.
BLER increment at SINR for 10% BLER without interference, at NB-IoT UE received SNR
4.       SNR increment for 10% BLER, at LTE UE received SNR and index which means separation from LTE PRBs with multiple of 30 kHz. 
2.1.2 In-band

	Table 17 Interference between LTE downlink and NB-IoT

　

　

　

　

　

　
	LTE degradation 
	NB-IoT degradation

	
	3.75 kHz subcarrier spacing
	15 kHz subcarrier spacing
	3.75 kHz subcarrier spacing

	Source 1

(R1-157415, R1-157416)
Notes: 1
　
	LTE PDSCH:

QPSK
10PRB

1384bitsTB
	0dB power boosting
	
	
	negligible

	
	
	3dB power boosting
	
	
	negligible

	
	
	6dB power boosting
	<0.5dB
	
	negligible

	
	
	35dBm power (i.e. 10.77 dB PSD boosting)
	<0.5dB
	
	

	
	
	38dBm power (i.e. 13.77 dB PSD boosting)
	<0.5dB
	
	

	
	LTE PDSCH:

16QAM

1PRB

176bitsTB
	6dB power boosting
	3dB
	
	

	
	
	35dBm power (i.e. 10.77 dB PSD boosting)
	>8dB
	
	

	
	
	38dBm power (i.e. 13.77 dB PSD boosting)
	>8dB
	
	

	Source 3
(R1-157445)

Notes: 1, 2
	LTE PDSCH
	LTE 1PRB
	2.5dB
	0dB
	

	
	
	LTE 10PRB
	0dB
	0dB
	

	
	LTE PDCCH
	
	0.8dB
	0dB
	


Notes:

1.
SINR degradation at 10% BLER.

2.
Same power is assumed for LTE sub-carriers and NB-IOT sub-carriers.

Table 18 Interference between LTE uplink and NB-IoT
Check for interference results from Neul for PRACH
	　

　

　
	LTE degradation 
	NB-IoT degradation

	
	SC-FDMA 2.5kHz subcarrier spacing
	SC-FDMA 15kHz subcarrier spacing
	FDMA
	SC-FDMA 2.5kHz subcarrier spacing
	SC-FDMA 15kHz subcarrier spacing
	FDMA

	Source 1
(R1-157413)
Notes: 1
　
	LTE PUSCH:

1PRB/16QAM
	NB-IoT 5dB received SNR
	Quite small
	negligible
	Quite small
	

	
	
	NB-IoT 15dB received SNR
	1dB
	negligible
	1dB
	

	
	
	NB-IoT 15dB received SNR, with transmit filter
	1dB
	
	

	
	LTE PUSCH:

10PRB/QPSK
	NB-IoT 5dB received SNR
	negligible
	
	negligible
	

	
	
	NB-IoT 15dB received SNR
	
	
	
	

	
	PUCCH 1b
	NB-IoT 5dB received SNR
	Quite small
	
	Quite small
	

	Source 2
(R1-156477)
Notes: 2
	LTE PUSCH:

1PRB

16QAM

176TBS

6dB SNR
	Scenario 1

Notes: 3
	
	
	0%@-4dB

0.3%@-2dB
0.5%@0dB

0.7%@2dB

0.9%@4dB

1.1%@6dB

1.3%@8dB

1.5%@10dB
Notes: 4
	
	
	1%@144dB

1%@154dB

1%@164dB

	
	
	
	
	
	
	
	
	

	
	
	Scenario 2

Notes: 3
	
	
	
	
	
	0%@144dB

0%@154dB

0%@164dB

	
	
	Scenario 3

Notes: 3
	
	
	
	
	
	1%@144dB

1%@154dB

1%@164dB

	
	LTE PUSCH:

10PRB

QPSK

1384TBS

1.7dB SNR
	Scenario 1

Notes: 3
	
	
	0%@-4dB

0%@-2dB
0.2%@0dB

0.3%@2dB

0.5%@4dB

0.7%@6dB

1.1%@8dB

1.4%@10dB
Notes: 4
	
	
	1%@144dB

0.5%@154dB

1%@164dB

	
	
	Scenario 2

Notes: 3
	
	
	
	
	
	0%@144dB

0%@154dB

0%@164dB

	
	
	Scenario 3

Notes: 3
	
	
	
	
	
	1%@144dB

0.5%@154dB

1%@164dB

	
	PUCCH 1b

-4.7dB sNR
	Scenario 1

Notes: 3
	
	
	0.01%@-10dB

0.02%@-5dB
0.06%@0dB

0.12%@5dB

0.19%@10dB

Notes: 4
	
	
	0%@144dB

0%@154dB

0.5%@164dB

	Source 4

(R1-156970)

Notes: 6
	Normal coverage
	0dB IF

Notes: 5
	0.5dB
	
	
	0.2dB
	
	

	
	
	3dB IF

Notes: 5
	1dB
	
	
	0.5dB
	
	

	
	
	6dB IF

Notes: 5
	2.6dB
	
	
	1.4dB
	
	

	
	Extreme coverage
	10dB IF

Notes: 5
	
	
	
	2.5dB
	
	

	
	
	20dB IF

Notes: 5
	
	
	
	8.5dB
	
	

	Source 5 (R1-157538)
	Extreme coverage
	
	
	
	1.2dB@0dB,0
0dB@0dB,1, 

Notes: 7
	
	

	
	Extended coverage
	
	
	
	0.8dB@0dB,0
0dB@0dB,1

2.1dB@5dB,0
0.2dB@5dB,3

Notes: 7
	
	

	
	Normal coverage
	
	
	
	0.2dB@0dB,0
0.2dB@0dB,1

0.5dB@5dB,0
0.3dB@5dB,1

1.4dB@10dB,0
0.6dB@10dB,1

Notes: 7
	

	

	Source 3
(R1-157445)
	LTE PUSCH:

1PRB

16QAM

176TBS
	Power
NB-IoT/LTE
=10dB
	0.2dB
	
	0.4dB
	
	
	

	
	
	Power
NB-IoT/LTE
=15dB
	0.4dB
	
	1.3dB
	
	
	

	
	LTE PUSCH:

10PRB

QPSK

1384TBS
	Power
NB-IoT/LTE
=15dB
	negligible
	
	negligible
	
	
	


Notes:

1.
Impacts on PUCCH 1b, SINR degradation at 10% BLER, assuming received NB-IoT SNR as 5dB.

2.
BLER increment at SINR for 10% BLER without interference

3.
For simulation of NB-IoT degradation, in scenario 1 and 3, the desired sub-channel of NB-IoT is placed closest to the LTE interferer, giving the worst-case performance, and in scenario 2, the desired sub-channel of NB-IoT is placed furthest away from LTE. For simulation of LTE degradation, in scenario 1, the NB-IoT is assumed to be placed closest to LTE PUSCH/PUCCH.

4.
BLER increment at SINR for 10% BLER without interference, at NB-IoT UE received SNR.

5.
IF means in-band interference, wherein ‘no IF’ means without in-band interference, and ‘~dB IF’ means with ~dB in-band interference.

6.
SINR degradation at 10% BLER. No guard band. 16QAM for LTE with 1 PRB are assumed.

7.       SNR increment for 10% BLER, at LTE UE received SNR and index which means separation from LTE PRBs with multiple of 30 kHz.
2.2 Observations

2.2.1 Guard band operation

Uplink

A1. When the received SNR of the adjacent LTE UE is low (e.g. below 5dB), the LTE interference to the NB-IoT uplink is negligible for both the proposed SC-FDMA and FDMA+GMSK design options.

A2. When the received SNR of the adjacent LTE UE is high, the LTE interference to the NB-IoT uplink can be mitigated by scheduling for SC-FDMA based design option.
· There are no results in this regard for the FDMA UL design.

A3. There is a negligible impact of guard band NB-IoT transmission on LTE PUCCH for both the proposed SC-FDMA and FDMA+GMSK design options.

Downlink

B1. The impact of LTE interference to the NB-IoT downlink with 3.75 kHz subcarrier spacing in guard-band operation mode is negligible when NB-IoT DL and LTE DL are separated by 100 kHz from edge to edge.
B2. The impact of NB-IoT downlink with 3.75 kHz subcarrier spacing to LTE downlink in guard-band operation mode can be significant when when NB-IoT DL and LTE DL are separated by 0 kHz and the transmit power is 38 dBm. The impact is negligible when the transmit power is 35 dBm.

B3. 2. The impact of NB-IoT downlink to LTE downlink in guard-band operation mode is reduced when the separation is increased, when it is possible to increase the separation.

B4. 3. There is no impact of NB-IoT downlink to LTE downlink in guard-band operation mode for the 15 kHz subcarrier spacing.
B5. The impact of NB-IoT downlink with 3.75 kHz subcarrier spacing to LTE downlink in guard-band operation mode is negligible when NB-IoT DL and LTE DL are separated by 100 kHz from edge to edge. (check transmit power).
2.2.2 In-band operation

Uplink

A1. When the received SNR of the adjacent LTE UE is low (e.g. below 5dB) , the LTE interference to the NB-IoT uplink is negligible for both the proposed SC-FDMA and FDMA+GMSK design options.

A2. When the received SNR of the adjacent LTE UE is high, the LTE interference to the NB-IoT uplink can be mitigated by scheduling for SC-FDMA based design option. 
· There are no results in this regard for the FDMA UL design.
A3. There is a negligible impact of guard band NB-IoT transmission on LTE PUCCH and PUSCH for both the proposed SC-FDMA and FDMA+GMSK design options.
Downlink

B1. If 15 kHz DL subcarrier spacing is used for NB-IoT system, it does not introduce any interference to LTE system. 

B2.  If 3.75 kHz DL subcarrier spacing is used for NB-IoT system, NB-IoT interference to the LTE downlink can be mitigated by scheduling restriction for LTE downlink..

B3. The impact of LTE interference to the NB-IoT downlink with 3.75 kHz subcarrier spacing in in-band operation mode is negligible.
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