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1 Introduction
For LTE LAA, in-device coexistence (IDC) interference issue was discussed and eNB should enable IDC indications and honour the IDC requests. Considering the similar harmonic problems among NR, ISM and GNSS bands, this contribution discusses IDC interference issue and solutions for NR-U.
2 Discussion
Due to extreme proximity of multiple radio transceivers within the same UE (i.e. cellular, WLAN and GNSS) operating on adjacent frequencies or sub-harmonic frequencies, in-device coexistence interference issue is inevitable and needs to be solved. For NR (including NR CA inter-band and EN-DC), technical reports and contributions have addressed the harmonic problems among NR, ISM and GNSS bands. For example regarding band n78:
Table 6.1.3-2: 2UL Band n8 +Band n78 harmonic and IMD for ISM and GNSS bands [1]
	3 Victim Systems
	4 Frequency range [MHz]
	5 Impact
	6 Regions
	7 Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD3

	Galileo
	1559
	-
	1591
	Yes
	
	IMD3

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD3

	GPS
	1563
	-
	1587
	Yes
	
	IMD3

	ISM band

 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD2

	
	2400
	-
	2494
	Yes
	Asia
	IMD2

	ISM band

 (5GHz)
	5150
	-
	5925
	Yes
	US
	IMD3, 4

	
	5150
	-
	5350
	Yes
	Europe
	IMD3, 4

	
	5470
	-
	5725
	Yes
	
	IMD3, 4

	
	5150
	-
	5825
	Yes
	Asia
	IMD3, 4


Table 6.3.3-2: 2UL Band n3 +Band n78 harmonic and IMD for ISM and GNSS bands [1]
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD2, 4, 5

	Galileo
	1559
	-
	1591
	Yes
	
	IMD2, 4, 5

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD2, 4, 5

	GPS
	1563
	-
	1587
	Yes
	
	IMD2, 4, 5

	ISM band

 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD5

	
	2400
	-
	2494
	Yes
	Asia
	IMD5

	ISM band

 (5GHz)
	5150
	-
	5925
	Yes
	US
	Harmonic3, IMD2, 3

	
	5150
	-
	5350
	Yes
	Europe
	Harmonic3, IMD2, 3

	
	5470
	-
	5725
	Yes
	
	 IMD2, 3

	
	5150
	-
	5825
	Yes
	Asia
	Harmonic3, IMD2, 3


Table 6.2.3-2: 2UL Band 1 +Band n78 harmonic and IMD for ISM and GNSS bands [2]
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	IMD2, 5

	Galileo
	1559
	-
	1591
	Yes
	
	IMD2, 5

	GLONASS
	1591
	-
	1610
	Yes
	
	IMD2, 5

	GPS
	1563
	-
	1587
	Yes
	
	IMD2, 5

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	IMD4

	
	2400
	-
	2494
	Yes
	Asia
	IMD4

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	Harmonic3,

IMD2, 3

	
	5150
	-
	5350
	Yes
	Europe
	IMD2, 3

	
	5470
	-
	5725
	Yes
	
	IMD2, 3

	
	5150
	-
	5825
	Yes
	Asia
	Harmonic3,

IMD2, 3


When cellular network operates in unlicensed spectrum, the harmonic interference gets more serious. In TS36.889 [X] it is stated that “LAA design should support LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect WLAN networks during LAA operation”. And to solve the IDC interference issue, in LAA the UE can indicate to the eNB that it experiences IDC problems after finding that this problem cannot be solved internally. Therefore the eNB can take action including performing a handover of the UE to other frequencies, removing the problematic cell or configuring the UE with a DRX-configuration.
For NR-U, in which harmonic interference will also cause IDC issues among NR, ISM and GNSS bands, this indication-based mechanism can be reused. Other existing IDC solutions including TDM and power control are not precluded.
Proposal 1: For NR-U, UE can indicate to the gNB that it experiences IDC problems if it cannot be solved internally.

To support this mechanism, it is also required that gNB enables IDC indication and honours the IDC request, or UE has to perform detach and attach procedures to enable WLAN transmission, which is considered undesirable from system operation point of view. Another consequence is that the UE has to change its capabilities to indicate that NR-U is not supported.
Proposal 2: For NR-U, gNB should enable IDC indications and honour the IDC requests.

Furthermore, new scenarios are supported in NR-U compared with LTE LAA: LAA supports 4 scenarios that all restricted to CA between licensed and unlicensed cells, while NR-U supports 5 scenarios including CA (Scenario A), DC (Scenario B & E), Stand-alone (Scenario C) and independent DL/UL bands (Scenario D) [X+1]. It is necessary to study whether current IDC solutions work well in these new scenarios, and new solutions can be considered as well. For example, in Scenario C the IDC indication may not be transmitted to the gNB due to LBT failure and stand-alone deployment.
Proposal 3: RAN2 is kindly asked to study IDC solutions for different scenarios of NR-U.

8 Conclusions
In this contribution we discuss IDC interference issue and solutions for NR-U. We would like to propose:
Proposal 1: For NR-U, UE can indicate to the gNB that it experiences IDC problems if it cannot be solved internally.

Proposal 2: For NR-U, gNB should enable IDC indications and honour the IDC requests.

Proposal 3: RAN2 is kindly asked to study IDC solutions for different scenarios of NR-U.
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