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1. Introduction
According to the RAN2#103 meeting discussion, RAN2 made the following agreements:
	=> 
IDC for NR SA will not be specified for Rel-15

=>
Can be discussed offline how this might be included in the Rel-16 work (e.g. TEI or possible WI)


In this contribution, we provide the offline discussion feedbacks and kindly request the RAN plenary to decide how to resolve the in-device issues in Rel-16.
2. Discussion
2.1. In-device issue(s) and potential solutions
According to the LTE discussions, the in-device issues include:

· Overheating due to the use of the advanced radio technologies.

· Hardware sharing between different RAT(s)

· Interference between different RAT(s) between adjacent frequencies

· Interference between different RAT(s) due to the inter-modulation within the same cell group and between different cell groups

The specified solutions including:

· The network configuration of the autonomous deny parameters
· The UE reporting of the affected frequency
· The UE reporting of the desired TDM pattern
· The hardware sharing indication 
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Figure 1: Coexistence interference within the same UE
As the NR UE are expected to support more RAT(s) and more antenna panels, the in-device issues are getting more serious than before. According to the previous UE test, the in-device interference includes diverse wave types, e.g. side-lobe, harmonic (mostly second/third harmonic order) and inter-modulation (e.g. NR+WiFi inter-modulation). Thus, the potential victim frequency range are given in the Annex A. More detailed interference analysis, including harmonic, inter-modulation, and side-lobe can be found in Annex D. According to the LS from RAN4 [6], RAN2 also confirmed the in-device interference issue in NR. According to the discussion related to the NR IDC issue in the RAN2#103 meeting, the potential NR solutions for IDC are expected to be more practical and effective, and the FDM IDC solution of NR frequency for the EN-DC was agreed in [12] [13].
2.2. Handling of in-device issue(s) in Rel-16
According to the offline discussion with several companies, we could have the following potential ways to handle the in-device issue(s) in Rel-16:
· NR-U
· TEI

· New WI

Regarding the option of including the in-device issue in NR-U, the in-device interference issue seems to be a critical issue for the NR-U UE. As the LTE IDC WI was done before LTE LAA WI, the LTE IDC solutions are re-used for the LTE LAA UE. As the NR has no IDC solution yet, it is also urgent for the NR-U UE to find some solutions to the in-device issues. However the in-device issues are not just for the unlicensed frequency but also for the licensed frequency, which requires RAN4 to define the corresponding UE requirements. It seems that many companies consider that we should find a common solution for both the unlicensed frequency and the licensed frequency. According to the NR-U discussion in the RAN2#104 meeting, the IDC issue for NR-U is considered to be handled separately from the NR-U WI.
Observation 1: The in-device issues affect both the unlicensed frequency and the licensed frequency. Hence IDC for NR cannot be handled by NR-U.
Regarding the option of including the in-device issue in TEI in RAN2, according to the LTE IDC WI discussion, RAN4 needs to define extra UE requirements for the corresponding IDC issues. This is not what RAN2 usually does for the TEI, as a TEI solution should normally try to avoid the impacts on other working groups. Furthermore according to the offline discussion, it seems that to resolve the interference issue for other RAT of the inter-modulation between different cell groups, the TDM solution would require the coordination between MN and SN. This could potentially also require some RAN3 work as the NR solution for the harmonic issue of EN-DC.
Observation 2: The solutions to the in-device issues require the work at least from RAN2, RAN4 and potentially RAN3.
According to the specification work in LTE, the in-device issues are considered as urgent problems to be resolved. Due to the limited time in the NR discussion, RAN2 determines not to specify any solutions for IDC for NR SA.  Thus we respectfully ask the RAN plenary to provide some guidance(s) on how to handle the in-device issues in RAN. 

Proposal: RAN plenary is kindly requested to decide whether to handle the in-device issue in a new WI or TEI.
3. Conclusion
According to the discussions give above, we have the following Observations and Proposal:
Observation 1: The in-device issues affect both the unlicensed frequency and the licensed frequency. Hence IDC for NR cannot be handled by NR.
Observation 2: The solutions to the in-device issues require the work at least from RAN2, RAN4 and potentially RAN3.
Proposal: RAN plenary is kindly requested to decide whether to handle the in-device issue in a new WI or TEI.
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Annex A

The following table gives the potential victim frequency range between NR band(s) and other systems:
	Victim Systems
	Frequency range [MHz]
	Regions
	Side-lobe
	NR second harmonic order
	NR third harmonic order

	COMPASS
(Beidou)
	1559
	-
	1591
	
	n50(UL)/n74(UL)
	
	

	Galileo
	1559
	-
	1591
	
	n50(UL)/n74(UL)
	
	

	GLONASS
	1591
	-
	1610
	
	n50(UL)/n70(UL)
	
	

	GPS
	1563
	-
	1587
	
	n50(UL)/n74(UL)
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	US/Europe
	n7/n38/n41
	
	n5/n20/n28/n82

	
	2400
	-
	2494
	Asia
	n7/n38/n41
	
	n5/n20/n28/n82

	ISM band
 (5GHz)
	5150
	-
	5925
	US
	n79
	n7/n38/n41
	n1/n2/n3/n66/n80/n84

	
	5150
	-
	5350
	Europe
	n79
	n7/n38/n41
	n1/n2/n3/n66/n80/n84

	
	5470
	-
	5725
	
	
	
	

	
	5150
	-
	5825
	Asia
	n79
	n7/n38/n41
	n1/n2/n3/n66/n80/n84

	ISM band 

(45GHz)
	42300
	-
	47000
	China
	
	n258
	

	
	47200
	-
	48400
	
	
	
	

	ISM band 

(60GHz)
	57000
	-
	66000
	Europe
	
	n257
	

	
	57050
	-
	64000
	USA - Canada
	
	n257
	

	
	57000
	-
	64000
	South Korea
	
	n257
	

	
	59000
	-
	66000
	Japan
	
	n257
	

	
	59000
	-
	64000
	China
	
	n257
	

	
	59400
	-
	62900
	Australia
	
	n257
	


Note 1: The detailed frequency ranges for the above bands are listed in Annex B and C.
Annex B

The following table for FR1 is extracted from 38.101-1 [10]:

Table 5.2-1: NR operating bands in FR1

	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit

FUL_low   –  FUL_high


	Downlink (DL) operating band
BS transmit / UE receive

FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD

	n12
	699 MHz – 716 MHz
	729 MHz – 746 MHz
	FDD

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	FDD

	n25
	1850 MHz – 1915 MHz
	1930 MHz – 1995 MHz
	FDD

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n40
	2300 MHz – 2400 MHz
	2300 MHz – 2400 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n50
	1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	TDD1

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	TDD

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	FDD

	n75
	N/A
	1432 MHz – 1517 MHz
	SDL

	n76
	N/A
	1427 MHz – 1432 MHz
	SDL

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL 

	n81
	880 MHz – 915 MHz
	N/A
	SUL 

	n82
	832 MHz – 862 MHz
	N/A
	SUL 

	n83
	703 MHz – 748 MHz
	N/A
	SUL

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL

	n86
	1710 MHz – 1780MHz
	N/A
	SUL

	NOTE 1:
UE that complies with the NR Band n50 minimum requirements in this specification         shall also comply with the NR Band n51 minimum requirements.


Annex C
The following table for FR2 is extracted from 38.101-2 [11]:

Table 5.2-1: NR operating bands in FR2

	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD

	n261
	27500 MHz
	–
	28350 MHz
	27500 MHz
	–
	28350 MHz
	TDD


Annex D
In the following tables, the 3GPP/WiFi frequency is the victim frequency, and the de-sense level of the RF module is captured when the interference occurs. The antenna isolation of the RF module is 11-12 dB.
In Table 1, the 3rd harmonic wave of the 3GPP frequency (i.e. band(n20 UL)) can introduce up to 10.3dB de-sense, and the 2nd harmonic wave of the 3GPP frequency (i.e. band(n7 UL)) can introduce up to 1.4dB de-sense.
Table 1: Harmonic Interference

	Harmonic order
	3GPP frequency (MHz)
	WiFi frequency (MHz)
	Max de-sense level (dB)

	2nd
	2500 - 2570
	5150 - 5350

5725 - 5825
	1.4

	3rd
	832 - 862
	2412 - 2472
	10.3


In Table 2, the inter-modulation frequency (WiFi – 3GPP band(n7 UL)) MHz introduces up to 11dB de-sense to the 3GPP frequency (i.e. band(n7 DL)). In this way, NR reception in 2580 - 2850 MHz could suffer more than 10dB de-sensitivity caused by the in-device intermodulation product due to simultaneous transmission of 3GPP frequency 2500 - 2570MHz and WIFI frequency 5150 - 5330MHz.And potential impacts other 3GPP DL frequencies (e.g. n38/n41/n77/n78) if carrier aggregation is configured. The inter-modulation frequency (2*3GPP band(n7 UL) - WiFi) MHz introduces up to 12.3dB de-sense to the 3GPP frequency (i.e. band(n7 DL)), and potential impacts other 3GPP DL frequencies (e.g. n38/n41) if carrier aggregation is configured. Thus, the inter-modulation interference between 3GPP and WiFi is a critical issue.
Table 2: Inter-modulation interference between 3GPP and WiFi

	IMD order
	3GPP frequency (MHz)
	WiFi frequency (MHz)
	Max de-sense level in 3GPP (dB)
	Unsafe 3GPP frequency range (MHz)

	IMD WiFi-3GPP
	2500 - 2570
	5G

5150 - 5350,

5725 - 5825
	11
	2580 - 2850,
3155 -  3325

	IMD 2*3GPP - WiFi
	2500 - 2570
	2.4G

2412 - 2472

	12.3
	2528 - 2728


In Table 3, the side-lobe wave of the WiFi channel introduces up to 43.5dB de-sense to 3GPP band n40 and up to 7.2dB de-sense to 3GPP band n41. 
Table 3: Side-lobe interference

	
	De-sense level (dB) of 3GPP victim frequency (MHz)

	WiFi Channel (MHz)
	2310
	2320
	2330
	2340
	2350
	2360
	2370
	2380
	2390
	2506
	2516

	2412
	17.9
	18.3
	22.5
	21.8
	27.9
	28.6
	33
	30.3
	43.5
	
	

	2417
	10.4
	10.8
	11.5
	12.3
	14.4
	17.1
	22
	33.3
	39
	
	

	2422
	4.4
	4.8
	5.5
	5.3
	4.4
	5.1
	9.5
	24.3
	38
	
	

	2427
	
	
	
	
	
	
	8
	22.3
	36
	
	

	2432
	
	
	
	
	
	
	6.5
	23.3
	37
	
	

	2437
	
	
	
	
	
	
	5.5
	23.3
	39
	
	

	2442
	
	
	
	
	
	
	5.5
	24.8
	39
	
	

	2447
	
	
	
	
	
	
	6
	23.3
	38.5
	
	

	2452
	
	
	
	
	
	
	6.9
	24.3
	38.5
	
	

	2457
	
	
	
	
	
	
	6.5
	24.8
	37.5
	
	

	2462
	
	
	
	
	
	
	6.2
	23.8
	39.5
	
	

	2467
	
	
	
	
	
	
	5
	21.8
	36.5
	0.7
	

	2472
	
	
	
	
	
	
	4
	19.3
	34.5
	7.2
	2.6
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