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1. Introduction
In RAN 2 #120 meeting we had agreed to down select one of solution 1, 2 or 2a based on ASN.1 detail for FDM enhancements. We also had an FFS on the signalling details, how to configure, how to report for the FDM enhancements.

Brief description frequency range solutions 1, 2 or 2a for FDM enhancements are given below
· Option 1: Central frequency + Bandwidth of the actual affected frequency range
· [bookmark: _Hlk124461159]Option 2: Starting frequency + Ending frequency of the actual affected frequency range
· [bookmark: _Hlk124461724]Option 2a: starting frequency + Bandwidth of the actual affected frequency range

In [Post120][652][IDC] Further details of FDM solution, companies were invited to express their views for down selection of the solution and on various aspects that are open for FDM enhancements such as whether we need to support the functionality for the SN to configure the IDC reporting for FDM enhancement and whether the MN-SN coordination is needed to configure the FDM enhancement. 

In this contribution we provide our views/details on these open items. We first discuss the details of the information needed for UE reporting, followed by the details of the configuration to enable the FDM enhancement from the gNB. We then discuss whether SN needs to configure the IDC reporting for FDM enhancement and high-level details of the MN-SN coordination needed to configure the FDM enhancement and to address the IDC via FDM solution .
2. Discussion
2.1 Contents of the IDC Reports from UE 
Comparing the three options below for deciding the contents of the IDC reports 

· Option 1: Central frequency + Bandwidth of the actual affected frequency range
· Option 2: Starting frequency + Ending frequency of the actual affected frequency range
· Option 2a: starting frequency + Bandwidth of the actual affected frequency range

we believe that frequency ranges based FDM enhancements in option 1, 2 and 2a where bandwidth is explicitly indicated by the UE in MHz or where the start and end frequencies of the actual affected frequency range is indicated by the UE are the ones that can clearly work for both serving and non-serving frequencies and for EN-DC/NR-DC scenarios and will be in line with the previous agreements. 

Additionally, comparing Option 1 and 2a, we understand that Option 1 is the natural extension of the existing FDM Solution in NR that involves the use of the center frequency and the bandwidth in MHz, which also means the that the signalling overhead for Option 1 (26 bits) will be lower compared to Option 2 (44 bits). Hence, we suggest RAN 2 to adopt Option 1 for the FDM enhancements for R18. Of course, we understand that the bandwidth values are not exact as in option 2 but can be fine-tuned to cover all the scenarios involving Wi-Fi, GNSS, BT.

Proposal 1- Adopt Option 1 - Central frequency + Bandwidth of the actual affected frequency range for reporting for FDM enhancements in R18.
After RAN2 has the conclusion on the detailed information that the UE should report for the IDC enhancement, it can be further discussed whether such detailed information can be applied for the UL CA case and the MR-DC case including both EN-DC and NR-DC. In our view, we think for each individual affected NR frequency included the affected frequency combination for NR UL CA and MR-DC case, if the UE can detect the actually affected NR frequency range, the UE can also report the central frequency and bandwidth of the affected individual NR frequency. 

Proposal 2: For the NR UL CA and MR-DC with intermodulation distortion interference related IDC issue, if the UE can detect actually affected NR frequency range for each individual affected NR frequency included the affected frequency combination, the UE reports the central frequency + bandwidth to indicate the affected frequency range.

2.2 gNB configuration and additional details of UE reporting for IDC 
2.2.1 gNB configuration for IDC 
As discussed in section 2.1, if the UE needs to report more granular indication of the affected frequencies, we believe that the gNB should also provide more granular indication of the candidate serving frequencies for which the UE is requested to report the IDC issue. Below we give the detailed analysis.
If the gNB only configures the carrier frequency indicated by ARFCN value in the candidate serving frequency list to the UE, then we need to consider how the UE can use this carrier frequency to decide whether to report the IDC assistance information when it detects the IDC problem for a frequency range. Two of such cases are shown in Figure 1.
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Figure 1 – Case 1 - the affected frequency range includes the center frequency
[bookmark: _GoBack][image: ]

Figure 1 – Case 2 - the affected frequency range does not include the center frequency

· One option is only if the affected frequency range covers this carrier frequency, then the UE includes this frequency range in the IDC assistance information, otherwise the UE does not include this frequency range in the IDC assistance information. For case 1 in the Figure 1, there is no problem. However, for the case 2 in the Figure 1, with this option, the UE will miss to report this affected frequency range to the gNB.
· Another option is that it is up to UE implementation to decide whether to include this frequency range in the IDC assistance information. However, with this option, the carrier frequency configured by the gNB as the candidate serving frequency does not provide any guidance for the UE at all, and may result in unnecessary report of frequency range being sent by the UE that is not of interest to the gNB. This will cause excessive signalling and waste of air interface resources.  
So, based on the above analysis, we think in addition to configuring the candidate serving frequency list (center frequency), the gNB should also configure the candidate bandwidth for each of the candidate serving frequency, which is used to indicate the frequency range the UE is requested to report IDC issues as shown in Figure 2. When the UE detects the IDC problem for a frequency range, only if this frequency range is within the range indicated by the dotted box in the Figure 2, the UE will include this frequency range in the IDC assistance information. Then the issues as analyzed in the above two options will not exist.
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Figure 2 - Enhanced gNB configuration for IDC including candidate serving frequency list and candidate bandwidth
Proposal 3: For each candidate serving frequency (center frequency), the gNB will configure the candidate bandwidth, the combination of which is used to indicate the frequency range of the corresponding candidate serving frequency the UE is request to report IDC issues.

2.2.2 Additional details of IDC UE assistance information reporting
As discussed above, in order to have a common design for both serving frequency and non-serving frequency, it is required that the UE report the actually affected bandwidth and the central frequency of this bandwidth for each affected frequency. Of course, the frequency range that is determined by the affected bandwidth and central frequency are within the frequency range configured by the gNB for IDC as shown in Figure 3. 
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Figure 3 - UE reporting for Option 1 including actual affected bandwidth and the central frequency of this bandwidth of the affected frequency range
Proposal 4: In order to limit the reporting overhead and to have relevant information for the gNB, it is proposed that the frequency range reported by the UE which is determined by the affected bandwidth and central frequency are within the frequency range configured by the gNB for IDC.
For a candidate frequency range configured by the gNB, the UE may detect both of the interference from NR TX to non-3GPP RX and the interference from non-3GPP TX to NR RX. In this case the actually affected frequency range for the two interference direction may be same or may be different as shown in Figure 4 considering that the isolation of antenna used by NR and non-3GPP RAT may be different. Then for such candidate frequency range, if the affected frequency range for both of the direction is the same, the UE only needs to report one affected frequency range and set to the interference direct to “both”, while if the affected frequency range for the two directions are different, the UE needs to report two affected frequency ranges, one with interference direction set to “NR” and one with interference direction set to “other “. This will enable the gNB to apply different scheduling restrictions in the UL and DL to resolve the IDC issue.
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Figure 4 – Different affected frequency range for the interference from NR TX to non-3GPP RX and the interference from non-3GPP TX to NR RX
Proposal 5: For a candidate frequency range indicated by the gNB, if the UE detects interference in both directions i.e. interference from NR TX to non-3GPP RX and the interference from non-3GPP TX to NR RX, the UE reports one affected frequency range along with interference direction set to “both” if the affected frequency range is the same for the two directions, otherwise, the UE reports two affected frequency ranges along with interference direction set to “”NR and “other ” respectively.
2.3 FDM solution enhancement for MR-DC  
For the MR-DC scenarios we think that there can be two cases that we should consider 
· Case 1 – Individual candidate frequencies are affected by the IDC issue
· Case 2 – Combination of frequencies are affected by the IDC issue
For these two cases there can be two options in terms of which node configures the UE with the candidate serving frequency range list. 
· Option 1 – Only MN Configures the UE with the candidate serving frequency range list for reporting
· Option 2 – Both MN and SN can configure the UE with the candidate serving frequency range list for reporting
In the following table we provide our high-level summary in terms of whether it is beneficial for SN to configure the IDC reporting for FDM enhancement and whether the MN-SN coordination is beneficial to configure the FDM enhancement and to address the IDC via FDM solution for each of these cases.
	Cases and Scenarios
	Responsible network entity
	Remarks on scenario and interaction

	Individual candidate frequencies are affected by the IDC issue
	EN-DC
	MN only
	· SN provides the candidate serving frequency list to the MN and MN configures both MN and SN candidate frequencies to the UE using SRB 1. 
· UE reports are transferred from MN to SN for SN to take action. Hence some co-ordination is needed

	
	
	Both MN and SN
	· The independent configuration can be provided by MN and SN and UE can  independently report actual affected frequency range to either MN or SN depending on the node that provided the configuration. If MN and SN configures the same candidate frequency to the UE, the UE just needs to report to both the MN and SN. So no coordination between the MN and SN for IDC configuration is needed.
· SN can provide the candidate serving frequency list directly to the UE using SRB 3 or using the container in SRB1.
· UE can report IDC issues involving SN configured frequencies directly to SN via SRB 3 or using the container in SRB1and SN can take action. 

	
	NR-DC
	MN Only
	· Similar to EN-DC Scenario for this case. 
· However, Signalling may be unnecessarily restrictive if only the SN frequencies are affected by IDC as it will always have to go via MN

	
	
	Both MN and SN
	· Same to the EN-DC case. 

	Combination of frequencies are affected by the IDC issue
	EN-DC
	MN Only
	· MN receives the report through SRB 1. 
· EN-DC procedure for legacy IDC FDM solution, i.e. SN provides candidate serving frequency list to MN and MN    transfer the UE IDC assistance information to SN,  could be reused 
· If MN decides to address the IDC issue caused by frequency combination, it does not transfer the UE reported IDC information to SN, otherwise, it transfers the UE reported IDC information to SN for SN to take action in case the SN frequency is involved in the combination. So no coordination is needed for solution between MN and SN. 

	
	
	Both MN and SN
	· If UE reports IDC assistance information to both MN and SN, coordination will be needed to address the IDC issue

	
	NR-DC
	MN Only
	· MN receives the report through SRB 1. 
· The same procedure as the EN-DC procedure for legacy IDC FDM solution could be reused.
· If MN decides to address the IDC issue caused by frequency combination, it does not transfer the UE reported IDC information to SN, otherwise, it transfers the UE reported IDC information to SN for SN to take action in case the SN frequency is involved in the combination. So no coordination is needed for solution between MN and SN. 

	
	
	Both MN and SN
	· If UE reports IDC assistance information to both MN and SN, co-ordination will be needed to address the IDC issue


Considering the above analysis we think that 
1) it is beneficial that SN is able to configure and address the IDC problems independently for the following cases
· EN-DC case where the impacts to LTE MN can be minimized.
· NR-DC case where the IDC issues can be resolved in the SN independently
2)  Neither the coordination for IDC configuration to avoid the overlap of candidate frequency list nor the coordination for IDC solution between the MN and SN is needed. 
Hence, we propose the following:
Proposal 6: SN can configure the UE for IDC reporting for FDM enhancements in both EN-DC and NR-DC scenarios either via SRB3 if SRB3 is configured, or via the SRB1 by using a container if SRB3 is not configured.
Proposal 6a: For the individual affected frequency that is in the candidate serving frequency list configured by SN, the UE reports the IDC assistance information to the SN either via SRB3 if SRB3 is configured, or via the SRB1 by using a container if SRB3 is not configured.
Proposal 7: Neither the coordination for IDC configuration to avoid the overlap of candidate frequency list nor the coordination for IDC solution between the MN and SN is needed.
3. Conclusions
[bookmark: _Hlk127386207]In this contribution we provide our views/details on these open items. We first discuss the details of the information needed for UE reporting, followed by the details of the configuration to enable the FDM enhancement from the gNB. We then discuss whether SN needs to configure the IDC reporting for FDM enhancement and high-level details of the MN-SN coordination needed to configure the FDM enhancement and to address the IDC via FDM solution . Following observations and proposals are made.

Contents of the IDC Reports from UE

Proposal 1- Adopt Option 1 - Central frequency + Bandwidth of the actual affected frequency range for reporting for FDM enhancements in R18.

Proposal 2: For the NR UL CA and MR-DC with intermodulation distortion interference related IDC issue, if the UE can detect actually affected NR frequency range for each individual affected NR frequency included the affected frequency combination, the UE reports the central frequency + bandwidth to indicate the affected frequency range.

gNB configuration and additional details of UE reporting for IDC

Proposal 3: For each candidate serving frequency (center frequency), the gNB will configure the candidate bandwidth, the combination of which is used to indicate the frequency range of the corresponding candidate serving frequency the UE is request to report IDC issues.

Proposal 4: In order to limit the reporting overhead and to have relevant information for the gNB, it is proposed that the frequency range reported by the UE which is determined by the affected bandwidth and central frequency are within the frequency range configured by the gNB for IDC.



Proposal 5: For a candidate frequency range indicated by the gNB, if the UE detects interference in both directions i.e. interference from NR TX to non-3GPP RX and the interference from non-3GPP TX to NR RX, the UE reports one affected frequency range along with interference direction set to “both” if the affected frequency range is the same for the two directions, otherwise, the UE reports two affected frequency ranges along with interference direction set to “”NR and “other ” respectively.

FDM solution enhancement for MR-DC

Proposal 6: SN can configure the UE for IDC reporting for FDM enhancements in both EN-DC and NR-DC scenarios either via SRB3 if SRB3 is configured, or via the SRB1 by using a container if SRB3 is not configured.
Proposal 6a: For the individual affected frequency that is in the candidate serving frequency list configured by SN, the UE reports the IDC assistance information to the SN either via SRB3 if SRB3 is configured, or via the SRB1 by using a container if SRB3 is not configured.
Proposal 7: Neither the coordination for IDC configuration to avoid the overlap of candidate frequency list nor the coordination for IDC solution between the MN and SN is needed.
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