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1. Introduction
In RAN 2 #119 e meeting we had initial discussions on the IDC topic. During the online discussion and [AT119-e] [615] [IDC] FDM solution enhancements email discussion, we had identified 6 candidate FDM solution with finer granularity to be further discussed in a [Post119-e][650][IDC] email discussion. These candidates are listed below 

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 
Option 3: BWP-based reporting using BWP ID 
Option 4: BWP-based reporting using BWP ID + PRB index 
Option 5: Measurement object ID 
Option 6: Resource Block Group (RBG) based reporting 

In this contribution we first discuss the benefit of having unified FDM solution for both serving and non-serving frequencies, followed by further details about option 1. We then provide the details of how the Option 1 can be applied for all the IDC scenarios agreed to be addressed in R18.
2. Discussion
2.1 Benefits for having unified FDM solution for both serving and non-serving frequencies 
According to the companies’ views in [Post119-e][650] email discussion, Option 3,4 and 6 can only work if the affected frequency is the UE’s serving frequency. If the affected frequency is the UE’s non-serving frequency, the UE will not be able to report the actually affected PRB or BWP or RGB since UE has no information on the PRB or BWP or RGB of the non-serving frequency. 

Based on these options some companies suggested that the granular indication for FDM enhancement only considers serving frequency during RAN 2 # 119 meeting. However, based on the majority view in the [AT119-e] [615] [IDC] email discussion we had agreed the following.

Agreements:
1 Granular indications of the affected NR frequency reported for IDC issue needs to consider both serving and non-serving frequency as in the legacy FDM solution.
In our view this agreement will clearly help in reducing the standardization efforts by designing a unified FDM solution in R18 that will allow for more granular IDC indications both on serving and on non-serving frequencies.

During [Post119-e][650][IDC] email discussion, this issue was re-discussed and some companies again expressed the view that for the non-serving frequencies, the network can avoid handover to the affected non-serving frequency based on the legacy ARFCN reporting. However, in our view, UE reporting more granular information for the non-serving frequency will help the gNB to make more accurate decision on whether to HO the UE to the target frequency or add the target frequency as the SCell for the UE. For example, if only a small part of the non-serving frequency is affected by the IDC issue as indicated by the granular information, the gNB may still decide to HO the UE to this frequency. However, if the UE just reports the ARFCN for affected non-serving frequency, the gNB would decide to not HO the UE to it at all . Additionally, if the UE reports the enhanced FDM information for both the serving and the non-serving frequency, the UE does not need to report it again when its serving frequency is changed which clearly reduces the overall signaling overhead. 

Observation 1 -  UE reporting more granular information than just ARFCN for the non-serving frequency will help the gNB to make more accurate decision on whether to HO the UE to the target frequency or add the target frequency cell as SCell for the UE if only part of the non-serving frequency is affected by the IDC issue.

In our understanding, this issue has been fully discussed during RAN#119 meeting and RAN2 has made clear agreement. We don’t see any strong motivation and critical issue justifying to re-open the discussion on this issue and to revert the agreement from RAN#119 meeting. Instead, we need to move forward based on that agreement.

Hence, we propose the following:

Proposal 1 Keep the previous RAN2 agreement that “Granular indications of the affected NR frequency reported for IDC issue needs to consider both serving and non-serving frequency as in the legacy FDM solution”, or rewording it to the proposal 1 as proposed by the rapporteur of [Post119-e][650] email discussion, without spending time on re-discussing the issue.

Considering this we believe that frequency ranges based FDM enhancements in option 1, 2 and 2a are the ones that can clearly work for both serving and non-serving frequencies and for EN-DC/NR-DC scenarios. Additionally, Option 1 is the natural extension of the existing FDM Solution in NR that involves the use of the center frequency in combination with just one additional parameter, the bandwidth, which means the specification impact would the minimum if option 1 is adopted. Hence, we suggest RAN 2 to adopt Option 1 for the FDM enhancements for R18. 

Proposal 2 Adopt Option 1 - Central frequency + Bandwidth of the actual affected frequency range for reporting for FDM enhancements in R18.

In the following sections we provide further details about option 1 and how it can be applied to the agreed scenarios for IDC.
2.2 Details of FDM Enhancement for Option 1 
We take the existing FDM solution as the basis and consider the following two aspects for FDM enhancement.
2.2.1 gNB configuration for IDC 
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. Otherwise, what the UE reports may be not what the gNB is interested in knowing.
So, 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 1. 
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Figure 1 - 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 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 as shown in Figure 2. 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. 
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Figure 2 - Enhanced UE reporting for IDC including actual affected bandwidth and the central frequency of this bandwidth
In addition, considering that the actually affected frequency range for the interference from NR TX to non-3GPP RX and the interference from non-3GPP TX to NR RX could be different, the UE should be allowed to report two different frequency range for each candidate serving frequency
Proposal 4: For each affected frequency, if the actual affected frequency range is within the frequency range that is configured by the gNB, UE reports the actual affected bandwidth and the central frequency of this bandwidth for each interference direction i.e. interference from NR TX to non-3GPP RX and non-3GPP TX to NR RX respectively.
2.3 Applying Option 1 for agreed R18 scenarios  
In RAN 2#119 e meeting the scenarios to be considered for IDC in R18 has been agreed but left the signaling details as FFS as below. 
	Agreements:
1 The Adjacent channel interference between NR Stand Alone (SA) or MN of NR-DC and non-3GPP should be considered for the FDM enhancement in Rel.18.
2 The Adjacent channel interference between SN (NR) of MR-DC and non-3GPP  should be considered for the FDM enhancement in Rel.18.
3 NE-DC is not considered; We will work on NR freq as SA NR case. 
4 We will not consider the enhancements on E-UTRA freq for EN-DC scenario. 
FFS, on signalling details;



	Agreements:
1 The IMD interference from simultaneous Tx in EN-DC to non-3GPP should be considered for the FDM enhancement in Rel.18.
2 The IMD interference from simultaneous Tx in NR-DC to non-3GPP should be considered for the FDM enhancement in Rel.18.
Note: the solution (on freq granularity) for adjacent can be reused for IMD, we will not invent new solution on freq granularity for IMD. FFS on signalling details.



In the following sections we discuss the signaling details how we could apply Option 1 FDM enhancement for each of the scenarios. Note the scenarios are numbered below just for easy reference in the subsections.
· Scenario 1: Adjacent channel interference between NR and non-3GPP that includes the following sub scenarios
· Scenario 1-1: Adjacent channel interference between NR Stand Alone (SA) or MN of NR-DC and non-3GPP
· Scenario 1-2: Adjacent channel interference between SN (NR) of MR-DC and non-3GPP
· Scenario 2: Intermodulation Distortion (IMD) interference from simultaneous Tx in MR-DC to non-3GPP that includes the following sub scenarios
0. Scenario 2-1: IMD interference from simultaneous Tx in EN-DC to non-3GPP 
0. Scenario 2-2: IMD interference from simultaneous Tx in NR-DC to non-3GPP
2.3.1 FDM Enhancement for Scenario 1-1  
The FDM enhancement based on option 1 can straight away be applied for resolving Adjacent channel interference between NR Stand Alone (SA) or MN of NR-DC and non-3GPP as described in proposal 3 and 4 above.

Proposal 5: To support the FDM enhancement for scenario 1-1 same procedure as described in Proposal 3 and 4 is applied 

2.3.2 FDM Enhancement for Scenario 1-2  
In case the NR node is operating as a SN within the MR-DC configuration and in case only SN frequency is affected by IDC problem, the same enhancements for the Scenario 1-1 described above for NR Stand Alone (SA) mode can be applied. 
There are two ways to support the FDM enhancement of scenario 1-1 in scenario 1-2 depending upon whether SRB3 is configured or not as shown in Figure 3.
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Figure 3 - Enhanced IDC configuration from SN and UE reporting to SN 
Case 1 - SRB3 is not configured: SN configures the enhanced IDC related configuration via SRB1 by using the RRCReconfiguration container to the UE and UE reports the enhanced IDC assistance information via SRB1, i.e. by reporting UAI in the ULInformationTransferMRDC message which is then transferred to SN using RRCTransfer message
Case 2 - SRB3 is configured: SN configures the enhanced IDC related configuration to the UE via SRB3 and UE reports the IDC assistance information directly via SRB3
By using these signaling procedures, we can avoid further specification impact on top of the FDM solution for scenario 1-1, especially avoid impact to 36.331 in case of EN-DC.
Proposal 6: To support the FDM enhancement as in Proposal 3 and 4 for scenario 1-2, 
· If SRB3 is not configured: SN configures the enhanced IDC related configuration as given in proposal 3 via SRB1 by using the RRCReconfiguration container to the UE, and UE reports the IDC assistance information with more granular/enhanced FDM information as given in proposal 4 to SN via SRB1 by reporting UAI in the ULInformationTransferMRDC message
· if SRB3 is configured: SN configures the enhanced IDC related configuration as given in proposal 3 to the UE via SRB3, and UE reports the IDC assistance information with more granular/enhanced FDM information as given in proposal 4 to SN via SRB3

2.3.3 FDM Enhancement for Scenario 2-1  
For the EN-DC, Figure 4 shows the involved procedures for the current FDM solution. For the scenario 2-1, the same enhancements for the Scenario 1-1 described above can be applied on top of the current procedures shown in Figure 4. To be specific:
· When the SN provide configurations for IDC to the MN via the CG-Config, the SN includes the enhanced IDC related configuration as given in proposal 3;
· When the MN configures otherConfig for the IDC to the UE, the MN includes the above information provided by the SN in the CG-Config for IDC
· When the UE detects the IDC issues for EN-DC, for the affected NR frequency, the UE reports the IDC assistance information with more granular/enhanced FDM information as given in proposal 4 to the MN;
· The MN transfer the IDC assistance information for EN-DC to the SN by initiating the SN modification procedure and include the information that the UE reports as above in the CG-ConfigInfo
· 
UE
MN
SN
1: Information of Candidate SN serving Frequency List 
2: Information of Candidate SN serving Frequency List 
(In CG-Config)
(In Other-Config)
3: Information of actually affected SN serving Frequency List 
4: Information of actually affected SN serving Frequency List 
(In CG-ConfigInfo)
(In IDC assistance information)
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Figure 4 – EN-DC procedure for the current FDM based solution 
Proposal 7: To support the FDM enhancement as in Proposal 3 and 4 for scenario 2-1:
· When the SN provide configurations for IDC to the MN via the CG-Config, the SN includes the enhanced IDC related configurations as given in proposal 3, and the MN provides such configurations to the UE in the otherConfig
· When the UE detects the IDC issues for EN-DC, for the affected NR frequency, the UE reports the IDC assistance information with more granular/enhanced FDM information as given in proposal 4 to the MN, and MN transfer such information to the SN in the CG-ConfigInfo.

2.3.4 FDM Enhancement for Scenario 2-2  
For the NR-DC, currently there is no FDM based solution in place, in the current specification, for reporting of Intermodulation Distortion interference arising from simultaneous Tx during NR-DC operation. This is because the affectedCarrierFreqCombList IE in the UEAssistanceInformation message currently supports the reporting of list of NR carrier frequency combinations that are affected by IDC problems due to Inter-Modulation Distortion and harmonics from NR when configured with only uplink carrier aggregation UL CA.
So, for this scenario, the FDM solution should be introduced firstly, and then the same enhancements as in proposal 7 can be applied.
To support the FDM solution for NR-DC, the current affectedCarrierFreqCombList in the UAI message for IDC should be extended to cover the NR-DC case. In other words, in case Intermodulation Distortion interference is caused by simultaneous TX on UL frequency to non-3GPP during the NR-DC operation then it is necessary that the UE reports the combination of such NR carrier frequencies to the network when configured with NR-DC.
Additionally, in the CG-configInfo, the affectedCarrierFreqCombMRDC should also be extended to support the NR-DC case
Hence for this scenario, we propose the following:
Proposal 8-1: To introduce the FDM solution for the Scenario 2-2 firstly by extending the affectedCarrierFreqCombList in the UAI message for IDC and the affectedCarrierFreqCombMRDC in the CG-configInfo to cover the NR-DC case. 
Proposal 8-2: To further support the FDM enhancement as in Proposal 3 and 4 for scenario 2-2:
· When the SN provide configurations for IDC to the MN via the CG-Config, the SN includes the enhanced IDC related configurations as given in Proposal 3, and the MN provides such configurations to the UE in the otherConfig
· When the UE detects the IDC issues for NR-DC, for the affected NR frequency, the UE reports the IDC assistance information with more granular/enhanced FDM information as given in proposal 4 to the MN, and MN transfer such information to the SN in the CG-ConfigInfo.
2.4 gNB actions on receiving enhanced assistance information
On receiving the enhanced IDC assistance information for the UE about the actually affected bandwidth and the central frequency of this bandwidth for each interference direction separately, the gNB can apply scheduling restrictions to not schedule the UE on the actual affected frequency ranges or on the PRBs within the actual affected frequency ranges to resolve the IDC issue depending upon its implementation.

Proposal 9: gNB can apply scheduling restrictions to not schedule the UE on the actual affected frequency ranges or on the PRBs within the actual affected frequency ranges to resolve the IDC issue depending upon its implementation
3.  Conclusions
In this contribution we first discuss the benefit of having unified FDM solution for both serving and non-serving frequencies, followed by further details about option 1 -  Central frequency + Bandwidth of the actual affected frequency range. We then provide the details of how the Option 1 can be applied for all the IDC scenarios agreed to be addressed in R18. 

We have the following proposals and observations.

Benefits for having unified FDM solution for both serving and non-serving frequencies

Observation 1 -  UE reporting more granular information than just ARFCN for the non-serving frequency will help the gNB to make more accurate decision on whether to HO the UE to the target frequency or add the target frequency cell as SCell for the UE if only part of the non-serving frequency is affected by the IDC issue.
Proposal 1 Keep the previous RAN2 agreement that “Granular indications of the affected NR frequency reported for IDC issue needs to consider both serving and non-serving frequency as in the legacy FDM solution”, or rewording it to the proposal 1 as proposed by the rapporteur of [Post119-e][650] email discussion, without spending time on re-discussing the issue.

Proposal 2 Adopt Option 1 - Central frequency + Bandwidth of the actual affected frequency range for reporting for FDM enhancements in R18.

Details of FDM Enhancement for Option 1

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: For each affected frequency, if the actual affected frequency range is within the frequency range that is configured by the gNB, UE reports the actual affected bandwidth and the central frequency of this bandwidth for each interference direction i.e. interference from NR TX to non-3GPP RX and non-3GPP TX to NR RX respectively.


FDM Enhancement for Scenario 1-1

Proposal 5: To support the FDM enhancement for scenario 1-1 same procedure as described in Proposal 3 and 4 is applied 

FDM Enhancement for Scenario 1-2

Proposal 6: To support the FDM enhancement as in Proposal 3 and 4 for scenario 1-2, 
· If SRB3 is not configured: SN configures the enhanced IDC related configuration as given in proposal 3 via SRB1 by using the RRCReconfiguration container to the UE, and UE reports the IDC assistance information with more granular/enhanced FDM information as given in proposal 4 to SN via SRB1 by reporting UAI in the ULInformationTransferMRDC message
· if SRB3 is configured: SN configures the enhanced IDC related configuration as given in proposal 3 to the UE via SRB3, and UE reports the IDC assistance information with more granular/enhanced FDM information as given in proposal 4 to SN via SRB3

FDM Enhancement for Scenario 2-1

Proposal 7: To support the FDM enhancement as in Proposal 3 and 4 for scenario 2-1:
· When the SN provide configurations for IDC to the MN via the CG-Config, the SN includes the enhanced IDC related configurations as given in proposal 3, and the MN provides such configurations to the UE in the otherConfig
· When the UE detects the IDC issues for EN-DC, for the affected NR frequency, the UE reports the IDC assistance information with more granular/enhanced FDM information as given in proposal 4 to the MN, and MN transfer such information to the SN in the CG-ConfigInfo.


FDM Enhancement for Scenario 2-2

Proposal 8-1: To introduce the FDM solution for the Scenario 2-2 firstly by extending the affectedCarrierFreqCombList in the UAI message for IDC and the affectedCarrierFreqCombMRDC in the CG-configInfo to cover the NR-DC case. 



Proposal 8-2: To further support the FDM enhancement as in Proposal 3 and 4 for scenario 2-2:
· When the SN provide configurations for IDC to the MN via the CG-Config, the SN includes the enhanced IDC related configurations as given in Proposal 3, and the MN provides such configurations to the UE in the otherConfig
· When the UE detects the IDC issues for NR-DC, for the affected NR frequency, the UE reports the IDC assistance information with more granular/enhanced FDM information as given in proposal 4 to the MN, and MN transfer such information to the SN in the CG-ConfigInfo.
gNB actions on receiving enhanced assistance information

Proposal 9: gNB can apply scheduling restrictions to not schedule the UE on the actual affected frequency ranges or on the PRBs within the actual affected frequency ranges to resolve the IDC issue depending upon its implementation
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