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1. Introduction
In the previous meeting, many agreements were achieved for the IDC FDM enhancement. In the last meeting, for the MR-DC, it has been agreed that MN can configure IDC. About whether SN can configure IDC for SN, it was left a post email discussion together with the FDM enhancement impact on the MR-DC coordination. According to the summary of this post meeting email discussion, 3 proposals were given as below for the MR-DC coordination.
	Proposal 6: [To agree] [9/11] In MR-DC scenarios, SN can also configure the UE for IDC reporting, including both FDM and TDM solution.
Proposal 7: [To agree] [8/11] RAN 2 agrees that no additional co-ordination is needed for IDC configuration, apart from the existing mechanism between MN and SN.
Proposal 8: [To discuss] RAN 2 further discuss whether the inter node co-ordination for IDC solutions to address the IMD issue where combination of frequencies involving MN and SN are affected is needed.


In this paper, we’d like to share our further thinking on the IDC enhancement impact to the MR-DC.
2. Discussion
In this chapter, we first share our understanding on the MN configured IDC, then discuss whether and how does the SN configure the UE for the IDC reporting, at last we analyze the FDM enhancement impact on the MR-DC coordination and also its potential impact on the RAN3.
2.1 MN Config the IDC
As agreed in the last meeting, IDC configured by the MN shall be supported. So in this sub-chapter, we share our views on MN configured IDC procedure. According how to indicate the candidate Frequency list of MN and SN, generally, there are 2 options:
· Option 1: Similar to the legacy EN-DC IDC reporting, the MN indicates the candidate frequency list from both MN and SN with one list to the UE
· Option 2: The MN indicates the candidate frequency list from the MN and SN separately to the UE
Procedure for the option 1


Fig 1: Option 1 One Candidate Frequency list
	Step 1: SN indicate the candidate frequency list to the MN
Step 2: MN indicates the candidate frequency list ( include both the candidate frequency for the MN and SN) to the UE
Step 3: UE report the IDC that related to the carriers within the candidate frequency list.
[bookmark: OLE_LINK2]Step 4: The MN forward the IDC that only related to the SN indicated candidate frequencies to the SN. (or all of the UE reported IDC)  


    
Procedure for the option 2

[bookmark: OLE_LINK1]
Fig 1b: Option 2 Separate frequency list
	Step 1: SN indicate the candidate frequency list to the MN
Step 2: MN indicates the candidate frequency lists (e.g. one for MN and the other for SN) to the UE
Step 3: UE report the IDC for the MN/SN/MR-DC respectively
Step 4: The MN forward the IDC that only related to the SN indicated candidate frequencies to the SN.


Proposal 1: Ran2 to confirm which option shall be selected as baseline for the MN configured IDC procedure.
· Option 1: Similar to the legacy EN-DC IDC reporting, the MN indicates the candidate frequency list from both MN and SN with one list to the UE
· Option 2: The MN indicates the candidate frequency list from the MN and SN separately to the UE
With the option 1, the MN node may need to filter the IDC that related to the SN and forward it to the SN node. With option 2, the UE divided the IDC into 3 part for the MN only, SN only and MR-DC respectively, then the MN doesn’t need to do any filtering. However, it will also introduce more specification work.
Proposal 1a: Take the above option 1 as baseline for the MN configured IDC Procedure.
For the option 1, compared with the legacy scheme, some enhancement maybe needed. As summarized in the post email discussion, a bandwidth maybe included for each candidate frequency, then which would also be needed for the SN to indicate to candidate frequency to the MN
Proposal 2: If the bandwidth would be added to the air interface for the IDC configuration, it shall also be added for the MN-SN interface (E.g. for the SN candidate frequency indication to the MN)
2.2 SN Configure the IDC
In this chapter, we discuss how SN configures the IDC independently. We would focus on the case without SRB3. For the case with SRB3, the only difference is that the SN can configure the UE through SRB3 directly. Before we discuss whether the SN can configure the IDC, we’d like to clarify that the MN configured IDC procedure can also support to configure IDC for the SN side only as shown in the Fig 2a.


Fig 2a: Direction 1 SN configuration with nontransparent way
	Step 1: SN indicate the candidate frequency list to the MN
Step 2: MN indicates the Candidate frequency list from the SN to the UE
Step 3: UE report the IDC that related to the carriers within the candidate frequency list
Step 4: The MN forward the IDC that related to the SN indicated candidate frequencies to the SN.


Furthermore, the MN can further determine whether to report the IDC interference for the MN side and MR-DC simultaneously.
Observation 1: The MN configured IDC procedure can also support to configure IDC for the SN side only.
Based on the observation 1, we further discuss whether and how to support SN configured IDC independently. We start it from the case without SRB3, and the general procedure is shown in Fig.2b


Fig 2b: SN Configure IDC with transparent way
	Step 1: SN include a ReconfigMessage to the MN, in which, it indicates the candidate frequency list to the UE
Step 2: MN send a message to UE in which it includes a nr-scg Container
Step 3: UE report the IDC by UL information transfer for the SCG
Step 4: The MN forward the UL information transfer to the SN


As shown in the Fig 2b, the configuration of the SN is transparent to the MN, the main issue is that it can’t support MR-DC IDC reporting configuration. In other words, if the SN/MN need to the UE to report the MR-DC IDC, the MN based procedure (e.g. procedure in the Fig 1) shall be executed again then the UE would report the SN side IDC repeatedly. 
Observation 2: For the case that the MN also need to acquire the MR-DC IDC, SN configure IDC with transparent way would cause repeated IDC reporting.
Based on the above 2 observations, we don’t see the strong motivation to support SN configuring IDC with transparent way.
Proposal 3: Do not support SN configuring IDC with transparent way.
2.3 MN-SN Coordination
In this chapter, we first share our understanding on the MN-SN coordination with legacy IDC, then discuss how to coordination IDC with FDM enhancement for the MN and SN.
2.3.1 MN-SN Coordination within legacy IDC
As in legacy, the MN would indicate the MR-DC related IDC interference information to the SN, as below:
	CG-Config: The SN provides the frequencies of candidate serving cells to the MN, then the MN includes it in the other config together with the MN candidate frequencies.
CG-ConfigInfo: The MN indicates the MR-DC related IDC interference information to the SN


However, at SN side, with only MR-DC related IDC interference information is not enough, the SN also need to know which carriers would be used by the MN side to further determine the available carrier at the SN side.
Observation 3: For the legacy MN-SN coordination, besides the MR-DC related IDC interference information, the SN also need to know which carriers would be used by the MN side to further determine the available carriers at the SN side.
Then in the legacy capability coordination information, the MN would also indicate the selectedBandEntriesMNList,
	ConfigRestrictInfoSCG ::= SEQUENCE { 
allowedBC-ListMRDC           BandCombinationInfoList ...}
BandCombinationInfoList ::=     SEQUENCE (SIZE (1..maxBandComb)) OF BandCombinationInfo
selectedBandEntriesMNList        SEQUENCE (SIZE (1..maxBandComb)) OF SelectedBandEntriesMN 


As an implementation method, the SN can further determine the available band entries based on the MR-DC IDC interference information and the selectedBandEntriesMNList, For example, if the UE report an IDC that caused by f1 and f2, and the f1 was included in the selectedBandEntriesMNList, the SN will not include the cells on the f2 in the SCG.
Observation 4: For the legacy carrier-based scheme, the SN can determine the available carrier entries based on the MR-DC IDC interference information and the selectedBandEntriesMNList.
2.3.2 MN-SN Coordination within Frequency Range based FDM enhancement
In R18, if the UE report more granular FDM information, the MN and SN may also need to take these granular FDM information into consideration. 
	For example
MN: F1: Frequency Range1, Frequency Range2        SN: F2: Frequency Range1, Frequency Range2  
IMD 1: F1 Frequency Range1+ F2 Frequency Range1   IMD 2: F1 Frequency Range2 + F2 Frequency Range2


If the MN indicates the SN that F1 was selected (e.g. in the selectedBandEntriesMNList), but doesn’t indicate the Frequency Range based information to the SN, the SN would take all frequency ranges on the F2 as invalid.


Proposal 4: For the MR-IDC reporting with FDM enhancement, besides the MR-DC related IDC interference information, the SN shall also know which frequency ranges would be used by the MN side to further determine the available frequency ranges at the SN side.
[bookmark: _GoBack]Based on the proposal 4, at least the below two detail issues shall be further discussed:
(1) Which kind of frequency ranges shall be exchanged between the MN and SN?
(2) How to exchange the frequency range information between the MN and SN?
We would like to discuss these 2 issues one by one.
Which kind of frequency ranges shall be exchanged between the MN and SN?
Generally, there are 2 options:
· Option 1: The MN exchange both the current serving Frequency Ranges and the potential serving Frequency Ranges that are included in MR-DC IDC combination.
· Option 2: The MN only exchange the current serving Frequency Ranges that are included in MR-DC IDC combination.
With option 1, the SN can’t get the exact MN current working Frequency Ranges information, so it has less configuration flexibility. However, with the option 2, once the MN changes the cell or the frequency range allocation, the MN may need to coordinate with the SN again. To avoid frequency coordination between the MN and SN, the option 1 is slightly preferred.
Proposal 5: The MN exchange both the current serving Frequency Ranges and the potential serving Frequency Ranges that are included in MR-DC IDC combination.
How to exchange the frequency range information between the MN and SN?
For the Question 2, the UE can exchange the related frequency ranges information explicitly or implicitly. The explicit way means that the MN indicate the dedicated frequency range immediately, while the implicit way means that the MN can indicate which MR-ID IDC combinations are forbidden.
Take the below Fig 3 as an example, the UE report MR-DC IDC comb 1~6, and the MN selects f1 frequency Range 1/2 and f3 frequency range 2 as the (potential) serving frequency ranges.
	




Fig 3: MR-DC IDC Combination
· Explicit Way:
· MN->SN: F1+Frequency Range 1 Frequency range 2  F3 + Frequency range 1
· Implicit way: 
· MN->SN: Forbidden IDC comb Index = 1/2/4/6
By both above methods, the SN would know that only frequency range 3 on the f2 can be considered. Considering that the implicit way can save more signaling bits, RAN2 can take the implicit way as baseline.
Proposal 6: The implicit way (e.g. Forbidden MR-DC IDC Comb Index) can be taken as baseline for the MN to indicate its (potential) serving frequency range to the SN.
2.4 Impact to RAN3
In this chapter, we’d like to discuss whether the FDM enhancement would have impact to the RAN3. With FDM enhancement, once the network accept the IDC reporting with bandwidth granularity, it means that the gNB can only schedule the UE on the available frequency range. 
Observation 5: With IDC FDM enhancement, the gNB can only schedule the UE on the available frequency range. 
Thus, the DU may need to know the available frequency range information from the CU. Anyway whether and how the CU indicates DU such kind of information shall be determined by RAN3, a LS to RAN3 may be needed
Proposal 7: Send an LS to RAN3 to indicate that with IDC FDM enhancement, the gNB can only schedule the UE on the available frequency range. 
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Proposal 1: Ran2 to confirm which option shall be selected as baseline for the MN configured IDC procedure.
· Option 1: Similar to the legacy EN-DC IDC reporting, the MN indicates the candidate frequency list from both MN and SN with one list to the UE
· Option 2: The MN indicates the candidate frequency list from the MN and SN separately to the UE
Proposal 1a: Take the above option 1 as baseline for the MN configured IDC Procedure.
Observation 1: The MN configured IDC procedure can also support to configure IDC for the SN side only.
Observation 2: For the case that the MN also need to acquire the MR-DC IDC, SN configure IDC with transparent way would cause repeated IDC reporting.
Proposal 3: Do not support SN configuring IDC with transparent way.
Observation 3: For the legacy MN-SN coordination, besides the MR-DC related IDC interference information, the SN also need to know which carriers would be used by the MN side to further determine the available carriers at the SN side.
Observation 4: For the legacy carrier-based scheme, the SN can determine the available carrier entries based on the MR-DC IDC interference information and the selectedBandEntriesMNList.
Proposal 4: For the MR-IDC reporting with FDM enhancement, besides the MR-DC related IDC interference information, the SN shall also know which frequency ranges would be used by the MN side to further determine the available frequency ranges at the SN side.
Proposal 5: The MN exchange both the current serving Frequency Ranges and the potential serving Frequency Ranges that are included in MR-DC IDC combination.
Proposal 6: The implicit way (e.g. Forbidden MR-DC IDC Comb Index) can be taken as baseline for the MN to indicate its (potential) serving frequency range to the SN.
Observation 5: With IDC FDM enhancement, the gNB can only schedule the UE on the available frequency range. 
Proposal 7: Send an LS to RAN3 to indicate that with IDC FDM enhancement, the gNB can only schedule the UE on the available frequency range. 
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