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Discussion and decision
1. Introduction
In the previous RAN2 meetings, the IDC issue for EN-DC was discussed and there was an LS to RAN4 [5] on the applicability of IDC for EN-DC. RAN4 has replied with LS [4] confirming the need for IDC handling in EN-DC. Also there are contributions [1] [2] [3] submitted by multiple companies on the IDC structure for EN-DC.

This paper builds upon the material from these papers, providing our view and adds more details on the UE and NW behaviour and signalling in solving the IDC issue for EN-DC.

2. Discussion
2.1. IDC framework to support EN-DC
Compared to standalone LTE, with EN-DC we have now transmission and reception on more frequencies that NR brings (including SUL). From 3GPP perspective this means we have more frequencies that can act as aggressors on other technologies that the UE supports, and/or become victims due to the interference from other technologies. RAN4 in the LS [4] also confirmed that the NR FR1/FR2 frequencies that can be used in EN-DC can also get affected or affect the ISM bands. 

In providing solutions to these IDC problems in EN-DC, since the master node is LTE, it would be logical starting point have the UE report the IDC problem information to LTE (MN) and MN can then relay the necessary information to SN as part of handling the IDC problems. 

We can have IDC problems in the UE where the aggressor is due to the (combinations of) only NR-ARFCN(S), or the victim can be only the NR-ARFCN(S), in which case the UE can report the problems to the NR SN directly for the NR SN to address. Even though this might look efficient at first:

· RAN2 has not concluded on whether the SRB3 support is mandatory
· Even to have a NR IDC message sent to SN piggybacked in a MN message, the NR IDC framework is yet to be discussed

· MN and SN have to co-ordinate the configuration of measurements that UE is to be provided with, to ensure that the resultant configuration does not exceed the UE measurement capability limitations and since the FDM solution of IDC predominantly deals with releasing/modifying the target measurement frequencies, it would be prudent for the MN to be aware of the IDC problems and the corresponding SN changes in response to these IDC problems.
Hence we propose that for EN-DC the UE reports the IDC problems to the MN (LTE) using enhancements to the LTE IDC framework.
Proposal 1: for EN-DC the UE reports the IDC problems to the MN (LTE) in LTE IDC framework. 
If the EN-DC IDC reporting framework is agreed, we have to now assess on the additional to be added to the LTE framework for EN-DC.
As other papers [1][2][3] also mention, since the measurement object ID information of the SN is not visible to the MN, the UE can inform the absolute NR-ARFCN for providing both the aggressor and victim NR frequencies. We currently have such framework any way for reporting the NR serving cell measurements (along with PCI).

This is also applicable in reporting the UL CA frequencies for NR-ARFCN.

Proposal 2: For reporting the NR aggressor and victim frequencies, the EN-DC UE shall use the NR-ARFCNs. 

Proposal 3: In case of reporting UL CA in EN-DC, the NR-ARFCNs are used for all the NR UL carriers for both NR UL and SUL frequencies.  

With the introduction of NR through EN-DC we have an added dimension in terms of the RATs on which the aggressor or victims frequencies can happen:

· LTE only in EN-DC

· NR only in EN-DC (also complicated by the case of SUL, where the operating frequencies fall into the LTE frequencies).

· A combination of LTE and NR frequencies

The LTE IDC framework also needs updates where the UE can now add ‘NR’ and ‘LTE-NR’ to the affected RATs as victims, and LTE-NR-others, and NR-others in case EN-DC and NR-only are causing interference to other RATs.
Proposal 4: Affected RAT to include ‘NR only’, ‘LTE-NR’, ‘LTE-NR-others’, ‘NR-others’ in the interferenceDirection IE.
Proposal 5: Victim RATs to be included when EN-DC operation is going on,  reusing the VictimSystemType IE.
2.1.1. TDM based solutions for EN-DC
In LTE IDC, along with the frequency domain solution where the NW can avoid the problem frequencies provided by the UE, we also have the time domain solution where the NW has to the option to use the preferred DRX on and off duration times provided by the UE, where this provided DRX information can help the UE mitigate the IDC issues by time-sharing the other RATs in the OFF duration of the LTE DRX.
With NR, we now have even flexible DL allocation and UL grant scheduling at the slot/symbol level from the gNB, and the synchronous HARQ process of pre-Release-14 LTE UL is not continued in NR.

The below observations can be implied:

· At the minimum, NR operates at LTE level granularity in time domain (sub-frame level) and have even finer time domain granularity, but NR also carries the added flexibility in scheduling of PDCCH for DL allocations and UL grants, so the LTE like time domain multiplexing solution of IDC does not breakdown in NR, and in addition, can also be easier for the gNB to follow due to the relaxed timing (no synchronous UL or DL activities). Since the TDM pattern is atleast the fallback solution in case the FDM solution of IDC is not applicable, or cannot solve the IDC problem, the LTE like TDM based IDC solution is also applicable for NR and in EN-DC.
· The LTE preferred HARQ pattern that can be signalled by the UE as a solution to the IDC problems is not applicable to NR, as this required the UL HARQ to be synchronous.

Based on the above, we add the below proposals:

Proposal 5: TDM based solution from LTE IDC can be extended to EN-DC, where the UE can report the preferred DRX timing information to mitigate the IDC problems that cannot be solved by FDM based solutions.
Proposal 6: The HARQ pattern information used in LTE IDC is not applicable to to NR in EN-DC.  

As stated earlier, the time domain patterns of the LTE are coarse enough to be used in NR, and since these times are derived by the UE based also on the other technologies which are the same, we prefer that the same TDM signalling content is also applicable to EN-DC.

Proposal 7: The DRX time value ranges defined for LTE IDC are applicable and sufficient for EN-DC as well.

As stated earlier, with the introduction of NR through EN-DC we have an added dimension in terms of the RATs on which the UE reported TDM patterns can help.
· LTE only in EN-DC

· NR only in EN-DC 

· The combination of LTE and NR need the DRX support from the NW
If the UE only required DRX OFF durations for the NR frequencies while in EN-DC, it is inefficient to mute LTE also during this DRX OFF duration and the same inefficiency is applicable when the RATs are flipped.

So along with providing the TDM information, the UE should also provide the applicable RATs where the TDM is requested as ‘LTE-only’, ‘NR-only’ or ‘LTE-NR’. 
Proposal 8: For EN-DC, the UE also provide the applicable RATs as LTE-only, NR-only or LTE-NR, whenever the preferred TDM pattern is provided for IDC in EN-DC.

The LTE IDC phases defined for RRM and RLM purposes can continue to be used for EN-DC IDC.

Proposal 9: The LTE IDC phases defined for RRM and RLM purposes, as well as the corresponding RRM/RLM requirements can continue to be used for LTE when in EN-DC IDC.

Proposal 10: RAN2 to discuss on the applicability of NR RRM/RLM requirements during the phase 1 and 2 while in EN-DC. 

The proposals listed above require the MN (eNB) and SN (gNB) to exchange information related to the IDC problems as well as the steps taken by either node in solving these problems for eg.,. to be aware of RRM strategy of the other node, the carrier frequencies of the current NR/LTE serving cells and candidate NR/LTE serving cells etc. Such information can be conveyed in the CG-ConfigInfo IE. 
Proposal 11: Enhance CG-ConfigInfo IE to carry the IDC specific information between MN and SN.
3. Conclusion
Proposal 1: for EN-DC the UE reports the IDC problems to the MN (LTE) in LTE IDC framework. 

Proposal 2: For reporting the NR aggressor and victim frequencies, the EN-DC UE shall use the NR-ARFCNs. 

Proposal 3: In case of reporting UL CA in EN-DC, the NR-ARFCNs are used for all the NR UL carriers for both NR UL and SUL frequencies.  

Proposal 4: Affected RAT to include ‘NR only’, ‘LTE-NR’, ‘LTE-NR-others’, ‘NR-others’ in the interferenceDirection IE.
Proposal 5: Victim RATs to be included when EN-DC operation is going on,  reusing the VictimSystemType IE.
Proposal 6: The HARQ pattern information used in LTE IDC is not applicable to to NR in EN-DC.  

Proposal 7: The DRX time value ranges defined for LTE IDC are applicable and sufficient for EN-DC as well.

Proposal 8: For EN-DC, the UE also provide the applicable RATs as LTE-only, NR-only or LTE-NR, whenever the preferred TDM pattern is provided for IDC in EN-DC.

Proposal 9: The LTE IDC phases defined for RRM and RLM purposes, as well as the corresponding RRM/RLM requirements can continue to be used for LTE when in EN-DC IDC.

Proposal 10: RAN2 to discuss on the applicability of NR RRM/RLM requirements during the phase 1 and 2 while in EN-DC. 

Proposal 11: Enhance CG-ConfigInfo IE to carry the IDC specific information between MN and SN.
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