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Discussion and decision
1. Introduction
In this document, we continue to discuss the introduction of In-Device Coexistence (IDC) indication in for EN-DC in Rel-15. RAN2 sent an LS to RAN4 in AH1801 meeting [2]. RAN4 responded that IDC problems observed in LTE CA are applicable in case of EN-DC [3].
2. Discussion
2.1. Extend the current LTE IDC framework to support EN-DC
As observed for LTE UL Carrier Aggregation, it is possible that UL configuration of EN-DC causes IDC problems. In the current IDC framework in LTE, the UE can signal the victim system (gnss, Bluetooth, WLAN) and affected E-UTRA frequencies (in the form of E-UTRA Measurement Object) when IDC problems are observed. When an IDC problem is notified due to UL CA, the eNB can take one of the following actions to resolve the IDC problem as specified in TS 36.300:
-
removing SCells from the set of serving cells or changing serving cells;
-
deactivating affected SCells;
- 
allocating uplink PRB resources on CC(s) whose inter-modulation distortion and harmonics does not fall into the frequency range of the victim system receiver;
In EN-DC case, the similar LTE IDC frame work can be extended to cover the following use cases (and possible network behaviour):

1. Only LTE frequencies are affected by IDC problem. In this case, the legacy LTE IDC framework should be sufficient. 

2. Only NR frequencies are affected by IDC problem. In this case, the existing IDC framework needs to extend to allow network (eNB and/or gNB) to be aware of the IDC issue and take appropriate actions. 
3. The UL combo of LTE and NR serving frequencies causes IDC problem. Similar to case 2, eNB and gNB need coordination to address the problem. 
To extend the current framework to cover EN-DC, RAN2 needs to introduce new signalling and IEs as follows in 36.331:
· Add NR as a RAT to interferenceDirection.
· Allow EN-DC UL combo to be included in affectedCarrierFreqCombList.
When the UE indicates the above IDC information, the network may take the following actions to help resolve the IDC issue:
· Change NR serving cells.

· Release or deactivate NR serving cells.

· allocating uplink PRB resources on CC(s) whose inter-modulation distortion and harmonics does not fall into the frequency range of the victim system receiver.
It should be noted that in NR one-to-one mapping between configured frequencies and measurement object may not be guaranteed. This means that we cannot reuse the current LTE framework to use the measurement object to indicate the affected carrier frequencies in affectedCarrierFreqCombList. In LTE IDC, the UE knows which carrier frequencies are subject to IDC indication through the E-UTRA measurement object configuration. There must be some way to convey the same information for NR.
The current RRM framework for EN-DC is that the eNB and gNB can employ its RRM strategy independently. Therefore, the eNB does not fully aware of what are the candidate serving frequencies and the NR measurements configured by the gNB.

The mechanisms listed above essentially require the eNB to be aware of RRM strategy of the gNB, i.e. the carrier frequencies of the current NR serving cells and candidate NR serving cells. This can be done by conveying such information in the CG-Config. At least the candidate NR serving cell frequencies (the current serving cells are known to the UE) have to be signalled to the UE so that the UE knows what carrier frequencies are subject to IDC indication.
As for the action to be taken by the eNB after IDC indication by the UE, the CG-ConfigInfo can be used by the eNB to request certain actions, e.g. to release an SCG. In order to allow the gNB to perform appropriate scheduling to mitigate the in-device co-existence problems, we propose to add information corresponding to what the UE has reported.
In LTE, the assumption was that the network is aware of the UL CA combination that can impact gnss. Therefore the specification states that the UE “optionally” includes the affected E-UTRA frequencies in the IDC Indication. In case of Bluetooth and WLAN however the UE is required to always indicate the affected E-UTRA frequencies. We propose applying the same principle in EN-DC case.

This means that the IDC indication shall be able to distinguish the two cases 1) a combination of at least one E-UTRA carrier and at least one NR carrier is affected, and 2) only at least one NR carrier is affected. The affectedCarrierFreqCombList and interferenceDirection fields should provide such information.
2.2. Proposed solution
Based on the discussion in this document, the following proposal is made.
Proposal:
Introduce IDC solution for EN-DC as summarised below.

· In 36.331

· Add a list of candidate NR serving cell frequencies in idc-Config
· Add a new UE behaviour to send InDeviceCoexIndication message when it observes IDC problems that it cannot solve by itself due to the (current and candidate) NR serving cells.

· Add interferenceDirection to be able to indicate the following.
· Only NR is affected
· EUTRA and NR are affected
· NR and other system are affected
· EUTRA, NR and other system are affected
· Allow a list of frequency(-ies) used in supported EN-DC combo to be included in affectedCarrierFreqCombList.

· In 38.331
· Add information on the current and candidate serving frequencies in CG-Config
· Add information on corresponding to what the UE has reported in CG-ConfigInfo
3. Conclusion
In this document we discussed the introduction of In-Device Coexistence (IDC) indication in December version of the LTE standard, and made the following proposal.

Proposal:
Introduce IDC solution for EN-DC as summarised below.

· In 36.331

· Add a list of candidate NR serving cell frequencies in idc-Config
· Add a new UE behaviour to send InDeviceCoexIndication message when it observes IDC problems that it cannot solve by itself due to the (current and candidate) NR serving cells.

· Add interferenceDirection to be able to indicate the following.
· Only NR is affected
· EUTRA and NR are affected
· NR and other system are affected
· EUTRA, NR and other system are affected
· Allow a list of frequency(-ies) used in supported EN-DC combo to be included in affectedCarrierFreqCombList.

· In 38.331
· Add information on the current and candidate serving frequencies in CG-Config
· Add information on corresponding to what the UE has reported in CG-ConfigInfo
CRs to TS36.331 and TS38.331 are provided in [4] and [5] respectively.
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