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1      Introduction
In device coexistence and carrier aggregation can work together according to the decision in RAN2#79bis meeting. Such agreement is reflected in TS 36.300. In IDC indication, UE reports both TDM and FDM assistance information. 
In RAN2#86 meeting, it was agreed that IDC assistance information may be forwarded from MeNB to SeNB:
	Within the SCG-ConfigInfo, include the entire UE-EUTRA capabilities, of as-Config only the field dedicated radio configuration of MCG (FFS: SCG) and the list of SCells and of as-Context the fields IDC and MBMSInterestIndication information.


In this contribution, we discuss how to handle IDC TDM assistance information in dual connectivity.
2      Discussion
2.1     IDC assistance information
Below is relevant ASN.1 code for message InDeviceCoexIndication:

InDeviceCoexIndication-r11-IEs ::=
SEQUENCE {

affectedCarrierFreqList-r11


AffectedCarrierFreqList-r11




OPTIONAL,

tdm-AssistanceInfo-r11



TDM-AssistanceInfo-r11





OPTIONAL,

lateNonCriticalExtension


OCTET STRING







OPTIONAL,


nonCriticalExtension



SEQUENCE {}








OPTIONAL

}

AffectedCarrierFreqList-r11 ::=
SEQUENCE (SIZE (1..maxFreqIDC-r11)) OF AffectedCarrierFreq-r11
AffectedCarrierFreq-r11 ::=
SEQUENCE {


carrierFreq-r11



MeasObjectId,


interferenceDirection-r11
ENUMERATED {eutra, other, both, spare}

}

TDM-AssistanceInfo-r11 ::=
CHOICE {

drx-AssistanceInfo-r11



SEQUENCE {



drx-CycleLength-r11




ENUMERATED {sf40, sf64, sf80, sf128, sf160,













 sf256, spare2, spare1},



drx-Offset-r11





INTEGER (0..255)
OPTIONAL,



drx-ActiveTime-r11




ENUMERATED {sf20, sf30, sf40, sf60, sf80,













 sf100, spare2, spare1}


},


idc-SubframePatternList-r11


IDC-SubframePatternList-r11,


...

}

IDC-SubframePatternList-r11 ::=
SEQUENCE (SIZE (1..maxSubframePatternIDC-r11)) OF IDC-SubframePattern-r11
IDC-SubframePattern-r11 ::= CHOICE {


subframePatternFDD-r11



BIT STRING (SIZE (4)),


subframePatternTDD-r11



CHOICE {



subframeConfig0-r11




BIT STRING (SIZE (70)),



subframeConfig1-5-r11



BIT STRING (SIZE (10)),



subframeConfig6-r11




BIT STRING (SIZE (60))


},


...

}
The IDC assistance information contains the list of E-UTRA carriers suffering from IDC problems, the direction of the interference and, depending on the scenario, it also contains TDM patterns or parameters to enable appropriate DRX configuration for TDM solutions on the serving E-UTRA carrier [1]. TDM assistance information can be either DRX configuration parameters or HARQ bitmap. In DRX configuration parameter (drx-AssistanceInfo), the field drx-Offset depends on SFN timing. HARQ bitmap (IDC-SubframePattern) depends on the duplex and UL/DL configuration in case of TDD, and is also related to SFN timing.
2.2     IDC and dual connectivity
Alternatives to handle IDC problem in SCG were discussed in [2]. We consider three scenarios:
· Scenario A: IDC problem in MCG only, which corresponds to the case that affectedCarrierFreqList contains frequencies of MCG cells. In this scenario, MeNB can solve the IDC problem without involving SeNB by either using FDM solution or TDM solution (note that DRX can be configured independently in MCG and SCG).
· Scenario B: IDC problem in SCG only, which corresponds to the case that affectedCarrierFreqList contains frequencies of SCG cells. In this scenario, [2] proposed to either remove dual connectivity or involve SeNB to solve the IDC problem. Considering the important of offloading, it is necessary to involve SeNB to solve the IDC problem. This means that MeNB needs to forward InDeviceCoexIndication to SeNB, which is already agreed in RAN2#86 meeting.
· Scenario C: IDC problems in both MCG and SCG, which corresponds to the case that affectedCarrierFreqList contains frequencies of both MCG SCG cells. An example case is that MCG uses band 7 while SCG uses band 40. However, such scenario might not be a typical deployment. Similar to Scenario B discussed above, MeNB needs to forward InDeviceCoexIndication to SeNB, which is already agreed in RAN2#86 meeting.
The question is whether current InDeviceCoexIndication can be used in dual connectivity without any changes. It is obvious that affectedCarrierFreqList can be applied for dual connectivity. The situation is somehow complicated for TDM-AssistanceInfo (including drx-AssistanceInfo and IDC-SubframePatternList). The relationship between TDM assistance information and carrier aggregation were discussed in [3]. From current ASN.1 structure, drx-AssistanceInfo and IDC-SubframePatternList are not frequency specific. As discussed in section 2.1, both drx-AssistanceInfo and IDC-SubframePatternList depend on SFN timing. In addition, IDC-SubframePatternList depends on the duplex and UL/DL configuration in case of TDD.
· drx-AssistanceInfo: the critical problem is how to interpret drx-Offset. This question is similar to discussion related to DRX alignment and measurement gap. One approach is that drx-Offset is reported according to MCG SFN timing, and SeNB can deduce the suitable timing to configure DRX in SCG. Another approach is that drx-Offset is reported according to the SFN timing of the cell group with IDC problems. Both approaches become complicated for scenario C when both MCG and SCG have IDC problems.
· IDC-SubframePatternList: in Scenario A and B where only one cell group has IDC problems, IDC-SubframePatternList can be applied for corresponding cell group only. For example in Scenario B, then IDC-SubframePatternList is applied for SCG only, which means that SeNB can choose suitable DRX configuration based on the report. The situation for Scenario C is complicated. Assuming within one cell group, only one duplex/TDD configuration is used. When duplex/TDD configuration are different between cell groups (e.g. MCG uses TDD configuration 0 while SCG uses configuration 1), it is helpful to use multiple entries in IDC-SubframePatternList. Although the intention of introduction of multiple entries is to give eNB scheduler flexibility by reporting multiple patterns for the same duplex/configuration, such multiple subframe patterns can help eNBs to differentiate the target cell group of the reporting. In the example, UE can report both subframeConfig0 (for MCG) and subframeConfig1-5 for SCG, and MeNB and SeNB can configure DRX accordingly. However, there are also cases that it is impossible to differentiate when MCG and SCG have same configuration, or have configurations with same subframePatternTDD length (e.g. MCG uses TDD configuration 1 while SCG uses configuration 2). In this case, extension of InDeviceCoexIndication is needed to indicate to which cell group IDC-SubframePattern is targeted. 
Considering that TDM assistance information reporting becomes complicated in Scenario C, and that Scenario C is a rare case, it is proposed to not consider this scenario for dual connectivity work.
Proposal 1: RAN2 to agree that Scenario C (there are IDC problems in both MCG and SCG) is not considered for dual connectivity.
Given the above proposal, for consistency purpose, it is proposed that both drx-AssistanceInfo and IDC-SubframePatternList are reported according to the cell group with IDC problem. With such proposal, there is no need to change current ASN.1 structure for InDeviceCoexIndication. Some clarification can be added for the related field description.
Proposal 2: Both drx-AssistanceInfo and IDC-SubframePatternList are reported according to the cell group with IDC problem.
3      Conclusion
In this contribution, we discuss the relationship between dual connectivity and in-device coexistence, and propose the observations:

Proposal 1: RAN2 to agree that Scenario C (there are IDC problems in both MCG and SCG) is not considered for dual connectivity.
Proposal 2: Both drx-AssistanceInfo and IDC-SubframePatternList are reported according to the cell group with IDC problem.
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