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1. Introduction
It was agreed in RAN2#86 that IDC information in AS-Context will be transferred from MeNB to SeNB. In RAN2 #87, some companies analyse how to implement IDC feature in Dual Connectivity in great detail [1]~[4].   In this paper, we provide our views on the issue.
2. Discussion
2.1. Scenarios
In our view, most DC UEs suffering IDC problem only have IDC problem in one serving eNB, i.e. MeNB or SeNB. Then whether a DC UE has IDC problems in both MCG and SCG simultaneously is also an important case and needs to be considered?
According to the TR36.816 [5]：The transmitter of LTE band 40 and band7 will affect receiver of Bluetooth. Band 13/14 can cause interference to L1/E1 frequency of GNSS as it is close to the second harmonics of band 13/14. 
Imaging such a use case that a user is making a phone call with Bluetooth while using navigation service, both the phone call and the navigation service may suffer the IDC problems if the UE is a DC UE which connects to SeNB working on band7 and MeNB working on band14 simultaneously. 
Therefore, we think the case that a DC UE has IDC problems in both MCG and SCG simultaneously is not a rare case and make the following proposal: 
Proposal 1: The case that a DC UE has IDC problems in both MCG and SCG is not a rare case and needs to be considered.
2.2. IDC assistance information
Below is relevant ASN.1 code for message InDeviceCoexIndication[6], which has been agreed to be transferred from the MeNB to SeNB in AS-Context:

-- ASN1START

InDeviceCoexIndication-r11 ::=

SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {



inDeviceCoexIndication-r11



InDeviceCoexIndication-r11-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}
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))


},


...

}
-- ASN1STOP
· Affected LTE carrier frequency
As highlighted in yellow above, the MeasObjectId is used by UE to report the frequencies of LTE carriers suffering IDC problem. However, the mapping relationship between the MeasObjectId and the carrier frequency is contained in the measurement configuration, which has not been agreed to be transferred to SeNB. Therefore, the SeNB cannot identify which LTE carrier frequency has IDC problem even with the IDC assistance information from MeNB. 

The main options to resolve the problem are following: 

1. MeNB forwards the measurement configuration to SeNB;
2. MeNB transmits the ARFCN-ValueEUTRA  instead of MeasObjectId to SeNB in SCG-ConfigInfo ;
The first alternative is simple and has little impact on specification for the sourceMeasConfig IE is already in AS-Config today. However it has the drawback that it is inefficient to inform the SeNB about the mapping relationship by transferring the whole measurement configuration.
A clear benefit of the second alternative is it avoids unnecessary measurement configuration transfer on X2 interface. But it involves some extra standardization work.
Considering that the first alternative is simple and it is not a big burden for X2 interface to transfer the measurement configuration. We make the following proposal:

Proposal 2: Within the SCG-ConfigInfo, include measurement configuration of AS-Config if the AffectedCarrierFreqList-r11 IE is present.
· TDM-AssistanceInfo
TDM solutions can be used to solve IDC problem. For TDM solutions, the UE can signal the TDM-AssistanceInfo to the eNB. In legacy procedure, a common TDM-AssistanceInfo configuration is signalled for all the affected carriers reported by the UE, no matter whether the affected carriers belong to the serving eNB or not.  
With the above in mind, we assume UE can also provide a common TDM-AssistanceInfo configuration for all the affected carriers in DC. No matter the affected carriers belong to the MeNB/SeNB/both eNBs/none of the serving eNBs. Therefore, we propose to reuse the existing mechanism:
Proposal 3:  UE signals a common TDM-AssistanceInfo to MeNB for all the affected carriers reported; no matter the affected carriers belong to the MeNB/SeNB/both eNBs/non-serving eNBs.

DRX is one of the TDM solutions for IDC problem. In the legacy procedure, UE reports the DRX related assistance information according to serving eNB’s timing. However, a UE has two serving eNBs in DC case. Therefore, we need to decide the DRX related assistance information should be reported according to which eNBs’ timing.  For SeNB changes more frequently than MeNB, to avoid UE reporting IDC DRX parameters every time SCG changing, we propose the DRX related assistance information is reported according to MeNB’s timing. With the timing offset between the two eNBs, the SeNB can deduce the suitable timing to configure DRX in SCG. 

The same rule is proposed to be used for IDC subframe pattern list report.

Proposal 4: Both DRX related assistance information and IDC subframe pattern list are reported according to the MeNB’s timing.
2.3. IDC configuration from network
The network may choose the use autonomous denial or DRX mechanism to handle the IDC problem reported by UE.
· Autonomous denial Parameters

In Rel-11, the autonomous deny mechanism was introduced. With this mechanism, the network indicates the maximum number of the UL subframes  for which the UE is allowed to deny any UL transmission in a certain period using the autonomousDenialParameters-r11 in RRCConnectionReconfiguration message. In our understanding the autonomous deny mechanism should also be supported in dual-connectivity scenarios.

In the existing mechanism, the autonomous deny parameters are configured per UE. However, we think per CG configuration is more suitable for DC UEs. The reasons are following:

· A DC UE needs to obtain the exact configurations per CG. For example, SeNB suffers more serious IDC problem than MeNB does, therefore SeNB allocations more UL subframes allowed deny than MeNB. If the per CG configuration is not supported,  a DC UE cannot find the exact number of UL subframes allocated by MeNB and SeNB respectively and cannot distribute the UL subframes allowed to be denied on two CGs properly.
· Per UE configuration makes it possible for UE to autonomously deny UL transmission on a CG with no IDC problem. The cells of MCG and SCG are working on different carrier frequencies, in some cases only one CG has IDC problem.  We should avoid UE to deny the UL transmission on a CG without IDC problem.

Hence, we propose:

Proposal 5: The autonomous deny parameters are configured per CG in DC.

If the proposal 2 is accepted, we think it is natural to agree that the autonomous deny parameters of each CG are generated by the eNB owning the CG. Since the autonomous deny parameters are tightly related to the MAC scheduling procedure which is performed in MeNB and SeNB respectively.  
Proposal 6: The autonomous deny parameters of each CG are generated by the eNB owning the CG.
· DRX Parameters

Similar as autonomous denial mechanism, we assume that MeNB and SeNB can independently apply DRX according to the TDM-Assistance Info reported. However, DRX coordination is needed if both the MeNB and SeNB suffering IDC problem from the same source, e.g. both the MeNB on band 7 and SeNB on band40 have IDC problems with WiFi on 2.4GHz. How to coordinate DRX configurations can be left to eNB’s implement, for example, the MeNB can align it DRX configuration according to SeNB’s configuration.   
Proposal 7: MeNB and SeNB can independently apply DRX configuration to handle IDC problems. 
Proposal 8: DRX coordination between MeNB and SeNB is preferred in case both the MeNB and SeNB suffering IDC problems from the same source.

3. Conclusion
In this paper, we discuss the details of IDC function for Dual Connectivity and propose:
Proposal 1: The case that a DC UE has IDC problems in both MCG and SCG is not a rare case and needs to be considered.
Proposal 2: Within the SCG-ConfigInfo, include measurement configuration of AS-Config if the AffectedCarrierFreqList-r11 IE is present.

Proposal 3:  UE signals a common TDM-AssistanceInfo to MeNB for all the affected carriers reported; no matter the affected carriers belong to the MeNB/SeNB/both eNBs/non-serving eNBs.

Proposal 4: Both DRX related assistance information and IDC Subframe Pattern List are reported according to the MeNB’s timing.
Proposal 5: The autonomous deny parameters are configured per CG in DC.

Proposal 6: The autonomous deny parameters of each CG are generated by the eNB owning the CG.
Proposal 7: MeNB and SeNB can independently apply DRX configuration to handle IDC problem. 
Proposal 8: DRX coordination between MeNB and SeNB is preferred in case both the MeNB and SeNB suffering IDC problems from the same source.
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