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1. Introduction
In RAN 2 #122, the WI on “In-device Co-existence (IDC) enhancements for NR and MR-DC” was completed. 
In this paper we intend to further improve the running CR and discuss some of the issues and needed clarification that we have identified in the running CR and suggest the text proposals for resolving these issues. 
2. Discussion
2.1 Missing description in procedural text for the UE reporting the IMD interference using affectedCarrierFreqComList during NR-DC operation.
According to the current running CR, we have extended the field description of affectedCarrierFreqCombList IE to include the MR-DC case as shown below. 
	affectedCarrierFreqCombList
Indicates a list of NR carrier frequencie combinations that are affected by IDC problems due to Inter-Modulation Distortion and harmonics from NR when configured with UL CA or MR-DC (i.e. NR-DC and EN-DC).


However, the corresponding description for the MR-DC case is missing in the procedural text in section 5.7.4.2 and 5.7.4.3. The text proposal for adding the MR-DC combination to affectedCarrierFreqCombList in these sections is proposed below.
 
START OF 1st CHANGE 

5.7.4.2	Initiation

…

1>	if configured to provide IDC assistance information based on idc-AssistanceConfig-r16 of a cell group:
2>	if the UE did not transmit a UEAssistanceInformation message with idc-Assistance since it was configured to provide IDC assistance information:
3>	if on one or more frequencies included in candidateServingFreqListNR, the UE is experiencing IDC problems that it cannot solve by itself; or
3>	if on one or more supported UL CA or MR-DC combination comprising of carrier frequencies included in candidateServingFreqListNR, the UE is experiencing IDC problems that it cannot solve by itself:
4>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
2>	else if the current idc-Assistance information for the cell group is different from the one indicated in the last transmission of the UEAssistanceInformation message:
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
…

END OF 1st CHANGE 


START OF 2nd CHANGE 
[bookmark: _Toc124712837]5.7.4.3	Actions related to transmission of UEAssistanceInformation message
…

1>	if transmission of the UEAssistanceInformation message is initiated to provide IDC assistance information according to 5.7.4.2 or 5.3.5.3:
2>	if there is at least one carrier frequency included in candidateServingFreqListNR, the UE is experiencing IDC problems that it cannot solve by itself:
3>	include the field affectedCarrierFreqList with an entry for each affected carrier frequency included in candidateServingFreqListNR;
3>	for each carrier frequency included in the field affectedCarrierFreqList, include interferenceDirection and set it accordingly;
2>	if there is at least one supported UL CA or MR-DC combination comprising of carrier frequencies included in candidateServingFreqListNR, the UE is experiencing IDC problems that it cannot solve by itself:
3>	include victimSystemType for each UL CA or MR-DC combination included in affectedCarrierFreqCombList;
3>	if the UE sets victimSystemType to wlan or bluetooth:
4>	include affectedCarrierFreqCombList with an entry for each supported UL CA or MR-DC combination comprising of carrier frequencies included in candidateServingFreqListNR, that is affected by IDC problems;
3>	else:
4>	optionally include affectedCarrierFreqCombList with an entry for each supported UL CA or MR-DC combination comprising of carrier frequencies included in candidateServingFreqListNR, that is affected by IDC problems;

…
END OF 2nd CHANGE 

Proposal 1- Update the procedural text in section 5.7.4.2 and as 5.7.4.3 suggested in the text proposal above to include the reporting of the MR-DC combination in affectedCarrierFreqCombList.  

2.2 Correction for the field description of "affectedCarrierFreqList"
The field description of affectedCarrierFreqCombList was modified to include the MR-DC case as shown below in the highlighted text. 
	affectedCarrierFreqCombList
Indicates a list of NR carrier frequencie combinations that are affected by IDC problems due to Inter-Modulation Distortion and harmonics from NR when configured with UL CA or MR-DC (i.e. NR-DCand EN-DC).


However, in our understanding "and EN-DC" in the field description should be removed because for the following reasons
i) For EN-DC, the UE will only report the affectedCarrierFreqCombList to LTE MN and that has been already captured in TS 36.331
ii) For EN-DC , the IMD and harmonics are from LTE frequency and NR frequency, not just only from NR frequency hence we don’t need to mention this in the 38.331
Hence, we propose to update the field description for affectedCarrierFreqCombList as shown below
	affectedCarrierFreqCombList
Indicates a list of NR carrier frequencie combinations that are affected by IDC problems due to Inter-Modulation Distortion and harmonics from NR when configured with UL CA or MR-DC (i.e. NR-DC).



Proposal 2- Update the field description for affectedCarrierFreqCombList to remove the EN-DC case as shown above 
2.3 Update of the procedural text in 5.7.4.2 to align the idc-AssistanceConfig-r16 and idc-AssistanceConfig-r18 configuration related description
Based on the proposals in R2-2308583 [5] in the last meeting, we had agreed to modify the ASN.1 structure of idc-AssistanceConfig-r18 to a SetupRelease structure to align it with the existing idc-AssistanceConfig-r16 structure. The IEs within idc-AssistanceConfig-r16 and idc-AssistanceConfig-r18 structures after this alignment in the running CR is shown below




4
…..


IDC-AssistanceConfig-r16 ::=    SEQUENCE {
    candidateServingFreqListNR-r16  CandidateServingFreqListNR-r16                     OPTIONAL, -- Need R
    ...
}



….


IDC-AssistanceConfig-v18xy ::=    SEQUENCE {
    idc-FDM-AssistanceConfig-r18            SetupRelease {IDC-FDM-AssistanceConfig-r18)                   OPTIONAL, -- Need M
    idc-TDM-AssistanceConfig-r18            ENUMERATED {setup}					                    	 OPTIONAL  -- Cond FDM
}


…..




If we look at the procedural text describing UE behavior for providing the IDC assistance information based on the idc-AssistanceConfig-r16 and idc-AssistanceConfig-r18 in 5.7.4.2 below, we can observe that there is currently misalignment as we refer to different levels of IEs for the two configurations as shown below. 

We currently refer to the sub IEs in the case of idc-AssistanceConfig-r18 where in case of idc-AssistanceConfig-r16 we just refer to it and associate it with a cell group as highlighted in the procedural below. This can be ambiguous and can cause confusion to the reader as to which IDC configuration is being referred to in different places in the procedural text. The level of IEs mentioned in the procedural text should therefore be aligned in both cases referring to their parent IE.
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…..


1>	if configured to provide IDC assistance information based on idc-AssistanceConfig-r16 of a cell group:
2>	if the UE did not transmit a UEAssistanceInformation message with idc-Assistance since it was configured to provide IDC assistance information:
3>	if on one or more frequencies included in candidateServingFreqListNR, the UE is experiencing IDC problems that it cannot solve by itself; or
3>	if on one or more supported UL CA combination comprising of carrier frequencies included in candidateServingFreqListNR, the UE is experiencing IDC problems that it cannot solve by itself:
4>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
2>	else if the current idc-Assistance information for the cell group is different from the one indicated in the last transmission of the UEAssistanceInformation message:
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
1>	if configured to provide IDC assistance information based on idc-FDM-AssistanceConfig of a cell group:
2>	if the UE did not transmit a UEAssistanceInformation message with idc-FDM-Assistance since it was configured to provide IDC assistance information:
3>	if on one or more frequency ranges included in candidateServingFreqRangeListNR, the UE is experiencing IDC problems that it cannot solve by itself; or
3>	if on one or more supported UL CA or MR-DC combination comprising of frequency ranges included in candidateServingFreqRangeListNR, the UE is experiencing IDC problems that it cannot solve by itself:
4>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
2>	else if the current idc-FDM-Assistance information for the cell group is different from the one indicated in the last transmission of the UEAssistanceInformation message:
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
1>	if configured to provide IDC assistance information based on idc-TDM-AssistanceConfig of a cell group:
2>	if the UE did not transmit a UEAssistanceInformation message with idc-TDM-Assistance since it was configured to provide IDC assistance information:
3>	if on one or more frequencies included in candidateServingFreqListNR or frequency ranges included in candidateServingFreqRangeListNR, the UE is experiencing IDC problems that it cannot solve by itself; or
3>	if on one or more supported UL CA or MR-DC combination comprising of carrier frequencies included in candidateServingFreqListNR or frequency ranges included in candidateServingFreqRangeListNR, the UE is experiencing IDC problems that it cannot solve by itself:
4>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
2>	else if the current idc-TDM-Assistance information for the cell group is different from the one indicated in the last transmission of the UEAssistanceInformation message:
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
NOTE 1:	The term "IDC problems" refers to interference issues applicable across several subframes/slots where not necessarily all the subframes/slots are affected.
NOTE 2:	For the frequencies on which a serving cell or serving cells is configured that is activated, IDC problems consist of interference issues that the UE cannot solve by itself, during either active data exchange or upcoming data activity which is expected in up to a few hundred milliseconds.
For frequencies on which a SCell or SCells is configured that is deactivated, reporting IDC problems indicates an anticipation that the activation of the SCell or SCells would result in interference issues that the UE would not be able to solve by itself.
For a non-serving frequency, reporting IDC problems indicates an anticipation that if the non-serving frequency or frequencies became a serving frequency or serving frequencies then this would result in interference issues that the UE would not be able to solve by itself.

….


Hence it is proposed to align the procedural text referring to idc-AssistanceConfig-r16 and idc-AssistanceConfig-r18 in 5.7.4.2 as shown below


START OF 1st CHANGE 


5.7.4.2	Initiation
…..


1>	if configured to provide IDC assistance information based on candidateServingFreqListNR idc-AssistanceConfig-r16 of a cell group included in idc-AssistanceConfig-r16:
2>	if the UE did not transmit a UEAssistanceInformation message with idc-Assistance since it was configured to provide IDC assistance information:
3>	if on one or more frequencies included in candidateServingFreqListNR, the UE is experiencing IDC problems that it cannot solve by itself; or
3>	if on one or more supported UL CA combination comprising of carrier frequencies included in candidateServingFreqListNR, the UE is experiencing IDC problems that it cannot solve by itself:
4>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
2>	else if the current idc-Assistance information for the cell group is different from the one indicated in the last transmission of the UEAssistanceInformation message:
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
1>	if configured to provide IDC assistance information based on idc-FDM-AssistanceConfig of a cell group included in idc-AssistanceConfig-r18:
2>	if the UE did not transmit a UEAssistanceInformation message with idc-FDM-Assistance since it was configured to provide IDC assistance information:
3>	if on one or more frequency ranges included in candidateServingFreqRangeListNR, the UE is experiencing IDC problems that it cannot solve by itself; or
3>	if on one or more supported UL CA or MR-DC combination comprising of frequency ranges included in candidateServingFreqRangeListNR, the UE is experiencing IDC problems that it cannot solve by itself:
4>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
2>	else if the current idc-FDM-Assistance information for the cell group is different from the one indicated in the last transmission of the UEAssistanceInformation message:
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
1>	if configured to provide IDC assistance information based on idc-TDM-AssistanceConfig of a cell group included in idc-AssistanceConfig-r18:
2>	if the UE did not transmit a UEAssistanceInformation message with idc-TDM-Assistance since it was configured to provide IDC assistance information:
3>	if on one or more frequencies included in candidateServingFreqListNR or frequency ranges included in candidateServingFreqRangeListNR, the UE is experiencing IDC problems that it cannot solve by itself; or
3>	if on one or more supported UL CA or MR-DC combination comprising of carrier frequencies included in candidateServingFreqListNR or frequency ranges included in candidateServingFreqRangeListNR, the UE is experiencing IDC problems that it cannot solve by itself:
4>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
2>	else if the current idc-TDM-Assistance information for the cell group is different from the one indicated in the last transmission of the UEAssistanceInformation message:
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide IDC assistance information;
NOTE 1:	The term "IDC problems" refers to interference issues applicable across several subframes/slots where not necessarily all the subframes/slots are affected.
NOTE 2:	For the frequencies on which a serving cell or serving cells is configured that is activated, IDC problems consist of interference issues that the UE cannot solve by itself, during either active data exchange or upcoming data activity which is expected in up to a few hundred milliseconds.
For frequencies on which a SCell or SCells is configured that is deactivated, reporting IDC problems indicates an anticipation that the activation of the SCell or SCells would result in interference issues that the UE would not be able to solve by itself.
For a non-serving frequency, reporting IDC problems indicates an anticipation that if the non-serving frequency or frequencies became a serving frequency or serving frequencies then this would result in interference issues that the UE would not be able to solve by itself.

….


END OF 1st CHANGE 

Proposal 3- Update the procedural text in section 5.7.4.2 as suggested in the text proposal mentioned above to align the idc-AssistanceConfig-r16 and idc-AssistanceConfig-r18 configuration related description.  


[bookmark: _Hlk146836787]2.4 Update of the procedural text in 5.7.4.3 to include “candidate serving frequency ranges” instead of “frequency ranges”

Based on the current description in the TS 38.331 running CR there are some references to the “frequency range” which are ambiguous and in fact refer to “candidate frequency range” in the procedural text. These are proposed to be updated in the procedural text so that we don’t use the ambiguous term “frequency range”” and instead it clearly refers to either “candidate frequency range” or “affected frequency range”.

START OF 1st CHANGE 

…

2>	if there is at least one affected frequency range overlapping with one a candidate frequency range included in candidateServingFreqRangeListNR, and the center frequency of the affected frequency range is within the candidate frequency range included in candidateServingFreqRangeListNR, the UE is experiencing IDC problems that it cannot solve by itself:
3>	include the field affectedCarrierFreqRangeList with an entry for each affected frequency range;
3>	for each affected frequency range included in the field affectedCarrierFreqRangeList, include centerFreq and affectedBandwidth;
3>	for each affected frequency range included in the field affectedCarrierFreqRangeList, include interferenceDirection and optionally victimSystemType, and set it accordingly;
2>	if there is at least one supported UL CA or MR-DC combinations comprising of candidate frequency ranges included in candidateServingFreqRangeListNR, and each affected frequency range in the UL CA or MR-DC combination overlapping with one a candidate frequency range included in candidateServingFreqRangeListNR, and the center frequency of the affected frequency range is within the candidate frequency range included in candidateServingFreqRangeListNR, the UE is experiencing IDC problems that it cannot solve by itself:
3>	include the field affectedCarrierFreqRangeCombList with an entry for each supported UL CA or MR-DC combination comprising of frequency ranges that is affected by IDC problems;
3>	for each affected frequency range included in the field affectedCarrierFreqRangeCombList, include centerFreq and affectedBandwidth;
3>	for each UL CA or MR-DC combination included in the field affectedCarrierFreqRangeCombList, include interferenceDirection and optionally victimSystemType, and set it accordingly;
2>	if there is at least one carrier frequency included in candidateServingFreqListNR or candidate frequency range included in candidateServingFreqRangeListNR or one supported UL CA or MR-DC combination comprising of carrier frequencies included in candidateServingFreqListNR or candidate frequency ranges included in candidateServingFreqRangeListNR, the UE is experiencing IDC problems that it cannot solve by itself, and either affectedCarrierFreqList or affectedCarrierFreqCombList or affectedCarrierFreqRangeList or affectedCarrierFreqRangeCombList is included, and idc-TDM-AssistanceConfig is set to setup:
3>	include Time Domain Multiplexing (TDM) based assistance information as indicated by idc-TDM-Assistance that could be used to resolve the IDC problems;
NOTE 1:	When sending an UEAssistanceInformation message to inform the IDC problems, the UE includes all IDC assistance information (rather than providing e.g. the changed part(s) of the IDC assistance information).
NOTE 2:	Upon not anymore experiencing a particular IDC problem that the UE previously reported, the UE provides an IDC indication with the modified contents of the UEAssistanceInformation message (e.g. by not including the IDC assistance information in the idc-Assistance, idc-FDM-Assistance and idc-TDM-Assistance fields).

…
END OF 1st CHANGE
Proposal 4- Update the procedural text in section 5.7.4.3 so that the candidate frequency ranges are referred to as “candidate frequency ranges” rather than just “frequency ranges” as suggested in the text proposal mentioned above.  


2.5 Correction for the field description of "idc-TDM-Assistance"
The field description of idc-TDM-Assistance was added to include the internode co-ordination for NR-DC case as shown below. 

	idc-TDM-Assistance
Contains IDC TDM assistance information reported by UE to MN for IDC problem affecting a frequency range or frequency range combination used by SN.



This field description currently includes the TDM assistance information associated with R18 FDM frequency range combination but the R16 frequency combination is missing in the field description. Secondly the idc-TDM-Assistance  contains the IDC TDM assistance information reported by UE to MN for IDC problem caused by the NR-DC frequency combination and is signalled to SN upon MN not addressing IDC issue. Hence, we propose remove the “frequency range or” and “used by SN” from the field description and reword it as suggested below.

	[bookmark: _Hlk146843097]idc-TDM-Assistance
This field is signalled upon MN not addressing IDC issue and Contains IDC TDM assistance information reported by UE to MN for IDC problem affecting a NR-DC frequency combination frequency range or frequency range combination used by SN.



Proposal 5- Update the field description for idc-TDM-Assistance to include legacy NR-DC frequency combination as shown above 


3. Conclusions 
In this contribution we discuss some of the issues we have identified in the running CR and suggest the text proposals for resolving these issues. 

Missing description in procedural text for the UE reporting the IMD interference using affectedCarrierFreqComList during NR-DC operation

Proposal 1- Update the procedural text in section 5.7.4.2 and as 5.7.4.3 suggested in the text proposal above to include the reporting of the MR-DC combination in affectedCarrierFreqCombList.  

Correction for the field description of "affectedCarrierFreqList"

Proposal 2- Update the field description for affectedCarrierFreqCombList to remove the EN-DC case as shown above 

Alignment of the idc-AssistanceConfig-r16 and idc-AssistanceConfig-r18 configuration related description in 5.7.4.2

Proposal 3- Update the procedural text in section 5.7.4.2 as suggested in the text proposal mentioned above to align the idc-AssistanceConfig-r16 and idc-AssistanceConfig-r18 configuration related description

Update of the procedural text in 5.7.4.3 to include “candidate serving frequency ranges” instead of “frequency ranges”

Proposal 4- Update the procedural text in section 5.7.4.3 so that the candidate frequency ranges are referred to as “candidate frequency ranges” rather than just “frequency ranges” as suggested in the text proposal mentioned above.  

Correction for the field description of "idc-TDM-Assistance"

Proposal 5- Update the field description for idc-TDM-Assistance to include legacy NR-DC frequency combination as shown above 
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