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1	Introduction
[bookmark: _Ref178064866]This contribution discusses possible diverging behaviour on the framework for the UE to indicate it no longer experiences overheating for EN-DC in case of SCG.
2 Discussion
The general overheating framework is that the UE indicates that it no longer experiences overheating by including an overheating assistance IE without any fields inside. This behaviour is handled explicitly e.g. as in NR SA:

However, for EN-DC in Rel-16, when sending overheating indications concerning the SCG, this behaviour is not handled explicitly, i.e. there is no else statement handling the case when the UE no longer experience overheating condition. Nevertheless, we think the overall handling of 36.331 and 38.331 procedures (also in Annex A) should result in an empty overheating assistance IE.(From TS 38.331)

2>	else (if the UE no longer experiences an overheating condition):
3>	do not include reducedMaxCCs, reducedMaxBW-FR1, reducedMaxBW-FR2, reducedMaxMIMO-LayersFR1 and reducedMaxMIMO-LayersFR2 in OverheatingAssistance IE;

Hence, to avoid confusion and align the overheating behavior, an else statement should be added in 38.331 for EN-DC in Rel-16, to handle the case when the UE no longer experiences overheating (an example is provided in Annex B).
[bookmark: _Toc54195774]Add an explicit sentence to 5.7.4.3a where the UE includes overheatingAssistanceForSCG without any fields.
Another deviating point from usual overheating behaviour is that for EN-DC in Rel-16, not always the UE will indicate that it no longer experiences overheating by providing an overheating assistance IE without any fields inside. Such misalignment can be exemplified in the EN-DC cases below:
A. UE starts to overheat for MCG and SCG, but later it no longer experiences overheating for SCG (i.e. it continues to experience overheating for MCG); 
B. UE starts to overheat for MCG and SCG, but later it no longer experiences overheating for MCG (i.e. it continues to experience overheating for SCG);
C. UE starts to overheat for MCG and SCG, but later it no longer experiences overheating for MCG and SCG;
For case A, the UE will, when the overheating in the SCG is over, send overheatingAssistanceForSCG (without any fields therein) within OverheatingAssistance IE. For case B, it should result in sending OverheatingAssistance IE containing only overheatingAssistanceForSCG. But for case C, the UE will not include overheatingAssistanceForSCG within OverheatingAssistance IE, it will actually send OverheatingAssistance without any fields therein. Hence, it is not clear how the SN will be informed that the UE no longer overheats for the SCG in case C, since the MN will not receive an overheatingAssistanceForSCG.
[bookmark: _Toc54195776]It is not clear in all cases for overheating in EN-DC how the SN is informed that the UE no longer experiences overheating for the SCG.
The current fields description in INM is defined in 38.331 as:
overheatingAssistanceSCG
Contains the UE's preference on reduced configuration for NR SCG to address overheating. This field is only used in (NG)EN-DC.
Therefore, it is expected, in principle, that such field is only used by the MN at the time the UE sends an overheating message containing information relevant to the SCG in EN-DC. However, there are cases where the MN should resend to the SN the latest overheatingAssistanceForSCG received from the UE. An example of steps where the MN would need to resend this field to the SN is provided below:
1) UE experiences overheating in EN-DC for SCG only, and sends OverheatingAssistance IE including overheatingAssistanceForSCG;
2) MN sends CG-ConfigInfo to the SN containing the overheatingAssistanceForSCG from step 1);
3) MN afterwards sends a new CG-ConfigInfo to the SN (e.g. for the purpose of a reconfiguration involving the SN);
a. In this step, the MN must include the same overheatingAssistanceForSCG from step 1) in this new CG-ConfigInfo to the SN;
4) UE experiences different overheating conditions in EN-DC for SCG only, and sends OverheatingAssistance IE including overheatingAssistanceForSCG;
5) MN sends CG-ConfigInfo to the SN containing the overheatingAssistanceForSCG from step 4);
Similarly, when the UE no longer experiences overheating e.g. as in case C previously described, then the MN should send CG-ConfigInfo to the SN without any overheatingAssistanceForSCG since the UE will not provide it for this case within the OverheatingAssistance IE. The SN, as not receiving any field for overheating, will interpret that the UE no longer overheats.
[bookmark: _Toc54195777]Absence of an overheating field in CG-ConfigInfo will be interpreted by the SN as the UE no longer experience overheating.
Such behaviour is in line with the current principle of INM where the fields therein, unless otherwise stated, should always be sent at every CG-ConfigInfo:
From that perspective, no specification change may be needed to account for this, but it could be good to confirm this understanding.(From TS 38.331, 11.2.3)
For the other fields in CG-Config and CG-ConfigInfo, the sender shall always signal the appropriate value even if same as indicated in the previous RRC INM, unless explicitly stated otherwise.

[bookmark: _Toc54195775]RAN2 to confirm that absence of the overheating fields in CG-ConfigInfo is interpreted by the SN as the UE no longer is overheated.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	It is not clear in all cases for overheating in EN-DC how the SN is informed that the UE no longer experiences overheating for the SCG.
Observation 2	Absence of an overheating field in CG-ConfigInfo will be interpreted by the SN as the UE no longer experience overheating.
Based on the discussion in the previous sections we propose the following:

Proposal 1	Add an explicit sentence to 5.7.4.3a where the UE includes overheatingAssistanceForSCG without any fields.
Proposal 2	RAN2 to confirm that absence of the overheating fields in CG-ConfigInfo is interpreted by the SN as the UE no longer is overheated.
[bookmark: _In-sequence_SDU_delivery]
5	Annex
5.1	Annex A
UE behaviour for EN-DC in case it no longer experiences overheating for SCG in Rel-16(From TS 36.331)

The UE shall set the contents of the UEAssistanceInformation message for overheating assistance indication:
1>	if configured to provide overheating assistance indication:
2>	if the UE experiences internal overheating:
3>	if the UE prefers to temporarily reduce its DL category and UL category:
4>	include reducedUE-Category in the OverheatingAssistance IE;
4>	set reducedUE-CategoryDL to the number to which the UE prefers to temporarily reduce its DL category;
4>	set reducedUE-CategoryUL to the number to which the UE prefers to temporarily reduce its UL category;
3>	if the UE prefers to temporarily reduce the number of maximum secondary component carriers:
4>	include reducedMaxCCs in the OverheatingAssistance IE;
4>	set reducedCCsDL to the number of maximum SCells the UE prefers to be temporarily configured in downlink;
4>	set reducedCCsUL to the number of maximum SCells the UE prefers to be temporarily configured in uplink;
3>	if configured to provide overheating assistance indication for NR SCG:
4>	include overheatingAssistanceForSCG in the OverheatingAssistance IE;
4>	set overheatingAssistanceForSCG in accordance with clause 5.7.4.3a as specified in TS 38.331 [82];
2>	else (if the UE no longer experiences an overheating condition):
3>	do not include reducedUE-Category, reducedMaxCCs and overheatingAssistanceForSCG (if configured to provide overheating assistance indication for NR SCG) in OverheatingAssistance IE;


(From TS 38.331)

[bookmark: _Toc46439347][bookmark: _Toc46444184][bookmark: _Toc46486945][bookmark: _Toc52836823][bookmark: _Toc52837831][bookmark: _Toc53006471]5.7.4.3a	Setting the contents of OverheatingAssistance IE
The UE shall set the contents of OverheatingAssistance IE if initiated to provide overheating assistance indication for SCG in (NG)EN-DC according to clause 5.6.10.3 as specified in TS 36.331 [10]:
1>	if the UE prefers to temporarily reduce the number of maximum secondary component carriers for SCG:
2>	include reducedMaxCCs in the OverheatingAssistance IE;
2>	set reducedCCsDL to the number of maximum SCells of the SCG the UE prefers to be temporarily configured in downlink;
2>	set reducedCCsUL to the number of maximum SCells of the SCG the UE prefers to be temporarily configured in uplink;
1>	if the UE prefers to temporarily reduce maximum aggregated bandwidth of FR1 for SCG:
2>	include reducedMaxBW-FR1 in the OverheatingAssistance IE;
2>	set reducedBW-FR1-DL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all downlink carriers of FR1 of the SCG;
2>	set reducedBW-FR1-UL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all uplink carriers of FR1 of the SCG;
1>	if the UE prefers to temporarily reduce maximum aggregated bandwidth of FR2 for SCG:
2>	include reducedMaxBW-FR2 in the OverheatingAssistance IE;
2>	set reducedBW-FR2-DL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all downlink carriers of FR2 of the SCG;
2>	set reducedBW-FR2-UL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all uplink carriers of FR2 of the SCG;
1>	if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR1 for SCG:
2>	include reducedMaxMIMO-LayersFR1 in the OverheatingAssistance IE;
2>	set reducedMIMO-LayersFR1-DL to the number of maximum MIMO layers of each serving cell operating on FR1 of the SCG the UE prefers to be temporarily configured in downlink;
2>	set reducedMIMO-LayersFR1-UL to the number of maximum MIMO layers of each serving cell operating on FR1 of the SCG the UE prefers to be temporarily configured in uplink;
1>	if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR2 for SCG:
2>	include reducedMaxMIMO-LayersFR2 in the OverheatingAssistance IE;
2>	set reducedMIMO-LayersFR2-DL to the number of maximum MIMO layers of each serving cell operating on FR2 of the SCG the UE prefers to be temporarily configured in downlink;
2>	set reducedMIMO-LayersFR2-UL to the number of maximum MIMO layers of each serving cell operating on FR2 of the SCG the UE prefers to be temporarily configured in uplink;


5.2	Annex B

Proposed clarification for the UE behaviour for EN-DC in case it no longer experiences overheating for SCG in Rel-16
5.7.4.3a	Setting the contents of OverheatingAssistance IE
1>	if the UE experiences internal overheating:
12>	if the UE prefers to temporarily reduce the number of maximum secondary component carriers for SCG:
23>	include reducedMaxCCs in the OverheatingAssistance IE;
23>	set reducedCCsDL to the number of maximum SCells of the SCG the UE prefers to be temporarily configured in downlink;
23>	set reducedCCsUL to the number of maximum SCells of the SCG the UE prefers to be temporarily configured in uplink;
12>	if the UE prefers to temporarily reduce maximum aggregated bandwidth of FR1 for SCG:
23>	include reducedMaxBW-FR1 in the OverheatingAssistance IE;
23>	set reducedBW-FR1-DL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all downlink carriers of FR1 of the SCG;
23>	set reducedBW-FR1-UL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all uplink carriers of FR1 of the SCG;
12>	if the UE prefers to temporarily reduce maximum aggregated bandwidth of FR2 for SCG:
23>	include reducedMaxBW-FR2 in the OverheatingAssistance IE;
23>	set reducedBW-FR2-DL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all downlink carriers of FR2 of the SCG;
23>	set reducedBW-FR2-UL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all uplink carriers of FR2 of the SCG;
12>	if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR1 for SCG:
23>	include reducedMaxMIMO-LayersFR1 in the OverheatingAssistance IE;
23>	set reducedMIMO-LayersFR1-DL to the number of maximum MIMO layers of each serving cell operating on FR1 of the SCG the UE prefers to be temporarily configured in downlink;
23>	set reducedMIMO-LayersFR1-UL to the number of maximum MIMO layers of each serving cell operating on FR1 of the SCG the UE prefers to be temporarily configured in uplink;
12>	if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR2 for SCG:
23>	include reducedMaxMIMO-LayersFR2 in the OverheatingAssistance IE;
23>	set reducedMIMO-LayersFR2-DL to the number of maximum MIMO layers of each serving cell operating on FR2 of the SCG the UE prefers to be temporarily configured in downlink;
23>	set reducedMIMO-LayersFR2-UL to the number of maximum MIMO layers of each serving cell operating on FR2 of the SCG the UE prefers to be temporarily configured in uplink;
2>	else (if the UE no longer experiences an overheating condition):
3>	do not include reducedUE-Category, reducedMaxCCs in the OverheatingAssistance IE;

