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Introduction
Overheating assistance information was introduced to provide UE preferred reduced the number of maximum sCC, reduced the number of maximum aggregated bandwidth of FR1/FR2, reduced the number of maximum MIMO layers of FR1/FR2 when overheating condition has been detected and UE is configured to provide overheating assistance information.
There may be the case that UE first reports overheating assistance information indicating to reduce the number of maximum sCC and then reports another overheating assistance information indicating to reduce the number of maximum MIMO layers. For this case, this contribution discusses how the UE sets the contents of the UAI message and how the NW interprets the UE’s preference.
Discussion
[bookmark: _GoBack]When UE is configured to provide overheating assistance information and experiences an overheating condition, UE can provide the overheating assistance information to the NW. Sometimes, UE may provide preferred reduced configuration due to overheating step by step. For example, UE first reports overheating assistance information indicating to reduce the number of maximum sCC(s), after the NW reconfigures UE with fewer sCC(s), UE may still experience an overheating condition and needs to further reduce the configuration, and then UE reports another overheating assistance information indicating to reduce the number of maximum MIMO layers.
A specific example is give as below. In the beginning (UE has not experience an overheating condition yet), UE is configured with 1 sCC and the maximum DL MIMO layers for each serving cell is 4. Then UE detects overheating condition and initiates transmission of the overheating assistance information.
1 UE first reports the 1st UAI message with overheating assistance information indicating to reduce the number of maximum sCC to 0, i.e. setting reducedCCsDL(UL) to 0;
2 NW sends RRC reconfiguration message with releasing 1 sCC;
3 UE then reports the 2rd UAI message with overheating assistance information indicating to reduce the number of maximum DL MIMO layers to 1, i.e. setting reducedMIMO-LayersFR1(FR2)-DL to 1. 
However, how to interpret the UE’s preference if the reducedCCsDL(UL) is not included in the 2rd UAI message? There are two potential interpretations:
Alt 1) The 2rd UAI message indicates the delta preference on reduced configuration up to the current active configuration. That means UE prefers to maintain the current configuration on the sCC numbers (e.g. the number of sCC is 0), and further prefers a reduced maximum DL MIMO layers on top of the current configuration.
Alt 2) The 2rd UAI message indicates the overall preference on reduced configuration. If a parameter is no longer included, that means UE does not have any preference on it which could be restored by the network (e.g. restore the sCC configuration to 1 sCC). 
The drawback of the Alt2) is that the configuration for one specific parameter (i.e. sCC, aggregated bandwidth, MIMO layers) cannot be restored, UE can only restore configuration for all parameters (reported before) by not including reducedMaxCCs, reducedMaxBW-FR1, reducedMaxBW-FR2, reducedMaxMIMO-LayersFR1 and reducedMaxMIMO-LayersFR2 in OverheatingAssistance IE when UE no longer experiences an overheating condition. Alt1) seems more flexible. If the Alt 1) is the correct understanding, for above step ③, the way of setting the contents of the UAI message and interpretation is:
1) If UE prefers to maintain the configuration in step ② (i.e. reducing the number of maximum sCC to 0) and further reduces the number of maximum DL MIMO layers, UE reports the 2rd UAI message including both the preference on the number of maximum sCC to 0, i.e. setting reducedCCsDL(UL) to 0 as in step ①, and the preference on the number of maximum DL MIMO layers to 1, i.e. setting reducedMIMO-LayersFR1(FR2)-DL to 1.
In this case, the NW keeps the current configuration with 0 sCC configured and can further send RRC reconfiguration message configuring the maximum DL MIMO layers to 1.
2) If UE prefers to restore the configuration in step ② (i.e. restoring the number of maximum sCC to 1) and further reduces the number of maximum DL MIMO layers, UE reports the 2rd UAI message including only the preference on the number of maximum DL MIMO layers to 1, i.e. setting reducedMIMO-LayersFR1(FR2)-DL to 1.
In this case, the NW sends RRC reconfiguration message to restore the configuration to 1 sCC configured and can further configure the maximum DL MIMO layers to 1
Proposal 1: If the UE sent the first overheating assistance information with preference on reduced parameter A and the NW already reduced the configuration for parameter A, UE sends the second overheating assistance information without including the preference on reduced parameter A, RAN2 to clarify how to understand UE’s preference:
Alt 1) UE does not have any preference on reducing configuration for parameter A and prefers to restore the configuration for parameter A
Alt 2) the previous preference on reduced parameter A is unchanged and UE prefers to maintain the configuration for parameter A
(The parameter A can be the number of maximum sCC, the number of maximum aggregated bandwidth, the number of maximum MIMO layers).
For Rel-16 UE power saving WI, it was clarified that the reduced value can only range up to the current active configuration, however, how to understand the “reduced configuration” for overheating is not crystal clear in the specification.
	reducedCCsDL
Indicates the UE's preference on reduced configuration corresponding to the maximum number of downlink SCells indicated by the field, to address overheating or power saving.
When indicated to address overheating, this maximum number includes both SCells of the NR MCG and PSCell/SCells of the SCG. This maximum number only includes PSCell/SCells of the SCG in (NG)EN-DC.
When indicated to address power saving, this maximum number includes PSCell/SCells of the cell group that this UE assistance information is associated with. The maximum number of downlink SCells can only range up to the current active configuration when indicated to address power savings.


The ambiguity issue is what the basic configuration for “reduced configuration”. One can be the active configuration before UE indicates overheating assistance information, reduced value can range up to the active configuration before UE indicates overheating assistance information. Generally we understand the active configuration before detecting overheating issue rely on the reported UE capability. Taking the same example above, the active configuration before UE indicates overheating assistance information is “maximum DL MIMO layers for each serving cell = 4” based on UE capability, the UE can indicate any value for maximum DL MIMO layers no more than 4. Even if the NW already reduced the configuration for maximum DL MIMO layers to 1, the UE can indicate preferred maximum DL MIMO layers to 2 if the UE finds that 2 maximum DL MIMO layers is sufficient for alleviating the overheating issue and it is beneficial for data rate. The other understanding can be the current active configuration (the same as the power saving).
Proposal 2: RAN2 to clarify how to understand the “reduced configuration” for overheating:
Alt 1) the reduced value can range up to the active configuration before UE indicates overheating assistance information
Alt 2) the reduced value can only range up to the current active configuration
Proposal 3: After confirming the above issues, RAN2 to add the clarification in the specification.
Conclusion
[bookmark: OLE_LINK3]In this contribution, we discuss overheating assistance information reporting and have the following proposals.
Proposal 1: If the UE sent the first overheating assistance information with preference on reduced parameter A and the NW already reduced the configuration for parameter A, UE sends the second overheating assistance information without including the preference on reduced parameter A, RAN2 to clarify how to understand UE’s preference:
Alt 1) UE does not have any preference on reducing configuration for parameter A and prefers to restore the configuration for parameter A
Alt 2) the previous preference on reduced parameter A is unchanged and UE prefers to maintain the configuration for parameter A
(The parameter A can be the number of maximum sCC, the number of maximum aggregated bandwidth, the number of maximum MIMO layers).
Proposal 2: RAN2 to clarify how to understand the “reduced configuration” for overheating:
Alt 1) the reduced value can range up to the active configuration before UE indicates overheating assistance information
Alt 2) the reduced value can only range up to the current active configuration
Proposal 3: After confirming the above issues, RAN2 to add the clarification in the specification.
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Appendix
[bookmark: _Toc20425858][bookmark: _Toc29321254][bookmark: _Toc36219437][bookmark: _Toc36220113][bookmark: _Toc36513533][bookmark: _Toc46449591][bookmark: _Toc46489378][bookmark: _Toc52495212][bookmark: _Toc60781381][bookmark: _Toc67915428]5.7.4.2	Initiation
A UE capable of providing delay budget report in RRC_CONNECTED may initiate the procedure in several cases, including upon being configured to provide delay budget report and upon change of delay budget preference.
A UE capable of providing overheating assistance information in RRC_CONNECTED may initiate the procedure if it was configured to do so, upon detecting internal overheating, or upon detecting that it is no longer experiencing an overheating condition.
Upon initiating the procedure, the UE shall:
[text omitted]
1>	if configured to provide overheating assistance information:
2>	if the overheating condition has been detected and T345 is not running; or
2>	if the current overheating assistance information is different from the one indicated in the last transmission of the UEAssistanceInformation message including overheatingAssistance and timer T345 is not running:
3>	start timer T345 with the timer value set to the overheatingIndicationProhibitTimer;
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide overheating assistance information;
[bookmark: _Toc20425859][bookmark: _Toc29321255][bookmark: _Toc36219438][bookmark: _Toc36220114][bookmark: _Toc36513534][bookmark: _Toc46449592][bookmark: _Toc46489379][bookmark: _Toc52495213][bookmark: _Toc60781382][bookmark: _Toc67915429]5.7.4.3	Actions related to transmission of UEAssistanceInformation message
The UE shall set the contents of the UEAssistanceInformation message as follows:
[text omitted]
1>	if transmission of the UEAssistanceInformation message is initiated to provide overheating assistance information according to 5.7.4.2 or 5.3.5.3;
2>	if the UE experiences internal overheating:
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 the UE prefers to temporarily reduce maximum aggregated bandwidth of FR1:
4>	include reducedMaxBW-FR1 in the OverheatingAssistance IE;
4>	set reducedBW-FR1-DL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all downlink carriers of FR1;
4>	set reducedBW-FR1-UL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all uplink carriers of FR1;
3>	if the UE prefers to temporarily reduce maximum aggregated bandwidth of FR2:
4>	include reducedMaxBW-FR2 in the OverheatingAssistance IE;
4>	set reducedBW-FR2-DL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all downlink carriers of FR2;
4>	set reducedBW-FR2-UL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all uplink carriers of FR2;
3>	if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR1:
4>	include reducedMaxMIMO-LayersFR1 in the OverheatingAssistance IE;
4>	set reducedMIMO-LayersFR1-DL to the number of maximum MIMO layers of each serving cell operating on FR1 the UE prefers to be temporarily configured in downlink;
4>	set reducedMIMO-LayersFR1-UL to the number of maximum MIMO layers of each serving cell operating on FR1 the UE prefers to be temporarily configured in uplink;
3>	if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR2:
4>	include reducedMaxMIMO-LayersFR2 in the OverheatingAssistance IE;
4>	set reducedMIMO-LayersFR2-DL to the number of maximum MIMO layers of each serving cell operating on FR2 the UE prefers to be temporarily configured in downlink;
4>	set reducedMIMO-LayersFR2-UL to the number of maximum MIMO layers of each serving cell operating on FR2 the UE prefers to be temporarily configured in uplink;
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;
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