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1 Introduction
The overheating issue was first proposed and addressed in TEI14 for LTE. In Rel-15, the overheating issue was also addressed for the EN-DC, SA and later drop in order according to the schedule of the Rel-15.

Currently, EN-DC is the most promising way that operator would like to choose to deploy their 5G network. In EN-DC scenario, considering a typical band combination scheme of 20MHz LTE carrier with 2x2 MIMO capability and 100MHz BWP NR carrier with 4x4 MIMO capability, the UE’s overheating problem is more likely to happen than in a LTE system or in a NR SA system. Although the overheating issue has been discussed for EN-DC scenario, it is realized that the current specified solution cannot meet the new requirements from the EN-DC operators. So, in this paper we would like to further discuss the overheating issue in EN-DC scenario and propose simple solutions to fix the problem.
2 UE assistance information for overheating
In this section, we give a review of the UE assistance information for overheating in LTE, EN-DC, SA and late drop.

· In LTE, the UE assistance information include [1]: 

·  The maximum number of DL/UL SCells that the UE prefers to be temporarily configured.
·  The DL/UL UE category that the UE prefers to be temporarily reduced.
· In EN-DC, no any new assistance information was introduced. The only minor modification is the field description of the reducedCCsDL and reducedCCsUL was updated so that the NR PSCell/SCell(s) can also be considered in order to address the UE’s overheating issue [1]. 

OverheatingAssistance-r14 ::=
SEQUENCE {



reducedUE-Category


SEQUENCE {




reducedUE-CategoryDL



INTEGER (0..19),




reducedUE-CategoryUL



INTEGER (0..21)



}

OPTIONAL,



reducedMaxCCs



SEQUENCE {




reducedCCsDL





INTEGER (0..31),




reducedCCsUL





INTEGER (0..31)



}

OPTIONAL

}
	reducedCCsDL

Indicates the UE's preference on reduced configuration corresponding to the maximum number of downlink SCells indicated by the field, to address overheating. This maximum number includes both SCells of E-UTRA and PSCell/SCells of NR in EN-DC.

	reducedCCsUL
Indicates the UE's preference on reduced configuration corresponding to the maximum number of uplink SCells indicated by the field, to address overheating. This maximum number includes both SCells of E-UTRA and PSCell/SCells of NR in EN-DC.


· In NR SA, the UE assistance information was re-discussed and finally the following information were adopted [2]:
·  The maximum number of DL/UL SCells that the UE prefers to be temporarily configured.
·  The maximum number of DL/UL MIMO layers for serving cells of FR1/FR2 that the UE prefers to be temporarily configured. 

·  The maximum number of DL/UL aggregated bandwidth for carrier over FR1/FR2 that the UE prefers to be temporarily configured.
· In NR late drop [2], 

·  For NE-DC and NR-DC, similar to the extension of the assistance information from LTE to EN-DC, no any new assistance information is introduced. The only minor modification is to clarify that the maximum number of DL/UL SCells that UE report include both of the Scell(s) of MCG and PSCell/SCell(s) of the SCG, and the maximum number of DL/UL aggregated bandwidth also include both of the carriers of MCG and the carriers of SCG. 

·  For NG EN-DC, it is completely follow the EN-DC.

In addition, in the MR-DC scenarios, the UE is only specified to report the UE assistance information for overheating to the MN.
3 Further considerations for EN-DC
When the UE is configured with EN-DC, if the UE is experiencing overheating problem, the UE will report the overheating assistance information to the eNB. Then to help the UE to address the overheating problem, currently the eNB has two choices for implementations according to the current specification.
· Choice 1: release the SCG for the UE;

· Choice 2: the eNB coordinate with the gNB and decides the reduced number of SCells that eNB and gNB can configure for the UE. 
However, in a real operating network, neither of these choices is a proper solution. Following are the analysis.
First, releasing the SCG is actually redirecting UE’s traffic from NR interface to the LTE interface, which causes inefficient usage of NR radio resources and traffic congestions to the LTE network because of rapid traffic offloading. In this sense, we believe no operator would like to take this choice.

Second, releasing the SCG is an overkill to address the overheating issue. For example, if the overheating problem is detected, the UE may prefer to only reduce the maximum MIMO layers or adjust the BWP bandwidth and keep the SCells unchanged according to the UE implementation. Then in this case, it would be reasonable that the SCG is kept and the eNB and/or gNB can reduce the maximum MIMO layers for the UE. 

Third, if CA in gNB is configured for the UE, the gNB can reduce the configured SCell number when the UE is overheated. However, the bandwidth of NR’s SCell is typically large and the MIMO layer capability is high, so that even there is only one NR SCell, the overheating situation may not be addressed. If the specification cannot support the method to adjust the BWP bandwidth and/or MIMO layer configuration of the SCell, the only way the gNB can do is to release all the PSCell/SCell. In this case the choice 2 actually has the same result as the choice 1.
Observation 1: Releasing SCG or coordinating with gNB to reduce the number of SCells is not practical from eNB implementation point of view in order to address the UE’s overheating problem. 
Compared with Choice 1 and Choice 2, a more proper and practical way for implementation to address the overheating problem in EN-DC is keeping the SCG for the UE and adjust the maximum number of MIMO layer of serving cells of SCG and/or the aggregated bandwidth of SCG carrier, i.e. the BWP bandwidth configured for the UE. To support this way, it requires that.
1) The UE can report its preferred maximum number of MIMO layer of serving cells of SCG and/or the aggregated bandwidth of SCG carrier to the MN;
2) The MN can inform the UE’s preferred MIMO layers and aggregated bandwidth to the SN via the inter-node message.
However, the current specification does not support both 1) and 2).
Observation 2: A more proper and practical way for eNB implementation to address the overheating problem in EN-DC is keeping the SCG for the UE and adjust the maximum number of MIMO layer of serving cells of SCG and/or the aggregated bandwidth of SCG carrier. However, the current specification could not support this solution.
To support the above eNB implementation, two simple specification enhancements can be discussed:
· Option 1: to modify LTE overheating assistance information by adding the already agreed parameters in NR specifications, specifically the information of maximum MIMO layer and/or aggregated bandwidth. Furthermore, extending the current inter-node message to forward such MIMO layer and aggregated bandwidth information from the eNB to the gNB.
· Option 2: to enable UE’s reporting of NR overheating assistance information in EN-DC system. The reporting can either as a container in the LTE message ULInformationTransferMRDC or via SRB3, which way to go would depend on whether the UE is configured with SRB3 in EN-DC. Specifically, if SRB 3 is configured, then the UE reports the UE assistance information for overheating as defined for NR SA via the SRB3, otherwise, the UE reports UE assistance information for overheating as defined for NR SA as a container in the LTE message ULInformationTransferMRDC. The same procedure has already been applied to the NR RRC message transmission for MeasurementReport and FailureInformation as in [2]. For the former case, the current inter-node message needs to be extended to forward such container from the eNB to the gNB.
For Option 2, since such UE assistance information is only used by SN and is transparent to the MN, it should be up to the SN to configure whether the UE is allowed to report such UE assistance information, including the prohibit timer. 

It is obvious the above discussions can also be applied to the NG EN-DC scenario. 
Proposal 1: RAN2 down selects the above two options to address the UE overheating problem in EN-DC and NG EN-DC.

For the Option 1 and the Option 2, two set of corresponding CRs are provided in [3-4] and [5-7] respectively.
Proposal 2: To agree one set of the CRs in [3-4] and [5-7].

4 Conclusion

In this paper we further discuss how to address the UE overheating problem in EN-DC scenario, and have the following observations and proposals:
Observation 1: Releasing SCG or coordinating with gNB to reduce the number of SCells is not practical from eNB implementation point of view in order to address the UE’s overheating problem.
Observation 2: A more proper and practical way for eNB implementation to address the overheating problem in EN-DC is keeping the SCG for the UE and adjust the maximum number of MIMO layer of serving cells of SCG and/or the aggregated bandwidth of SCG carrier. However, the current specification could not support this solution.
Proposal 1: RAN2 down selects the above two options to address the UE overheating problem in EN-DC and NG EN-DC.
Proposal 2: To agree one set of the CRs in [3-4] and [5-7].
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