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1 Introduction
In RAN2#107 meeting, it is agreed to support overheating enhancement for EN-DC scenario in TEI16, i.e. keeping the SCG for the UE and adjusting the maximum number of MIMO layer of serving cells of SCG and/or the aggregated bandwidth of SCG carrier.
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-
Intel support the discussion

-
Spreadtrum also support this.

-
Ericsson think the worst case is that SCG is released. If UE is already in an overheating condition is it critical to keep the SCG. Huawei think the current signalling only allows the LTE PCell to be kept, and releasing SCG prevents the UE being served by 5G.

-
OPPO releasing SCG directly is the correct way to go.

-
Vivo agree the observations of Huawei and think we should reuse the NR solutions for EN-DC as well. 

-
Apple also support this proposal. Overheating for EN-DC was a very simplified solution because there was not much time to discuss.

-
Nokia also support that something is to be done but have some different view on the details instead just copying the NR information. Would like some more understanding of what the UE is doing.

-
LG think just release SCG is not good for user experience. Nokia think we can't exclude releasing SCG.

-
Samsung think some new information can be added.

-
Qualcomm support the second options.

-
T-Mobile agree that dropping SCG is a problematic solution. But think the issue is UE design.

-
CMCC support doing this. Ig SCG is dropped then 5G service is lost.

=>
There is support to do this in TEI16 (details/CRs to be discussed in next meeting)

In this paper, we would like to discuss the detailed signalling design for overheating reporting in (NG)EN-DC scenario.
2 Legacy 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]. 

· 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 Discuss on signalling design in (NG)EN-DC
To address the overheating problem in EN-DC, a more proper and practical way for implementation is keeping the SCG for the UE and adjusting the maximum number of MIMO layer of serving cells of SCG and/or the aggregated bandwidth of SCG carrier(s). To support this way, it requires that UE can reports some assistance information (e.g. maximum MIMO layer, aggregated bandwidth) for SCG configuration, and the SN gNB can reduce the configured maximum MIMO layer or bandwidth to address the overheating issue in EN-DC.
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 aggregated bandwidth. Furthermore, extending the current inter-node message to forward such MIMO layer and aggregated bandwidth information from the eNB to the gNB.
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Figure 1. Option 1 – modifying LTE overheating assistance information and inter-node message
· 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. 
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Figure 2. Option 2 - reporting as a container in LTE ULInformationTransferMRDC or via SRB3
It is obvious the above discussions can also be applied to the NG EN-DC scenario. 
Proposal: RAN2 down selects these two options to address the UE overheating problem in (NG)EN-DC:

· Option 1: adding information of maximum MIMO layer and aggregated bandwidth in LTE overheating assistance information and inter-node message
· Option 2: reporting NR overheating assistance information via the LTE message ULInformationTransferMRDC or via SRB3
For the Option 1 and the Option 2, the corresponding draft CRs are provided in [3-4] and [5-7] respectively.
4 Conclusion

In this paper we further discuss how to address the UE overheating problem in (NG)EN-DC scenario, and have the following observations and proposals:
Proposal: RAN2 down selects these two options to address the UE overheating problem in (NG)EN-DC:
· Option 1: adding information of maximum MIMO layer and aggregated bandwidth in LTE overheating assistance information and inter-node message
· Option 2: reporting NR overheating assistance information via the LTE message ULInformationTransferMRDC or via SRB3
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