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1	Introduction
The details of overheating enhancements for EN-DC should be discussed in RAN2#107bis, as noted below:

Overheating
R2-1911036	Further considerations on overheating issue in EN-DC scenario	Huawei, Huawei Device, CMCC, China Unicom, China Telecom, MediaTek Inc., Samsung, LG Uplus, vivo	discussion	Rel-16	TEI16	R2-1907865
-	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)

This contribution discusses approaches for this enhancement.
[bookmark: _Ref178064866]2	Discussion
When discussing how to introduce overheating mechanism for EN-DC, it was decided that it would suffice for Rel-15 to make the change below, so that the reduced number of CCs, if reported by the UE, accounts for both E-UTRA and NR carriers. Thus, no additional coordination between MN and SN was introduced to support overheating mechanism for EN-DC.
	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 (NG)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 (NG)EN-DC.



While this framework can work in case the MN e.g. decides to release the SCG configuration, further coordination between the MN and SN is needed in case the SCG configuration should not be released but rather reconfigured. In fact, even if the UE reports reducedCCsDL(UL) accounting for both E-UTRA and NR carriers, there is currently no mechanism to coordinate the reduced number of CCs. One could think that allowedBC-ListMRDC in 38.331 specification could be used for that purpose. However, the MN and SN are not mandated to understand each other’s configuration, and thus the MN could not take an appropriate decision on which band combinations to allow in allowedBC-ListMRDC to make the SN reduce the number of carriers in the SCG configuration.
[bookmark: _Toc21001808]To address overheating in EN-DC without releasing the SCG, additional coordination between MN and SN is needed.
Hence, it should be discussed which additional coordination could be included to further enhance EN-DC overheating mechanism. Since one of the biggest concerns towards the approach to release the entire SCG configuration seems to be the loss of 5G service through the SCG, one alternative could be to add an indication from the MN to the SN that the SN should downgrade its current configuration.
[bookmark: _Toc21001809](Option 1) Upon receiving an overheating report from the UE, the MN may inform the SN that the SCG configuration should be downgraded.
In this manner, the SN would have the option to e.g. release the SCells and keep the PSCell, or do other managements concerning reduced number of carriers, MIMO layers and bandwidth. It should be noted that even if the SN does not get from the UE an explicit input on a preferred reduced number of carriers, MIMO layers, and bandwidth, the SN can still decide on a downgraded configuration for the UE. For instance, while receiving an overheating indication from the MN concerning the UE, the SN could do a first downgrade of the UE configuration. If the overheating issue still persists, the UE would be able to send another overheating indication after the expiry of its prohibit timer. In this manner, the SN could get another indication from the MN and downgrade even more the UE configuration, up to the limit of keeping merely the PSCell or initiate the release of the whole SCG.
It should also be noted that even if more complex indications are provided by the UE, it would still be up to the network which actions it may take on it. Therefore, the iterative approach described above is already possible in the MN side. 
[bookmark: _Toc21001810]With an overheating indication from the MN, the SN could downgrade the UE configuration in an iterative manner, which is already possible in the MN.
Moreover, overheating should be a temporary condition in the UE happening only in extraordinary circumstances (e.g. a phone placed under direct sunlight or for some other reason the UE is in a place it is not built for), which would not justify a complex coordination mechanism between MN and SN. The most critical would be to keep the MN leg, and to achieve this, the current overheating report from the UE has detailed information on preferred reduced configurations from the UE. However, for the sake of keeping the connection with the SN leg as well, we think it suffices to provide a simple indication to the SN.
Nevertheless, another possible approach would be to include a detailed overheating report from the UE related to the NR leg, which would then be forwarded to the SN. This would require more INM and new signalling towards the UE. For NR SA, the overheating report may include a preferred reduced number of carriers, MIMO layers and bandwidth. Since the corresponding information is actually related to NR, this should be transmitted in a container towards the SN, transparent to the MN.
[bookmark: _Toc21001811](Option 2) The UE can be configured by the MN to report NR related overheating information, which should be transmitted to the SN via the MN in a transparent manner.
With this approach, the current field descriptions from reducedCCsDL(UL) would have to be re-interpreted as concerning E-UTRA carriers only, since a possibly preferred reduced number of CCs in NR side would be transmitted in this container to the SN. As mentioned before, this would be required since the MN would not know how many carriers in the NR side are contained in the band combinations it choses to allow the SN to use.
[bookmark: _Toc21001812]If the UE is configured to report NR related overheating information, the current reducedCCsDL(UL) fields would have to be re-interpreted as concerning E-UTRA carriers only.
While it could be considered, for option 2, to have NR SA overheating mechanism to able to be configured by the SN in EN-DC and possibly reported via SRB3, this would imply in both MN and SN configuring possibly different overheating reports with different timers, which may generate multiple reports from the UE for the same issue. Furthermore, it should be up to the MN how to address the overall overheating issue upon UE report. Therefore, we think this configuration should be performed by a sole node, i.e. the MN, and no configuration of NR overheating by SN or transmission of NR overheating report via SRB3 should be performed.
[bookmark: _Toc21001813]Allow SN to configure NR overheating report may result in multiple reports to both MN and SN. Furthermore, it should be up to the MN on whether to configure the overall overheating mechanism and address it.
Hence, we think it would be simpler to adopt option 1 or 2 described above. We have a preference for option 1 since, apart from what described above, it also requires minimal changes in 38.331 specification to be supported (i.e. see Annex A). 
[bookmark: _Toc21001814]RAN2 to select one of the two options to enhance EN-DC overheating:
[bookmark: _Toc21001815](Option 1) Upon receiving an overheating report from the UE, the MN may inform the SN that the SCG configuration should be downgraded.
[bookmark: _Toc21001816](Option 2) The UE can be configured by the MN to report NR related overheating information, which should be transmitted via the MN in a transparent manner.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	To address overheating in EN-DC without releasing the SCG, additional coordination between MN and SN is needed.
Observation 2	(Option 1) Upon receiving an overheating report from the UE, the MN may inform the SN that the SCG configuration should be downgraded.
Observation 3	With an overheating indication from the MN, the SN could downgrade the UE configuration in an iterative manner, which is already possible in the MN.
Observation 4	(Option 2) The UE can be configured by the MN to report NR related overheating information, which should be transmitted to the SN via the MN in a transparent manner.
Observation 5	If the UE is configured to report NR related overheating information, the current reducedCCsDL(UL) fields would have to be re-interpreted as concerning E-UTRA carriers only.
Observation 6	Allow SN to configure NR overheating report may result in multiple reports to both MN and SN. Furthermore, it should be up to the MN on whether to configure the overall overheating mechanism and address it.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to select one of the two options to enhance EN-DC overheating:
(Option 1) Upon receiving an overheating report from the UE, the MN may inform the SN that the SCG configuration should be downgraded.
(Option 2) The UE can be configured by the MN to report NR related overheating information, which should be transmitted via the MN in a transparent manner.
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5	Annexe A
An example is provided on how to capture Option 1, described in section 2, in 38.331. 
START OF FIRST CHANGE
ConfigRestrictInfoSCG ::=       SEQUENCE {
    allowedBC-ListMRDC              BandCombinationInfoList                                       OPTIONAL,
    powerCoordination-FR1               SEQUENCE {
        p-maxNR-FR1                     P-Max                                                     OPTIONAL,
        p-maxEUTRA                      P-Max                                                     OPTIONAL,
        p-maxUE-FR1                     P-Max                                                     OPTIONAL
    }                                                                                             OPTIONAL,
    servCellIndexRangeSCG           SEQUENCE {
        lowBound                        ServCellIndex,
        upBound                         ServCellIndex
    }                                                                                             OPTIONAL,   -- Cond SN-AddMod
[bookmark: _Hlk512849425]    maxMeasFreqsSCG                     INTEGER(1..maxMeasFreqsMN)                                OPTIONAL,
-- TBD Late Drop: If maxMeasIdentitiesSCG is used needs to be decided after RAN4 replies to the LS on measurement requirements for MR-DC.
    maxMeasIdentitiesSCG-NR             INTEGER(1..maxMeasIdentitiesMN)                           OPTIONAL,
    ...,
    [[
    selectedBandEntriesMN            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandEntryIndex  OPTIONAL,
    pdcch-BlindDetectionSCG          INTEGER (1..15)                                              OPTIONAL,
    maxNumberROHC-ContextSessionsSN  INTEGER(0.. 16384)                                           OPTIONAL
    ]],
    [[
    downgradeSCG-Config              ENUMERATED {true}
OPTIONAL
    ]] 
}

	CG-ConfigInfo field descriptions

	downgradeSCG-Config
Indicates whether the UE reported an overheating condition to the MN. The SN may mitigate the indicated overheating by downgrading the SCG configuration. Details regarding how the SN mitigates the overheating are left to implementation.



END OF FIRST CHANGE
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