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1 Introduction
Overheating
R2-1913689
Signalling design for overheating reporting in (NG)EN-DC scenario
Huawei, Huawei Device, China Unicom, MediaTek Inc., Samsung, LG Uplus, vivo
discussion
Rel-16
TEI16
- 
Ericsson would like to add one more option a flag from MN to SN so that SN could downgrade the configuration, as releasing SCG would make the UE “loose” the 5G connection. 

- 
Intel think Option 2 is not good. 

Offline 48, agreeable solution, prefarbly agreeable CRs (Huawei)

- 
Huawei reports that 3 options were discussed, where one can be excluded. For the other 2 solutions, the were even support. 

- 
Ericson prefers option 1 because then MN can coordinate this, Nokia agrees and think that in DC we don’t have coord SN MN, and Nokia think the purpose is to balance. Huawei think it is ok. 

- 
ZTE prefer option 2, bec overheating is likely related to SN, and would also like to think a bit more. 

- 
QC think that the problem with O1 is that we are putting NR things with LTE. Ericsson think we can fix this in ASN.1

- 
Huawei think that If postponed then we should have email discussion, and think this is related to power saving, this session have decided to attempt to coordinate. 

· [107bis#47][NR TEI16] Signalling design Overheating reporting in (NG)EN-DC (Huawei)


Intended outcome: Report w agreeable solution, even more preferred: agreeable CRs


Deadline: Next Meeting
2 Background
2.1 Review of 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]. 

	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.

	reducedUE-CategoryDL, reducedUE-CategoryUL

Indicates that UE prefers a configuration corresponding to the reduced UE category, to address overheating. The reduced UE DL category and reduced UE UL category should be indicated according to supported combinations for UE UL and DL Categories, see TS 36.306 [5], Table 4.1A-6.


· 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.

	reducedBW-FR1-DL

Indicates the UE's preference on reduced configuration corresponding to the maximum aggregated bandwidth across all downlink carrier(s) of FR1 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cell(s) operating on FR1. This maximum aggregated bandwidth includes downlink carrier(s) of FR1 of both the MCG and the SCG. Value mhz0 is not used.

	reducedBW-FR1-UL

Indicates the UE's preference on reduced configuration corresponding to the maximum aggregated bandwidth across all uplink carrier(s) of FR1 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cell(s) operating on FR1. This maximum aggregated bandwidth includes uplink carrier(s) of FR1 of both the MCG and the SCG. Value mhz0 is not used.

	reducedBW-FR2-DL

Indicates the UE's preference on reduced configuration corresponding to the maximum aggregated bandwidth across all downlink carrier(s) of FR2 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cell(s) operating on FR2. This maximum aggregated bandwidth includes downlink carrier(s) of FR2 of both the MCG and the NR SCG.

	reducedBW-FR2-UL

Indicates the UE's preference on reduced configuration corresponding to the maximum aggregated bandwidth across all uplink carrier(s) of FR2 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cell(s) operating on FR2. This maximum aggregated bandwidth includes uplink carrier(s) of FR2 of both the MCG and the NR SCG.

	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 the MCG and PSCell/SCells of the SCG.

	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 the MCG and PSCell/SCells of the SCG.

	reducedMIMO-LayersFR1-DL

Indicates the UE's preference on reduced configuration corresponding to the maximum number of downlink MIMO layers of each serving cell operating on FR1 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cells operating on FR1.

	reducedMIMO-LayersFR1-UL

Indicates the UE's preference on reduced configuration corresponding to the maximum number of uplink MIMO layers of each serving cell operating on FR1 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cells operating on FR1.

	reducedMIMO-LayersFR2-DL

Indicates the UE's preference on reduced configuration corresponding to the maximum number of downlink MIMO layers of each serving cell operating on FR2 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cells operating on FR2.

	reducedMIMO-LayersFR2-UL

Indicates the UE's preference on reduced configuration corresponding to the maximum number of uplink MIMO layers of each serving cell operating on FR2 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cells operating on FR2.


2.2 UE assistance information for power saving

In RAN2#107bis meeting, the following agreements are reached in power saving session.
Agreements:

1 RAN2 confirms that the UE power saving in NR network in MR-DC scenarios are within the scope of the WID.

2 The solution on how to transfer UE assistance information to NR SN should be discussed together with other UE assistance information (e.g. overheating) in main session. 

In MR-DC case, it was agreed that UE assistance information for power saving needs to be transferred to the SN to assist SN to downgrade the SCG configuration. The use case for reporting UE assistance information for power saving can be taken into account when overheating case is discussed below. 
3 Discussion
To address the overheating problem in EN-DC, the practical way for implementation is keeping the SCG for the UE and adjusting the configurations of SCG, e.g. the number of DL/UL SCells of SCG, the aggregated bandwidth of SCG carrier(s) and/or the number of MIMO layer of serving cells of SCG. To support above network operation, it requires UE reporting some assistance information for SCG configuration and there are following options.
Option 1: MN-aware solution

In this solution, the MN is aware of the overheating assistance information for SN, and there is a coordination between MN and SN on the downgraded MCG configuration and SCG configuration, since the UE preferred configuration in overheating assistance information is across both MCG and SCG, e.g. the field descriptions for reducedCCsDL/UL, reducedBW-FR1/FR2-DL/UL.
LTE overheating assistance information needs to be modified by adding the already agreed parameters in NR overheating assistance information, i.e. maximum aggregated bandwidth and maximum MIMO layer (Noted: the number of SCells is included in the legacy LTE overheating assistance information). Furthermore, the inter-node message needs to be extended to forward overheating assistance information from MN to SN, including the number of SCells, maximum aggregated bandwidth and maximum MIMO layer.
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To support the Option 1, the following signalling enhancements need to be considered:

1. For LTE UE assistance information, to fully inherit the parameters already specified in LTE and NR, reducedBW-FR1/FR2-DL/UL and reducedMIMO-LayersFR1/FR2-DL/UL are added in the LTE overheating assistance information without changes on the field description. 

2. For inter-node message, the reducedMIMO-LayersFR1/FR2-DL/UL indicates the MIMO layer for NR side, if the UE is willing to indicate the reduced MIMO layers for LTE side, the reducedUE-CategoryDL/UL can be used. Thus, the MN can directly forward the reducedMIMO-LayersFR1/FR2-DL/UL reported by the UE to the SN. The MN adjusts the MIMO layers based on the reducedUE-CategoryDL/UL and the SN adjusts the MIMO layers based on the reducedMIMO-LayersFR1/FR2-DL/UL.
3. For inter-node message, the reducedCCsDL/UL, reducedBW-FR1/FR2-DL/UL indicate the UE preferred configuration of both MCG and SCG, so the coordination between MN and SN is needed to ensure that the MCG configuration and SCG configuration satisfy the UE requirement. If the reducedCCsDL/UL, reducedBW-FR1/FR2-DL/UL are directly transmitted from the MN to the SN, the MN and SN have no idea of configuration from each other and the downgraded configurations may not be appropriate. To support coordination, the MN can determine the MCG configuration then indicate the restrictions for the SN in the inter-node message. For example, the reducedCCsDL is 3, the MN can decide to configure 2 SCells in MN side and inform the SN that 1 SCell can be configured in SN side.
Option 2: MN-transparent solution

In this solution, overheating assistance information for SN is transparent to MN, only the SN acquires overheating assistance information for SN and the SN decides to downgrade SCG configuration without coordination with MN. Since the SCG configuration is only to be downgraded, it is ok to not involve MN and there is no impacts on capability coordination between MN and SN. 

The agreed parameters in NR overheating assistance information can be transmitted either as a container in the LTE message ULInformationTransferMRDC or transmitted via SRB3. If SRB 3 is configured, the UE reports NR overheating assistance information via the SRB3, otherwise, the UE reports NR overheating assistance information as a container in the LTE message ULInformationTransferMRDC. (Note: the same mechanism has already been applied to the NR RRC message transmission for MeasurementReport and FailureInformation.)
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To support the Option 2, the following signalling enhancements need to be considered:

1. The understanding of option 2 would be: the UE is allowed to report the overheating assistance information for MN eNB (LTE overheating assistance information via SRB1) and SN gNB (NR overheating assistance information via LTE message ULInformationTransferMRDC or SRB3) separately. The LTE overheating assistance information is used by MN eNB to downgrade the MCG configuration and the NR overheating assistance information is used by SN gNB.
2. The reducedMIMO-LayersFR1/FR2-DL/UL indicates the MIMO layer for NR side, it is interpreted as the MIMO configuration of SCG if this field is carried by LTE message ULInformationTransferMRDC or SRB3.
3. The reducedCCsDL/UL, reducedBW-FR1/FR2-DL/UL indicate the UE preferred configuration of both MCG and SCG, however, no inter-node message can be used for coordination on number of SCells and aggregated bandwidth between MN and SN, the MN and SN have no idea of configuration from each other and the downgraded configurations may not be appropriate. Just extending reducedCCsDL/UL and reducedBW-FR1/FR2-DL/UL to the DC case actually cannot work. Based on the understanding in bullet 1, the reducedCCsDL/UL in LTE overheating assistance information (via SRB1) can be interpreted as the preferred maximum number of SCell of MCG, the reducedCCsDL/UL and reducedBW-FR1/FR2-DL/UL in NR overheating assistance information (via LTE message ULInformationTransferMRDC or SRB3) can be interpreted as the UE preferred configuration only for SCG, and the SN can downgrade the SCG configuration without coordination with MN.
4. Since the overheating assistance information for MN and SN are reported separately, the configuration of allowing UE to report overheating assistance information to MN and to SN should be independently as well. The overheatingAssistanceConfig from MN is used to configure overheating assistance information reporting for MN, and the overheatingAssistanceConfig from MN (forwarded by MN or via SBR3) is used to configure overheating assistance information reporting for SN.
Based on the analyses above for Option 1 and Option 2, companies are invited to express their opinions on the following questions.
Question 1: Companies are invited to express their opinions regarding which option is preferred. For the selected option, do companies agree the signalling enhancements analysed above, or is there any other enhancement needs to be considered?
	Company
	Selected option
	Comments on signalling enhancements above for selected option

	Apple
	Option 2
	Option 2 is simpler than Option 1. It has no impact on LTE RRC signalling, and can reuse current NR SA signalling. 
In Option 2, MN can be aware of the UE information to NR SCG if it wants. When the overheating assistance information is carried in ULInformationTransferMRDC and transferred via MN to SN, MN can acquire the information via parsing the message in the container. 

	Ericsson
	Option 1
	The principle of the overheating mechanism is that it should be up to the MN how to handle the report, and we think this should not be changed when enhancing this mechanism. It should also be noted that when having both E-UTRA and NR reports, there is not a significant difference between the use of ULInformationTransferMRDC (Option 2) or the transfer of reducedMIMO-LayersFR1/FR2-DL/UL and reducedBW-FR1/FR2-DL/UL in inter-node messages (Option 1), since anyway for the latter case those should be transferred as an octet string to the SN, so that it is not mandated for the MN to comprehend it.

Furthermore, it would be non-backwards compatible in Option 2 to reinterpret the reducedCCsDL/UL sent to the MN as applicable only for MCG, it is already the baseline for all MR-DC options that this field represents both MCG and SCG configuration. Therefore, the coordination for number of CCs would have to be performed in both options.

	QCOM
	Option-2
	We agree with Apple, option-2 is more feasible and forward compatible.

	ZTE
	Option 2
	Agree with Apple and Qualcomm, Option 2 is simpler and forward compatible. 
For Option 1, we have to keep updating LTE spec once new assistance information is introduced in NR. Since MN anyway needs to forward these information to SN side, we see no reason to must let MN be aware of it. On the other hand, based on our previous experience of MN/SN coordination discussion (e.g. gap, BC... etc), it is quite complex and exhausted. So for overheating, considering the request is from UE side, we would prefer a simple solution that can save our life in the future.

	CATT
	Option 1
	We agree that the MN should be able to know the overheating report, and it’s up to MN how to handle it. 

	Nokia, Nokia Shanghai Bell
	Option 1
	We consider Rel-16 should have mature solution for the overheating, as already a single NR carrier in EN-DC with a large bandwidth/high number of MIMO layers or modulation order may cause the UE overheats. 
Option 2 seems to separate UE decisions on LTE and NR, which in our understanding would impact (potentially maybe even conflict with) original UE assistance information, Since baseline for the UE assistance is in both specs we consider the DC enhancement should be consistent setting by the UE, with considerations of both: LTE and NR carriers/MIMO/BW, so that NW receives useful assistance information.

	MeidaTek
	Option-2
	There is no need to renegotiate UE capability for overheating indication. Option 2 is the fastest and straightforward solution.

	Spreadtrum
	Option 1
	Since MN manages this UE, MN needs to know overheating status of UE. MN can adopt different solutions to deal with the overheating. 

	Samsung
	Option 1
	It is preferable with the option 1 because we assume that MN should be overall responsible.
Also, with the option 2, UE can report the enhanced assistance information for SN only. We think that the IE reducedMaxBW-FR1 and the IE reducedMaxMIMO-LayersFR1 are also useful to MN in EN-DC. 

	Intel
	Option 1
	We are of the view that MN should be aware. And prefer to have it sent through MN and in one message, this way the UE does not have to trigger two separate messages when in overheating. We are also of the view that more params wont be added to address overheating… maturing products with releases etc…

	Huawei
	Option 1
	Now we slightly prefer Option 1, this enhancements does not break the current framework for overheating mechanism in EN-DC, i.e. the UE preferred assistance information is cross MCG and SCG, and the coordination between MN and SN is needed.


For Option 1, the overheating information is added in the inter-node message for coordination, e.g. CG-ConfigInfo message. In addition to (NG)EN-DC case, the inter-node message discussed above can also be used for coordination between MN and SN in NE-DC case and NR-DC case.

Question 2: If Option 1 is selected, in addition to (NG)EN-DC case, do companies agree that the inter-node message can also be used for coordination between MN and SN in NE-DC case and NR-DC case? 

	Company
	Yes or No
	Comments

	Ericsson
	Yes for NR-DC
	There seems to be no reason to have different handling between the (NG)EN-DC case and NR-DC for this. However, for NE-DC it is a bit questionable whether this is really needed. Our understanding is that the overheating issue could mostly arise for NR, therefore, it is not clear for us whether it justifies to have further coordination for NE-DC case.

	CATT
	Yes for NR-DC
	We think there is no different between the (NG)EN-DC case and NR-DC case. And we don’t see much motivation to support it for NE-DC case.

	Nokia, Nokia Shanghai Bell
	Yes
	Coordination between MN and SN is needed to enable MN control and overall (reduced) configuration reliability.

	Spreadtrum
	Yes
	Coordination between MN and SN is one alternative to deal with overheating except for NE-DC.

	Samsung
	Yes
	It is worth considering.

	Intel
	Yes
	Agree with this.

	Huawei
	Yes
	I understand the motivation for applying to NE-DC case is questionable, but considering no any signalling impacts on the inter-node message added for (NG)EN-DC and NR-DC case, the NE-DC case can be supported without much effort.

	
	
	

	
	
	


For Option 2, LTE message ULInformationTransferMRDC and SRB3 are used for SN overheating assistance information transmission in (NG)EN-DC case. The similar mechanism can also be applied to NE-DC case and NR-DC case. In NE-DC case, the NR RRC message ULInformationTransferMRDC can be used to transmit overheating assistance information for SN eNB (SRB3 cannot be used in NE-DC). In NR-DC case, the NR RRC message ULInformationTransferMRDC and SRB3 can be used to transmit overheating assistance information for SN gNB.
Question 3: If Option 2 is selected, in addition to (NG)EN-DC case, do companies agree that similar mechanism can also be used for SN overheating assistance information transmission in NE-DC case and NR-DC case? 

	Company
	Yes or No
	Comments

	Apple
	Yes
	It’s good to have in all MR-DC scenarios. 

	QCOM
	Yes
	

	ZTE
	Yes
	

	MediaTek
	Yes
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Question 4: In addition to Questions above, companies are invited to provide other comments, if any.
	Company
	Comments

	Apple
	According to the power saving discussion, i.e. “The solution on how to transfer UE assistance information for power saving to NR SN should be discussed together with other UE assistance information (e.g. overheating) in main session.”, 
we can have the unified solution for the UE assistance information for overheating purpose and for power saving purpose in MR-DC. 

	Samsung
	RAN2 needs to discuss the additional capability, e.g. is it placed inside LTE capabilities, MR-DC capabilities or conditional mandatory?

	Huawei
	There is a Note in power saving agenda item: “NOTE: MR-DC specific solutions are to be discussed in the main room discussion with UE overheating”. At least from my view, the difference between overheating assistance and power saving assistance is that the power saving assistance is only for NR side in MR-DC case, so which option should be used for power saving assistance information needs further discussion.

	
	

	
	

	
	

	
	

	
	

	
	


4 Conclusion

The following two options for the signalling design for overheating reporting in (NG) EN-DC are discussed in this contribution:
Option 1: MN-aware solution: the MN is aware of the overheating assistance information for SN, and there is a coordination between MN and SN on the downgraded MCG configuration and SCG configuration, since the UE preferred configurations in overheating assistance information is across both MCG and SCG, e.g. the field descriptions for reducedCCsDL/UL, reducedBW-FR1/FR2-DL/UL.
Option 2: MN-transparent solution: overheating assistance information for SN is transparent to MN, only the SN acquires overheating assistance information for SN and the SN decides to downgrade SCG configuration without coordination with MN. Since the SCG configuration is only to be downgraded, it is ok to not involve MN and there is no impacts on capability coordination between MN and SN.
Question 1: Companies are invited to express their opinions regarding which option is preferred. For the selected option, do companies agree the signalling enhancements analysed above, or is there any other enhancement needs to be considered?
· 7 companies support Option 1. One company mentions that reducedCCsDL/UL represents both MCG and SCG configuration, reducedMIMO-LayersFR1/FR2-DL/UL and reducedBW-FR1/FR2-DL/UL, it is transferred as an octet string to the SN, so that it is not mandated for the MN to comprehend it. One company indicates the IE reducedMaxBW-FR1 and the IE reducedMaxMIMO-LayersFR1 are also useful to MN in EN-DC.
· 4 companies support Option 2.
Question 2: If Option 1 is selected, in addition to (NG)EN-DC case, do companies agree that the inter-node message can also be used for coordination between MN and SN in NE-DC case and NR-DC case?
· All the 7 companies supporting Option 1 think that the inter-node message introduced for the (NG)EN-DC can be applied to NR-DC case in addition to (NG)EN-DC case; Among them, 3 companies think that the inter-node message introduced for the (NG)EN-DC can also be applied to NE-DC case.
Question 3: If Option 2 is selected, in addition to (NG)EN-DC case, do companies agree that similar mechanism can also be used for SN overheating assistance information transmission in NE-DC case and NR-DC case?
·  All the 4 companies supporting Option 2 agree that Option 2 can be applied to NE-DC case and NR-DC case in addition to (NG)EN-DC case.

Question 4: In addition to Questions above, companies are invited to provide other comments, if any.
1 company mentioned that additional capability needs to be discussed. 2 companies mentioned UE assistance information for power saving in MR-DC, it needs further discussion if a unified solution is used for overheating case and power saving case in MR-DC.
Based on the collected answers and analyses above, the proposals are listed below:

Proposal 1: RAN2 to agree MN-aware solution (Option 1) in NG(EN-DC) case, including:

·  reducedBW-FR1/FR2-DL/UL and reducedMIMO-LayersFR1/FR2-DL/UL are added in the LTE overheating assistance information;

·  MN transfers the maximum number of SCells, the maximum aggregated DL/UL BWs and the maximum number of MIMO layers that SN is allowed to configure for the UE via the inter-node message to the SN.
Proposal 1a: The IE reducedMaxBW-FR2 and reducedMaxMIMO-LayersFR2 included in the LTE overheating assistance information indicate the UE’s preferred configuration for SCG in (NG)EN-DC. RAN2 to discuss whether the IE reducedMaxBW-FR1 and reducedMaxMIMO-LayersFR1 included in the LTE overheating assistance information indicate the UE’s preferred configuration for only SCG or across MCG and SCG in (NG)EN-DC.
Proposal 1b: RAN2 to discuss whether additional UE capability is needed for overheating assistance information reporting in (NG)EN-DC.
Proposal 2: If Proposal 1 is agreed, the inter-node message introduced for (NG)EN-DC is also applied to NR-DC. It is FFS whether the inter-node message introduced for (NG)EN-DC is also applied to NE-DC.
Proposal 3: RAN2 to discuss which option (i.e. Option 1 or Option 2) is applied for the power saving assistance information reporting in MR-DC.
The corresponding CRs for Option 1 are provided in [3][4].
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