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1 Introduction

In RAN2#97bis, the email discussion of [97#59][LTE/TEI14] UE requested configuration changes is reported [1]. An offline discussion is requested by Mr. Chairman for this issue. The report of this offline discussion is presented in [2]. RAN2 achieved an agreement on UE overheating problem according to the online/offline discussions. 
Agreements

1: A specification based solution is to be supported to address UE overheating problem under network control. UE is prevented from frequent trigger of this procedure.

–
down selection among the following solutions

1.
Report UE’s temperature

2.
1 bit indication of overheating or not

3.
Report UE temporary category/capability 

4.
Assistance information for parameter re-configuration

5.
Other solution, if it exclusively addresses the exceptional generation of UE’s heat

An email discussion is requested in RAN2#97bis to discuss the specification based solution on UE’s overheating problem.
· [97bis#07][LTE/TEI14] UE overheating problem (Huawei)


Discuss the solutions for UE overheating problem with aim to select a solution at the next meeting

Intended outcome: Email discussion report


Deadline:  Thursday 27/04/2017 

This document is the summary of this email discussion.
2 Parameters needed to be reconfigured for UE overheating problem
Companies are invited to describe the parameters which should be reconfigured by the network to address UE overheating problem. Please companies also input in the column of ‘Comments’ the reason why the parameter(s) should be reconfigured.
Table 2. parameters for reconfiguratrions for each use case
	Company
	Parameters for reconfiguration
	Comments

	Sony
	No comment related to this question. See below for Sony view.
	

	LG
	- Band/Band combination
- CA/DC
- MIMO configuration
	We think high performance such as 3 CA and 4x4 MIMO leads to overheating problem. Thus, when an overheating problem occurs, we think it will be enough to lower the performance by reconfiguration of high performance related parameters.

	Huawei
	The number of activiated component carriers, and/or the MIMO capability of the activiated component carriers.
	If the eNB can deactivate some component carriers for the UE, the UE can have the chance to shutdown the RF chains of the related component carriers, which will save the power consumtion and alleviate the overheating problem.
If the eNB can assume the UE has a lower MIMO rank capability for some activated component carriers, the UE can have the chance to shutdown some RF chains of the related component carriers accordingly, which will save the power consumtion and alleviate the overheating problem.

	Nokia, Alcatel-Lucent Shanghai Bell
	Parameters associated with a fallback UE Category characteristic e.g. CCs or modulation scheme (64QAM, 256QAM) or MIMO order
	

	Ericsson
	Reduction number of CA serving cells together with reduced UL/DL scheduling (data rate), number of MIMO layers.


	

	OPPO
	Reduced carriers and/or number of MIMO layers
	

	MediaTek
	A fallback UE Category
	Higher UE category directly associated with CA, MIMO, and 64/256QAM, by indicating a fallback UE category will trigger eNB to not configure those advanced features and reduce the power consumption of baseband and L2 processor.

	Samsung
	- MIMO configuration
- Number of serving cell in CA or DC
	

	Deutsche Telekom
	Reduced number of CCs and/or MIMO layers
	

	KT
	CA/DC serving cells and MIMO configuration
	

	vivo
	- Band/Band combination
- CA/DC/CoMP/NAICS
- MIMO configuration

- UE category
	We think high performance such as MIMO, CA and DC will lead to overheating problem. And some features such as CoMP and NAICS will increase the UE burden and also lead to overheating problem.

The UE category can be temporary degraed for don’t supporting the above feature to resolve the overheating problem.

	Coolpad
	· MIMO configuration

· # of carriers in CA or DC
	

	Qualcomm
	Reduction in capability and modification of capability, as in NR agreements on temporary UE capability change.
	We need to define UE capabilities in groups, so that UE can indicate which groups to use temporarily when overheating issue happens.

	
	· 
	

	Xiaomi
	A fallback UE Category
	


Observation 1: The majority companies share a common view that reduced number of activated component carriers, reduced MIMO layer capability, reduced modulation order can reduce the power consumption of baseband and RF, which will alleviate UE’s overheating problem.
Recommendation 1: To alleviate the UE’s overheating problem, a specification based solution for eNB to reconfigure reduced number of activated component carriers, reduced MIMO layer capability, reduced modulation order of the UE is supported. 
3 Options selection to address UE overheating problem
Companies are invited to give the preference on each option, and also to input in the column of ‘Comments’ the analysis of the prons and cons of the options. Companies can add other options which are not listed in this table.
Table 3. solution options
	Options
	Supported Company List
	Comments

	1. Report UE’s temperature y
	
	Example Company A:

Pros analysis:

Cons analysis: Sony: This gives completely unpredictable behaviour, since it is not specified what the basestation might do with the report. 
If using temperature report, a definition of the temperature measurement needs to be done, since it depends on how and which temp sensor the UE is using and exactly where in the HW the measurement is done. 
Additionally, different HW constructions may have different heat sensitivity based on e.g. material and component specifications. Some material may be better to handle less overheat for a long period, other constructions may handle a very high temperature overheat, but only for a short period. So this is very much UE specific behaviour.
[LG] It is unclear what the network would perform from the received temperature because the network cannot know whether the overheating occurs due to a high performance or another reason (eg LCD, air temperature). Moreover, the network cannot know if a certain temperature is critical or not to the UE. For example, the impact of 50°C(122°F) may be different depend on the hardware design, which is very UE specific issue.
Huawei:
Pros analysis: The signaling overhead is small, and with this indication, the NW can explicitly know the UE is experiencing the overheating problem.
Cons analysis: With this temperature indication only, the NW wouldn’t have enough information to adjust the UE’s configurations to alleviate the overheating. So we see problems below: 
· it may need several roundtrips between the UE and the NW to finally find the correct configurations. However, RAN2 has agreed in last meeting that UE is prevented from frequent triggering the report procedure; Or
· The eNB needs to reconfigure the UE with the minimum configurations. However, this may be a overkill.
Nokia:
Pros analysis:-

Cons analysis: We share Sony’s view. Temperature will not give reliable nor clear guideline for the basestation.

Ericsson:

Pros analysis: - 

Cons analysis: The weakness of this option is the definition of the UE temperature reporting (probably need RAN4 involvement), and that devices may have different charactestics for overheating temperatures.
OPPO:
Pros analysis: None
Cons analysis: We are not sure how the network will use this information, since the high temperation may be caused by a lot of reasons, and it is quite UE specific. 
MediaTek:

Cons: UE specific indication. eNB does not how much to backoff.
Deutsche Telekom:

eNB would not have sufficient guidance to optimally reconfigure the UE as different terminals might behave differently at certain temperatures. Temperature, once and if defined, could be part of the assistance info transmitted by the UE, but is not to be used as stand-alone .
KT:

We are not sure different handling depending on the reported UE temperature have a real effect.
vivo:
Pros analysis:-

Cons analysis: Temperature is not caused by the modem only, also it can be handled by the UE. We also agree that definition of the UE temperature reporting needs to involve RAN4, and that devices may have different charactestics for overheating temperatures.

Cons analysis: [Qualcomm] we agree with Sony’s analysis above. We do not think this option can solve the overheating issue.

Xiaomi:
Cons analysis: it’s not that useful and may causes more confusion and misunderstanding as the network doesn’t know the meaning of the reported temperature.

	2. 1 bit indication of overheating or not
	[LG]
(Conditional support. We prefer to indicate 1 bit for reconfiguration to lower performance, instead of overheating problem.)
Samsung
	Cons analysis: Sony: This parameter itself gives completely unpredictable behaviour since it is not specified what the basestation might to with the report, and is very much UE specific when the report may be sent. So we don’t support this as a stand-alone solution. See option 5 below.
[LG] It is unclear what the network would perform from the received indication because the network cannot know whether the overheating occurs due to a high performance or another reason (eg LCD, air temperature).
If we pursue this approach, it is better to indicate reconfiguration for lower performance, instead of overheating problem.
Huawei:
Pros analysis: The signalign overhead is small, and with this indication, the NW can explicitly know the UE is experiencing the overheating problem. 
Cons analysis: We don’t think this solution can work well by stand-alone. With only this indication, the NW wouldn’t have enough information to adjust the UE’s configurations to alleviate the overheating. So either 
· it may need several roundtrips between the UE and the NW to finally find the correct configurations. However, RAN2 has agreed in last meeting that UE is prevented from frequent triggering the report procedure; Or
· The eNB needs to reconfigure the UE with the minimum configurations. However, this may be a overkill.
Nokia:

Pros analysis: Minimized impact to signalling and UE’s assistance information allowing/triggering eNB control (assuming this is reliable and rare indication signalled in terms of exceptional overheating)

Cons analysis:One bit indicator on overheating would be likely based on internal UE’s implementation and assessment of a temperature threshold according to internal UE’s temperature sensor. The same uncertainty on reliability arises as for option 1 (different hardware behaviour, sensitivity, uncomparable results). Hence, it can not be a stand-alone solution, i.e. additional entering conditions for triggering the indication would have to be understood/defined (for instance: high temperature threshold reached & high rank of radio component carriers configured & UE declared category at a high rank)
Ericsson:

Pros analysis: - 

Cons analysis: Similar weakness as 1.

OPPO:
Pros analysis: None
Cons analysis: We also don’t think this information is sufficient for the network to reconfigure the corresponding UE, since the network may not know which configuration should be reconfigured.
MediaTek

Pro: minimum signalling overhead.
Cons: eNB does not how much to backoff makes it rather useless.
Deutsche Telekom: even less useful than temperature reporting.
KT:

If a specification based solution is to be supported to address UE overheating problem, then a simple solution should be aimed. It is simple for network to get aware UE overheating problem and handle it.
vivo:
Pros analysis:-

Cons analysis: Similar our comments as 1.
Cons: [Qualcomm] We are afraid this option is similar to the Release 11 eDDA feature where we do not specify expected eNB behavior, as a result, vendors do not know how to use it. Therefore, we do not think this option can solve the overheating issue.
Xiaomi:

Pros & Cons analysis: the overheating indication could only be useful if the UE could determine the overheating problem is caused by the high rank configuration. Otherwise, it is the same as option#1.

	3. Report UE temporary category/capability
	MediaTek
	Cons analysis: Sony: This is more inline with our view of a temporary change of UE capabilities. Here the UE, who best understands its overheat situation can indicate a preferred capability reduction to the network.
[LG] This solution causes big signaling overhead considering big size of capability information. To resolve overheating problem, it seems sufficient to introduce simple indication such as request for lower performance.
Huawei:
Pros analysis: UE understands what configurations result in the overheating very well. So it can determine its temporary category/capability accordingly and report it to the NW. Then it provides enough information to assist the NW to determine the correct configurations which can address the overheating issue. So it can avoid the multiple roundtrips issue of option 2.
Cons analysis: if the UE only reports temporary category/capability, the NW couldn’t know why the UE changes its category/capability. So it’s better to also provide the overheating indication together.
Nokia: 

Cons analysis: Report of downgraded UE category disallows NW control, hence is not inline with the agreed framework

Ericsson:

RAN2 has already agreed on introducing a mechanism that allows for (temporary) restriction of UE capabilities in NR. We assume similar mechanism will also be required for LTE.

We prefer a generic solution, similar in LTE and NR, that could address not only over-heating problems, but also other cases where UE wishes to restrict its capabilities, is developed in Rel-15. It seems not wise to introduce specific feature just for overheat.
OPPO：Agree with LG and Nokia’s analysis that downgrading UE capability means the network don’t have other choice and may lead to heavy signalling overhead when updating the capability.
MediaTek

Pros: minimum signalling overhead, i.e. only UE category. eNB knows how much to backoff. Generic solution aligned with NR.

Cons:
vivo:

Pros analysis: we agree that it is a generic solution. We prefer this solution.

Cons analysis:-

[Qualcomm]

We support Ericsson in that “RAN2 has already agreed on introducing a mechanism that allows for (temporary) restriction of UE capabilities in NR. We assume similar mechanism will also be required for LTE.”

We also prefer a generic solution, similar in LTE and NR, that could address not only over-heating problems, but also other cases where UE wishes to restrict its capabilities, is developed in Rel-15. The generic solution can be implemented with very efficient network signalling (low number of bytes) that need not be sent often (low number of messages). This is achieved by dividing the UE capabilities in groups. The UE indicates which groups are enabled/disabled in a bitmap. Thus, this will have no impact on network loading.

As a side benefit, this solution also allows an easy coordination of NR and LTE capabilities, as described in other Qualcomm contributions on NR+LTE.
Xiaomi:

Pros: UE may make a recommendation to the network based on its own situation.

Cons: the network may be confused by only this reporting and may not make the right configuration.


	4. Assistance information for parameter re-configuration
	[LG]
(Conditional support. Note that simple indication to reconfiguration for lower performance is sufficient for this solution)

	Pros analysis:

[LG] The benefits of this solution is listed below:

· Low signalling overhead such as 1 bit

· It is clear what the network would need to perform from the received information

In our view, if the overheating is incurred by high performance, the UE requests preferred performance status(e.g. lower performance). 1 bit seems enough to request reconfiguration for a preferred performance status.

We prefer to keep the legacy principle so that the network makes decision on radio configuration.
Cons analysis: Sony: Similar to 3 above.
Huawei:
Pros analysis: UE understands what configurations result in the overheating very well. So it can determine the parameters that needs reconfiguration as well as the proper values of these parameters accordingly. Then by reporting these as the assistance information, enough information can be provided to assist the NW to determine the correct configurations which can address the overheating issue. So it can avoid the multiple roundtrips issue of option 2.
Cons analysis: if the UE only reports the assistance information for parameter reconfiguration, the NW couldn’t know why the UE report these information. So it’s better to also provide the overheating indication together.
Nokia: 

Pros analysis:We understand the solution should apply for exceptional cases and does not preclude internal UE’s assistning actions. In case none of the implementation specific remedies helped, the UE triggers certain assistance information (including option 2 above). However, since the NW as insight into UE configuration and capabilities, it should take own decision on the re-configuration. Thus, the assistance information should be limited to figure out a root cause instead of moving radio configuration control to the UE

Cons analysis: Similar to option 3 – limiting NW decision and control

Ericsson:

We agree with Sony, this is similar to 3.
OPPO:
Since the overheating problem is just the temporary case, only reconfiguration from eNB may be sufficient for the UE without updating the capability. In this case, the preferred configuration from the UE for assistance would be helpful for the network to understand the intention of UE.
MediaTek

We also think this is similar to 3.
Deutsche Telekom: It is not very clear in the end what is the difference between 3 and 4. From our perspective it is essential that the UE indicates the root cause of the capability restriction reporting ( additional info such as temperature information for overheating would be beneficial). Then, to keep the signalling load at bay, the UE should indicate which configuration parameters need to be changed to alleviate the overheating issue.
KT:

If a specification based solution is to be supported to address UE overheating problem, then a simple solution should be aimed. We need to study which UE assistant information is helpful.
vivo:

Pros analysis: It is also a general solution and a similar solution with 3.

Cons analysis: However, comparing with solution 3, this solution gives the more network limition.

Qualcomm: we also think this is the same as solution #3.
Xiaomi:

We share the same view with DT.

	5. Description of other solution1 -> UE limits throughput based on BSR (for UL) or CSI (for DL).
	Sony
	Pros analysis: Sony: As mentioned under bullet 3, we believe that the UE has the best understanding of its overheat situation, and since different UE´s/ manufacturer/brands have different HW constructions and different heat sensitivity, as well as doing the temp measurements in potentially different ways, it seems most preferably to let the UE control the heat regulation.
This could be done, e.g. based on feedback information, with some meachanism, e.g. Buffer status reports, BSR (for UL) or Channel State Indications, CSI, (for DL) to regulate the data rate in a more graceful manner. 
And, this would also allow for the UE to more quickly adopt to the temperature variations both when the temperature is increasing, but also when the temperature is decreasing. 
Additionally, this datarate/throughput regulation could be initiated with an “overheat” indication (Option 2) to inform the network is the UE situation.
Ericsson:
We agree with Sony that setting of BSR reporting would get the wanted effect for an overheated device. In practice, and depending UE implementation, reducing the data rate already “before” the uplink buffer of the LTE modem will typically result in a corresponding reduction of DL data rate (assuming e.g. TCP is used), without any impacts on standards. I.e., if the terminal forward less data to the LTE-modem when the terminal is overheated, the uplink and downlink data rate will automatically be lowered and hence temperature due to processing in the LTE-modem should go down.
UE manipulation of CSI reporting could be acceptable in extreme cases. As this would impact performance indicators in network, UE should indicate this to the network via RRC signalling.
OPPO:
This solution is based on UE implementation, and UE may have a flexibility to handle the overheating case without any specification impact. And with this solution, we are not sure any indication from UE to network is needed.
MediaTek
In general, we do not see the need to discuss purely UE implementation solution. Manipulation UE assistance information may trigger unnecessary network behaviour, e.g. OLLA and performance various with UE implementation. User experience is not gaurateed.
Deutsche Telekom: it is our understanding that this can be achieved already today by throttling the data rate from the higher layers. For this reason, there is no need to capture such a behaviour (e.g. fake BSR. CSI reporting) in 3GPP specs.
KT:

We also think there is no need to capture such a behaviour.
Qualcomm: We do not think we need to capture this option in 3GPP, as there is no spec impact.

With fake small BSR, there is no gurantee that network will deactivate Scells immediately. The network may still allocate UE with smaller grants on multiple CCs for some time, so UE still use multiple CCs which generates much heat. 




Observation 2: For option 1, majority campanies share the same view that eNB can not get the clear guidance for UE’s parameter reconfigurations to alleviate UE’s overheating problem. 
Observation 3: For option 2, majority companies share the same view that it has similar problems to option 1, when used as a standalone solution.

Observation 4: Option 5 of fake BSR and CSI reporting is proposed. 2 companies support this option. 5 companies are against this option.  3 companies noted that this would be a pure implementation solution without specification impact.
Recommendation 2: It is not considered to specify Option 1 as a solution to address UE overheating problem. 

Recommendation 3: It is not considered to specify Option 5 as a solution to address UE overheading problem.

4 Detailed procedures to address UE overheating problem
Companies are invited to contribute detailed procedures for their prefered options for UE overheating problem. It is possible for a company to contribut detailed procedures for more options.
Table 3. parameters reconfiguration solutions
	Company
	Option
	Detailed description of procedures

	Sony
	5
	See above

	LG
	4
	[Option 4]

Step 1) The UE detects that overheating problem is occured due to high performance.

Step 2) The UE reports the assistance information to indicate the preferred performance status(e.g. lower performance) by 1 bit.

Step 3) The eNB reconfigures the UE based on the assistance information.

Step 4) The problem is solved, the UE reports the assistance information(e.g. normal) to return configuration normally.

Step 5) The eNB reconfigures the UE based on the assistance information.

Note that if UE goes to RRC_IDLE, the assistance information is removed from the eNB.

	Huawei, HiSilicon
	2+3 Or 2+4
	In principle, we support any possible standardized solution which can fix this problem. According to the analysis before, we slightly prefer option 2+3 or option 2+4, for which the detailed procedures are as below.
For 2+3:
· The eNB indicates whether the overheating reporting is allowed or not. To prevent the frequent reporting, the eNB can configure a prohibit timer specifically for this reporting;
· When the UE is experiencing the overheating problem, if the serving cell of the UE supports the overheating reporting the UE, the UE can either 
Option 1: report an overheating indication together with its temporarily changed capability/catagetory directly to the eNB; or 
Option 2: report an overheating indication to the eNB which is used to trigger the eNB to initiate the “UE Capability Transfer” procedure. In the UECapabilityInformation message, the UE further reports its temporarily changed capability/catagetory to the eNB.
· After receiving the UE’s reporting, it dependents on eNB decision whether the UE’s temporary capability/ catagetory update is granted. If yes, the eNB can reconfigure the UE’s radio parameters in compliance with its updated capability/ catagetory.
· The overheated UE may run a timer to contrl the period of wating for the eNB’s reconfiguration message. If the timer expiries, the UE may detach from the Network. This duration of the timer can be set by UE itself (implementation issue), or can be configurted by the network. 
· When the UE no longer suffers from the overheating problem, the UE sends an indication to inform the eNB it recovers the normal UE capability/catagetory. 
For 2+4:
· The eNB indicates whether the overheating reporting is allowed or not. To prevent the frequent reporting, the eNB can configure a prohibit timer specifically for this reporting;
· When the UE is experiencing the overheating problem, if the serving cell of the UE supports the overheating reporting, the UE reports an overheating indication together with the assistance information that could give guidance to the eNB on the CA/MIMO reconfiguration, such as the maximum number of configured or activated SCell that the UE could support, and the highest rank of MIMO transmission that the UE could support.
· When notified of overheating problem through an indication from the UE, the NW response to this indication is left to the network implementation. The eNB can decide whether to de-configure the SCell, deactivate some SCells, or degrade the MIMO transmission rank for the UE. For SCell de-configuration and SCell deactivation, the current RRCConnectionReconfiguration message including SCell release and MAC CE for SCell activation/deactivation can be used respectively. For MIMO transmission rank degradation, a new IE which is used to indicate the highest rank of MIMO transmission the UE should support needs to be defined, which may has a large impact on the specification.
· The overheated UE may run a timer to contrl the period of wating for the eNB’s reconfiguration message. If the timer expiries, the UE may detach from the Network. This duration of the timer can be set by UE itself (implementation issue), or can be configurted by the network. 
· When the UE no longer suffers from the overheating problem, the UE sends an indication to inform the eNB.

	Nokia, Alcatel-Lucent Shanghai Bell
	Combination of 2 and 4
	The UE indicator meaning: 

· Information send by the UE needs to provide realiable indication that due to UE’s experienced exceptional generation of a heat due to high radio performance, the UE excpects reduction of the used UE category (implicitly: high data rate, CA or MIMO rank). Since the maximum data rates achievable by a UE are easily determined by the UE Category defined in TS36.306, the UE can indicate:

· either one bit indicator (e.g. “ReduceUECategory”/”FallbackUECategory”)

The NW reply:

· Setting up RRC reconfiguration that downgrades UE data rates

· The downgrade relies on forced configuration that is based on fallbacking UE category (according to fallback UE categories signalled along UE-EUTRA-Capability and corresponding to the UE actual UE Category (UE Category or DL UE Category and UL UE Category)
· eNB after receiving UE indicator that should trigger UE’s overheat remedy initiates UE reconfiguration to apply radio configuration that corresponds to lower data rate than the one corresponding to the absolute UE category (DL UE Category and UL UE Category)

The procedure can be undertaken in steps, e.g n=1 where n indicates reduction of UE category to the highest fallback UE Category, or with unchained approach (e.g. the NW reduces configuration to the lowest UE fallback category, for instance to ensure the UE does not use CA, reduces MIMO layers) 

Alternatively, ignorance or rejection of the UE indicator, if the NW determines there is no possibility to reduce radio configuration and limit UE’s data rate (e.g. the UE declares in its capabilities the lowest UE fallback category) 

The UE handshake (optionally):

If the UE detects overheating issue was resolved, it declares its actual DL/UL UE Category along EUTRAN Capabilities that indicates the issue was solved

	Ericsson
	5
	We prefer not to address the UE overheat problem with any standards solution in Rel-14.

In rel-15, RAN2 should for LTE study to introduce similar (generic) mechanism for (temporary) restriction of UE capabilities as agreed for NR.

	OPPO
	4
	In our understanding, the option 4 is sufficient especially when UE could provide the preferable configuration to the network. In this case, the network could understand well about the UE preference in this temporary case.

	Samsung
	2
	Step 1) UE detects its overheating problem, and sends 1-bit indication for reconfiguration
Step 2) In the response of the indication, NW provides a best reconfiguration by NW implementation
Step 3) UE detects the mitigation of the problem, and sends 1-bit indication for fallback
Step 4) NW indicates the fallback
Alternatively,
in Step 2, the UE can provide a timer to NW. The NW starts the timer when reconfiguring. Upon the expiry of the timer, the NW indicates the fallback to the UE. If the UE needs to extend the value of the timer, it can request it to the NW before the expiry of the timer.

	vivo
	3 
	After detecting the overheating issue due to the CA an MIMO configation, the UE reports the restriction of UE capabilities to the network. The details stpes may be as following:
Step 1: UE suffers overheating problem;
Step 2: UE sends radio capability update request, it can contain the cause of UE radio capability update. And it also can tell the network which types of UE radio capability will be updated.
Step 3: The network sends the confirm information to UE.
Step 4: The UE reports the updated UE radio capability to the network (UE capability degration );
Step 5: The Network reconfigures the UE based on the updated UE radio capability.
When the UE don’t suffer the overheating problem, UE can recover the capability.

	Coolpad
	4
	From our perspectives, UE assistance information is most suitable way for solve this issue if we decide to support it in this release.

	Xiaomi
	2+4
	Step 1) The UE detects the overheating problem and confirms it is caused by high performance.
Step 2) UE reports the overheating problem to the network with assistance information if the user preference allows UE to solve the overheating problem by lower performance.
Step 3) The network decides whether to solve this overheating problem by reconfiguring UE’s capabilities based on the assistance information.

Note: Some timers could be specified to prevent UE sending too many signalings if the network refues to reconfigure the UE or the overheating problem has not been solved yet.


Observation 5: The majority companies share a common view that causation of parameter reconfiguration should be indicated to the eNB.
Observation 6: 6 companies support option 4. 4 companies support option 3. 2 companies support option 5. 
Recommendation 4: The specified solution should include an indication of the causation of parameter reconfiguration (e.g. the overheating indication and the indication of UE overheating alleviation of option 2).  In addition to that, further down select to options 2, 3, and 4 for the candidate procedures in RAN2#98 to be captured in the specification.
5 Other aspects
Companies are invited to discuss other aspects that are necessary to progress this topic but not discussed in the previous sections.
Table 4. Other aspects to be discussed
	Company
	Comments

	Ericsson
	We note that whatever mechanism RAN2 may agree on to address UE overheating problems, the UE implementation need anyway implement mechanisms that does not depend on certain network treatment. The network operator cannot be responsible for potential device malfunction, incidents etc due to overheated UE.

	OPPO
	If we go for standardization solution based on option 1 to 4, we are wondering how to handle the UE configuration when performing the handover.

	MediaTek
	We think a valid solution would need to provide sufficient information for network reconfiguration.
For user experience, UI indication should be provided when UE category fallback.

	Deutsche Telekom
	As indicated in the email discussion by Nokia and Ericsson, agreeing on a standardized solution shall not replace or even preclude proper design and implementation-dependent mechanisms aiming to solve the overheating issues. The root causes of device overheating might go beyond the LTE module functioning. and the network operator shall not eventually be deemed responsible for overheated UEs that could potentially put at risk the end customers. It shoud be once more stressed that overheating reporting is to be considered as an exceptional case.

	Xiaomi
	The overheating problem could be caused by many reasons. If it is caused by high performance, then we should be careful since the users may need this high data rate or high performance to achieve certain QoS for certain services, e.g. online gaming. The user experience could be very bad if we suddenly lower the performance just because of overheating without noticing the user. So we believe user preference should have the first priority. We need to consider the user preference when we solve this overheating problem.


6 Conclusion
In email discussion [97bis#07][LTE/TEI14] UE overheating problem, parameters needed to be reconfigured for UE overheating problem are discussed. 5 options to address UE’s overheating problem are analyized. The detailed procedurs of different solutions are presented.
According to companies feedbacks, comments and suggestions, we have the following observations and recomendations:
Observation 1: The majority companies share a common view that reduced number of activated component carriers, reduced MIMO layer capability, reduced modulation order can reduce the power consumption of baseband and RF, which will alleviate UE’s overheating problem.
Observation 2: For option 1, majority campanies share the same view that eNB can not get the clear guidance for UE’s parameter reconfigurations to alleviate UE’s overheating problem.

Observation 3: For option 2, majority companies share the same view that it has similar problems to option 1, when used as a standalone solution.

Observation 4: Option 5 of fake BSR and CSI reporting is proposed. 2 companies support this option. 5 companies are against this option.  3 companies noted that this would be a pure implementation solution without specification impact.
Observation 5: The majority companies share a common view that causation of parameter reconfiguration should be indicated to the eNB.
Observation 6: 6 companies support option 4. 4 companies support option 3. 2 companies support option 5. 
Recommendation 1: To alleviate the UE’s overheating problem, a specification based solution for eNB to reconfigure reduced number of activated component carriers, reduced MIMO layer capability, reduced modulation order of the UE is supported. 
Recommendation 2: It is not considered to specify Option 1 as a solution to address UE overheating problem. 

Recommendation 3: It is not considered to specify Option 5 as a solution to address UE overheading problem.

Recommendation 4: The specified solution should include an indication of the causation of parameter reconfiguration (e.g. the overheating indication and the indication of UE overheating alleviation of option 2).  In addition to that, further down select to options 2, 3, and 4 for the candidate procedures in RAN2#98 to be captured in the specification.
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