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[bookmark: _Ref298777854]Introduction
At RAN2#97bis the topic of “UE requested configuration changes” was discussed related to UE overheating problem.
The following agreements were made;

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


And the following email discussion was initiated;

[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 

In this paper we discuss the Sony view related to the email discussion and make proposals for down selecting the agreed proposals above.

Discussion
In the email discussion a number of solutions have been proposed, where basically no company is really in favor to only report the actual temperature in absolute value.[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.

It is clear that most companies prefer some heat indication sent from the UE to the network, followed by some further indication from the UE about suggested heat mitigation.
Different UEs have different hardware configuration, and different locations of temperature sensors. Hence, unless a specific definition of the temperature measurement in a UE would be standardized, a UE indication of a temperature would be an undefined value to report. Specifying such temperature measurement in UE:s would likely be challenging. Also just specifying that UE transmits its temperature measurement gives an unpredictable NW behaviour, since it is not specified what the base station might do with the report We therefore agree with the comments from several companies in the email discussion that some UE capability regulation as listed in option 3 is more suitable compared to the temperature indication in option 1, 
Observation 1: No companies seems to prefer to only report the temperature.
For option 2 “1 bit indication of overheating or not”, most companies agree that this indication is needed. The drawback is that it is still very UE specific, as well as unclear NW behavior, if agreed as a stand-alone solution.
Though most companies also believe that this indications should not be a stand-alone solution, but needs some further regulation.
Observation 2: Most companies support an overheat indication but not as a stand-alone solution.
Proposal 1: The UE can report an “Overheat” indication followed by further details on data throttling.

For option 3, “Report UE temporary category/capability” we agree that this can be a one way to temporarily indicate a change in capability, but the granularity and regulation possibility is anyway limited to bigger changes which is not supposed to happen very frequent.
The change of UE category may be difficult to select, since it may depending how the overheating situation looks like. One solution might be to have a table where each “temperature degree” corresponds to a certain data rate. This is though not really possible, since overheating can come from different sources, including the UE/phone is placed in the sun, and the UE may exceeds the overheat threshold with even limited data traffic.
Furthermore, selecting a lower category can also give an unwanted side effect of not supporting the most effective use of the radio resources e.g. a lower category can mean a lower modulation. This results in that the energy per bit increases even if the radio channel would allow the higher modulation and lower energy per bit.
Observation 3: To base the solution on RRC signaling may lead to a rather slow regulation, where it may take several rounds of signaling in order to find an appropriate level for the data throughput.
Observation 4: Regulating the data flow by changing UE category can lead to unwanted radio resource use and power efficiency drawback.

For option 4, we believe this is similar to option 3.
Observation 5: We believe option 4 is similar to option 3.

Since the UE has the best knowledge of its current temperature and how it varies over time, we think that a lower layer regulation would be more efficient. A lower layer regulation requires less signaling overhead and can be used not only for down regulation, but also when the temperature is decreasing, indicate possibility to increase the data rate. 
This more precise regulation is initiated after a first “Overheat” indication has been sent to the base station.
Proposal 2: Following a UE overheat indicator being sent by the UE, the temperature regulation is done by throttling the data rate by lower layers, e.g. by using e.g. BSR for UL traffic and Channel State Indications, CSI for DL traffic. 

For NR temporary capability change has been agreed to be included [4].
Also for NR even higher data rates are to be specified, leading to potentially even more substantial overheating problems.
Observation 6: A generic solution common to LTE and NR may be beneficial to specify.
But in order to not potentially delay the first release of NR with additional functionality, and at the same time not delay the solution for LTE, the functionality should be agreed already in Rel-14 for LTE. This might also enable a possibility to pipe clean the solution for later adoption for NR.
Proposal 3: Agree on proposal 2 for LTE in Rel-14, and then adopt for NR in Rel-16.


Conclusion
In this contribution, we have presented our view to handle the UE Overheating problem and made the following observations and proposals. 
Observation 1: No companies seems to prefer to only report the temperature.
Observation 2:  Most companies support an overheat indication but not as a stand-alone solution.
Observation 3: To base the solution on RRC signaling may lead to a rather slow regulation, where it may take several rounds of signaling in order to find an appropriate level for the data throughput.
Observation 4: Regulating the data flow by changing UE category can lead to unwanted radio resource use and power efficiency drawback.
Observation 5: We believe options 4 is similar to option 3.
Observation 6: A generic solution may be beneficial to specify.

Proposal 1: The UE can report an “Overheat” indication followed by further details on data rate throttling.
Proposal 2: Following a UE overheat indicator being sent by the UE, the temperature regulation is done by throttling the data rate by lower layers, e.g. by using e.g. BSR for UL traffic and Channel State Indications, CSI for DL traffic. 
Proposal 3: Agree on proposal 2 for LTE in Rel-14, and then adopt for NR in Rel-16.
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