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[bookmark: _Ref298777854]Introduction
At RAN2#98 in Hangzhou, the UE overheating problem was discussed for LTE in TEI-14, [2], related to email discussion  [3] , and the following agreements were made; 

Agreements
1:	To alleviate the UE’s overheating problem, a specification based solution for eNB to reconfigure e.g. reduced number of activated component carriers, reduced MIMO layer capability, reduced modulation order of the UE is supported. 
2:	It is not considered to specify Option 1 (temperature report) as a solution to address UE overheating problem. 
3	The solution will be based on option 3. (Report UE temporary category/capability) or option 4 (Assistance information for parameter re-configuration) or some combination. This does not exclude an indication to the eNB that the cause is due to overheating.
[bookmark: _Toc482941850]=>	Offline discussion to progress on the solution (Huawei, offline discussion 17)
[98#xx][LTE/TEI14] Overheating problem (Huawei)


But the Overheat problem may not only be relevant for LTE.
For NR higher data rates, multi-beam operation etc. are to be specified, leading to potentially even more substantial overheating problems.
At RAN2 Ad-hoch meeting in Qingdao, the topic was briefly discussed in the user planed session based on [7], but noted, that this topic should first be discussed in the main session, e.g. at the next RAN meeting in Berlin.
In this paper we discuss the Sony view to handle potential overheat situation for NR.
Discussion
For a number of meetings in RAN2 it has been discussed to handle UE capability change for LTE Rel-14, as mentioned above. 
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.
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. 
For LTE is has been agreed that option 3 , “Report UE temporary category/capability” or option 4 (Assistance information for parameter re-configuration) or some combination, we agree that this can be  one way to temporarily indicate a change in capability, but the granularity and regulation possibility is  limited to bigger changes which is not supposed to happen very frequent.

Also for NR temporary capability change has been agreed to be included [4].

The change of UE category may be difficult to select, since it may depending how the overheating situation looks like and type of device. 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, also 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 1: 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 2: Regulating the data flow by changing UE category can lead to non-optimal radio resource use and power efficiency drawback.
So, we have some concern related to changing UE capabilities, also giving some uncertainties of what the UE actually is capable off under different conditions.
Especially momentarily changes of UE performance would not need to alter the UE capability. 
Just because you drive a fast car, you may not be able to utilize maximum speed all the time, due to different reasons, like temporary engine problems.

So, as an alternative or enhanced complement to a potential Capability based solution for LTE, we suggest that
· the temperature regulation is done by throttling the data rate by lower layers e.g. by Introduce a new BSR trigger related to Overheat regulation.
· Indication the;
·  Level of throttling
· Direction, the uplink, in the downlink, or for both directions

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. 
An optional Initial higher layer signaling message could be used, informing the network that an Overheat situation is occurring, and that the UE would like to initiate this more precise data throttling via e.g. MAC BSR, [1].

Proposal 1: Following a UE overheat indicator (RRC signaling) being sent by the UE, the temperature regulation is done by throttling the data rate by lower layers. 
In the email discussion [6], following the RAN2#98 meeting, it has been discussed about potential new BSR triggers. Most companies seemed not very interested in new BSR triggers, since the proposed triggers anyway would be reflected in the Periodic BSR.
In the email discussion though, no new triggers were in the scope of discussion e.g. how to regulate the data rate, other than indicating for the base station about the potential uplink grant need.
Observation 3: No new triggers has been discussed on how to regulate data rate.
A number of different options or solutions on how to handle data throttling in lower layers could be discussed. 
In this paper we outline some MAC Control signaling alternatives on how to use different MAC Control Elements.
One such mechanism/alternative is the Buffer Status Report (BSR), which normally is used to report the Uplink buffer status to the eNB. Another way could be to use the MAC CE Data Volume. A third option could be to create a completely new Control Element. 

MAC CE BSR
A new trigger could be introduced to handle load control based on overheat. In this case the BSR is triggered to indicate for the eNB to allocate less resources in the UL, and/or the schedule less data in the downlink. 
Proposal 2: Introduce a new BSR trigger related to Overheat regulation.
Currently the BSR is used to indicate the Buffer size of the total amount of data available over all logical channels for a logical channel group after all the MAC PDUs for the TTI have been built.
Different alternatives could be foreseen in order to use Buffer Status Report to indicate overheat; 
· Report lower value of Buffer status (fake report)
· Include additional bits in Control Element, suggestion overheat regulation

Using a fake report may be misleading. It would need to be understood that it is based on Overheat situation, but this is not obvious.
It would be clearer to add bits to the Control Element, suggesting some “Overheat” regulation, indicating that the Base Station should reduce the scheduled resources. Either this is done only for the uplink, but could also be applied in the down link.

One example of how the MAC BSR CE could look like, based on LTE MAC specification [5], is shown in figure Figure 1, below, where one byte is added consisting of “Overheat throttling” Table 1 indicating the level of throttling and “Overheat In” Table 2 indicating the whether the throttling should be done in the uplink, in the downlink, or for both directions.
The example is based on the Short BSR and Truncated BSR MAC Control element.


[bookmark: _Ref484776549]Figure 1, 6.1.3.1-1xxxx: Short BSR and Truncated BSR MAC control element

[bookmark: _Ref484776589]Table 1 6.1.3.1-xxxxx: Overheat throttling
	Index
	Overheat throttling

	0
	No throttling

	1
	Down throttle, 10%

	2
	Down throttle, 20%

	3
	Down throttle, 30%

	4
	Down throttle, 40%

	5
	Down throttle, 50%

	6
	Down throttle, 60%

	7
	Down throttle, 70%

	8
	Down throttle, 80%

	9
	Down throttle, 90%

	10
	Down throttle, 100%

	11
	Up throttle, 10%

	12
	Up throttle, 20%

	13
	Up throttle, 30%

	14
	Up throttle, 40%

	15
	Up throttle, 50%

	16
	Up throttle, 60%

	17
	Up throttle, 70%

	18
	Up throttle, 80%

	19
	Up throttle, 90%

	20
	Up throttle, 100%




[bookmark: _Ref484776664]Table 2 6.1.3.1-yyyy: Overheat Indication
	Index
	Overheat In

	0
	No throttling

	1
	Throttle only Uplink

	2
	Throttle only Downlink

	3
	Throttle Up&Downlink



Proposal 3: Add an extra byte to BSR for Overheat throttling.
This extra byte should only be used in case of overheat situation and for a limited time period. The usage of the data throttling could be negotiated when the first (RRC) overheat indication is sent from the UE.
The LCID could be used to indicate the preferred logical channel to regulate, and the buffer status could optionally be included. FFS.
MAC CE Data volume and Power Headroom
The Data volume CE, could be used in a similar way as BSR, but may not be feasible to use due to lower Data Volumes to report, and since it does not distinguish any logical channels.
Proposal 4: Not to use Data Volume and Power Headroom MAC CE for Overheat indication

NEW MAC CE (Overheat Indication
A new MAC CE could be defined, but would look like the BSR CE, and it would require that the LCID field is extended from 5 to 6 bits. For NR this would not be an issue, since for NR we have more freedom do design the new MAC specification
Proposal 5: As an alternative to using BSR,  a new MAC CE for Overheat indication is defined.

Conclusion
In this contribution, we have presented our view to handle the UE Overheating problem and made the following observations and proposals. 
Observation 1: 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 2: Regulating the data flow by changing UE category can lead to unwanted radio resource use and power efficiency drawback.
Proposal 1: Following a UE overheat indicator (RRC signaling) being sent by the UE, the temperature regulation is done by throttling the data rate by lower layers, 
Observation 3: No new triggers has been discussed on how to regulate data rate.
Proposal 2: Introduce a new BSR trigger related to Overheat regulation.
Proposal 3: Add an extra byte to BSR for Overheat throttling.
Proposal 4: Not to use Data Volume and Power Headroom MAC CE for Overheat indication
Proposal 5: As an alternative to using BSR, a new MAC CE for Overheat indication is defined.
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