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Introduction
Introducing NR with the high data rate, UE requires the higher processing power and battery life. Especially, during decoding with the extremely high data rate, the temperature on a chip is exponentially increased, and then UE may suffer chips’ malfunction or damage on many components above a critical temperature. We may face this problem, especially with the higher data rate in FR2 bands. 
To handle this issue, in Rel-14 LTE, 3GPP addressed overheating issues to report preferred the number of CCs and UE category. In Rel-15, the overheating issue was also addressed for the EN-DC, and SA in order according to the schedule of the Rel-15.
With the overheating solutions addressed in the previous releases, NR UE may request preferred reduced BW or MIMO layers in each frequency range when detecting the overheating problem. However, some hardware parts may be required to turn off in order to quickly reduce the internal temperature rather than to control such parameters. Unfortunately, it is impossible to turn-off with the current specification support. On the other hand, network operating hybrid beamforming in FR2 may not obtain the best scheduling efficiency. 
In this paper, we would like to further discuss the overheating issues, and to introduce a new potential solution concept.
UE assistance information for overheating
In this section, we give a review of the UE assistance information for overheating in LTE, EN-DC, SA and late drop.
· In LTE, the UE assistance information includes [1]: 
·  The maximum number of DL/UL carrier component carriers that the UE prefers to be temporarily reduced. In Rel-15, there was a minor update so that NR SCG cells can be considered in the reduced CCs for the EN-DC scenario.
·  The DL/UL UE category that the UE prefers to be temporarily reduced.
· In NR SA, the UE assistance information contains the following three requests [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. 
·  The maximum number of DL/UL aggregated bandwidth for carrier over FR1/FR2 that the UE prefers.
· In Rel-16, the discussion to enhance the signaling for EN-DC is on-going. 
It is observed that the most assistance information widely belongs to the frequency-domain, e.g. reduced CC and BW.
Further considerations for overheating assistance information
When the UE is scheduled a very high data rate during long durations, e.g., four layers with the highest MCS via multiple CCs, the internal temperature tends to rapidly increase. In this case, the UE will report the overheating assistance information to the gNB to request help UE to avoid the UE’s overheating. Then gNB reschedules UE’s resources based on the reported assistance information, i.e., the maximum number of DL/UL SCells, the maximum number of layers, and the maximum number of aggregated BW across CCs according to the current specification. However, in the current operating network, these solutions would not be the proper solution based on the following analysis:
Firstly, reducing the number of SCG could reduce data processing on the specific CC. However, this will conversely increase the burden on the remained SCG or keep the SCells unchanged according to the UE implementation.
Second, we believe to reduce the aggregated BW and the MIMO layer shown in Figure 1 could effectively decrease UE’s internal temperature. Those, however, are not the best way to avoid overheating problems because the data processing still working on the hardware. The best way to cool-down a high temperature is no operation in hardware. 


[bookmark: _Ref40795513]Figure 1. Reducing the aggregated BW
If the hardware can turn off temporarily, it can do nothing for specific time duration, as in Figure 2. It is so helpful to quickly mitigate UE overheating. Of course, with the existing solution, for instance, UE can request to release FR2, which may be a dominant source on the overheating. However, it could be a over-kill because it cannot be controlled in short-term. Consequently, even though turn-off is the best way to decrease UE chipset’s temperature, efficient turn-off approach has not been adopted to current specification. 
On the other hand, the higher data rate operation in FR2 leads to overheating on the UE with a higher probability than FR1. When hybrid beamforming is adopted on the network, the resource efficiency in the network can be increased with the turn-off concept because gNB may transmit data to other UEs for turn-off slots to the UE whose preference is reported by the UE. Thus, it is obvious to help to maintain the resource usage efficiency and reduce UE’s temperature.

 			
Figure 2. Turn-off duration 
Observation: Turn-off duration (power-off slots) helps to avoid overheating problem from the UE implementation perspective, and increase spectral efficiency or resource efficiency from the network point of view.
Proposal: RAN2 should discuss additional overheating assistance information from the perspective of time-domain allocation.
Conclusion
[bookmark: OLE_LINK3]In this paper, we discuss how to address the UE overheating problem in NR with different perspective from the current specification, and have the following observations and proposals:
Observation: Turn-off duration (power-off slots) helps to avoid overheating problem from the UE implementation perspective, and increase spectral efficiency or resource efficiency from the network point of view.
Proposal: RAN2 should discuss additional overheating assistance information from the perspective of time-domain allocation.
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