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Introduction
RAN2 agreed to introduce means for an NR UE to indicate temporary capability restrictions. Which capabilities the UE may apply this too is FFS. Since RAN#81 agreed that RAN2 should introduce a mechanism to introduce UE overheating problems in Rel-15, we focus on such mechanism.
[bookmark: _Ref178064866]Discussion
Behavior at RRC state transitions
The temporary capability restriction mechanism in NR can be used to indicate changes in the capabilities due to temporary issues such as hardware sharing and overheating. Thus, it should also be discussed whether the capability restrictions, signalled by the UE, are still applicable between different RRC states, e.g. when the UE goes from RRC_CONNECTED to RRC_INACTIVE or RRC_IDLE, or whether the mechanism can be triggered when the UE is not in RRC_CONNECTED state. 
Considering that the issues that this restriction mechanism should address are likely to happen in RRC_CONNECTED only and taking into account that the NW isn’t aware of individual IDLE UEs and their capabilities anyway, the signalling should also be restricted to RRC_CONNECTED. Similarly, any information regarding restricted capabilities, stored in the UE or the NW, are not kept when the UE is not in RRC_CONNECTED state. 
Temporary capability restrictions are more likely to happen in RRC_CONNECTED.
Temporary capability restriction mechanism (including any information, in the UE or NR side, concerning restricted capabilities) are applicable only during RRC_CONNECTED state.
Behavior during Handover
As the motivation above for the behaviour at RRC state transitions, it should be defined whether information regarding temporarily restricted capabilities are conveyed from the source to target node. 
In the case of handover, since the UE will continue to be in RRC_CONNECTED state throughout the RRC procedures, information regarding temporarily restricted capabilities should be known by the target node, if the source node configured the UE to report it.
[bookmark: _Hlk525636955]Upon handover, when the UE is configured in the source node to report temporary capability restriction, information regarding temporarily restricted capabilities, if any, should be conveyed from the source to target node.
Timer to avoid frequent indications of temporary restrictions 
At RAN2-97 the following agreements were made:
	Agreements:
1: following issues should be considered in NR design (e.g. capabilities) with general solution:
	Issue 1: Hardware sharing between NR and other things, e.g. WLAN, BT, GPS, etc 
	Issue 2: Interference between NR and other things, e.g. WLAN, BT, GPS, etc; 
	Issue 3: Exceptional UE issues (e.g. overheating problems)

2:	The UE radio access capabilities are static and the change is just to temporarily (e.g. under network control) limit the availability of some capabilities, e.g. due to hardware sharing, interference or overheating. 
FFS To which capabilities it may apply and how the limitation is expressed to the gNB.
3: The temporary capability restrict should be transparent to the NG core, i.e. only static capability is stored in the NG core.
4: The UE signals the temporary capability restriction request to the gNB.



As can be seen, it was agreed that the restrictions are just temporary and that they are under network control. And indeed, we see a need to restrict how frequently the UE may toggle between its full capabilities and a subset. If the UE would switch too frequently between different capability sets, it would result in unbearable signalling and processing load (frequent reconfigurations) as well as in poor RRM performance and poor network KPIs. 
This restriction could be achieved by prohibiting changes to UE capabilities by means of timers. E.g. the UE could be allowed to down-grade its capabilities to a sub-set of its overall capabilities. A timer could prohibit a subsequent capability upgrade. Such an approach could avoid unwanted interactions with network side RRM while allowing a UE to indicate a capability downgrade quickly when needed. This would follow the principle applied for the Power Preference Indicator signalling in LTE.
[bookmark: _Toc477870474][bookmark: _Toc477870646][bookmark: _Toc477870655][bookmark: _Toc478161470][bookmark: _Toc481140529][bookmark: _Toc484177501][bookmark: _Toc485421898][bookmark: _Toc490253348][bookmark: _Toc498620470][bookmark: _Toc506470888][bookmark: _Toc510734041]The UE may indicate (temporary) restrictions of its full set of capabilities. It may revert to a super-set of these restricted capabilities only after expiry of a prohibit timer configured by the network.
Overheating indication
Although a general solution should be adopted for issues 1, 2 and 3 (from RAN2-97 agreements above), for Rel-15 a solution for only overheating should be provided for NR SA, according to RAN#81 agreement [1]. Moreover, EN-DC behaviour should be taken as a baseline for the mechanism to be used in NR. 
For LTE, the UE may indicate overheating by informing a reduced maximum number of CCs and reduced UE category. For EN-DC, the same mechanism and parameters are indicated by the UE for overheating, with the addition that the informed reduced maximum number of CCs includes E-UTRA SCells and PSCell/SCells of NR in EN-DC. For the UE to indicate that it no longer experiences overheating, the same message is used without any indication of reduced CCs or reduced UE category.
For NR, since EN-DC should be taken as baseline, the same principles and parameters could be used (reduced UE category and reduced CCs). However, a UE category was agreed to not be signalled in NR, and thus other parameter should be defined instead. 
Generally, we consider it preferable to minimize the “wish list” from the UE and to leave it for the NW to decide how to reconfigure the UE. Even in case of overheating it is up to the NW which features to configures and which one to omit. In addition, the NW should also have a clear indication from the UE on what triggered the overheating indication, to also avoid that frequent rounds of the mechanism would be performed until the NW could properly configure the UE. 
For overheating indication in NR, the UE may indicate a reduced maximum number of configured downlink/uplink SCells. 
Another aspect that should be taken into account is which IEs and messages should be defined for overheating indication in NR. 
For LTE and EN-DC, this mechanism is provided in the UEAssistenceInformation message, used for RRM and power optimization as well. An UEAssistenceInformation message is also defined in NR for power optimization so far. Thus, overheating indication should be defined in the current UEAssistenceInformation message from NR.
For NR SA, overheating indication is included in UEAssistenceInformation message defined in TS 38.331.
[bookmark: _GoBack]To capture the proposals above for overheating, a CR is provided in [2] to TS 38.331. It should be noted that further development of temporary capability restriction in NR may be built on top of the changes needed to capture overheating indication mechanism.
Conclusion
In the previous sections we made the following observations: 
1. Temporary capability restrictions are more likely to happen in RRC_CONNECTED.
Based on the discussion in section 2 we propose the following:
1. Temporary capability restriction mechanism (including any information, in the UE or NR side, concerning restricted capabilities) are applicable only during RRC_CONNECTED state.
1. Upon handover, when the UE is configured in the source node to report temporary capability restriction, information regarding temporarily restricted capabilities, if any, should be conveyed from the source to target node.
1. The UE may indicate (temporary) restrictions of its full set of capabilities. It may revert to a super-set of these restricted capabilities only after expiry of a prohibit timer configured by the network.
1. For overheating indication in NR, the UE may indicate a reduced maximum number of configured downlink/uplink SCells.
1. For NR SA, overheating indication is included in UEAssistenceInformation message defined in TS 38.331.
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