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Introduction
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.


In this paper we propose a solution to restrict the UE capability temporarily for settling the issues above.
Discussion
Solutions
According to the background information, there are following solutions to be selected:
· Solution 1: report UE’s temperature[1]
· Solution 2: 1 bit indication of overheating or not[1]
· Solution 3: report UE temporary category/capability[1]
· Solution 4: assistance information for parameter re-configuration[1]
· Solution 5: Mode ID (Samsung)[2]
· Solution 6: profiles (Qualcomm)[3]
Table 1
	Solutions 
	Pros 
	Cons 

	Solution1 
	· Simple to realize
	· Only for overheating, can’t solve all issues

	Solution2
	· Simple to realize
· low overhead
	· Only for overheating ,can’t solve all issues

	Solution3
	· Explicit for network to realize 
	· Difficult to decide which category or capability should be used for temporary case for UE
· High overhead

	Solution4
	· Simple to realize
· Network can reconfigure UE refer to the orientation provided by UE
	· No details

	Solution5

	· Flexible, can supports lots of configuration according to a variety of scenarios
· Low overhead
	· Complexity to divide modes and decide which mode to be used, introduce more specification work. 

	Solution6
	· Flexible, can supports lots of configuration according to a variety of scenarios
	· Complexity to divide modes and decide which mode to be used, introduce more specification work.



According to table1, we make an analysis on all these solutions. First, we want to find a solution which can solve all these issues above, so Solution 1and Solution 2 out of alternatives. The selected should be easy to implement, therefore Solution 5 and Solution 6 should be excluded. Compared to solution 4, Solution 3 is difficult to decide which category or capability to be used for UE, and how to reconfigure UE should be considered by network not by UE, UE could provide some information about the UE state to assistant network to reconfigure. So in our contribution, we prefer to solution 4, the UE sends a message for parameter reconfigure which will include much information to indicate the temporary state of UE. For solution 4, the details are discussed in the next section.
[bookmark: OLE_LINK149][bookmark: OLE_LINK150]Proposal 1: UE should send a message including the information of UE temporary state to assistant network re-configure UE.
Assistance information for parameter re-configuration
In order to resolve the issue 1 (Hardware sharing between NR and other things) and issue 2 (Interference between NR and other things), UE should indicate to the gNB the information of the affect frequency. Multiple frequencies may need to report to the gNB at the same time, and each of them need to be restricted or resumed the capability respectively. A bitmap is included in the message to indicate each frequency whether need to be restricted or resumed the capability.
Proposal 2: The message may include the information of the affected frequencies and a bitmap to indicate each frequency to be restricted or resumed.
For the issue 3 (Exceptional UE issues), two scenarios will be considered, one is overheating, the other is low battery. The aim of the solution for the two problems is to reduce the power consumption to decrease the temperature of the UE or to extend the time of UE camping on the network.
If the UE detects the temperature of the UE is higher than a threshold for an interval, and there are high traffic flow, we think the complexity of the terminal processing the data flow result in UE overheating. Therefore it is necessary to reduce the data rate, such as the peak rate or the maximum average rate, to reduce the terminal processing complexity. In this situation, we propose a recommended percentage of the peak rate or maximum average rate relative to the current rate included in the message. The value of the percentage set considering the speed of the temperature rise up of the UE and the sensitivity to delay of the traffic. If the temperature rise up slowly, and the traffic is sensitive to time delay, the percentage may set to a large, such as 60% or 80%, but if temperature rise up quickly, and the traffic is not sensitive to time delay, the percentage may set to 40%. The gNB would reconfigure the UE based on the recommended percentage, such as decrease the rank of the MIMO or the number of the SCells etc to restrict the data rate. If the UE detect the temperature of the UE is lower than a threshold for an interval, the UE can send the message in which the percentage set to a special value such as 0% or 100% to resume the configuration.
As for the low battery situation, the aim is to extend the time of the UE camping on the network. So It is necessary to reduce the power consumption no matter whether the UE is with or without traffic. So when the UE detect the dump power of the UE is lower than a threshold and UE is no charging, the UE reports to the gNB a indication of low power consumption. The gNB would reconfigure the UE such as extend the DRX, de-configure the CA etc, when the message is received. If the traffic of the UE is sensitive to the delay, the percentage may be involved in the message to limit the configuration for UE in connected state which ensures the data rate of the traffic..
Alternative 1: The message may include the percentage of the peak rate or the maximum average rate recommended by UE and a bit indication of low power consumption.
There is another solution for the overheating and low battery situation. Define the UE minimum capability set (UMCS) and indicate the gNB to use the UMCS or not. As for the problem how to define the UMCS, there are two options.
· Option 1: UE can report UMCS to gNB, and network can store this set as part of static UE capabilities.
· Option 2: defined in specification explicitly.
When the UE detect the overheating or low battery situation as above described, the UE indicates the gNB to use UMCS. Once received the message, the gNB can reconfigure the UE to confirm use UMCS with explicit or implicit indication. When the UE detects the UE can resume to the normal state as above describe, the UE can indicate the gNB to use UE normal capability, like previous procedure, the gNB can reconfigure the UE to confirm not use UMCS with explicit or implicit indication. And the UE send RRC reconfiguration complete message to confirm. 
Alternative 2: The message may include the indication whether use the UE minimum capability set (UMCS) which reported as a part of static UE capability or defined in specification explicitly.
RAN2 is proposed to discuss which Alternative to be used for indicating the UE temporary capability limitation.
Proposal 3: The message may also include one of the following content:
Alternative 1: The message may include the percentage of the peak rate or the maximum average rate recommended by UE and a bit indication of low power consumption.
Alternative 2: The message may include the indication whether use the UE minimum capability set (UMCS) which reported as a part of static UE capability or defined in specification explicitly.



Figure 1 procedure of UE capability temporary restrictions
UE should send the message when UE detect the state of the overheating /low power/hardware sharing with WLAN, BT, GPS, etc or interference with WLAN, BT,GPS etc automatically, or as the response to gNB request. Once the gNB receives the message, the gNB would reconfigure the UE according to the message via the RRC reconfiguration procedure to solve the problem. gNB can request UE to report the temporary state of UE. According to the information reported by UE, gNB can avoid scheduling UE on the interference frequencies.
Proposal 4: UE should report the UE capability temporary restrictions message automatically or as the response to gNB request which will lead to gNB reconfigure the UE.
If the UE is in DC, the RRC message used in the RRC procedure for UE capability temporary restrictions, i.e. the message in step2 of Figure 1, can be sent via SCG SRB or MCG in NR, but there is no real necessity to involve MCG. When SCG SRB is configured, the path of the transmission of NR RRC message that is used for UE NR capability temporary restrictions procedure is up to the network implementation, e.g. the channel quality of SN is much worse than MN, the message may be sent via MCG in NR, otherwise may be sent via SCG which is decided by network.
Proposal 5: When SCG SRB is configured, the transmission path of NR RRC message that is used for UE NR capability temporary restrictions procedure is up to the network implementation.
Conclusion
In this contribution, we discuss the UE capability temporary restrictions and propose:
Proposal 1: UE should send a message including the information of UE temporary state to assistant network re-configure UE
Proposal 2: The message may include the information of the affected frequencies and a bitmap to indicate each frequency to be restricted or resumed.
Proposal 3: The message may also include one of the following content :
Alternative 1: The message may include the percentage of the peak rate or the maximum average rate recommended by UE and a bit indication of low power consumption.
Alternative 2: The message may include the indication whether use the UE minimum capability set (UMCS) which reported as a part of static UE capability or defined in specification explicitly.
Proposal 4: UE should report the UE capability temporary restrictions message automatically or as the response to gNB request which will lead to gNB reconfigure the UE.
Proposal 5: When SCG SRB is configured, the transmission path of NR RRC message that is used for UE NR capability temporary restrictions procedure is up to the network implementation.
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