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1 Introduction
In RAN2#97 meeting, RAN2 discussed the capability issue and agreed:
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 RAN2 99 meeting[3], it was agreed:
Agreements:

1:
For Temporary change of UE capability, the gNB confirms or reject the temporary capability restriction request sent by the UE.

2
One single mechanism is defined to address all the use cases for temporary capability restriction.

3:
The network can enable/disable the temporary capability restriction request mechanism.

FFS whether this temporary restriction mechanism is applicable for EN-DC

In this paper, we will discuss the remain issues of UE temporary access capability restriction in NR and EN-DC scenarios.
2 Discussion
According to the conclusions in RAN2#97 meeting, UE access capability can be divided into two parts: static capability and temporary capability restrict. Only static capability is stored in NG core and capability temporary restrict is unseen to the NG core. We assume that LTE UE static capability mechanism is as the baseline for NR static capability, e.g. if the NG core stores the UE static capability, the gNB can obtain the static capability via the UE context setup request message. 
2.1 Temporary capability restriction in EN-DC
There are mainly three issues related to UE temporary capability restriction in NR:


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)
The issues may also occur in EN-DC scenario. The change of the UE temporary capability will affect the date transmission both in MN and in SN, and MeNB will decide whether to reconfigure the UE when receiving the related information. Then the temporary restriction mechanism is necessary for MeNB in EN-DC scenario. In current LTE specification, the In-device coexistence indication and UE Assistance Information procedures are introduced to report the related problems to the network. Then they can be updated to capture the new UE temporary capability restriction scenarios when eNB is the MeNB in EN-DC scenario.
Proposal 1: The temporary restriction mechanism can be applicable for MeNB in EN-DC and some UE temporary capability restriction indications can be introduced in the related LTE procedures.
2.2 Relation to UE states

Temporary capability restrict may occur in any UE state. However, when the UE is in idle/inactive state, it is unnecessary to immediately send the temporary capability restriction update to the gNB since there is no data transmission between the UE and the network. The UE can use e.g. sharing hardware capability without gNB confirmation. 
Proposal 2: The UE will only trigger the temporary capability restriction update procedure in connected state.
When the UE enters the idle state, the gNB releases the UE context, including the UE temporary capability restriction. Therefore, when the idle UE enters the connected mode, the temporary capability restriction should be sent to the gNB if needed. There are two possible methods:
· Alt1: the temporary restriction information is sent to the gNB during RRC connection setup procedure.
· Alt2: After RRC connection setup procedure, the UE initiates the UE temporary capability restriction update procedure.

For Alt1, the signalling numbers are less and the gNB can obtain the information earlier. We have a little preference to Alt1. 
Proposal 3: When the UE enters connected mode from idle mode, the UE temporary capability restriction is sent to the gNB during RRC connection setup procedure.

When the UE enters connected mode from inactive mode, if the temporary capability restriction does not change, the UE does not need to report it again since the network stores the UE context including the UE temporary capability restriction. 
Proposal 4: When the UE enters connected mode from inactive mode, the UE temporary capability restriction is sent only when the restriction is changed.
And if the UE enters connected mode in a cell controlled by a new gNB, the temporary capability restriction of the UE can be sent from the source gNB via context fetch procedure.

Proposal 5: When the UE enters connected mode from inactive mode, the UE temporary capability restriction is sent to the new gNB via context fetch procedure.
In the handover scenario, the target gNB needs to obtain the UE temporary capability restriction. It should be transferred upon handover procedure.
Proposal 6: Upon handover, the UE temporary capability restriction is sent to the target gNB via handover preparation message.
2.3 Signalling mechanism

In LTE, the capability restriction for the overheating case uses the UEAssistanceInformation message to indicate how the UE requests to be reconfigured (e.g. support for fewer carriers).  This approach might be described as signalling “please reconfigure me”.  On the other hand, UMTS handles change of UE capability by having the capability information signalled unsolicited (“here is my new capability”).
A third option that was discussed in both UMTS and LTE was to have the UE trigger a new capability information retrieval procedure (“please fetch my new capability”).  Any of these options could be considered for use with NR, but there are tradeoffs.

· The “please fetch my new capability” approach triggers a new instance of the existing capability retrieval procedure.  This may not be appropriate for the NR setting, where it was agreed to manage the temporary UE restriction separately from the permanent UE capabilities.  It allows full network control in a natural way and involves low signalling overhead for the initial request, but the capability structure to be retrieved may be large.

· The “here is my new capability” approach suffers from high signalling overhead, since the UE pushes a full capability structure, many parts of which may be irrelevant to the temporary restriction.
· The “please reconfigure me” approach is efficient in terms of signalling overhead and gives the network full control, but has less flexibility in terms of which parameters may be restricted (on the other hand, this could be seen as an advantage since it reduces the functional complexity of the feature).

Proposal 7: Adopt a signalling approach in which the UE indicates a request to be reconfigured, similar to the use of UEAssistanceInformation in LTE.

If this kind of “please reconfigure me” approach is adopted, it is necessary to decide which parameters can be indicated for the reconfiguration.  In LTE the UE is allowed to indicate a reduced category and a desired maximum number of CCs; in UMTS the UE is allowed to request a change in capability for “DL capability with simultaneous HS-DSCH configuration”, “Transport channel capability”, “Physical channel capability”, and “UE power class extension”.

For the overheating case, the allowed LTE parameters do not apply exactly since there is no signalled UE category in NR. The request for a reduced number of carriers could be considered as a minimum baseline, and there could be value in signalling additional parameters e.g. MIMO rank. The other use cases, for hardware sharing and interference, could require the UE to indicate the affected carrier frequencies similar to the LTE InDeviceCoexIndication message. (The InDeviceCoexIndication message contains only a single flag for hardware sharing problems, but it seems useful for the network to be informed which frequencies are causing the problem.)
In NR, one carrier configured to UE can up to 100MHz in FR1 and 400MHz in FR2. Besides the above, the configured carrier width can significantly impact the overheating. Therefore, the UE should be allowed to request reconfiguration of the carrier width.
Proposal 8: As a baseline, the UE’s request for reconfiguration should be able to include the following:

· Reduced number of CCs

· Reduced MIMO rank

· List of frequencies subject to interference or hardware problems

· Width of configured carrier

Exactly how to signal these fields can be further discussed.
2.4 Prohibit timer

It was agreed that the network can enable/disable the temporary capability restriction request mechanism. When the network enables the related procedure, the frequent restriction update may happen. For prevent frequent restriction update which causes significant signalling overhead, prohibit timer can be introduced.
Proposal 9: Introduce prohibit timer to prohibit frequent restriction update. 

3 Conclusion

In this paper we discuss the UE NR capability handling and propose:
Proposal 1: The temporary restriction mechanism can be applicable for MeNB in EN-DC and some UE temporary capability restriction indications can be introduced in the related LTE procedures.
Proposal 2: The UE will only trigger the temporary capability restriction update procedure in connected state.

Proposal 3: When the UE enters connected mode from idle mode, the UE temporary capability restriction is sent to the gNB during RRC connection setup procedure.

Proposal 4: When the UE enters connected mode from inactive mode, the UE temporary capability restriction is sent only when the restriction is changed.
Proposal 5: When the UE enters connected mode from inactive mode, the UE temporary capability restriction is sent to the new gNB via context fetch procedure.
Proposal 6: Upon handover, the UE temporary capability restriction is sent to the target gNB via handover preparation message.
Proposal 7: Adopt a signalling approach in which the UE indicates a request to be reconfigured, similar to the use of UEAssistanceInformation in LTE.

Proposal 8: As a baseline, the UE’s request for reconfiguration should be able to include the following:

· Reduced number of CCs

· Reduced MIMO rank

· List of frequencies subject to interference or hardware problems

· Width of configured carrier

Proposal 9: Introduce prohibit timer to prohibit frequent restriction update. 

4 References
[1] R2-1701852
Consideration on NR UE capability
Huawei, HiSilicon
[2] RAN2-97-Athens-Chairman-notes-2017-02-17-eom.doc
[3] RAN2-99 Chairman notes
3GPP


