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1. Introduction
During RAN2#97 meeting, the UE capability of NR was discussed and the following agreements are reached:
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.

There are still some issues to be considered and clarified:

· What are the static capabilities which would be stored in NG core? 
· How to report capabilities, especially band combination related capabilities?

· How to update static capability if they are not reported at one procedure?
In this contribution, we further discuss these issues and our proposals are given.
2. Discussion
1) What are the static capabilities stored in NG core?

The NG core should store all capabilities of the UE, including UE release, RF, physical layer, L2, L3, measurement, band related capabilities which depend on the network requested. The inter-RAT capabilities that will be used for the inter-RAT mobility should also be involved.  And in LTE system, there is also a specific capability stored in MME, i.e. paging related capabilities,  it is sent from eNB to MME. While CN triggers paging, MME will send the paging related capability back to eNB for paging transmission. UE related capabilities can be classified as the following four sets:
· Set 1: normal UE NR AS capabilities: UE release, RF capability,  L1, L2, L3 capability, may include measurement capability (e.g. supporting which measurement(s) );

· Set 2: band related capabilities: band combination and corresponding specific capabilities, also may include measurement capability (e.g. need for measurement gap);

· Set 3: inter-RAT related capabilities: inter-RAT capabilities for inter-RAT mobility usage;

· Set 4: paging related capability: such capabilities are applied for eMTC and NB IoT cases only and will be sent back to RAN node while CN triggers paging;

According to RAN3 paging related discussion during last meeting, paging related capability which introduced by MTC and NB IoT would not be used since in NR Rel-15, MTC and NB IoT would not be supported,. Therefore  in NR, set 4 is not needed at least in Rel-15. And the first three sets capabilities should also be stored in NG core and the usage of them are similar to LTE.
Proposal 1: NG core shall store the following 3 sets capabilities of a UE:

· Set 1: UE normal AS capability;

· Set 2: UE band related capability;

· Set 3: Inter-RAT related capability.
According to the agreement above, temporary capability restriction should be transparent to the NG core. It implies that for set 1, the maximum capabilities should be reported without regarding  capability  restriction in the UE/RAN.

Proposal 2: For set 1, the maximum capabilities should be reported from the UE to the gNB and stored at CN.
2) How to report/update UE capabilities?
For set 1: the UE will report all capabilities in this set if the network requires. And gNB will report all of them to NG core for storing.
For set 2: the UE will report corresponding band(s) capabilities requested by the network. It also implies  that this may be partial capabilities since there may be some supporting bands are not requested by the network. Since the network in a region may only consider bands it operates, it is assumed that partial bands the UE reported are enough. For roaming case, if the network consider the information got from home NG core is not enough (note that fetching UE capability from home NG core is not mandatory for roaming case), it can re-enquire the UE to report its requested bands or to report all supporting bands information and flag it as full set. If the flag already was set to full, the network needn’t to re-enquire the UE band information. 
For set 3: since the mobility (handover case) between NG and 2G/3G is not supported, i.e. only cell reselection can be used, the set 3 only contains LTE, non-3GPP related capabilities. The UE may report all inter-RAT capabilities if the network requires.
According to the analysis above, different sets have different usages and characteristics. And different cases may require different capabilities. For example, set 1 is always stable and would not be changed at all. But for set 2 and set 3, the UE may be required to report new band/bands or a new RAT or new band/bands in an inter-RAT capabilities which are not stored in CN due to move to a new area. For these cases, it is unnecessary to require the UE to report all sets of capabilities. This could save the signalling overhead over the air interface and network interface. So considering the flexibility and signalling reduction, it is proposed that:
Proposal 3:  NG core can store and update each set of UE capabilities independently.

Proposal 4: each capability set can be required by the gNB separately. Whether to further differentiate different RATs or different band sets can be FFS. 
For set 1, there is no need to support partial reporting as they are very static capabilities. So it proposes that
Proposal 5: if gNB requires the UE to report set 1, the UE shall report all capabilities defined in set 1.

For set 2, since the UE may report partial capabilities of band/band combinations according to the network requirements, i.e. partial capability reporting is allowed for this set, it proposes that
Proposal 6: the UE reports the capabilities defined in set 2 according to the requested information sent by gNB.
Considering the signalling overhead of too many band combinations, some optimizations could be considered. One example is to report the supporting band list, and use band index for band combination. If two band combination capabilities are the same, the later combination could choose to use “the same as combination index” to reduce the overhead. Another example is some small group capabilities sets (set list) can be defined and each band combination can indicate which set it will use. Further signalling overhead optimization can be discussed while specify the capability signalling details. 
Proposal 7: signalling optimizations for band/band combination capabilities should be considered and discussed.

For set 3, whether to allow partial capability reporting (i.e. reports the inter-RAT capability requested by the network) or UE must report whole set capabilities can be discussed. If the signalling overhead is not an issue, the UE can report all capabilities defined in set 3.
Proposal 8: whether to allow partial capability reporting for set 3 is FFS.
3. Proposals
In this contribution, we further analyze static UE capability storage issues and give the following proposals:

Proposal 1: NG core shall store the following 3 sets capabilities of a UE:

· Set 1: UE normal AS capability;

· Set 2: UE band related capability;

· Set 3: Inter-RAT related capability.

Proposal 2: For set 1, the maximum capabilities should be reported from the UE to the gNB.
Proposal 3:  NG core can store and update each set of UE capabilities independently.

Proposal 4: each capability set can be required by the gNB separately. Whether to further differentiate different RATs or different band sets can be FFS.
Proposal 5: if gNB requires the UE to report set 1, the UE shall report all capabilities defined in set 1.

Proposal 6: the UE reports the capabilities defined in set 2 according to the requested information sent by gNB.
Proposal 7: signalling optimizations for band/band combination capabilities should be considered and discussed.

Proposal 8: whether to allow partial capability reporting for set 3 is FFS.
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