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1. Introduction
UE radio capability IE becomes larger and larger, especially when band combinations of tight interworking and CA/DC are introduced. To reduce UE radio capability transmission in air interface, it is necessary to cache UE capability in the core network as LTE does.
This paper provides technical proposal for UE capability caching in NGC.
2.  UE radio capability caching

UE capability includes the UE radio capability and UE core network capability. UE radio capability is stored as container per RAT. 

If CN has UE radio capability cached, in RRC connection establishment, CN delivers the cached UE radio capability to RAN in Initial UE Context Setup procedure. 

If CN doesn’t provide UE radio capability to RAN, RAN requests UE radio capability from UE. The received UE radio capability from UE should be uploaded to core network. Similar procedure as LTE can be used to upload the UE radio capability, as shown in figure 2-1.
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Figure 2-1: UE Capability Info Indication procedure

Proposal 1: UE radio capability is uploaded to CN with UE CAPABILITY INFO INDICATION procedure

Proposal 2: UE radio capability is delivered to RAN in INITIAL UE CONTEXT SETUP procedure.
To further reduce the air interface delivery, UE may report only part of its radio capability to RAN. RAN may compose full UE radio capability from multiple partial UE radio capability reporting. RAN uploads the composed UE radio capability to CN. The uploaded UE radio capability overwrites the previously received UE radio capability.

Proposal 3: RAN may compose full UE radio capability from multiple partial UE radio capability reporting. The uploaded UE radio capability always overwrites the cached UE radio capability in CN. 
3. UE radio paging capability handling

To improve the paging efficiency and reliability, RAN generates UE radio paging capability from UE radio capability. UE radio paging capability includes at least the supported bands and optionally coverage extension level, antenna number, UE category.

The UE radio paging capability should be uploaded to CN as well. The UE CAPABILITY INFO INDICATION procedure can be reused for UE radio paging capability upload. In CN paging, CN shall include the UE radio paging capability in NG paging message.
Proposal 4: UE radio paging capability is generated by RAN and uploaded to CN in UE CAPABILITY INFO INDICATION procedure.
Proposal 5: UE radio paging capability shall be included in CN paging on NG-C and RAN paging on Xn-C.

4. UE capability coordination in DC/EN-DC
Some UE capabilities are dynamically shared by Master node and Secondary node of DC/EN-DC, for example:
· Band combinations

· UE Power

· Max SCH TBS

· L2 buffer size

· Measurement capability, e.g. number of CSI/beam.
Some features cannot be used together due to either UE processing/storage capability limitation or IOT has not been done. For example, UMTS R7 support 2 X 2 MIMO and 64QAM, but they were not allowed to use together in R7. So, the feature combination also needs to be coordinated in DC/EN-DC.
SCGConfig and SCGConfigInfo i.e. MeNB to SeNB Container and SeNB to MeNB container can be used for the UE capability coordination. The two containers can be included by multiple X2/Xx procedures for UE capabilities coordination:
· SeNB Reconfiguration

· SeNB Modification (MeNB initiated)

· SeNB Modification (SeNB initiated).

The SeNB release procedure may be used for capability coordination too because it tells MeNB shared capabilities have been released by SeNB.
Proposal 6: UE radio capabilities are coordinated between Master node and Secondary node of DC/EN-DC in terms of MeNB to SeNB container and SeNB to MeNB container in following procedures:

· SeNB Reconfiguration

· SeNB Modification (MeNB initiated)

· SeNB Modification (SeNB initiated).

· SeNB Addition.

5.  Conclusion

Based on above analysis, we have following proposals.

Proposal 1: UE radio capability is uploaded to CN with UE CAPABILITY INFO INDICATION procedure

Proposal 2: UE radio capability is delivered to RAN in INITIAL UE CONTEXT SETUP procedure.
Proposal 3: RAN may compose full UE radio capability from multiple partial UE radio capability reporting. The uploaded UE radio capability always overwrites the cached UE radio capability in CN. 
Proposal 4: UE radio paging capability is generated by RAN and uploaded to CN in UE CAPABILITY INFO INDICATION procedure.
Proposal 5: UE radio paging capability shall be included in CN paging on NG-C and RAN paging on Xn-C.

Proposal 6: UE radio capabilities are coordinated between Master node and Secondary node of DC/EN-DC in terms of MeNB to SeNB container and SeNB to MeNB container in following procedures:

· SeNB Reconfiguration

· SeNB Modification (MeNB initiated)

· SeNB Modification (SeNB initiated).

· SeNB Addition.
A text proposal is proposed as below.

6. Text Proposal
---------------------------Start TP---------------------------------
7.2.4.1.x

UE Capability Indication Procedures
UE Capability Info Indication
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Figure 7.2.4.1.x-1: UE Capability Info Indication procedure

This procedure is used by gNB to upload UE radio capability and UE radio paging capability to NGC. The new uploaded UE capability overwrites the previously cached UE capability in NGC. The cached UE radio capability is delivered to gNB in subsequent initial UE context setup procedure. The UE radio paging capability is included in CN paging message on NG-C and RAN paging message on Xn-C.
---------------------------Start of next change ---------------------------------

10.1.2.3
Procedural aspects

The procedures defined under section 10.1.2.8 (Dual Connectivity operation) in TS 36.300 [12] listed below apply. In this list, LTE eNB and gNB connected via Xx are considered to have the role similar to MeNB (or eNB without DC) and SeNB, respectively. In this context, the Xx-U has all the functionality of X2-U for LTE DC operation. There are no impacts to S1 procedure foreseen with the support of Option 3/3a/3x. The DC procedures defined in TS 36.423 [13] are used as baseline.

-
SeNB Addition

-
SeNB Modification (MeNB initiated SeNB Modification)

-
SeNB Modification (SeNB initiated SeNB Modification)

-
Intra-MeNB handover involving SCG change

-
SeNB Release (MeNB initiated SeNB Release)

-
SeNB Release (SeNB initiated SeNB Release)

-
Change of SeNB

-
MeNB to eNB Change

-
SCG change

-
eNB to MeNB change

-
Inter-MeNB handover without SeNB change

NOTE:
Support of hybrid HeNB as the SeNB is not justified in RAN3.
SeNB Addition
-
To support UE capability coordination, the MeNB would need to signal NR UE capabilities in the SENB ADDITION REQUEST message.
-
In the SENB ADDITION REQUEST ACKNOWLEDGE, the SeNB indicates its choice of the NR configuration over Xx.
-
The dynamically shared UE capabilities are coordinated in this procedure by MeNB to SeNB container and SeNB to MeNB container.
Existing procedure defined in TS 36.300 [12] can be reused without any procedural change, but with minor update to adapt the message information to NR.
SeNB Modification (SeNB/MeNB initiated SeNB Modification) 

Some enhancements to the SENB MODIFICATION REQUEST, SENB MODIFICATION REQUEST ACKNOWLEDGE, SENB MODIFICATION REQUIRED and SENB MODIFICATION CONFIRM messages may be needed e.g. due to use cases and differences between E-UTRA and NR technologies.
The dynamically shared UE capabilities may be coordinated in this procedure by MeNB to SeNB container and SeNB to MeNB container.
Existing procedures defined in TS 36.300 [12] can be reused without any procedural change, but with minor update to adapt the message information to NR.
Intra-MeNB handover involving SCG change, Inter-MeNB handover without SeNB change
These cases involve intra-/inter-MeNB handover where the NR part may or may not change. Any procedural changes to this part should be similar as considered in SeNB Addition, SeNB Modification, Change of SeNB and SCG change procedures.
Existing procedures defined in TS 36.300 [12] can be reused without any procedural change.
MeNB/SeNB initiated SeNB Release 

Either MeNB or SeNB should be able to release the connection between eNB and gNB. No procedural changes are foreseen.

Existing procedures defined in TS 36.300 [12] can be reused without any procedural change.
Change of SeNB

Since this is essentially just SeNB Release + SeNB Addition procedures, any procedural changes should be covered by the component procedures.

Existing procedures defined in TS 36.300 [12] can be reused without any procedural change.
MeNB to eNB Change, eNB to MeNB change

These procedures allow using a handover between MeNB and eNB involving SeNB Addition and SeNB Release procedures. As also these procedures are using the components of SeNB Addition and SeNB Release, no procedural changes are foreseen. 

Existing procedures defined in TS 36.300 [12] can be reused without any procedural change.
SCG change

In E-UTRAN, SCG change is used whenever synchronous reconfiguration is required for the SeNB. With the tight interworking between E-UTRA and NR, similar baseline can be assumed and no procedural changes are foreseen.

Existing procedures defined in TS 36.300 [12] can be reused without any procedural change.
---------------------------End TP---------------------------------
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