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1. Introduction
One of the open issues regarding UE capability is how the NR radio capabilities should be reported to EPC (MME) for Option 3 deployments.

In this contribution, we look at the options of reporting NR capability via E-UTRAN RRC and S1-AP and propose a way forward.
2. Discussion
In current E-UTRAN specifications, the UE radio capabilities for E-UTRAN and other RATs are reported by the UE to the eNB in UECapabilityInformation IE which includes the container for all RATs as follows [1]:

-- ASN1START

UE-CapabilityRAT-ContainerList ::=SEQUENCE (SIZE (0..maxRAT-Capabilities)) OF UE-CapabilityRAT-Container

UE-CapabilityRAT-Container ::= SEQUENCE {


rat-Type






RAT-Type,


ueCapabilityRAT-Container


OCTET STRING

}

-- ASN1STOP

The above information is then forwarded by the eNB to the MME in a transparent container as an OCTET string over S1-AP as follows [2]: 
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	UE Radio Capability 
	M
	 
	OCTET STRING
	Includes either the UERadioAccessCapabilityInformation message as defined in 10.2.2 of TS 36.331 [16], or the UERadioAccessCapabilityInformation-NB message as defined in 10.6.2 of TS 36.331 [16].


Thus the MME does not need to understand the contents for UE radio capability and can store it for later delivery to the same or other eNBs as needed. Based on existing RAN2 agreements and for Option 3 deployment, now the MME also needs to store NR capabilities for the UE in addition to the E-UTRAN. 
The question here is how to report the NR capabilities from the UE to eNB and MME and between eNB and MME under the Option 3 scenario where eNB is connected to EPC and specifically whether the MME will need to store separate “E-UTRAN” and “New Radio” UE Radio Capability IEs. The implication of this question is whether the same IE in S1-AP can be used to carry NR capabilities or a different IE should be introduced.
There are two basic options: 

1. Introduce a separate NR radio capability (similar to NB-IOT shown above) in RRC. 
2. Add NR capabilities to the existing RRC IE for UE radio capability.
Observation 1: NR capabilities can be sent to the MME as a separate container or along with the LTE capabilities in the UERadioAccessCapabilityInformation message as defined in 10.2.2 of TS 36.331.
In Option 1, the new RRC message can be sent in the existing UE Radio Capability container (as per the approach followed with NB-IOT) or even a new S1-AP IE can be introduced. In both cases, the main drawback is that this is not MME transparent and the MME needs to send two containers in later connected mode periods. 
If a new S1AP IE is introduced and the MME does not support the new container, the capabilities are lost and the eNB will need to request the NR capabilities again during later connections. The capability of the MME can be known at S1 setup or configuration, but the eNB does not know the UE’s “capability” at this stage to select the “right” MME that supports 5G. Therefore, all MMEs will have to be impacted by this.
The same problems also apply to the NB-IOT approach (reuse of same S1 IE with new RRC message): also in NB-IOT the eNB does not need to send both IEs since there was no major case identified where the UE needs to provide both NB-IOT and WB capabilities, and it was also deemed inefficient for the UE to provide full set of capabilities for NB-IOT only case. These reasons are not applicable to Option 3 NSA where both E-UTRAN and NR capabilities are needed. So the MME would need to store separately E-UTRAN and NR capabilities. Additionally the MME would not have access to the full capability set until the UE has connected periods in both NR and LTE
Observation 2: A new RRC message will impact MME and it is desirable to minimize MME impacts to enable option 3 family deployments.
For Option 2, the NR capabilities can be added to E-UTRAN or signaled as a separate IE (similar to UTRAN). During the NR SI, RAN2 has agreed on the following [3]:
For a UE supporting both LTE and NR, the UE reports its capability information for both LTE and NR respectively, which are independent with each other. In other words, a node of one RAT needs not to look at and not to use the capabilities of the other RAT. 

This implies that the NR capabilities should not be mixed with E-UTRAN in the same IE. Therefore, the natural choice is to use the existing UE-CapabilityRAT-Container and add NR as a new “RAT-Type” and refer to the NR specification for the actual contents. This allows backwards compatibility with legacy eNBs and MMEs and future compatibility as new NR capabilities can be added without impacting E-UTRAN specification.
Based on the above, we propose that:
Proposal 1: NR capabilities are included in UERadioAccessCapabilityInformation where a new UE-CapabilityRAT-Container is used for NR.
3. Conclusion
In this contribution, we discussed the handling of UE capability for NR considering the Option 3 deployments. The following are observed and proposed:
Observation 1: NR capabilities can be sent to the MME as a separate container or along with the LTE capabilities in the UERadioAccessCapabilityInformation message as defined in 10.2.2 of TS 36.331.
Observation 2: A new IE will impact MME and it is desirable to minimize MME impacts to enable option 3 family deployments.

Proposal 1: NR capabilities are included in UERadioAccessCapabilityInformation where a new UE-CapabilityRAT-Container is used for NR.
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