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1 Introduction

In RANP#83, the New WI Proposal on optimizations on UE radio capability signalling has been approved [1].

	4.1
Objective of SI or Core part WI or Testing part WI

The work is expected to proceed as follows:

-
Specify the mechanism to optimize the UE Radio Capability signaling using UE capability identity (in coordination with SA2); [RAN2, RAN3];

- Signalling enhancements to be specified for both E-UTRA and NR;

- After initial discussion of UE capability identify, whether simple delta signalling for the UE capability identity is specified will be concluded as part of the work;

-
RAN2 to specify the mechanism for the segmentation of UE Radio Capability signaling at RRC (for cases when the UE capability size exceeds the maximum PDCP SDU size).

The work encompasses both 5GS and EPS.  Work will be done in collaboration with SA WGs for the related system architectural aspects and CT WGs for the CN interfaces.


This paper aims to discuss the simple delta signalling for the UE capability identity and its system impacts if it is introduced.
2 Discussion
One of the motivations of the delta signalling is to reduce the signalling overhead in Uu, the UE only needs to report the UE capability ID and a delta instead of reporting the large radio capabilities. Basically, the UE capability IDs can be saved. Besides, the storage of radio capability sets can be reduced, since the network does not need to store some different radio capability sets with some parts of the radio capability sets are overlapped, and the radio capability set could be much larger than a delta. 
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Figure 1. Storage illustration in the network side
The benefits will be obvious if the “delta” is simple, e.g. like an on-off to switch off some parts of the radio capabilities. Hence, the simple “delta” could be “few bits” complementary information to switch off some parts of the radio capabilities, with a UE capability ID representing a “full” radio capability set. 
Proposal 1: The simple “delta” could be “few bits” of complementary information to switch off some parts of the radio capabilities, with a UE capability ID representing a “full” radio capability set.
If one part of the radio capabilities is switched off, the corresponding bit should be set to 1; otherwise, the bit is absent. For example, the delta can be used to switch off NR, EN-DC or LTE. In this case, the delta needs to be 3 bits to indicate to switch off NR, EN-DC or LTE respectively. If the first bit is presented, and second bit and third bit are absent, it means the NR is switched off. If no delta bit is indicated, the network can understand that no part of the radio capabilities is switched off, and the radio capabilities associated to the UE capability ID is the full radio capability set of the UE. The signalling overhead could be minimized in this way. How many bits should be defined for the delta and the meaning of each bit should be studied further.
Proposal 2: If one part of the radio capabilities is switched off, the corresponding bit should be set to 1; otherwise, the bit is absent.
Since no delta bit is indicated if no part of the radio capabilities is switched off, the delta should always be carried with the UE capability ID if it exists, and the network should determine the UE radio capabilities relying on both UE capability ID and delta if it exists. The UE capability ID and delta are reported by a certain UE, and network stores the UE capability ID and delta per UE. However, the dictionary of the mapping between UE capability ID and radio capabilities is independent on the UEs. As showed in Figure 2, the AMF/MME and gNB/eNB need to maintain a mapping table between UE and its UE capability ID and delta, which is a portion of UE context. Simultaneously, they need to maintain a dictionary of the mapping between UE capability ID and radio capabilities, which can be shared by all the UE capability IDs reported by the different UEs. In the UE side, it stores the mapping between UE capability ID and radio capabilities. Based on the current radio capabilities, the UE determines and transmits a UE capability ID and a delta possibly. Therefore, the delta only impacts on the a mapping table between UE and its UE capability ID stored in the AMF/MME side and gNB/eNB side, and it is irrelevant to the dictionary of the mapping between UE capability ID and radio capabilities.
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Figure 2. Mapping tables stored in the UE, gNB/eNB and AMF/MME

Observation: The dictionary of the mapping between UE capability ID and radio capabilities in the AMF/MME side and gNB/eNB side, is independent on the UEs and can be shared by all the UE capability IDs reported by the different UEs.
Proposal 3: The delta only impacts on the a mapping table between UE and its UE capability ID stored in the AMF/MME side and gNB/eNB side, and it is irrelevant to the dictionary of the mapping between UE capability ID and radio capabilities.
Proposal 4: The AMF/MME and gNB/eNB need to maintain a mapping table between UE and its UE capability ID and delta.
In the following, we further discuss the impact on the UE side, gNB/eNB side and AMF/MME side if the simple delta signalling is introduced. On the initial registration procedure or the capability change procedure, the UE reports a UE capability ID and a delta to the AMF/MME by NAS message. Then the AMF/MME transmits the UE capability ID and/or UE capability to the gNB/eNB and transmits the delta simultaneously. During the handover procedure, the source gNB/eNB needs to transmit the UE capability ID and the delta to the target gNB/eNB. In this case, the UE, gNB/eNB and AMF/MME need to store the delta information and maintain the mapping between delta and the UE capability ID.
Proposal 5: The delta needs to be transmitted along with the UE capability ID on the procedure including:
· UE reports the UE capability ID and the delta to the AMF/MME by NAS message
· The AMF/MME transmits the UE capability ID and/or UE capability to the gNB/eNB and transmits the delta simultaneously

· UE indicates the UE capability ID and the delta to the gNB/eNB in UECapabilityInformation message
· The source gNB/eNB needs to transmit the UE capability ID and the delta to the target gNB/eNB
· The UE capability ID and the delta transmitted between two AMFs, two MMEs, MME and AMF
3 Conclusion and Proposals
In this contribution, we discuss the simple delta signalling for the UE capability identity and its system impacts, and we have the following observations and proposals:
Proposal 1: The simple “delta” could be “few bits” of complementary information to switch off some parts of the radio capabilities, with a UE capability ID representing a “full” radio capability set.
Proposal 2: If one part of the radio capabilities is switched off, the corresponding bit should be set to 1; otherwise, the bit is absent.
Observation: The dictionary of the mapping between UE capability ID and radio capabilities in the AMF/MME side and gNB/eNB side, is independent on the UEs and can be shared by all the UE capability IDs reported by the different UEs.
Proposal 3: The delta only impacts on the a mapping table between UE and its UE capability ID stored in the AMF/MME side and gNB/eNB side, and it is irrelevant to the dictionary of the mapping between UE capability ID and radio capabilities.
Proposal 4: The AMF/MME and gNB/eNB need to maintain a mapping table between UE and its UE capability ID and delta. 
Proposal 5: The delta needs to be transmitted along with the UE capability ID on the procedure including:

· UE reports the UE capability ID and the delta to the AMF/MME by NAS message
· The AMF/MME transmits the UE capability ID and/or UE capability to the gNB/eNB and transmits the delta simultaneously

· UE indicates the UE capability ID and the delta to the gNB/eNB in UECapabilityInformation message
· The source gNB/eNB needs to transmit the UE capability ID and the delta to the target gNB/eNB
· The UE capability ID and the delta transmitted between two AMFs, two MMEs, MME and AMF
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