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1	Introduction
During the RAN plenary discussions, the following was agreed as the objective of the WI [1].
	4	Objective	
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.



Based on the description in the SI, one of the means of improving the delivery of RRC PDU’s on the air interfaces for large capabilities is the use of segmentation. As of today, the size of a RRC PDU is limited by the maximum PDCP SDU (which is 9K octets) based on TS 38.323 (The maximum supported size of a PDCP SDU is 9000 bytes. The maximum supported size of a PDCP Control PDU is 9000 bytes). In this contribution, some solutions are described for allowing segmentation of UE capabilities.
In this contribution, our views are presented for the working assumptions for the segmentation at RRC. 
2	Principles of capability segmentation
2.1	Basic segmentation
Segmentation in itself is not a complex task. The RLC layer deals with segmentation of RLC SDUs to adapt them to fit into the transport blocks that MAC allocates (and this is related to the size of the grant allocated to a given logical channel). However, with the radio capabilities it is important to consider whether such simple approach is beneficial. For example, with RLC segmentation the content is not normally forwarded to PDCP until all the segments of RLC SDU are received since PDCP would not be able to decode them if some segments are missing. This introduces some delay for the receiver, and in case of RRC, would lead to potentially long delay before the UE capabilities can be decoded.
Observation 1: Using RLC-like segmentation for UE capabilities may mean large delay for decoding the UE capabilities if many RRC segments are needed.
2.2	Self-decodeability of segments
To avoid reassembly delays, it could be possible to set each capability segment to be self-decodable, i.e. ensure that the contained ASN.1 can be deciphered for every component segment. This would require that the UE knows which parts to fill in for each segment and will likely be somewhat more complex than simple RLC-like segmentation. It is also likely to require slightly larger capability containers, as some information ends up being repeated, but would mostly solve the issue of having to wait for all segments to arrive.
Observation 2: Using self-decodable capability segments would provide network with some capability information much faster than simple RLC-like segmentation procedures.
2.3	Applying segmentation to only certain UE capability components
It is well-known that the band combinations and feature sets comprise the maximum percentage of the UE capability size. This is partly due to their structure, which, while size-optimized, was designed to allow for large amount of flexibility, as is depicted in Figure 2-1. 
[image: ]
Figure 2-1: Relationship between Band Combinations and Feature Sets
Each feature set may correspond to multiple band combinations, and each band combination may refer to multiple feature sets. Since these are the largest pieces, one simple way to compress UE capabilities is to omit parts of the feature sets from capabilities. Specifically, some of the feature sets could be filtered away by network request. This was discussed first during LTE Rel-11 and adopted to allow “requested frequency band filtering”, and further expanded to allow network impose limits on number of CCs reported by UE or to requesting UE to omit fallback band combinations.
Observation 3: Network-requested filtering could potentially allow reduction of UE capability size.
However, filtering away parts of these could save considerably but might still not be a full solution: Consider an example wherein the entire set of UE capabilities has size of 1 MBytes (i.e. around 111 of the 9kByte PDCP SDU segments are needed in case the capabilities are to be segmented). This is most likely composed of a combination multiple feature sets and band combinations, along with per-UE capabilities. Omitting parts of these would likely reduce the size considerably, but just calculating in a simple manner: 1% of 1 Mbyte is still ~10 kBytes, which means that the capabilities would still not fit within the PDCP SDU size. 
Observation 4: Even with filtering of UE capabilities, capability segmentation may be needed.
Therefore, while filtering seems beneficial, it may not be the only solution that is required. 
3	UE capability segmentation
There are two options for performing segmentation of radio capabilities:
- Option 1: at the PDCP layer which means that the RRC layer provides the information to PDCP and PDCP implements the part wherein it segments and numbers each segment. At the receiver, the segments are collected back and delivered to the RRC.
- Option 2: at the RRC layer (essentially copying the functionality described above).
As Option 2 has been agreed to be pursued, the RRC layer will have to implement additional functionality. Although we think the intelligent segmentation makes sense, it would put a lot of complications to specification in terms of the following:
- Maintaining segment wide and joint coherency of the overall segmented capabilities
- Requirement of gNB to combine segments and rearrange the feature sets
- Maintaining the consistency of the capabilities across the 3 containers for MR-DC
Observation 5: Intelligent segmentation at RRC is desirable but highly complex for design and specification.
4	Conclusion
In this contribution we have analysed intelligent segmentation of radio capabilities and some basic requirements for segmentation of capabilities: 
Observation 1: Using RLC-like segmentation for UE capabilities may mean large delay for decoding the UE capabilities if many RRC segments are needed.
Observation 2: Using self-decodable capability segments would provide network with some capability information much faster than simple RLC-like segmentation procedures.
Observation 3: Network-requested filtering could potentially allow reduction of UE capability size.
Observation 4: Even with filtering of UE capabilities, capability segmentation may be needed.
Observation 5: Intelligent segmentation at RRC is desirable but highly complex for design and specification.
Proposal 1: RRC level segmentation is agreed wherein RRC segments any UE capability container when the container exceeds the PDCP PDU size.
Proposal 2: RRC level segmentation is agnostic across RAT types, i.e. attempt should be to fill the entire PDCP PDU even if it means the segments belong across different RAT types.
Proposal 3: Smart segmentation involving self-decodable segments is not pursued in the WI.
Proposal 4: Discuss early indication of segmentation capability of a UE (i.e. at Msg3).
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