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1 Introduction

In email discussion [103bis#29][NR/UE cap SI] UE cap segmentation TP [1], RRC level based segmentation and PDCP SDU level segmentation are discussed, and RRC level based segmentation can be done in two ways:
Approach 1. The UE radio capability information is encoded as one message or top level information element as today[1]. This is then segmented into multiple parts in the bit level. In this approach, the eNB/gNB can onlydecode the complete capabilities after assembling all parts, rather than decoding each part of the message; 
Approach 2. UE radio capability information is encoded separately and carried by multiple messages or information elements (smaller than 8000 bytes).The eNB/gNB can decode every message including segmented UE radio capability information and can process it after it decodes successfully.
The pros and cons have been discussed in the email discussion, and this paper aims to discuss RRC level based segmentation in details.
2 Discussion
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Figure. 1 Procedure for segmentation of UE Radio Capability information
The procedure for segmentation is showed in Figure 1. 
Segmentation of Approach 1
The Approach 1 operates in a similar way as for ETWS and CMAS: the UE radio capability information is encoded as one big RRC message, which then is segmented into multiple pieces at the bit level with some segment information added, e.g. (notLastSegment, lastSegment) or segment number. As mentioned in email discussion, how to decide the size of each segment needs to be studied. In our view, the UE should try to encode segments of 9000 kbytes as much as possible, with the last segment containing the residual data, since the number of segments can be minimum in this way. This  is beneficial for the processing complexity of the gNB.
Proposal 1: UE encodes segments of 9000 kbytes as much as possible and the last segment contains the residual data. 
Segmentation of Approach 2
For Approach 1, the segmentation processing of RRC signaling is simpler, but the complexity in gNB is increased. The complexity for decoding one big RRC message is much higher than decoding several small segments in term of needed buffer, and the latency also needs to be considered. Especially in the case of many segments, the complexity and latency can be very high. Approach 2 can avoid decoding a big RRC message, however, the complexity of combining all separately decoded segments will be introduced in gNB. Thus, how to segment the UE radio capability is the key issue in order to simplify the complexity both in UE side and in gNB side. 
In the approach 2, the segmentation could be performed in two levels. Regarding the first level, the UE radio capability can be segmented according to the RAT types when multiple RAT types are requested in the UECapabilityEnquiry message. As the result, UE radio capabilities for different RAT type could be placed into separate segments.
If the size of UE radio capability for one RAT type still exceeds the PDCP limitation, UE radio capability for one RAT type can be further segmented according to the second level. In NR capability container, the band combination related IEs (BandCombinationList, featureSets and featureSetCombinations) represent the major size (can be above 95% ) of the NR capability container. So the second level segmentation should be based on these IEs. One possible solution is to allow the UE to report different subset of BC related info in different segments. For example, the UE could fill the non-BC related parameters in the first segment and further fill BCs related info as much as possible. The remaining BCs related info could be filled into the followed segments as depicted in the following figure:
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Figure 2 Segments example for UE capabilities

Since there are a few mandatory capabilities (for example some PDCP capabilities and BandNR capability) in UE Capability structure, the UE has to repeat such IEs in every segment. It should not be a big problem as the consumption for these information is very minor and the gNB could just ignore these IEs in the segments where segment number is above 1. As alternative we are open to create a new structure where only BC related information is included.

For the filling priority of BC related info (BandCombinationList, featureSets and featureSetCombinations), there are some options to be considered:

Option 1: fill featureSets and FeatureSetCombinations in the first several segments, and the BandCombinations could only be filled after all supported featureSets and FeatureSetCombinations are filled.
Option 2: The UE could split the supported BCs to several groups and fill each group of  BandCombiantions and related featureSets as well FeatureSetCombinations into one segments.
The gNB just needs to combine the contents in multiple RRC messages without any information changed, and the implementation complexity of gNB is acceptable.
Proposal 2: Regarding the first level, the UE radio capability can be segmented according to RAT types.
Proposal 3: UE radio capability for one RAT type can be further segmented according to BC related information (BandCombinationList, featureSets and featureSetCombinations).
3 Conclusion and Proposals
In this contribution, the following proposals are made:
For Approach 1
Proposal 1: UE encodes segments of 9000 kbytes as much as possible and the last segment contains the residual data. 
For Approach 2
Proposal 2: Regarding the first level, the UE radio capability can be segmented according to the RAT types.

Proposal 3: UE radio capability for one RAT type can be further segmented according to BC related information (BandCombinationList, featureSets and featureSetCombinations).
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