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Introduction
The RACS_RAN WID describes that mechanisms for RRC segmentation UE Radio Capability signalling is to be defined. One of the questions related to RRC segmentation is how many segments that need to be supported.
In this contribution, we present our views on both implementation aspects and performance aspects related to RRC segmentation. We also present our views on reasonable UE capability information size and/or the maximum number of segments that should be allowed.
[bookmark: _Ref178064866]Discussion
[bookmark: _Ref7511444]Architectural requirements
In TR 23.743 clause 4.1, 3GPP/SA2 have listed a number of architectural requirements on the solution that impacts the design of the RRC segmentation function:
a) Solutions shall support UE Radio Access Capabilities > 65 536 bytes.
With 9000 bytes per segment this corresponds to >7.28 segments, i.e. RRC needs to support at least 8 segments.
[bookmark: _Toc7513786][bookmark: _Toc7513868][bookmark: _Toc7514012][bookmark: _Toc7515778][bookmark: _Toc7683655][bookmark: _Toc7698964][bookmark: _Toc7698995][bookmark: _Toc7704511]Based on TR 23.743, RRC needs to support segmentation up to at least 8 segments.
[bookmark: _Toc7698965][bookmark: _Toc7698996][bookmark: _Toc7704512]SA2 has not defined any upper limit for the size of the UE capabilities.
Size estimation for practical deployments
The size of the UE Radio Capability message was estimated in the FS_RACS_RAN study and is documented in TR 37.873. Based on this estimate it can be concluded that, for practical deployments, the size of the UE Radio Capability message should be smaller than the minimum requirement for the solution listed in Section ‎2.1. Some margin may be added to this, but we see no need for supporting sizes that are excessively larger than the minimum requirement.
For practical deployments, supporting UE Radio Capability size according to the minimum requirement from TR 23.742 should be sufficient. However, a relatively small safety margin may be added.
[bookmark: _Ref7511489]Memory requirements in UEs and RAN
When RRC segmentation is allowed for transmission of UE capability information, it is important to consider the memory requirements related to storing the segments. If the UE would create a UE capability message that needs to be segmented, then the UE would also need to store some of the segments for some time while other segments are being transmitted. Correspondingly, the network would also need to store the received segments until all segments have been received and the RRC message can be reassembled.
Thereby, segmentation will increase the memory requirements, both for UEs and network. The memory requirements increase with increasing UE capability messages or proportional to the allowed number of RRC segments.
[bookmark: _Toc7189038][bookmark: _Toc7191081][bookmark: _Toc7513788][bookmark: _Toc7513870][bookmark: _Toc7514014][bookmark: _Toc7515780][bookmark: _Toc7683657][bookmark: _Toc7698967][bookmark: _Toc7698998][bookmark: _Toc7704514]Allowing large UE capability messages increases the memory requirements in both in UEs and in RAN.
It should be noted here that the memory requirements depend on the maximum number of RRC segments that are allowed. Therefore, an upper limit for the number of RRC segments should be defined.
[bookmark: _Toc7515783][bookmark: _Toc7515811][bookmark: _Toc7683660][bookmark: _Toc7698970][bookmark: _Toc7712534]RAN2 should define an upper limit for the maximum number of RRC segments.
[bookmark: _Ref7511500]Testing effort for segmentation and concatenation functions
The segmentation and concatenation functions are not particularly complex functions. However, when implementing segmentation up to N segments it is not known if the UE capability messages will need to use all these segments. It can be expected that the UE capability message will in most cases need to use fewer segments, but the actual number of used segments is unknown at the time of implementation. Therefore, all possible segmentations and concatenations, up to the maximum allowed number of RRC segments, need to be tested and verified. It should be clear that the testing effort increases when more RRC segments are allowed.
[bookmark: _Toc7189039][bookmark: _Toc7191082][bookmark: _Toc7513789][bookmark: _Toc7513871][bookmark: _Toc7514015][bookmark: _Toc7515781][bookmark: _Toc7683658][bookmark: _Toc7698968][bookmark: _Toc7698999][bookmark: _Toc7704515]The testing effort increases when more RRC segments are allowed.
Currently, it is quite unclear which UE capability message sizes that are or will be used in actual deployments. This may result in a situation where implementers choose to support RRC segmentation up to an unnecessarily high limit, which is a waste of effort if actual deployments will only need relatively few segments.
It would therefore be beneficial if RAN2 could define limits for either the UE capability message size or the number of RRC segments that are used for transmitting the UE capability message.
[bookmark: _Toc7189041][bookmark: _Toc7191085][bookmark: _Toc7191115][bookmark: _Toc7513791][bookmark: _Toc7513873][bookmark: _Toc7514017][bookmark: _Toc7515784][bookmark: _Toc7515812][bookmark: _Toc7683661][bookmark: _Toc7698971][bookmark: _Toc7712535]RAN2 should discuss which UE capability message sizes that are reasonable for practical implementations and should define limits for these sizes.
[bookmark: _Toc7076927][bookmark: _Toc7076931]Summary
Combining the architectural requirements in Section ‎2.1 and size estimations for UE Radio Capability messages for practical deployments with the implementation aspects in Sections ‎2.3 and ‎2.4 suggests that the size of the UE capability message and the max number of segments should be close to the minimum requirements defined in TR 23.743. We therefore suggest that:
· The size of the UE capability message should be implicitly limited by the limitation on number of RRC segments.
· RRC segmentation should be limited to max 10 segments.
[bookmark: _Toc7189042][bookmark: _Toc7191086][bookmark: _Toc7191116][bookmark: _Toc7513793][bookmark: _Toc7513875][bookmark: _Toc7514019][bookmark: _Toc7515786][bookmark: _Toc7515813][bookmark: _Toc7683662][bookmark: _Toc7698972][bookmark: _Toc7712536]The maximum number of RRC segments should be 10.
[bookmark: _Toc7515787][bookmark: _Toc7515814][bookmark: _Toc7683663][bookmark: _Toc7698973][bookmark: _Toc7712537]The maximum size for the UE capability information is implicitly limited by the max number of RRC segments.

Conclusion
In Section 2 we made the following observations:
Observation 1	Based on TR 23.743, RRC needs to support segmentation up to at least 8 segments.
Observation 2	SA2 has not defined any upper limit for the size of the UE capabilities.
Observation 3	TR 23.743 defines that the segmentation function should be simple, both in terms of complexity (MIPS) and memory requirements.
Observation 4	Allowing large UE capability messages increases the memory requirements in both in UEs and in RAN.
Observation 5	The testing effort increases when more RRC segments are allowed.
Observation 6	Allowing large UE capability information messages, and thus many RRC segments, means increased transmission time for such messages, in particular for UEs operating on the cell border.

Based on the discussion in Section 2 we propose the following:
Proposal 1	RAN2 should define an upper limit for the maximum number of RRC segments.
Proposal 2	RAN2 should discuss which UE capability message sizes that are reasonable for practical implementations and should define limits for these sizes.
Proposal 3	The maximum number of RRC segments should be 10.
Proposal 4	The maximum size for the UE capability information should be implicitly limited by the max number of RRC segments.
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