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1	Introduction
RAN plenary # 80, approved a new SID on UE Capability Signaling Optimization[1]. The objective of the study is to address [copy from SID]; 
- 	Optimizations of RAN procedures pertaining to the transfer of UE Radio Capabilites related information to RAN over the radio interface (RAN2), X2/Xn interface (RAN3) and to the Core Network over N1/S1 interfaces (RAN3).
The overall goal is to study mechanisms to reduce the signalling over Uu, CN-RAN, RAN-RAN interfaces as well as the processing load in RAN (taking into account how frequently those message transfers and corresponding processing occurs) working in collaboration with SA2.
The work is expected to proceed as follows:
-	RAN2 to study mechanisms to optimise the UE Radio Capability signalling over the air while addressing the limitations of radio protocol interface:
[bookmark: _Hlk525720353]-	[to be discussed with higher priority] using UE capability identity (in coordination with SA2) and 
-	using other means (e.g. compression, segmentation). 
-	RAN2 to study and define the interaction between the above mechanisms and the signaling of UE Radio Capability mechanism over the radio interface specified as of Rel-15
-	RAN3 to study in coordination with RAN2 and SA2 means to reduce the signaling over CN-RAN and RAN-RAN interfaces.
The study shall consider the possibility to change UE radio capabilities according to TS23.501 (in coordination with SA2).
As part of the study and in coordination with other WGs it should be concluded whether to proceed with normative work.
In this document, we discuss the segmentation solution(s) to reduce size of capabilities.  
[bookmark: _Ref178064866]2	Discussion
2.1	Problem definition
As discussed also in paper [4]: the problem addressed with the new RAN SI can be summarized as (see also [2]): 
The maximum anticipated size for combined size of the E-UTRA, NR SA, and DC radio capabilities might be very large (several tens of kilo-octets). Currently the PDCP protocol limits the single-shot capability signaling to 8188 octets in E-UTRAN and 9000 octets in NR and it has been observed that UE with E-UTRAN capability only has reached such limit. With the addition of NR SA and DC capabilities, the total combined size is expected to increase several times and well exceed air interface limit. 
It was previously also assumed that there were problems on network interfaces but RAN3 responded to SA2 (see [3]) that there is no maximum information element size on network interfaces. Thus, the main problem with the increasing size of UE capability information is due to limitations on the radio interface. 
[bookmark: _Toc525723166][bookmark: _Toc525817925][bookmark: _Toc525833105][bookmark: _Toc525849478][bookmark: _Toc525858820]The main challenges to be solved in the SI are the limitations on the radio interface, i.e., the limitations outlined by RAN2 in the LS response to SA2.
The main goal for RAN2 is to, according to the SID, reduce signaling. All interfaces are mentioned, but for RAN2, in particular the radio interface is relevant.
Even if RAN2/SA2 would introduce an ID based mechanism to reduce how often capabilities are transferred over air, it does not solve the fact that the capabilities need to be transferred over air sometimes, e.g., during the initial attach or when a new UE ID model is introduced. 
Currently, maximum PDCP SDU size sets the hard limit for capability transfer over air. It is evident that there need to be means to transfer overall capabilities (full capabilities) over air and not relying on other means like storing them only in data-base.
There are different means to tackle this problem as discussed in the following.
2.1.1	Limiting size of capabilities
RAN2 has been working over years to find a solution to reduce size of UE capabilities. This started in LTE and continued in NR. 
In LTE, the core of the problem is that many baseband processing related capabilities (MIMO, CSI processes…) are linked to band combinations. Due to this, the UE may need (or is allowed) to signal multiple sets of capabilities to reflect different alternatives how the features can be configured. On top, measurement gap signalling is heavy in the size.
 In LTE, some means have been introduced to reduce size of signalling:
1) Network can request particular bands to be reported
2) Network can request particular amount of carriers to be reported
3) Fallback band combinations are omitted

These mechanisms can reduce the size of capabilities in certain scenarios but not always. Amount of band combinations supported in particular networks can be large. Especially, with EN-DC this problem can be apparent.
In NR, the overall structure of capabilities has been redefined. The intention is to separate band and band combination related capabilities from the baseband and feature related capabilities. The structure adopted introduces feature combination sets that are linked to band combinations. In principle, this reduces the size of capabilities but the problem is still that many capabilities are per band combination. As compared to LTE, in NR also many L1 feature capabilities are per band combination and there is a large amount features already in the first release of NR. 
[bookmark: _Toc525833106][bookmark: _Toc525849479][bookmark: _Toc525858821]RAN2 should take current mechanisms to reduce capability size in to consider. 
2.1.2	Splitting capabilities into parts
As discussed in the previous section, there are mechanisms for both E-UTRAN and NR to request only a subset of capabilities from the UE, i.e., the UE does not need to provide its full set of capabilities for all possible frequency bands etc., but only capabilities that are relevant for a certain gNB/ng-eNB/eNB.  
By this way it is possible to split capabilities and transfer those in chunks over air (even the total size remains same). E.g. the network can first request capabilities related to certain bands and then later related to another bands. By this approach, the network can collect the full set of the capabilities eventually. 
We assume that this is still a key functionality for capabilities. However, the split of UE capabilities into FeatureSets and BandCombinations makes it difficult to merge several filtered capability subsets as discussed in our paper “Correction to UE Capability Enquiry for EN-DC”. 
[bookmark: _Toc525723173][bookmark: _Toc525817932][bookmark: _Toc525833111][bookmark: _Toc525849481][bookmark: _Toc525858822]RAN2 consider splitting of capabilities by separate enquires as one solution to reduce size of capability structure transferred over air. 
2.1.3	Segmentation of RRC messages/IEs. 
As compared to splitting of capabilities into multiple parts and requesting them one by one, a simpler approach is to segment capability containers in the bit level. This means that independent of the content of capabilities, those are segmented into pieces and then transferred over the air as separate SDUs. This is similar to RLC segmentation.
In principle, such segmentation could be done in PDCP level or RRC level. The gain of doing segmentation in RRC level is that PDCP header format as well as ciphering etc. is not impacted. LTE RRC already uses segmentation for ETWS and CMAS messages.
It should be noted that there are also other issues which result large RRC messages. Especially, currently it has been discussed that RRCReconfiguration message to configure lower layers can increase to be large especially if multiple CSI-RS and RACH resources are configured. This problem has been discussed in email discussion [103#46].  
[bookmark: _Toc525723171][bookmark: _Toc525817930][bookmark: _Toc525833112][bookmark: _Toc525849482][bookmark: _Toc525858823]RAN2 should study RRC level segmentation to split RRC message into multiple parts. The same solution can be used both for capabilities and reconfiguration messages.
2.1.4	Increasing PDCP SDU size
[bookmark: _Toc525723174][bookmark: _Toc525817933]Finally, one approach is to increase the maximum PDCP SDU size. Besides the need to define new protocol headers with larger length fields in UP protocols, it would have significant impact on the implementation on network and UE side. Already in the study phase of NR the maximum PDCP PDU size has been discussed extensively and RAN2 concluded to set the limit at 9 Kbyte since that is what is typical supported by hardware components and interfaces. 
[bookmark: _Toc525849483][bookmark: _Toc525858824]Do not consider increasing the PDCP SDU size for the purpose of supporting larger RRC messages. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The main challenges to be solved in the SI are the limitations on the radio interface, i.e., the limitations outlined by RAN2 in the LS response to SA2.
Observation 2	RAN2 should take current mechanisms to reduce capability size in to consider.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 consider splitting of capabilities by separate enquires as one solution to reduce size of capability structure transferred over air.
Proposal 2	RAN2 should study RRC level segmentation to split RRC message into multiple parts. The same solution can be used both for capabilities and reconfiguration messages.
Proposal 3	Do not consider increasing the PDCP SDU size for the purpose of supporting larger RRC messages.
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