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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]; 

		
The overall goal is to study mechanisms to reduce the signalling over Uu, CN-RAN, CN-CN and RAN-RAN interfaces as well as the processing load in core and RAN (taking into account how frequently those message transfers and corresponding processing occurs) working in collaboration with RAN WG for the related RAN interfaces and CT4 for the CN interfaces and NFs.
The work is expected to proceed as follows:
· RAN2 is to determine whether the mechanisms to optimise the UE Radio Capability signalling over the air are applicable to NR only, or to both NR and E-UTRA and/or the Dual Connectivity options.	
-	Taking into account RAN requirements, determine whether the mechanisms to optimise the UE Radio Capability signalling is applicable to 5GS only, or to both 5GS and EPS, in coordination with RAN as needed.
-	Define an efficient representation of the UE Radio Capabilities, e.g. a UE capability identity that represents the actual UE Radio Capabilities (e.g. existing parameter such as IMEISV, an abstracted representaion of the UE capabilites, new parameters, or combination of them), scope (e.g. globally unique, unique per-PLMN, etc.) and the entity (e.g. operator, device manufacturer, standards body incl.3GPP, industry fora like GSMA) that performs the mapping from of a particular identity to a set of UE radio capabilities.
At minimum, the study shall consider the UE Radio Capabilities related aspects and any other optimisation if deemed necessary by RAN2. The study shall consider the possibility to change UE radio capabilities.




In this document, we address assumptions and define key issues for the RAN study. 
[bookmark: _Ref178064866]Discussion
Problem definition
The problem addressed with the new RAN SI can be summarized as (see also [5]): 

“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 [6]) that there is no maximum information element size on network interfaces. Thus, the main problem with the increasing size of UE capability information is captured through limitations on the air interface. 

[bookmark: _Toc525723166][bookmark: _Toc525817925]The main challenges to be solved in the SI are captured by the limitations on the air interface, i.e., the limitations outlined by RAN2 in the LS response to SA2.

RAN2 study Key Issues
In 3GPP TR 23.473, (the TR for the SA2 study) SA2 is listing a number of key issues and solutions, all very much related to the mechanisms including a UE Capability ID of some sort. The Key issues address for example how capabilities are identified, where they are stored and how they are managed. We think that while these are key issues for the SA2 study, the RAN study has other key issues: 

RAN-Key Issue #1: How are the UE capabilities retrieved by RAN node?
RAN-Key Issue #2: How are the UE capabilities signaled over the air?

These issues should be solved considering the overall goal to reduce signaling over Uu, CN-RAN, RAN-RAN interfaces as well as processing in RAN.

We believe that RAN should consider the work in the SI addressing the above 3 RAN-Key issues.

[bookmark: _Toc525723172][bookmark: _Toc525817931]RAN2 should address the following key issues in the study: 
RAN-Key Issue #1: How are the UE capabilities retrieved by RAN node?
RAN-Key Issue #2: How are the UE capabilities signaled over the air?


RAN-Key Issue #1 – How are the UE capabilities retrieved by RAN node?
In E-UTRA, there has been mechanisms for retrieving UE capability information both from the MME and from the UE, as well as to store the capabilities in the RAN. Although obvious, we state that the same options should apply also with future solutions.

[bookmark: _Toc525723167][bookmark: _Toc525817926]UE capability information can be retrieved by the RAN node either from the AMF or from the UE.

We think it makes sense to consider solutions where UE capability information from the UE and from the CN can be combined to result in applicable UE capability information for a UE in a gNB at a certain moment. This is important as, e.g., there may be capability information coming from the CN that needs to be changed at certain points in time for example, e.g., to address RAN-Key Issue #3. 

[bookmark: _Toc525723168][bookmark: _Toc525817927]UE capability information can be a result of combining retrieval of UE capability information from both the UE and from the Core Network.

RAN-Key Issue #2 – How are the UE capabilities signalled over the air?
The main goal for RAN2 is to, according to the SID, reduce signaling. All interfaces are mentioned, but for RAN2, in particular the air interface is relevant.
There are two mechanisms mentioned in the SID and in [7], we argue that these mechanisms should be studied separately, as they have different dependencies. Capability-ID based mechanisms will propagate to the core network hand have dependencies with the SA2 study whereas segmentation-based mechanisms are solely within RAN2 scope.
For RAN-Key issue #2, we think that both mechanisms should be considered. 

[bookmark: _Toc525723169][bookmark: _Toc525817928]For RAN-Key issue #2, both UE capability-ID-based solutions as well as segmentation solutions are relevant.

In addition, there is nothing that prevents use of UE capability-ID based solutions in combination with segmentation solutions should the amount of required UE capability information to signal from the UE exceed current limitations. The mechanisms should be considered complementary.

[bookmark: _Toc525723170][bookmark: _Toc525817929]Study of segmentation-based solutions can be conducted separate from studies of capability-ID based solutions and apply separate or in combination to solve RAN-Key Issue #2.

Currently, 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.  We assume that this is still a key functionality and that any solution to, in particular RAN-Key Issue #2 above, can be based on this possibility

[bookmark: _Toc525723173][bookmark: _Toc525817932]Solutions to RAN-Key issue #2 can be based on that there are mechanisms for requesting a subset of full UE capabilities from RAN to UE. 

Additional aspects and assumptions
The SID mentions that:

-	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
First and foremost, we interpret this as a backwards compatibility aspect and consider this an obvious part of any study. Thus, we don’t consider this any “key issue” from a technical perspective. 
What can be considered an issue though, but more from the perspective of what to include in Release 15, is whether any parts of, perhaps in particular the segmentation-based solutions can come to apply also for, e.g., release 15 late drop and in that case, if such mechanisms should be prioritized to study first. We think this should be discussed. 
[bookmark: _Toc525723174][bookmark: _Toc525817933]RAN2 to discuss whether there are aspects, in particular for segmentation-based solutions that can become relevant to include already in Release 15 and if such mechanisms should be studied first. 
Conclusion
In section 2 we made the following observations:
Observation 1	The main challenges to be solved in the SI are captured by the limitations on the air interface, i.e., the limitations outlined by RAN2 in the LS response to SA2.
Observation 2	UE capability information can be retrieved by the RAN node either from the AMF or from the UE.
Observation 3	UE capability information can be a result of combining retrieval of UE capability information from both the UE and from the Core Network.
Observation 4	For RAN-Key issue #2, both UE capability-ID-based solutions as well as segmentation solutions are relevant.
Observation 5	Study of segmentation-based solutions can be conducted separate from studies of capability-ID based solutions and apply separate or in combination to solve RAN-Key Issue #2.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 should address the following key issues in the study:  RAN-Key Issue #1: How are the UE capabilities retrieved by RAN node? RAN-Key Issue #2: How are the UE capabilities signaled over the air? RAN-Key Issue #3: How are the dynamics of UE Radio capabilities managed?
Proposal 2	Solutions to RAN-Key issue #2 can be based on that there are mechanisms for requesting a subset of full UE capabilities from RAN to UE.
Proposal 3	RAN2 to discuss whether there are aspects, in particular for segmentation-based solutions that can become relevant to include already in Release 15 and if such mechanisms should be studied first. 
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