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1	Introduction
This document is the report of the following email discussion:
[POST132][017][6G] RRC structure – modular design (Nokia)
	Intended outcome: Highlight the issues/problems we want to address/solve, and discuss how some of suggested proposals/definitions of modules solve the problems.  Examples must be provided.   This includes ASN.1 modularization
	Discuss details of questions for email discussion on an offline during the meeting
	Deadline:  Two phase: 1) identify issues and 2) suggested solutions/definitions of modules/examples 
	Long

This was related to the following agreements made during RAN2#132:	

Study what we want to achieve, what are the main problems to address based on lessons learned from 5G

Agreements
1. Delta configuration is still useful in 6G to reduce signalling overhead.
At least the following issues have been identified
2. Issue identified: The need code introducing additional restraints (e.g., Need S) and conditions (e.g. conditional presence) are the main causes of implementation complexity and compatibility issues in delta configuration
3. Issue identified - The ambiguity "Functionally mandatory UE configuration parameters can be absent in over-the-air RRC messages for initial configuration of a feature/functionality" is very common in 5G RRC signalling. 
4. Issue identified - The ambiguity "UE configuration parameters which shouldn't be modified after initial configuration of a feature/functionality can be sent in subsequent over-the-air RRC messages with new values" is relatively common in 5G RRC signalling.
5. Goal is to address the issues 

Agreements
1. Issue identified: UE can only apply a part of RRC reconfiguration.  NOTE this is not related to IODT issue.
2. Study how to solve the issue


The discussion will be conducted in two phases: 
1) The first phase focuses on collating the known problems  in 5G RRC and runs until January 4th, 2026. 
2) The second phase provides conclusions from the first phase and discusses the definition of modularity as well as potential solutions to address the problems, and runs until January 23rd, 2026. 
Companies should provide as much details as possible for both the known problems and for the proposed solutions to best progress the discussion.

2	Contact Points
Respondents to the email discussion are kindly asked to fill in the following table.
	Company
	Name
	Email Address

	Nokia (Rapporteur)
	Tero Henttonen
	tero.henttonen@nokia.com

	Ericsson
	Håkan Palm
	hakan.l.palm@ericsson.com

	MediaTek
	Pasi Laitinen
	pasi.laitinen@mediatek.com

	Lenovo
	Prateek Basu Mallick
	pmallick@lenovo.com

	OPPO
	Qianxi Lu
	qianxi.lu@oppo.com

	Xiaomi
	Xiao XIAO
	xiaoxiao26@xiaomi.com

	LGE
	Han Cha
	han.cha@lge.com

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



3	Discussion 
3.1	Phase 1: Issues and problems in 5G RRC structure
Several contributions in RAN2#132 discuss known problems in 5G RRC, with many discussing also solutions. To progress with the work, it would be good to aim for consensus on two principal things: What are the main technical challenges companies see in 5G RRC, and what are the detailed aspects in each challenge that should be addressed. For the first aspect, companies are requested to provide views on what they see as the main problems in 5G RRC below, while also providing details of the problems under the sub-sections in 3.1.X.
3.1.0	Main problems in 5G RRC 
The purpose of this section is to collect what the companies see as the “main” problems in 5G RRC signalling structure, e.g. in a similar format as in ZTE R2-2508406 shown in Figure 1:
[image: ]
[bookmark: _Ref216862776]Figure 1. General signalling structure issues in 5G RRC (ZTE R2-2508406)
Question 0: What do companies see as the main problems in 5G RRC among the ones listed under following sections (i.e. 3.1.X after this section)? 
	Answers to Question 1

	Company
	Main problems (further clarified under 3.1.X)
	Why these problems are most relevant?

	Ericsson
	The deeply nested structure made it complex to evolve the specification and creates ambiguities. E.g. does a child-element in the configuration inherit a property from a parent (if so, which?) or rather from another element in another branch (if so, which?)?
	The ASN.1 configuration structure should make it easy to add and configure new functionality in subsequent releases of a generation. Ambiguity and complexity in this structure makes it less likely that the corresponding features appear in the market and that they work as expected. 

	MediaTek
	Overall, we see 5G RRC structure as relatively good baseline for 6G RRC. We also tend to think that 5G RRC already has at least some kind of modular structure, as (configuration of) several functionalities are isolated to different top-level IEs, such as RadioBearerConfig, MeasConfig, etc. Also (configuration of) some functionalities/features have separate messages, such as MBS and logged measurements. However, for some parts of the RRC structure, notably the structure within CellGroupConfig, simpler structure would alleviate problems.
Of the problems listed in 3.1.X, we think the following two (in this order) are the main problems:
1) Implementation expense/effort due to non-machine-readable RRC configurations (3.1.6)
2) Deeply nested RRC protocol structure (3.1.1)
	Issue: The lacks in machine readability of ASN.1 make implementation of robust devices very costly.
We explain this in detail as an additional problem in 3.1.6.

Issue: Deeply nested RRC structure makes it increasingly costly and error-prone to specify and implement new features.
We explain this in detail in 3.1.1.

	Lenovo
	Readability: RRC is one of the mammoth 3GPP specifications
Implementation and testing are tightly related to readability. Difficult to read specification leads to implementation and testing issues.
	It is not that the RRC specification is/ was written in a complex way but over several releases, features, it has become so. Ideally it should be possible to read the specification and to implement only the parts necessary for the particular business e.g., voice call (+emergency), data transfer for a typical smartphone (seen to us like upper layer PDUs), or IoT/ RedCap, NTN etc. without reading the specification line by line to see which lines/ paras are relevant for "me" and which can be ignored - without a fear of misjudgment among implementors. 
The same applies to ASN.1 structure as well. The nesting/ delta-signalling, complicated structures are "symptoms"; the root cause could be that indeed it is difficult to "modularize" the specification. The other way to look at this is: as we have separated RRC Idle and Connected state implementation, if we had also similar segregation for other RRC functions as well, the reading and implementation would be much easier and more accurate - reducing testing costs and effectiveness. It is not that the current specification is not modular at all, in fact as MediaTek pointed out, we do have separation among certain features/ procedures…but further improvement could be studied. This would have the potential to reduce IoDT cost and effectiveness. The main question is then "how to do it" – device types wise or procedure wise, or both…should be attempted in the solution phase.


	Xiaomi
	Deeply nested signalling structure (3.1.1)
Complicated RRC signalling structure (3.1.2)
Limiting the implementation to device types (3.1.5)
	As we clarified in later suclauses, the deep nested signalling structure can lead to excessive signalling overhead (also impacting the benefit of applying delta signalling), and result in complexity/difficulty for NW configuration and extending new features, so it needs to be avoided from the signalling design perspective whenever possible. The issues of complicated RRC signalling structure and limiting implementation to specific device types discussed in later subclauses can result in UE implementation complexity and inefficient signalling processing at UE, and thus should be well addressed in 6GR RRC signalling design facilitating UE implementation. 

	LGE
	Excessive depth of nested structure is root cause of several problems.
	We think that the nested structure itself is not a problem. However, defining too many configurations under one IE (e.g., ServingCellConfig) brings signalling problems such as feasible (according to spec) but risky delta signalling, confining efficient and flexible way of defining configuration, etc.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Summary 0: TBD.

3.1.1	Deeply nested RRC protocol structure 
Several companies (MediaTek R2-2508112, TCL R2-2508175, CATT R2-2508098, ZTE R2-2508406, Apple R2-2508450, Ericsson R2-2508614, Samsung R2-2508874, CMCC/NTT DOCOMO/Turkcell/ChinaUnicom/Nokia R2-2509077, Xiaomi R2-2508080, LG R2-2508139, Nokia R2-2508349, Interdigital R2-2508386, Ofinno R2-2508631) mention or discuss the deep nesting of 5G RRC structures, for example the simplified structure of RRCReconfiguration (e.g. as per Figure 2 from ZTE R2-2508406), the CellGroupConfig structure focused on BWPs (e.g. as per Figure 3 from LG R2-2508139) and PDCCH configuration structure (e.g. as per Figure 4 from MediaTek R2-2508112).
[image: ]
[bookmark: _Ref216862541]Figure . Simplified structure of RRCReconfiguration in 5G RRC (ZTE R2-2508406)



[bookmark: _Ref216862545]Figure . Hierarchy of CellGroupConfig focused on BWP specific configuration for SpCell (from LG R2-2508139).
[image: ]
[bookmark: _Ref216862555]Figure . Description of RRC configuration structure for PDCCH configuration (from MediaTek R2-2508112).
The stated problems from the deep nesting vary, but the stated problems are NW configuration errors (e.g. Xiaomi R2-2508080), difficulties in delta signalling (e.g. Xiaomi R2-2508080, Ericsson R2-2508614), dependency issues (Interdigital R2-2508386), and a lot of the problems seem to be about specification creation and maintenance issues leading to IODT problems.
To better conclude on the deep nesting problem, companies are requested to indicate if they agree this is a problem and if they do, also provide concrete examples of the actual problems to better converge on the details. 

	Explanation of the problem with deep nesting

	Company
	Problem to be solved with the RRC deep nesting

	Ericsson
	LTE’s and NR’s RRC ASN.1 messages use a tree-like data structure for configuring protocols, channels, and signals. RAN2 tried to group those functional elements by their (seemingly) common properties such as frequency domain position/width, synchronization, numerology, duplex mode (FDD/TDD), or protocol relations (PDCCHPDSCH). This worked well initially (e.g. in LTE Rel-8) but fell apart when later releases allowed to configure other dependencies and parameters explicitly. From then onwards, the hierarchy started to contradict other parts of the configuration or the procedural text. 
Note that the most prominent grouping level “Serving Cell” lost most of its original meaning. Channels and signals that are grouped in a Serving Cell don’t share the same frequency-domain bandwidth/position, the same numerology nor the same SSB as root QCL reference. 

	MediaTek
	Yes, this is a problem.

One key principle of 3GPP protocol definition is incremental addition of new features while preserving backward compatibility. Deeply nested RRC protocol structure (within CellGroupConfig) makes this difficult in practice, as the nested structure once defined for the initial set of features cannot be changed, even if new features would not fit the original structure well. Due to this, the structure decays when more and more features are added, making it increasingly costly and error-prone to specify and implement new features.

Within dedicated RRC signalling (RRCSetup/RRCResume/RRCReconfiguration), separation of UE configuration of a single BWP, or a single physical channel within a BWP, into common and dedicated IEs makes the signalling complex without providing functional benefit. This complexity is source of interoperability issues and increases R&D costs of UEs, networks, and test equipment. Within dedicated RRC signalling, it would be more straightforward to configure single physical channel (of a BWP) with single IE. (The reuse of the same IEs between dedicated RRC signalling and system information should be avoided to implement this properly.)

	Lenovo
	No doubt nesting makes our RRC specification today look overly complex, but the tree-like structure inherently is meant to not just populate information but do it in a logical way. The Child nodes ideally must be ‘related’ to parent node, and this makes the ‘structure’ easy to understand. The problem comes when a child (grand…child) grows and gets popular i.e., is added/ extended which is ideally better (more frequent) accessed without having to traverse the entire tree e.g., PRACH Config. Whether to have separate definitions (or just extend) is related but separate definition, dealt in another Email Disc. For this thread, in some cases, it can be useful to go ‘horizontal’ rather than going ‘deeper’, making its maintainability and accessibility easier. 

	OPPO
	The nested structure itself is not inherently problematic. 

The rationale for grouping multiple parameters within a shell (i.e., enclosed in {}) is to associate related parameters that collectively define a same feature. This grouping ensures that these parameters are either all included or excluded together, thereby improving signaling efficiency by sharing a common optionality bit. From this perspective, the nested structure serves a valuable purpose. Conversely, an overly simplistic approach, such as placing all parameters in a single flat layer, would also be problematic. Also, striking the right balance is challenging, as there is no clear-cut rule for determining the optimal depth of nesting.

From our view, the true issue lies in the current nesting structure's lack of alignment with feature organization, as discussed in Section 3.1.2 and 3.1.5. In other words, as long as parameters are logically grouped by feature, even a deeply nested structure can be viable.

	Xiaomi
	The tree-like signalling structure is to organize the parameters in a logical way, where the child IEs/fields that are relevant to the same parent IE/field or of the same granularity are gathered, showing the functional relationship with each other and with the upper layer IE/field. From our perspective, one of the main factors that affect the nested level is the granularity of the IEs/fields, since the parameters/fields of a finer granularity (e.g., at BWP/channel level) seems to be usually located at a deeper nested level, as shown in the figures cited above. Also, as companies pointed out above, the issue becomes aggravated with new features introduced release by release in NR. 

Whereas there is not much RAN2 can do to impact the granularity itself of those "finer-grained" parameters/fields (as they are mostly L1 parameters), RAN2 may consider the following issues/aspects from signalling organization perspective to avoid "overly" deep nested signalling structure:
· Whether/when to apply a flatten signalling structure with referencing across IEs/fields at the same/different nested levels (but this, if really feasible, needs to be well balanced with the complication of cross-configuration referencing as discussed in following 3.1.2 and in another email discussion);
· Whether/when to rely on a separate IE definition which has simpler signalling structure w/o many nested levels to specify configurations of specific functionalities/features, than directly introducing/extending them within deep nested level IEs. 

	LGE
	Deep nesting structure causes dependency in terms of delta signalling among configurations, in which features are actually not related or associated to be configured. For example, BWP configurations are signalled with depth-5 or 6 structure. Such depth of BWP configuration results in numerous relations with other configurations. Delta configuration of BWP configuration shall be signalled along with other configurations that are not intended to be changed. It brings complexity such as network should be aware of feasible delta signalling for configurations of all related features, in which network does not intend to support.

	
	

	
	

	
	

	
	

	
	



Summary 1: TBD.

3.1.2	Complicated RRC configuration structure 
Several companies (MediaTek R2-2508112, TCL R2-2508175, CATT R2-2508098, ZTE R2-2508406, Apple R2-2508450, Ericsson R2-2508614, Samsung R2-2508874, CMCC/NTT DOCOMO/Turkcell/ChinaUnicom/Nokia R2-2509077, Xiaomi R2-2508080, LG R2-2508139, Nokia R2-2508349, Interdigital R2-2508386, Ofinno R2-2508631) discussed the complexity of the 5G RRC structures (e.g. as per Figure 5 from Samsung R2-2508874).

[image: ]
[bookmark: _Ref216862589]Figure . Linkages between different functionalities in 5G RRC (Samsung R2-2508874)
This is an example of the more general 5G RRC protocol complexity (which is also a generalization of the deep nesting discussed in 3.1.1), a lot of which is due to the complex structure of the L1 parameters (as pointed out by e.g. ZTE R2-2508406 for general structure, LG R2-2508139 for BWP configuration and Xiaomi R2-2508080 for MIMO evolution). This leads to e.g. large signalling size (as pointed out by e.g. Nokia R2-2508349), which reduces network efficiency for messages over SRBs.
To better conclude on the configuration complexity, companies are requested to indicate if they agree this is a problem and if they do, also provide concrete examples of the actual problems to better converge on the details. 

	Explanation of the problem with configuration complexity

	Company
	Problem to be solved with the complex RRC configuration

	Ericsson
	The picture above (Samsung in R2-2508874), hints to valid problem: RAN2 thinks too much about high level features such as “Dual Connectivity”, “Mobility” or “Bandwidth Adaptation” and tries to build a hierarchical signalling structure reflecting those features. 
That should be avoided since it makes the signalling more difficult to evolve and creates unnecessary duplication. RAN2 should start earlier to think in terms of low-level functions, i.e., physical signals, physical channels, protocol entities, report types, … and find efficient ways to signal those irrespective of one specific feature being worked on. 
E.g. NR has a large signalling structure for configuring RRM measurements and a second signalling structure for configuring CSI measurements. There are differences in functionality but in principle both structures inform the UE about reference signals to measure, quantities to report and triggers upon which the UE shall send the reports. This adds complexity and signalling overhead. 

	MediaTek
	Yes, this is a problem.

Complexity is a source of performance bottlenecks in mobility procedures, as even seemingly simple UE configuration update requires signalling of large set of IEs, as the L1 parameters are scattered 'here and there' within the structure. To improve the mobility performance over what can be in practice achieved in 5G LTM, the configuration structure should be defined in such way that minimal number of IEs need to be signalled/reconfigured upon simple mobility procedures (such as inter-TRP mobility within same gNB, etc.)

	Lenovo
	Configuration complexity, as the name suggest is a problem. Question is with myriad of information requiring signalling how much can be simplify. As the as per Figure 5 from Samsung R2-2508874 shows, the ‘modules’ will be related to each other and structures/ functionality of one will have to be invoked by the other. Perhaps the only thing is to have minimum features on the plate, also in later releases. For example, DC needs the most complicated configuration and at the same time beyond “compulsory” ENDC, hasn’t been a huge success for 5G.

	OPPO
	We acknowledge this as a potential issue, but it remains uncertain whether R2 can establish a robust framework for parameter grouping/categorization at this stage - particularly before delving into Stage-3 specifics. Moreover, anticipating how features might evolve in future releases presents an inherent challenge.

To elaborate, designing a "modular RRC" architecture requires identifying a dimension for parameter grouping that minimizes inter-module coupling (a known issue in 5G ASN.1, where module interdependencies are notably high). However, defining such an approach is difficult without clarity on:
1. The features to be supported in 6G Day-1,
2. The configurable parameters involved, and
3. How these features may evolve in subsequent releases.
For instance, the functions outlined in 8874 (e.g., AC, BWP adaptation, CA, DC, Mobility, V2X) reveal significant coupling in-between already..

	Xiaomi
	We understand that the complicated RRC configuration concerned here is mainly related to the problems that:
· the configuration parameters of some functionalities (though related to basic functionalities, e.g., connection management, measurements, security, etc. as in Figure 1) are linked/coupled with nearly all features/device types, even if a portion of those functionalities are not applicable or even irrelevant to some specific features/device types;
· the related parameters of the features/device types introduced in later releases have to be added/extended into the existing IEs of those basic functionalities, due to the signalling structure built in NR Day 1. 

The problems above can lead to the consequence of inefficient signalling processing at the UE (which has to parse all irrelevant parameters even though set as absent) and excessive signalling overhead for the UE with certain features/device type. 

We think this could be an issue which can be taken care of in 6G RRC signalling design, and decoupling of the configurations of independent features/functionalities is proposed as one main targets for the modularization by a couple of contributions. However, at the same time to pursue a so called "self-contained" features/functionality specific module design, duplication of the same configuration across configurations/IEs also needs to be avoid whenever possible/needed, as duplicating same configuration (e.g., reference signal for CSI-RS measurements, as mentioned above by companies), even for different purposes, is also one cause of complexity and excessive signalling overhead.

	LGE
	We think the issue should be handled based on clear definition of the problem, rather than high-level statement. To begin with, we are not sure that current functionality-based RRC structure (e.g., system information, RRC connection management, measurements, security) is truly complicated. In our understanding, it provides forward-compatible principle to define a new feature by representing the new feature as a combination of the RRC functionalities. Rather than high-level structure, we think that the way of placing feature-specific IE(s) into the IE for functionalit(-ies) should be discussed. As a starting point, we propose to identify which feature is problematic.

	
	

	
	

	
	

	
	

	
	



Summary 2: TBD.

[bookmark: _Hlk216862950]3.1.3	Delta signalling ambiguities (leading to e.g. frequent full configurations) 
This topic is included as a reminder that this was raised as a problem by many companies. However, the email discussion “[POST132][018][6G] ASN.1 structure” is already handling the details of delta signalling design, so this discussion should avoid this topic unless something cannot be raised directly there.

3.1.4	Maintainability of RRC specification
The difficulty in specification creation and maintenance is also mentioned by many companies as a problem in 5G, stemming from the complexity (e.g. as discussed in 3.1.2) and delta signalling (e.g. as discussed in 3.1.3). In particular, the following maintainability problems are mentioned: 
· Error-prone structure due to incremental changes in RRC releases (Sharp R2-2508220, Interdigital R2-2508386)
· Some RRC rules (e.g. need codes) are not machine-readable (Ericsson R2-2508614, MediaTek R2-2508112, Huawei R2-2508618)
· Determining validity of received RRC configuration is difficult, including use of ASN.1 constraints (MediaTek R2-2508112, Toyota R2-2508649)
· Massive use of non-critical extensions complicates configurations and extensions (Ericsson R2-2508614, Interdigital R2-2508386)

To better conclude on the maintainability problems configuration complexity, companies are requested to indicate if they agree this is a problem and if they do, also provide concrete examples of the actual problems to better converge on the details. 

	Explanation of the problem with maintainability of RRC specification

	Company
	Problem to be solved with RRC specification maintainability

	Ericsson
	We agree with MTK and others that the continuous extensions of large IEs make it difficult to describe allowed parameter combinations unambiguously. In some cases it may be preferable to create a new critical extension of an existing configuration IE (e.g. PDSCH-Config-r22) instead of amending the original PDSCH-Config. Of course, the signalling structure must be well-prepared for those critical extensions to avoid excessive overhead and changes in other parts of the spec. 
Note that NR prepared for critical extensions in the “General Message Structure” (6.2.1) where they were used as intended. NR also introduced such placeholders in the “Message definitions” (6.2.2) and for some top-level IEs (e.g. RRCReconfiguration). However, on these high levels they were not used and should not be used! A critical extension on such high hierarchy level would require RAN2 as well as UE and network implementations to maintain both.  

	MediaTek
	Yes, this is a problem. 

The difficulty of maintaining the spec is partly related to machine-readability, in that it is difficult for delegates to determine when the intended behaviour is correctly specified, and more automated checking with relation to the semantics of the spec, not just the syntax, would help with this problem. However, we think there is a bigger ecosystem impact from the related difficulty of implementation, as described further in 3.1.6 below.

We generally agree that the accumulation of complex structures over successive releases makes maintenance difficult, but we should remember that our current practices (largely inherited from LTE) are a big advance over what we had in UMTS, i.e., it could be much worse.

	Lenovo
	Yes, as explained earlier, we see readability and maintainability go hand in hand.

	OPPO
	It seems overlapping with the [POST132][018][6G] ASN.1 structure, clause 3.1 and 4.1/4.2.
Or maybe proponent can clarify what is the delta part.

	Xiaomi
	This issue becomes obvious with new features being introduced release after release in NR RRC, mainly related to the massive extensions introduced in later releases. Hence in 6GR the RRC signalling structure from Day-1 should be designed in a forward-extensibility friendly way, and the way of extensions to be used when introducing new features/parameters will need to be well contemplated in later releases (when the new features/parameters really come).

	LGE
	We acknowledge that the second statement is a problem, i.e., poor machine-readability for some conditional parameters (e.g., need S, conditional presence). These parameters may bring ambiguity how to handle such parameters during, e.g., handover procedure, which may be resulting in RRC reconfiguration failure and thus degrading user experience – However, this problem have been discussed in [018] email discussion, as pointed out by OPPO. We think this problem should be not be handled in this email discussion.

For the other statements, we are not clear what is the real problem of these. The other statements seem to a consequence of the second statement. RAN2 should discuss issue(s) not overlapped with other problem.

	
	

	
	

	
	

	
	

	
	



Summary 3: TBD.

3.1.5	Limiting implementation to specific device types
Several companies (Apple R2-2508450, KT R2-2508510, Ofinno R2-2508115, ETRI R2-2508852, Qualcomm R2-2508758, Samsung R2-2508874, CMCC/NTT DOCOMO/Turkcell/ChinaUnicom/Nokia R2-2509077, vivo R2-2508051, OPPO R2-2508115, ZTE R2-2508406, Panasonic R2-2508414) also mention the applicability of configurations to specific types of devices as a form of “modularity”, with the problem being the monolithic 5G RRC architecture that makes it difficult to allow UE implementations to only implement those features that relate to a specific feature type: As per 5G RRC, all UEs must still comprehend the entire ASN.1 schema to receive the signalling, even if they do not support specific features enabled by the schema. In particular, interwoven signalling structure for different features (e.g. as per Figure 6 Huawei R2-2508618) and lack of being able to separate device type-specific configurations (e.g. as per Figure 7 from Qualcomm R2-2508758 and Figure 8 from CMCC R2-2509077) are cited as problems.
[image: ]
[bookmark: _Ref216862623]Figure 6 Feature support by different devices (Huawei R2-2508618)
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[bookmark: _Ref216862613]Figure 7 “Modularity” as a way to support different device types (Qualcomm R2-2508758)
[image: 模块化协议栈9.30-10.21-2(1)]
[bookmark: _Ref216862617]Figure 8 “Modularity” as a way to support different device types (CMCC et.al R2-2509077)

To better conclude on the problems imposed by not being able to have device-type specific configurations, companies are requested to indicate if they agree this is a problem and if they do, also provide concrete examples of the actual problems to better converge on the details. 

	Explanation of the problem with device type – specific configurations

	Company
	Problem to be solved with device type – specific configurations

	Ericsson
	The described problems might be related to Samsung’s observation in R2-2508874 (see figure above in 3.1.2): RAN2 thinks too much in use-case- or deployment specific features. In some cases, this results in an unfavourable signalling structure which we should avoid in 6G.

However, irrespective of the use case or “device type” (low- vs. high-end), the network configures all UEs with at least one SSB, one CSI-RS, one PDCCH, one PDSCH, one PUSCH, one MAC entity, one RLC entity, one PDCP entity, one MeasObject, and so on. Hence, all devices must anyway comprehend the IEs for configuring those. We don’t think that this becomes easier if we build separate ASN.1 modules or high-level branches for such use cases or device types. 

On the contrary! If RAN2 would create modules and top-level IEs for specific use cases or for different device categories, RAN2 would need to evolve those in parallel and at least networks would need to implement and maintain them in parallel. This would make it even less likely than today that new use cases (associated with those specific configuration modules) gain market traction.

	MediaTek
	We do not see this a problem.

Comprehension of the entire ASN.1 schema is not a practical problem, as the UE only needs to identify and ignore/skip the fields/IEs related to the features the UE does not support. This functionality can be automatized already today.

Creation of modules for features or device types would cause similar problem which is faced today due to deeply nested structure (see 3.1.1), i.e., the modular structure would decay over time as the future (combinations of) features and device types cannot be foreseen today.
The 6G RRC structure should be generic in order to be extensible for a long time. This is one building block of making the features in subsequent 6G releases suitable candidates for implementation (opposed to what is the situation in 5G, where only very minority of features in R17, R18, R19 will ever be implemented).

	Lenovo
	The specification needs to be able to support device types that have potential and bring value to specific customers, satisfy specific needs. Whether we do it by creating device type specific procedures and data structure above a baseline or “merge” it into the baseline, should be the main discussion. In our view the prior is more readable and allows implementation and testing efficiency, bringing the cost down.

	OPPO
	We acknowledge this as a valid concern with clear benefits. Specifically, this approach would prevent Device Type A from necessity to process ASN.1 coding for features exclusively designed for Device Type B, thereby reducing unnecessary complexity.

From a feasibility perspective, this solution presents distinct advantages over the issue discussed in Clause 3.1.2. While the latter relies on functional dimensions for parameter grouping, device-type classification offers more concrete implementation benefits. Device types can be clearly identified during the study phase, unlike functional parameters which often only become fully understood during the later normative phase.

This consideration holds particular significance for 6G's success in vertical industry support. A notable shortcoming of 5G has been the bundling of all vertical features within ASN.1, resulting in excessive implementation complexity across different device types. Our proposed approach would address this architectural limitation.

	Xiaomi
	From our perspective, we share the issue raised by companies for NR RRC that the monolithic NR RRC signalling structure enforced UEs of all device types to have to understand the whole (big) ASN.1 schema, thus leading to UE implementation complexity and processing inefficiency. As per our input to issue 3.1.2, for configurations irrelevant to some specific features/device type, all UEs, irrespective of the device type/feature supported, still needs to parse/process all configurations it doesn't support, even if set to absent. 

We think this issue should be avoided whenever possible when we design 6G RRC signalling from Day-1, enabling an implementation friendly design to the UE vendors. With modularization, it is easy for UE/network to understand what parameters should be supported for a particular feature or device type, whereas at the same time, configurations for all features/device types should be put in common module in order to avoid duplication. 

	LGE
	We are not clear what is the point of the statement but the statement seems to pursuit optimization for UE implementation, in which have clear trade-off between network implementation. In our understanding, introducing device-type specific ASN.1 PDU definition causes complexity and overhead of network implementation and maintenance. 

	
	

	
	

	
	

	
	

	
	



Summary 4: TBD.


3.1.6	Implementation expense/effort due to non-machine-readable RRC configurations
R2-2508112 (MediaTek), R2-2508649 (Toyota ITC)
The lacks in machine readability of ASN.1 prevents automation of configuration validation. In practice, UE implementation needs to identify invalid configurations carried in RRC signalling (in order to recover gracefully from such scenario). Since many rules related to validity of configurations (such as Cond's) are not readable by ASN.1 compiler, the identification of invalid signalling requires manual implementation, which furthermore depends on interpretation of the (often complex) rules by implementers. This makes implementation of robust devices very costly.
To better conclude on the implementation expense/effort due to non-machine-readable RRC configurations, companies are requested to indicate if they agree this is a problem and if they do, also provide concrete examples of the actual problems to better converge on the details. 

	Explanation of the problem of implementation expense/effort due to non-machine-readable RRC configurations

	Company
	Problem to be solved with non-machine-readable RRC configurations

	MediaTek
	We see this as the largest practical problem with the 5G RRC spec today. There is some relationship to maintainability of the spec as we noted under 3.1.4 above, but in our view the larger issue is the difficulty and therefore expense of implementing the spec even after it has been “properly” specified and maintained.

	OPPO
	It seems overlapping with the [POST132][018][6G] ASN.1 structure, clause 3.2 and 4.2.
Or maybe proponent can clarify what is the delta part.

	Xiaomi
	Should have already been covered in [018]. Seems no need of duplicated discussion. 

	LGE
	Please see our comments on 3.1.4.

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Summary N: TBD.


3.1.N	Problem N (ADD if a problem was not accounted for)
Detailed explanation of the Problem N (provided by company N, with links to contributions).

To better conclude on the Problem N, companies are requested to indicate if they agree this is a problem and if they do, also provide concrete examples of the actual problems to better converge on the details. 

	Explanation of the problem N

	Company
	Problem to be solved with Problem N

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Summary N: TBD.


PHASE 2 PLACEHOLDER – to be filled in once phase 1 concludes! 

3.2	Phase 2: Solutions and modularity
Explain background
3.2.1	Summary of identified 5G RRC problems (from Phase 1)
TBA during phase 2: Full summary of identified problems during Phase 1
Proposal 1: TBD.
3.2.2	Proposed conclusions to 5G RRC problems (from Phase 1)
TBA during phase 2: Details of each company solution proposals for the problems
3.2.3	Modularity in 6G RRC
TBA during phase 2: Definition of modularity, e.g. via answers to following questions:
· Question: What is the definition of a modularity for 6G RRC? 
· Question: How should modularity for the RRC structure be defined in terms of ASN.1 module definition? 
· Question: What needs to be studied/understood in modularity? 
Proposal 2: TBD.


4	Conclusion
TBD.
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Annex A:	Company contributions on 6G RRC structure
R2-2509077	Modular design for 6GR Protocol	CMCC, NTT DOCOMO, Turkcell, China Unicom, Nokia	discussion	Rel-20	FS_6G_Radio
Observation 1: The following key issues from 5G commercialization should be addressed:
•	Protocol complexity, processing difficulty, and high maintenance overhead on both gNB and UE sides:
o	The deeply nested structure of NR RRC configuration framework is overly complex 
o	Full configuration (e.g., during initial configuration) results excessive signaling overhead
o	The NR RRC configuration with strong inter-IE coupling and internal cross-references, is difficult to maintain
o	Dispersed signaling configurations  results in the redundancy and mess in configuration signaling
•	Coupled protocol stack causes wasteful use of expensive hardware resources and energy, increasing  operator CAPEX and OPEX.
Observation 2: 6G necessitates a fundamental paradigm shift from a monolithic and "One-Size-Fits-All" protocol stack to a lean and modular protocol stack design based on the principles of "service-driven, module-decoupling, profile-based configuration" to meet the requirements of a pragmatic and simplified 6G.
Observation 3: Defining functional modules in RRC configuration, which means the protocol is organized not in "layers" but in "function chains", which means the Mapping Function entity takes the service use case as input and maps it to specific Control Plane Function Sets and User Plane Function Sets that need to be activated, such as "Mobility Management-Module" ,"Access Control-Module" ,“L2 Data Handling Module”and“Physical radio resource configuration-Module”, can alleviate the complexity resulting from the deeply nested NR RRC configuration framework with strong inter-IE coupling and internal cross-references..
Observation 4: Employing modular-based configuration will be friendly to the introduction of new features, as any modification impacts only on the related functional module, without requiring widespread updates across multiple layers. This also significantly simplifies testing and debugging of RRC code, reducing the need to verify impacts on the other parts of the code for minor changes. 
Observation 5: Modular-based configuration enables decoupling of RAN1 and RAN2 configurations, avoiding mismatches between the two groups and preventing design delays due to dependencies on inputs from other WG(s).
Proposal 1:   It is proposed to define functional modules in RRC configuration, organizing the protocol not in "layers" but in "functional modules",  such as "Mobility Management-Module" ,"Access Control-Module" ,“L2 Data Handling Module” , “Physical radio resource configuration-Module” and so on.
Proposal 2:  RAN2 can consider a baseline configuration for a given function can be defined to represent minimal or mandatory parameter sets in modular manner, while network can configure delta configuration deviations from the baseline modules. 
Proposal 3:  it is proposed to take the modular manner into the specific function study and design from the begining and synchronize this with RAN1 to make RAN1's input to be aligned with this modular manner. 
Proposal 4: whether the RRC configuration modules need to be associated to service types or device types can be further studied after relevant conclusions are reached in RAN plenary, RAN1 and RAN4.
R2-2508098	Considerations on RRC Structure and (re)configuration	CATT	discussion	Rel-20	FS_6G_Radio
RRC Structure
Observation 1: 5G RRC structure can be regarded as a single comprehensive module without detailed partitioning.
Proposal 1: To partition the ASN.1 content of RRC protocol as following:
-	Basic RRC modules: One general module + several common modules which have less/weak cross-coupling with other common modules, e.g. mobility, measurement;
-	Feature modules: Separate modules for specific features, e.g. NTN.
Proposal 2: General principle: For future enhancements to any feature module, aim at minimal impact on other feature modules and the basic RRC modules. 
Proposal 3: Once RAN2 reaches a decision on RRC modular structure, we should inform RAN1 and RAN4 to follow such structure in their work.
Delta Configuration for RRC signalling
Observation 2: Delta configuration can significantly reduce air interface signaling which should not be removed from 6G.
Proposal 4: Delta configuration and Need Code mechanism continue to be used for RRC signaling in 6G, with textual enhancements in the field descriptions (e.g., adding "mandatory functionality" clarifications or introducing writing templates to improve interpretability).
Failure of re-configuration
Observation 3: The overall probability of UE re-establishment in the field is approximately 2% to 3%, and re-establishment caused by the UE's failure to comply with partial reconfiguration messages account for only a small portion of the total re-establishment.
Proposal 5: RAN2 first studies the failure probability caused by the UE's inability to comply with the configuration, and then determining whether a partial success/failure mechanism is required.

R2-2508051	6GR RRC Structure and (re)configuration	vivo	discussion	Rel-20
Modular design
Observation 1: Motivations of RRC modular to be achieved at least support the following the goals and benefits:
	Motivation 1: Product developer can easily extract the ASN.1 codes corresponding to the supported features by the UE, i.e., facilitate the ASN.1 codes trimming corresponding to the unsupported features, which is conducive to the reduction of memory footprint, especially for cost-limited devices.
	Motivation 2: Different modules for different pairs of communication objects.
	Motivation 3: The improvement of the readability of the specification.

Proposal 1: The modular discussed in RAN2 should fucus on the modular of ASN.1 codes in the RRC specification. RAN2 to discuss the following two issues:
	Issue 1: the rules of how to divide ASN.1 codes into different modules?
	Issue 2: the principles of how to relate the modules (directly use the imported IEs from other modules, or the corresponding fields are defined as the type of OCTET STRING)?

Proposal 2: study the possible rules for module division, including:
	Rule1: feature dimension, i.e., one/several basic/common/mandatory modules + several additional optional modules. The additional optional modules may be vertical-specific/use-case-specific/device-type specific and can be discussed case by case.
	Rule2: dimension of pair of communication objects.
	Rule3: dimension of different WG. Further consider work group/protocol layer division, e.g., physical configuration as a separate module. FFS for PDCP/RLC/MAC. Discuss the possibility that physical configuration module is maintained by RAN1.

Proposal 3: RAN2 to study the improvement of ASN.1 encoding and decoding efficiency for OCTET STRING and consider the following principles:
	The IEs from a basic/common/mandatory module can be directly used by other modules after importing.
	The IEs from an optional module cannot be directly used by other modules. Instead, the corresponding field in other modules can be defined as the type of OCTET STRING. If needed, the UE further decodes the OCTET STRING. 
Delta configuration
Observation 2: Delta configuration method is beneficial to reduce SIB1 overhead e.g., Common SIB1 configuration is applied for all device types (with a large number of repetition transmissions), and Additional SIB1 configuration for specific device type, use delta signalling based on Common SIB1 (with no repetition transmissions). 
Observation 3: Delta configuration method is beneficial in scenarios where the typical information elements/parameters’ value range acquired in SIB retains for a UE transiting to RRC Connected from RRC Idle.
Observation 4: Delta configuration is the most effective way to reduce signalling overhead and should be the baseline in inter-node reconfiguration scenarios instead of relying on full configuration.

Proposal 4: Delta configuration study in 6GR considers to support the following use cases:
	Use case#1: Supporting delta configuration for broadcast system information, e.g, SIB1
	Use case#2: Supporting delta configuration between SIB1 and dedicated signalling
	Use case#3: Supporting delta configuration for dedicated signalling for inter-node reconfiguration 

RRC reconfiguration failure
Observation 5: Upon reception of an RRCReconfiguration message that cannot be applied, the UE takes the following baseline failure handling action for normal reconfiguration failure case in NR:
	If the UE's Access Stratum (AS) security has been activated, the RRC Connection Re-establishment procedure is triggered.
	Otherwise, the UE transits to RRC_IDLE.
Proposal 5: For handling 6G RRC Reconfiguration failure, we can start with triggering the RRC Connection Re-establishment procedure. However, to minimize communication interruption, we should also investigate recovery solutions that avoid RRC Connection Re-establishment.
Observation 6: The NR protocol lists certain cell-specific IEs (e.g., fields within ServingCellConfigCommon), and if an IE in the received RRCReconfiguration message UE failed to comprehend is in the list , UE disregards it without triggering a RRC Connection re-establishment procedure.
Observation 7: In NR, when the UE is unable to apply an RRCReconfiguration message received via SRB3, it reports an SCG failure via the MCG, rather than triggering a RRC Connection re-establishment procedure.
Proposal 6: During 6G RRC Reconfiguration, if UE's inability to comprehend or apply the parameters within a received RRC Reconfiguration message will not result in a communication configuration mismatch between the UE and the MCG, RRC Connection Re-establishment needs not to be triggered.

Observation 8: In NR, when a UE receives an RRCReconfiguration message that cannot be applied due to the MUSIM temporary capability restriction, no matter the RRCReconfiguration message will cause configuration mismatch between the UE and MCG or not, the UE sends the temporary capability restriction information to the network, rather than triggering RRC Connection Re-establishment.
Proposal 7: Develop a solution for 6G RRC Reconfiguration failure that avoids RRC Connection Re-establishment, even when the failure causes a communication configuration mismatch between the UE and the MCG. The existing NR MUSIM mechanism can serve as the starting point for this development.


R2-2508115   Discussion on 6G RRC ASN.1 Encoding	OPPO	discussion	Rel-20	FS_6G_Radio

Observation 1	Cond is a very useful tool, to restrict the parameter combinations that UE has to tackle with.
Observation 2	CondC and CondM, although defined in NR initially, have not been used in the end, i.e., NR ASN.1 fully relies on Cond.
Observation 3	Need-OP/Need-S relies on specified text, it is hard to be handled by pre-defined parameterized type. And Need-N does not require further indication.
Observation 4	Need-OR/Need-R and Need-ON/Need-M operation is clear, and there are two methods to handle the operation, i.e., via need-code or via a pre-defined parameterized type.
Observation 5	Considering that need-code would be anyway needed at least for need-S, there seems no big reason to waste bit (1-bit per field) to explicitly indicate the need-M and need-R for each related field.
Observation 6	One key motivation for Modular ASN.1 design is mainly to avoid device-type-A implementing ASN.1 for device-type-B unnecessarily.
Observation 7	Looking back to normative work during 5G, they can be categorized into two categories:  1) Category-A: features for a verticals / device type that potentially has specific form factor, e.g., NTN, SL/V2x, A/NB/M-IoT, UAV, Redcap, IAB, NCR, MBMS;  2) Category-B: features / functions that can be supported by various device types: AIML, Mobility Enh, MIMO, Coverage, Power, DSS, 2-step RACH, SDT, MUSIM, 71GHz, XR, Multi-Carrier/Connectivity, Slicing.
Observation 8	Features for category-A has specific form-factor, and thus motivate a separate track of ASN.1.
Observation 9	Features for category-B motivates more a core-function + additional function type design, yet it is highly dependent on the normative phase for 6GR to understand, e.g., which feature(s) are to be included as core (or additional/optional) functionality.

Proposal 1	For 6G ASN.1, R2 study to simplify the usage of condition, e.g., keep the cond but avoid defining CondC and CondM.
Proposal 2	For 6G ASN.1, reuse need-code definition in 5G, including Need-S, need-N, need-M and need-R.
Proposal 3	For 6G ASN.1 design, R2 study to adopt modular ASN.1 design based on verticals / device-types of different form factor, to decouple the RRC design. FFS on device-types (pending progress of RP and other RAN WGs).
Proposal 4	For 6G ASN.1 design, R2 study to adopt modular ASN.1 design based on features / functions, for a minimum / core function set + additional / optional function set. While the decision has to be postponed until it is clearer which features are to be covered for 6GR Day-1 and thus it is clearer whether there is a way to categorize those features.
Proposal 5	For 6G ASN.1 modularization, R2 study to which level the modularization is to be done, e.g., IE structure level, RRC message level, ASN.1 module level or specification level.


R2-2508080	Discussion on RRC (re)configuration and signalling design	Xiaomi	discussion	Rel-20	FS_6G_Radio
Modularization of RRC (re)configuration
Observation 1 [Lesson learnt from 5G]: Based on modulization design for NR SLPP protocol, two common modules are mandatory for all SLPP UEs, and for positioning method specific modules, UE only needs to support encoding/decoding of a module if the corresponding positioning method is supported by it.  
Proposal 1: 6G RRC modularization is studied with the following modelling on the RRC modules:
-	One common module(s), that process RRC configuration parameters for basic communication functionalities which other feature-/functionality-specific modules have dependency with (i.e. system cannot work without the common module(s));
-	A number of feature-/functionality-specific modules, each of which processes feature-/functionality-specific parameters and has no dependency with the other feature-/functionality-specific modules (e.g. no cross-module parameter referencing). 
-	6G UE only needs to support the encoding/decoding of common module(s), and feature-/functionality- specific modules, if it supports the corresponding features/functionalities.
Proposal 2: Upon reception of a RRC (re)configuration msg, UE processes the RRC parameters specified for the common module(s), and processes the feature-/functionality-specific parameters it supports with corresponding modules respectively. 
Proposal 3: Following principles are considered during 6G RRC modulization study:
•	Principle 1: RRC configuration parameters needed for basic CP/UP communication functionalities need to be covered by the common module(s). 
•	Principle 2: RRC configuration parameters are not for basic CP/UP communication functionalities, e.g., optional features, can be put in the feature-/functionality-specific module(s). 
•	Principle 3: If the RRC parameters of a feature/functionality are not coupled and can work independently with those of another feature/functionality, they should be put in different feature-/functionality-specific modules.
Handling of (re)configuration failure
Observation 2: Fake base station attack and any security related issue should be handled by security mechanism, and should not be considered in the partial (re)configuration discussion.
Observation 3 [Lesson learnt from 5G]: In 5G NR, the reconfiguration failure in most cases is handled by the reestablishment procedure. Partial reconfiguration was introduced since Rel-16 by means of informative texts, which is neither future-proof nor a good way for the UE implementation of intended UE behaviour. 
Proposal 4: For the study on partial reconfiguration w.r.t. the issues that the UE is unable to comply with the (re)configuration by the RAN, following root issues are considered:
-	Root issue 1: Configuration errors by the NW
-	Root issue 2: Inability to comply caused by the change of UE status/capability
-	Note: These issues may not be addressed completely relying on NW implementation to always provide correct parameters. 
Proposal 5: Study the support of partial (re)configuration in 6GR where UE is allowed to apply a portion of(re)configuration parameters and does not trigger reestablishment. The study can be based on the modularization based 6G RRC design.
Optimization for delta-/non-delta-signalling
Observation 4 [Lesson learnt from 5G]: From signalling design perspective, the deep-nesting signalling structure broadly applied in 5G NR RRC signalling prevents the benefit of applying delta signalling.
Observation 5: In 5G NR, there are many mandatory configuration parameters introduced in Day-1 which have to be signalled every time the UE is (re)configured. This leads to big but unnecessary signalling overhead, especially when most of them are not changed, e.g. within the same cell or across cells within a given area. 
Proposal 6: Study efficient 6G RRC signalling design to optimize signalling overhead, taking into account the following aspects:
-	avoiding duplication of unchanged configurations (e.g. by means of reference/default configurations); 
-	improving the signalling design by avoiding deep-nesting structure and eliminating dependency of parameters whenever possible; 
-	clarifying the applicability of delta signalling.

Delta Configuration – Improvements
R2-2508618	Discussion on RRC signaling design	Huawei, HiSilicon	discussion	Rel-20	FS_6G_Radio
RRC modular design
Observation 2-1:	The interwoven structure of NR RRC signalling design causes the following issues:
•	Implementing IEs for a specific feature requires understanding of IEs for other features. Consequently, it is difficult for the UE to only implement IEs of supported features.
•	The target gNB has to use full configuration when some IEs in the source configuration are not known during handover.
•	Non-backward compatible changes are not possible after the first version, even the changes are specific for some non-commercial features.
Proposal 1:	RRC modular design should not have negative impacts on the performance of features.
Proposal 2:	The RRC modular design for 6G should aim to:
•	Support implementing only IEs of features to be developed in UE implementation;
•	Reduce the use of full configuration in inter-BS handover cases due to version mismatch between BSs;
•	Avoid compatibility issue from impacting across modules and support flexible updates and extensions of signaling.
Proposal 3:	For a modular design of RRC, RAN2 should study the design of a basic module that can contain the common configurations for other modules.
Proposal 4:	For configurations beyond the basic module, RAN2 to study RRC modular design based on features, functions, or group of them. RAN2 to study the aspects including signaling overhead, UE memory requirement and coupling of features. The detail modular split depends on 6G feature design and needs coordination with RAN1/RAN4 for detail design in a later stage.

Delta configuration
Observation 5-1:	Delta configuration is still useful in 6G to reduce signalling overhead.
Observation 5-2:	The need code introducing additional restraints (e.g., Need S) and conditions are the main causes of implementation complexity and compatibility issues in delta configuration.
Proposal 5:	RAN2 to study the improvement of delta configuration to reduce ambiguities and implementation complexity — for example, decoupling the handling of optional signaling (e.g., Need codes) from the configuration guideline information (e.g., explanations for relevant configuration conditions).

R2-2508112	RRC signalling and ASN.1 aspects	MediaTek Inc.	discussion	Rel-20	FS_6G_Radio
UE Configuration Structure
Observation 1	In 5G, a common configuration refers to the part of the UE configuration which is cell specific, i.e., same configuration is applied for all UEs operating in the cell, whereas a dedicated configuration refers to the part of the UE configuration which is specific to this particular UE.
Observation 2	The concept of common and dedicated configurations makes the 5G UE configuration structure complex for both the UE and the network. From UE's perspective, the split of the UE configuration to common and dedicated parts has no functional significance.
Proposal 1	The concept of common and dedicated configurations is not applied as a defining factor for the UE configuration structure in 6G RRC signalling.
Delta Signalling
Observation 3	Delta signalling mechanism is worthwhile as it enables smaller over-the-air RRC messages for UE reconfiguration, which is beneficial for radio resource consumption and control plane latency perspective, but also significantly eases the UE in detecting which parts of the configuration are reconfigured.
Proposal 2	Delta signalling is applied in 6G RRC for UE reconfiguration. To make the delta signalling implementable in 6G, RAN2 targets to avoid the ambiguities related to the delta signalling mechanism.
ASN.1 Ambiguities
Observation 4	The ambiguity "Functionally mandatory UE configuration parameters can be absent in over-the-air RRC messages for initial configuration of a feature/functionality" is very common in 5G RRC signalling. Typically, an occurrence of this kind of ambiguity is a negative side-effect of the delta signalling mechanism.
Observation 5	The ambiguity "UE configuration parameters which shouldn't be modified after initial configuration of a feature/functionality can be sent in subsequent over-the-air RRC messages with new values" is relatively common in 5G RRC signalling. It is independent of the delta signalling mechanism, as UE reconfiguration for features/functionalities will anyway be required.
Proposal 3	6G RRC signalling for UE configuration is defined in a way that the ambiguity "Functionally mandatory UE configuration parameters can be absent in over-the-air RRC messages for initial configuration of a feature/functionality" is avoided.
Proposal 4	6G RRC signalling for UE reconfiguration is defined in a way that the ambiguity "UE configuration parameters which shouldn't be modified after initial configuration of a feature/functionality can be sent in subsequent over-the-air RRC messages with new values" is avoided.
Proposal 5	RAN2 to study the following ASN.1 method to make the delta signalling implementable and to avoid ambiguities in 6G RRC signalling for UE (re)configuration:
•	Separate ASN.1 IEs are defined for initial configuration of a feature/functionality and subsequent reconfiguration of the feature/functionality;
•	In the ASN.1 IE for initial configuration of the feature/functionality, functionally mandatory UE configuration parameters are carried by mandatory ASN.1 fields;
•	In the ASN.1 IE for subsequent reconfiguration of the feature/functionality, ASN.1 fields do not exist for UE configuration parameters which shouldn't be modified after initial configuration of the feature/functionality.
Readability of ASN.1
Proposal 6	For readability of ASN.1, RAN2 to consider machine readability, delegate readability, and developer readability of which the machine readability is considered the highest priority, the developer readability the second highest priority, and the delegate readability the lowest priority.

Other Signalling Reduction Enhancements
R2-2508349	RRC structure and configuration in 6GR	Nokia	discussion	Rel-20	FS_6G_Radio
Observation 1: RRCReconfiguration signalling size varies a lot in practice. Reducing the typical message sizes while avoiding increase to the minimum message sizes would be beneficial. 
Observation 2: ASN.1 modularity almost requires a “main” module that is used for IMPORT for other modules.
Observation 3: Using OCTET STRING allows “modularizing” ASN.1 content with the cost of 1-2 bytes for each OCTET STRING.
Observation 4: The functionality offered by the Need Codes would be needed in the 6G standards as well, even if a different mechanism to using the Need Codes is proposed for 6G. Simplifying Need Codes has potential to reduce RRC specification complexity.
Proposal 1: Consider reducing the RRC configuration size by using a modular structure. Discuss “delta signalling” based on detailed proposals.
Observation 5: Building a modular configuration framework for 6G RRC using isolated configuration modules that can be reconfigured without impacting each other may not be always possible, it is still a viable goal. 
Proposal 2: RAN2 to discuss modularity based on concrete proposals based in Rel-15 NR RRC structure.
Proposal 3: RAN2 to adopt the definition of module that allows the setup, release and replacing of the module contents.
Observation 6: A functional view could be used to modularize the RRC configuration. RAN2 should discuss further on the placement of the modules within the RRC structure.
Proposal 4: Study modularization of the 6GR RRC based on a functional view and further discuss the modules to define.
Observation 7: Storing RRC configurations even across state transitions and reusing them would reduce signalling overhead and thus saves power. This can allow faster state transitions, better power saving with more predictable latency benefitting both UE and network performance.
Proposal 5: The 6G RRC configuration and signalling design should allow reusable stored configurations based on configuration modules.
Proposal 6: Consider multiple stored configurations optimized for different use cases which can be activated in an on-demand manner by the network in designing 6G RRC.
Proposal 7: Retain a single “common” ASN.1 module that is used for IMPORTS for other modules. Study whether this module can be made independent from the “main” ASN.1 module defined for RRC messages.

R2-2508386	RRC Structure and Reconfiguration for 6GR	InterDigital France R&D, SAS	discussion
Observation 1: 	Deep nesting of IEs leads to hard to trace dependencies, difficult to locate definitions, and error-prone manual referencing.
Observation 2: 	Use of scattered “…” and CHOICE structures for future extensibility creates specification-level ambiguity and clutters readability.
Observation 3: 	Dependencies and need codes that are specified in terms of textual conditions increase effort involved in determining valid combinations in the normative definition.
Observation 4: 	Redundant patterns and repetition of message scaffolding create duplication that inflates ASN.1 without semantic gain.
Observation 5: 	Multiple levels of nesting result in significant increase in memory and processing requirements at the UE and network for recursive encoding/decoding.
Observation 6: 	Although an optional IE may be omitted in a reconfiguration message to a UE, the UE still needs to be designed to be aware of the possible presence of that UE and handle a complex reconfiguration structure.
Observation 7: 	Signalling technique(s) (e.g., delta configuration) which avoid explicitly configuring all the UEs RRC parameters with each reconfiguration message should be part of 6GR RRC design.  
Observation 8: 	Delta configuration applied to the UE’s current configuration may be inefficient when performing subsequent reconfigurations in succession and when performing significant changes in the UE configuration resulting from a change in service(s) or hardware profile. 
Observation 9:  	Delta signalling applied to the UE’s current configuration may be error-prone and some network implementations may choose to prioritize full configuration instead.
Observation 10:  	Signalling gain can be achieved if a UE stores multiple configurations applicable to a given service (or to different services) and is switched between them when necessary.
Observation 11: 	RRC Re-establishment in 5G may occur due to error in only a (small and/or non-critical) portion of the UE configuration but leads to data interruption and data loss.   
Based on these, the following conclusions are made:
Proposal 1:	Improve readability of ASN.1/RRC in 6GR by avoiding multiple nesting levels, leveraging the use of explicitly named version extension points for RRC messages, simplifying/limiting the usage of need codes and associated text conditions, and introducing templates for common structural patterns.
Proposal 2:	Define a base RRC module (a set of IEs and corresponding RRC messages supported by all UEs) as well as multiple advanced RRC modules that each configure only the functionality specific to UEs supporting specific features, capabilities, functions, or verticals.  
Proposal 3:	Support delta signalling relative to one of multiple reference configurations known by the UE and network. 
Proposal 4:	Support reconfiguration by indicating (e.g., via a MAC CE or RRC message) one of several stored configurations or reference configurations.
Proposal 5:	Support low-latency and low signalling overhead reconfiguration during state transition to an active state (e.g., from low-power state or substate to data transmission state or substate).
Proposal 6:	Support partial configuration success/complete procedure whereby a UE that experiences reconfiguration failure can continue to operate with a correct configuration without initiating an error procedure (e.g., re-establishment).
Proposal 7:	Support configuration procedures at the UE which allow the flexibility of the UE to select configuration parameters under constraint of the network.

Reconfiguration Errors
R2-2508450	Views on RRC Structure and Configuration	Apple	discussion	Rel-20	FS_6G_Radio
< Reference configuration>
Observation 1: In NR, RRC configuration size are becoming increasingly large, requiring more and more resources and time to transmit, and the RRC processing time on the UE side is also getting longer and longer.
Observation 2: For UEs with the same capabilities and service types in the same deployment, most UE-specific configurations (over 90%) are the same.
Observation 3: By providing partial/delta configuration based on the reference configuration, the RRC message size can be reduced, thereby saving the system resources and reducing UE processing time.
	Proposal 1: Consider the reference configuration based RRC configuration structure and procedure, and the method for providing the reference configuration can be further studied.

<Delta configuration>
Observation 4: The current complex NR RRC nested configuration structure and the diverse descriptions of delta configuration conditions have brought great difficulties to the correct interpretation of RRC.
Proposal 2:  To reduce the difficulty of UE processing and network configuration provision, consider optimizing the RRC configuration structure to reflect the attributes and relationships of configuration parameters from two aspects:
•	Group the configurations with the same attributes together.
•	Place the parameters that need to be associated in the same structure or describe the relationship in the same way/location.

< Modular RRC design>
Proposal 3: The study of the modular RRC design should consider the following aspects:
-	1) The extra signaling overhead should be avoided as much as possible.
-	2) The design should have good universality, scalability, and forward compatibility.
Observation 5: The feature specific modular design is only applicable to the independent features, but not to the dependent features. 
Observation 6: The function specific modular can help reduce the duplicated configuration in some cases (e.g. BWP). 
Observation 7: The vertical specific modular design is only applicable to the vertical specific configuration, but not to the configuration which are not specific for one specific vertical.
Proposal 4: RAN2 study on modular RRC design should focus on the followings:
-	For feature specific modular design, focus on the independent higher-layer features (e.g. MDT/SON, QOE, Overheating). 
-	For vertical specific modular design, focus on the modules that only contain one vertically specific configuration. 
-	For function specific modular design, focus on the duplicated configuration avoidance purpose. 

< RRC configuration error handling>
Observation 8: Upon detecting the RRC reconfiguration failure, triggering the RRC connection reestablishment upon brings the significant negative impact.
Observation 9: Not all configuration errors will affect the current transmission.
Observation 10: Network cannot fully guarantee the correctness of configuration.
Observation 11: In NAS procedure and CHO candidate configuration procedure, if there is any error, UE does not need to break current connection and initiate RRC reestablishment procedure. 
	Proposal 5: In RRC reconfiguration procedure, if UE is unable to comply with (part of) the configuration which does not affect the current transmission, UE is allowed to apply the good (part of) configuration and not initiating the connection re-establishment procedure.

R2-2508758	Views on 6G RRC structure and (re)configuration	Qualcomm Incorporated	discussion	Rel-20	FS_6G_Radio
RRC configuration improvements
Observation 1.	In 5G, if a UE cannot apply some (part) of the NW-provided configuration, while a majority of the configuration is good, generally the whole configuration is useless. When problematic configurations are encountered, or when reconfiguration failure occurs, currently the UE initiates connection re-establishment procedure.
Observation 2.	We have observed a tangible portion of reconfigurations are such that the UE cannot apply the whole configuration, and such problems are more prevalent when the technology is just being deployed and not mature enough, especially in new markets where configurations take time to stabilize and the UE must implement targeted workarounds to enable such markets.
Observation 3.	Neither dynamic capability updates nor UAI can effectively solve such issues, which results in unnecessary reestablishment procedures, service interruptions, and increased RLF statistics.
Proposal 1:	6G design will allow the UE to keep/apply the good (part of) configuration in order to minimize the number of re-establishment procedures.
Observation 4.	It is very important to have proper synchronization of the (re)configuration between the UE and the NW.
Observation 5.	In 5G, there is no efficient mechanism to indicate to the network which part of the configuration could or could not be applied by the UE.
Proposal 2:	Study how to keep synchronization of (re)configurations between the UE and the NW while allowing the UE to keep/apply partial (re)configuration.
Modularization of RRC
Observation 6.	To enable creating/implementing a tailored-RRC for different types of devices corresponding to different use cases, RAN2 should aim to design RRC such that different type of devices can efficiently implement and support only the minimum required RRC for the supported use case(s).
Proposal 3:	RAN2 will study RRC modularization consisting of a baseline RRC module and optional use case specific RRC modules.
Proposal 4:	For dedicated RRC, consider introducing new RRC message classes (and RRC messages) for different use cases/verticals.
Proposal 5:	For broadcast RRC, consider separating SIBs for different use cases/verticals, and make sure only the SIBs corresponding to specific use case or vertical are broadcasted in one SI message.
Reducing the signalling size
Observation 7.	For very long original lists with extensions based on parallel lists, there can be a lot of redundancy and encoding overhead even though only ‘empty’ elements are indicated.
Proposal 6:	Aim to reduce redundancy and improve the way we define extension lists such as parallel lists, by e.g. by enabling variable sized parallel lists.


Other ASN.1 Improvements
R2-2508614	RRC ASN.1 structure for 6G	Ericsson	discussion	Rel-20	FS_6G_Radio
Observation 1	While hierarchical groups (Serving Cells, BWPs, …) intended to inherit common properties to their child elements (channels, signals, …) there are typically exceptions when those default inheritance isn’t applicable.
Observation 2	Hierarchically structured configuration messages hinder the introduction of new functionality and thereby drive complexity and development costs.
Observation 3	A flat ASN.1 structure (no hierarchical grouping by seemingly common properties) allows configuring features/functionality flexibly, in accordance with the functionality that the UE supports.
Observation 4	Continued non-critical extensions of large IEs tend to make it ambiguous which combination of parameters and values is valid.
Observation 5	LTE’s and NR’s ASN.1 delta signalling cannot be automated since rules are captured in need codes, field descriptions, condition tables and procedural text.
Observation 6	NR’s delta signalling isn’t feasible for inter-node reconfigurations since the target node would need to support releasing features which it does not support itself.
Observation 7	NR’s way of supporting delta signalling by means of need-codes is error-prone and results in error cases in live networks despite extensive IODT.
Observation 8	In NR the UE specific RRCSetup/Reconfiguration builds on top of the IDLE/INACTIVE mode configuration that the UE obtained via MIB/SIB1
Observation 9	In NR the dependencies between the common (IDLE) and dedicated (CONNECTED) mode configuration are partially ambiguous and tend to hinder UE specific configurations.
Observation 10	Defining the RRC ASN.1 structure in many smaller ASN.1 modules and capturing them in individual *.asn files simplifies their development and maintenance.
Observation 11	Splitting the ASN.1 structure into many modules may not result in smaller binaries if the top-level messages import and reference all lower-level IE types anyway. RAN2 should investigate this further.
Observation 12	Creating several top-level configuration IEs (e.g. variants of RRCReconfiguration) that support/preclude different functionality, would consume a lot of discussion time in 3GPP, a lot of implementation overhead in products and lead to further market fragmentation which makes it less likely that features are implemented in practice.

We propose:
Proposal 1	6G’s ASN.1 structure should not group configuration IEs (for physical channels/signals, measurement reports and protocol entities) by physical- or protocol-related properties. Instead, 6G’s ASN.1 signalling structure should strive for signalling efficiency, usability and extensibility.
Proposal 2	6G’s ASN.1 configuration structure should accommodate for critical extensions of lower-level configuration IEs. Whether to extend critically or non-critically shall be decided on a case-by-case basis.
Proposal 3	6G’s delta signalling should be specified in a machine-readable manner to avoid ambiguity and implementation errors. 6G’s delta signalling should support inter-node reconfigurations with reasonable implementation complexity for UEs and NWs.
Proposal 4	By default, the connected mode configuration should be independent of the UE’s IDLE mode configuration obtained via MIB/SIB1. The network may configure the UE explicitly to acquire selected parameters from system information and to re-acquire it if system information changes.
Proposal 5	Discuss which practical problems arise from NR’s large ASN.1 modules and thereafter seek for a solution that does neither cause market fragmentation nor increases development efforts.


R2-2508649	Robust RRC Signaling Using Constraint ASN.1 Subtypes	TOYOTA ITC	discussion	Rel-20




Proposal 1: Introduce constraint subtypes in 6G signaling.

R2-2508139	Considerations on RRC (re)configuration structure	LG Electronics France	discussion	Rel-20	FS_6G_Radio
Observation 1. 	Current ASN.1 structure is already modularized as layer configuration and RRC functionality configuration, in which they are defined as individual IE, respectively.
Observation 2. 	Hierarchical structure of BWP configuration is too-deep, resulting in excessive parsing overhead for delta configuration.
Finally, we propose following statements:
Proposal 1. 	RAN2 to identify which module has too-deep nested structure resulting in excessive UE parsing overhead for delta configuration. BWP modules can be considered how to relax the depth as a starting point.
Proposal 2. 	RAN2 to focus on flattening signalling structure, by defining modules as e.g., depth-1.
-	Instance of a module has an identifier.
-	One module can have configuration of another module as its sub-configuration, where the instance of the calling module is associated with the instance of the callee module via ID of the module instance.

R2-2508175	Discussion on the modular design of RRC for 6GR	TCL	discussion
Observation 1: 5G NR RRC UE configuration has grown overly complex with post-Rel-15 features (e.g., BWP, SUL), so 6G must simplify and restructure it from the start of research.
Observation 2: 5G (NR) faces issues including a complex Radio Resource Control (RRC) protocol due to incremental feature additions, where its configuration model requires the network to provide a full set of parameters for every (re)configuration (leading to large message sizes and potential ambiguities in "delta" signaling), and unnecessary latency introduced by the centralized RRC entity in the CU when lower-layer configurations decided at the DU need to be forwarded through the CU.
Observation 3: In light of the above, adopting a reference configuration + explicit delta model alongside a functional modular RRC design will greatly benefit 6G. It addresses current shortcomings in UE configuration complexity, ambiguity, and rigidity, paving the way for a simpler yet more capable control plane.
Observation 4: The modular design of RRC delivers three key benefits: Clarity (via targeted module inclusion in messages), Extensibility (via non-disruptive addition of new modules/extensions), and Decoupling of interdependencies (via alignment with working group boundaries to ease cross-WG coordination). 
Observation 5: For disaggregated RAN, the mechanism that allows the DU to directly instruct the UE of DU-specific configuration information under the CU’s authorization can reduce configuration latency and ensure configuration timeliness.

Proposal 1: It is proposed that 6G adopt an RRC configuration mechanism consisting of "common Reference Configuration + differentiated Delta incremental configuration", where Reference Configurations serve as baselines that are either assumed by default or pre-provisioned to UEs, while Delta configurations only include the settings that have changed relative to the baseline configurations.
Proposal 2: Given the advantages outlined above, it is proposed that 6G RRC adopt a modular design, consisting of a Baseline Module and multiple Enhanced Modules:
 - The Baseline Module contains core functions common to all UEs (e.g., connection control, basic radio setup).
 - The multiple Enhanced Modules correspond to specific feature sets or functional domains, such as the Carrier Aggregation module, Dual Connectivity module, QoS/GBR module, Mobility module, and Reduced Capability Device module.
Proposal 3: It is proposed that a ”Controlled Configuration Delegation mechanism” be considered for 6G. Specifically, under a disaggregated RAN architecture, this mechanism enables the DU to directly instruct the UE of DU-specific configuration information with the CU’s authorization. Simultaneously, considerations must be given to two key aspects: the synchronization of UE context between the CU and DU, and the security of the configuration information transmitted by the DU to UE.

R2-2508227	Discussion on RRC structure and (re)configuration in 6G	Transsion Holdings	discussion	Rel-20
Observation 1: There are still many reasons cause the UE unable to apply the (re)configure, e.g. UE vendor internal specific scenario optimization(such as power saving、overheating optimize、multi-USIM supporting、UE hardware limitations、capability dynamic change)、network operator internal specific scenario optimization(such as network saving、compatibility solution、multi-gNB-version hybrid deployment) and interoperable area for network equipment suppliers.
Proposal 1:	 If modularization goes for 6G, it should be clear、decouple、clear module dependencies and scalable.
Proposal 2:	 The UE RRC (re)configure failure handing procedure for 6G should provide the network enough information to make a better decision.
Proposal 3:	 The UE shall still be allowed to apply the rest of configuration apart from the failed part if the RRC modular design is well designed.
Proposal 4: RAN2 study partial full configuration when RAN2 design RRC signaling structure, e.g., based on release version or features.
R2-2508414	RRC Signaling Framework with more close integration with the slices	Panasonic	discussion	Rel-20
Observations 1: 6G will support diverse scenarios (URLLC, XR, NTN, IoT), which require more flexible and efficient RRC signaling than the current 5G design.
Observations 2: The existing generalized RRC configuration approach in 5G leads to inefficiencies such as redundant signaling, lack of scenario-specific optimization, and increased overhead when adapting to diverse service requirements.
Observations 3: Introducing a scenario-oriented signaling framework, leveraging predefined parameter sets and scenario labels (e.g., SST), can significantly reduce signaling overhead, improve adaptability, and enable faster configuration for diverse use cases.
Proposal 1: RAN2 should study and discuss a scenario-oriented RRC signaling approach that enables efficient configuration tailored to diverse 6G use cases.
Proposal 2: RAN2 should consider an RRC signaling structure composed of a “Generic part” and a “Scenario-oriented part”, allowing common baseline settings with scenario-specific extensions.
Proposal 3: RAN2 should evaluate the use of Slice/Service Type (SST) as a label for the scenario-oriented part of RRC signaling, facilitating association between parameter sets and service requirements.

R2-2508510	Discussion on RRC structure and reconfiguration	KT Corp.	discussion
Proposal 1. RAN2 study to modularize the RRC information element based on 6G Usage scenario, device type.
Proposal 2. RAN2 study to avoid re-establishment procedure due to reconfiguration failure.

R2-2508609	Reducing RRC signalling overhead	Fraunhofer IIS, Fraunhofer HHI	discussion
Observation 1: Monolithic RRC configuration and no partial success of configuration can potentially lead to a deadlock, where the network configuration provided can fail repeatedly. 
Observation 2: Despite RRC reconfiguration performed after every handover or after every RRCReestablishment, there is a good number of parameters that can be reused across cells. 

Based on above observations, we propose the following: 

Proposal 1: RAN2 shall consider designing modules of configuration, so that 
1)	The modules that are successfully configured can be retained, and only failed modules are reconfigured. 
2)	An identifier can be included in failure message to indicate where the failure occurred
Proposal 2: RAN2 shall consider RRC configuration with validity area scope. Unchanged RRC configuration shall be carried over from source to target cell.
R2-2508623	Considerations on modular ASN.1 and RRC design for 6GR	Lenovo	discussion	Rel-20	FS_6G_Radio
Proposal 1: RAN2 to study an advanced modular 6G RRC ASN.1 design to allow 6G UEs a selective ASN.1 compilation, e.g., to compile the ASN.1 only for supported features.
Proposal 2: RAN2 to study a modular RRC message design for 6GR in which a common RRC message (UL/DL) is defined as a sequence of sub-module-specific components corresponding to the common RRC message.
Proposal 3: RAN2 to study solutions which keep the size of 6G RRC messages below a defined 6G RRC PDU size limit.
Proposal 4: RAN2 to consult SA3 on the maximum size of 6G RRC messages which should be security-protected.
Proposal 5: RAN2 to consider not to apply delta signaling and need codes for DL 6G RRC messages at all.

R2-2508781	Discussion on Radio Protocol Architecture – Control Plane	Rakuten Mobile, Inc	discussion	Rel-20
Observation 1		Different signalling information in UL and DL is transmitted using different protocols in different ways and hence there is transmission framework is not unified.
Observation 2		Absence of a layer3 signalling protocol at the gNB-DU over the air interface has several disadvantages.
Observation 3		RRC-L could be designed to suit the requirements of both split and non-split RAN architecture deployments.
Observation 4		All control plane signaling between UE  gNB-DU could be consolidated under a layer 3 protocol and mapped to an SRB.
Proposal 1			Study the split RRC architecture for 6GR over the air interface with the objective of addressing the disadvantages of 5G control plane protocol architecture.
Proposal 2			Send an LS to RAN3 to study the impacts of a split-RRC architecture on the network side.

R2-2508220	RRC structure and configuration	Sharp	discussion	Rel-20	FS_6G_Radio
Proposal 1: For studying 6GR RRC protocol and architecture, aim at improving signaling efficiency, supporting diverse deployments, and improving responsiveness under varying link conditions.
Observation 1: A single monolithic Reconfiguration message, as in 5G NR, forces UEs to process unsupported fields, which increases complexity and signaling overhead.
Observation 2: Without a clear mechanism for incremental updates, introducing new features or harmonizing overlapping parameters across releases can result in large message sizes and inconsistent behaviour.
Proposal 2: Define a base configuration for common parameters and layer feature/vertical-specific modules on top of this base configuration to reduce duplication and improve clarity.
Proposal 3: Study the design of message (module) units not only based on features/verticals, but also on the nature and dependency of parameters to ensure modularization granularity supports future extensibility.
Proposal 4: Apply delta signaling for non-common, feature-specific configurations so that only incremental changes relative to the base configuration are conveyed, minimizing signaling overhead and improving responsiveness.

R2-2508852	Discussion on RRC Structure and Configuration in 6G	ETRI	discussion	Rel-20	FS_6G_Radio
Observation 1: A feature-based modular design simplifies operation and management but causes redundancy and inter-feature dependency, which complicate maintenance and evolution.
Observation 2: A function-based modular design provides the balance between efficiency, maintainability, and scalability.
Observation 3: A vertical-based modular design simplifies deployment and operation but increases redundancy and long-term maintenance cost, making it unsuitable for sustainable RRC evolution.

Proposal 1: RAN2 studies a function-based modular RRC structure, where each function is defined as an independent ASN.1 module. Vertical/feature-specific configurations can be realized as high-layer profiles composed of multiple function modules.
Proposal 2: RAN2 studies reference-based delta signaling at the module granularity. (i.e., each module defines a reference configuration and supports delta updates based on the reference configuration)

R2-2508874	RRC Restructuring and modular aspects for 6G	Samsung	discussion	Rel-20
Observation 1: 5G RRC design couldn't achieve the 'one protocol stack for all' model due to its complexity and ad-hoc customizations for diverse devices.
Observation 2: The monolithic design of RRC has led to the following observations:
•	Multiple modules are impacted when adding new features.
•	High interdependencies between RRC modules increase specification efforts and complexity.
•	The RRC specification has grown rapidly due to ad-hoc additions of capabilities and verticals.

Observation 3: Multiple parameters across same or different messages in an ad-hoc manner have been introduced for new service or device types.  
Observation 4: The deeply nested and hierarchical nature of the RRC ASN.1 structure complicates the introduction of new services or device types, requiring extensive modifications, development, and integration efforts.
Observation 5: Most of RRC parameters are RAN1 specific, so the clear guidelines should be sent to the RAN1 (i.e., how to define the RRC parameters and cross check between WIs).
Observation 6: The 5G RRC reconfiguration process is resource-intensive and disrupts service continuity when the UE cannot comply with the network's configuration.
Observation 7: After RRC re-establishment, the network may resend the same configuration because it is unaware of the failure cause.
Observation 8: The delta configuration is currently ambiguous due to the existing RRC ASN structure.
Based on the observations, RAN2 is requested to discuss and agree the following proposals:

Proposal 1: RAN2 should discuss and define the components of essential protocol stack functionality within the RRC applicable to all device types or services.
Proposal 2: RAN2 should discuss and establish the guidelines or principles for designing the RRC structure to improve readability of ASN.1 for RRC signalling. 
Proposal 3: RAN2 should share agreed guidelines with RAN1 to maintain the consistency among various groups. 
Proposal 4: RAN2 should study how the UE can report the RRC Reconfiguration Failure message to the network in cases where the UE (partially) cannot comply with the configuration.
Proposal 5: RAN2 need to consider how delta configuration is applied in 6G RRC based on new RRC structuring and design.

R2-2508946	Discussion on RRC Structure and (re)configuration in 6G	Fujitsu	discussion	Rel-20
Observation 1: 5G RRC design couldn't achieve the 'one protocol stack for all' model due to its complexity and ad-hoc customizations for diverse devices.
Observation 2: The monolithic design of RRC has led to the following observations:
•	Multiple modules are impacted when adding new features.
•	High interdependencies between RRC modules increase specification efforts and complexity.
•	The RRC specification has grown rapidly due to ad-hoc additions of capabilities and verticals.

Observation 3: Multiple parameters across same or different messages in an ad-hoc manner have been introduced for new service or device types.  
Observation 4: The deeply nested and hierarchical nature of the RRC ASN.1 structure complicates the introduction of new services or device types, requiring extensive modifications, development, and integration efforts.
Observation 5: Most of RRC parameters are RAN1 specific, so the clear guidelines should be sent to the RAN1 (i.e., how to define the RRC parameters and cross check between WIs).
Observation 6: The 5G RRC reconfiguration process is resource-intensive and disrupts service continuity when the UE cannot comply with the network's configuration.
Observation 7: After RRC re-establishment, the network may resend the same configuration because it is unaware of the failure cause.
Observation 8: The delta configuration is currently ambiguous due to the existing RRC ASN structure.
Based on the observations, RAN2 is requested to discuss and agree the following proposals:

Proposal 1: RAN2 should discuss and define the components of essential protocol stack functionality within the RRC applicable to all device types or services.
Proposal 2: RAN2 should discuss and establish the guidelines or principles for designing the RRC structure to improve readability of ASN.1 for RRC signalling. 
Proposal 3: RAN2 should share agreed guidelines with RAN1 to maintain the consistency among various groups. 
Proposal 4: RAN2 should study how the UE can report the RRC Reconfiguration Failure message to the network in cases where the UE (partially) cannot comply with the configuration.
Proposal 5: RAN2 need to consider how delta configuration is applied in 6G RRC based on new RRC structuring and design.

R2-2509014	RRC configuration for flexible and adaptive UE behaviour	Qualcomm Incorporated, MediaTek Inc.	discussion
Observation 1: The term “AI-Native” as part of 6G is not clearly defined; however, a reasonable interpretation is for “smart” UE algorithms to be an integral part of the 6G system and protocol stack.
Observation 2: Cellular networks until now have relied on NW configuration of the UE with a single set of parameter values, aimed at a very predictable UE behaviour.
Observation 3: With the introduction of AI/ML models in NR-Advanced, 3GPP is now adopting a performance monitoring-based control of the UE behaviour.
Observation 4: The processing capabilities of the UEs have increased significantly in the recent years and this can be utilized to improve the performance of cellular connectivity.
Observation 5: The UEs are capable of collecting and analysing vast amounts of data for self-learning and improvement.
Proposal 1: RAN2 study how to enable “flexible” protocols at Control and User Plane levels which allow the UE to use internal algorithms for better performance but do not rely on the AI/ML model management framework.
Observation 7: Existing deployments almost always use the same set of parameter values for all UEs with little differentiation for the dynamic conditions and capabilities of the UEs, which can result in sub-optimal performance for both the UE and the system and poor user experience for indefinite period of time.
Observation 8: The UE can adapt the parameter values dynamically based on environmental, application, and radio conditions to improve the user experience.
Proposal 2: RAN2 study a mechanism which can allow the UE to adapt values of RRC configured parameters under network supervision.
Observation 8: As in the AI/ML framework, the NW should be able monitor the UE performance and enable/disable the usage of such algorithms (in Proposal 2) by the UE.
Proposal 3: To enable NW monitoring of the UE performance when the UE uses “smart” algorithms to adapt parameter values, RAN2 study KPIs and other metrics along with the applicable use cases and necessity and level of such reporting.

R2-2508972	Discussion on RRC Structure and (re)configuration	Google Korea LLC	discussion
Proposal 1: To ensure a robust and unambiguous design, 6G RRC shall adopt non-delta signaling as the baseline configuration mechanism.
Proposal 2: Grouping by Feature shall be the baseline for the 6G RRC modular design study.
image1.png
Observation 1 The 5G RRC signalling structure include the following main problems:

* Issue 1: Heavy tree-like structure which significantly increasing the complexity of delta configuration;

* Issue 2: Too many linkages between parameters which increasing the complexity of configuration
modification;

* Issue 3: Inflexible delta configuration during handover procedure;

*  Issue 4: One-size-fit-all design which increasing the implementation complexity of low-end devices.
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image4.png
structure captured in the figures brings a lot of complexity for both the UE and the network. As a concrete example,
in order to know the PDCCH configuration for the initial DL BWP of the PCell, the UE needs to combine following
fields:

* The common configuration signalled in:
o SIB1-> servingCellConfigCommeon -> downlinkConfigCommon -> initialDownlinkBWP ->
pdcch-ConfigCommon, or
o RRCReconfiguration -> masterCellGroup -> spCellConfig -> reconfigurationWithSync ->
spCellConfigCommon, -> downlinkConfigCommon -> initialDownlinkBWP -> pdech-ConfigCommon
+ with the dedicated configuration signalled in:
o RRCSetup/RRCResume/RRCReconfiguration -> masterCellGroup -> spCellConfig ->
spCellConfigDedicated -> initialDownlinkBWP -> pdcch-Config
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