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1 Introduction
It is well-known that workload on release maintenance has been very high in the working groups, taking a relatively long time for stabilization of the specifications, especially for RAN1, RAN2 and RAN4. In particular, the definition of physical layer UE features has taken significant amount of time for convergence in all NR releases, despite all the effort spent for their finalization. In this contribution we discuss the possible root causes for the issues mentioned above, and we propose process improvements to be adopted at RAN1 to help alleviate those. 
2 Motivation
One good metric to evaluate the stability of a release is the amount of maintenance work required after the formal freeze periods. In RAN1 this can be evaluated by measuring the number of submitted maintenance documents, as the number of approved CRs alone does not give the full picture due to practice of allowing only editor CRs for a certain number of meetings after the freeze. Figure 1 below shows the number of input maintenance documents submitted to RAN1 for Rel-16, where it is clear that RAN1 specification stability is achieved only during 2021, despite the fact RAN1 specifications have been declared as frozen in December 2019. Similar behaviour can be observed for Rel-15 (not shown in the figure). 
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[bookmark: _Ref112418739]Figure 1: Number of Rel-16 maintenance docs submitted over the meetings in RAN1.

A slow convergence can be seen in RAN2 as well, as shown in Figure 2 below, here taking into account the agreed RRC CRs after the freeze. It is evident from the figure that it took RAN2 a year after ASN.1 freeze for the stability to reach an acceptable level.
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[bookmark: _Ref112419122]Figure 2: Number of RAN2 RRC CRs agreed after specifications have been declared as frozen.

Another important aspect impacting NR finalization is the definition of UE features, which typically start around the time of RAN1 stage 3 freeze. The scale of the work is of a different order of magnitude in NR compared to LTE, given the wide range of technologies defined for 5G in every release. As can be seen from the figure, completion level for Rel-17 is only approaching 100% after February 2023 RAN1 meeting, due to many feature groups for MBS, IIOT enhancements, and coverage enhancements that were depending on conclusions being achieved in maintenance first. 
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Figure 3: Evolution of number of complete RAN1 feature groups per release. Meeting#1 in the series is the first meeting after RAN1 stage 3 freeze. Note that August 2022 RAN1 meeting is also included.

It is interesting to note that despite the earlier start in defining the feature groups in Rel-17, the overall pace of completion of the UE feature list follows closely that of Rel-16. One possible reason for such behavior is that specification stability is a strong factor that limits the progress in defining the feature list. In fact, many of the pending issues after the first rounds of meetings require resolution to be achieved in maintenance discussions before an agreement can be made pertaining the corresponding feature groups. 
RAN1 specification stability impacts also RAN2 specification stability, especially for those topics where RAN1 decisions are needed before RAN2 can do their corresponding part of the work. This implies that both RAN1 and RAN2 are likely to require extra effort in maintenance phase, which will also take longer time to stabilize. This extra effort occupies time and resources that could be used instead for new features or to address issues identified in the field.
Observation: RAN1 specification stability is critical for early convergence of UE feature lists and RAN2 specification stability.
Observation: Long maintenance phase implies less time is available for the work on new features and to address potential issues identified in the field.

3 RAN1 process improvements
Although both 36.300 and 38.300 have originally been structured to host Stage 2 aspects from RAN1, RAN2 and RAN3, they are effectively only updated by RAN2 and RAN3 after the initial releases (LTE Rel-8 and NR Rel-15) and effectively, RAN1 has no concept of stage 2 specifications.
In practice, the normal way of working in RAN1 is to make agreements each meeting based on the agreements achieved in previous meetings, until the first versions of the specifications are prepared for stage 3 freeze. After stage 3 freeze the official maintenance period starts, which in principle should not introduce any new features and only resolve the loose ends found in the specification. In practice the work continues in a similar manner due to the large amount of pending issues to be resolved. Indeed, no company CRs are agreed in the first rounds of RAN1 meetings, with only editor CRs allowed, aggregating all the text proposals agreed during the meetings. 
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Figure 4: Typical RAN1 specification process.

The UE feature list work starts relatively late too, especially considering the typical time of two quarters between RAN1 stage 3 freeze and ASN.1 freeze. It is always very challenging to meet such timeline due to the large amount of feature groups introduced every release, and for the fact most feature groups require stage 3 details before they can be decided upon. In fact, even 3 quarters after RAN1 stage 3 freeze there are still many pending feature groups to be finalized and several input documents in RAN1#110 requesting addition of extra feature groups or modifications for work items considered stable already.
While it is tempting to attempt to increase the amount of time for UE feature list definition work or to assign an even earlier start to the work, the fact remains that lack of stage 3 details prevent timely conclusion of the work. Moreover, significant time is spent on some kind of reverse engineering of the agreements made during the WIs, as there is no clear description of the work until that point of time, except for the collection of individual agreements made in the WG. Similar reverse engineering has to be done by other working groups in case of cross-WG topics, in particular RAN2, which is also a time-consuming activity. It is also difficult to envision improvements by isolated measures, as the group is already operating at the limit of its efficiency and workload.
Observation: Main documentation of work done in RAN1 is in the form of a collection of individual agreements, which are not straightforward to put together in most cases.
Observation: Currently a significant amount of work is spent in RAN1 and RAN2 on reverse-engineering agreements, e.g. for preparation of UE feature lists, and on cross-WG topics. 

From the observations above it is clear that the key point for improvement in current RAN1 process is on the gap between WI start and stage 3 specification freeze. In here one can use the learnings from RAN2 and introduce a new specification for RAN1 stage 2.
Proposal: Introduce (new) RAN1 stage 2 specification in 3GPP.
Instead of working on the stage 2 specifications only close to the stage 2 freeze deadline, it can be based on a similar process as developed for RAN2 stage 2 specifications, TS38.300, where the specification is updated based on the agreements made after every working group meeting until a specified stage 2 freeze date, as shown in Figure 5. This would bring more organization to the work being done under different WIs, and it would help at least in the following aspects:
· Clarity on the design decisions made so far within each WI, improving efficiency of RAN1 work towards the end of the release
· Improve communication with other WGs, which can use the new RAN1 stage 2 specifications as reference to better understand the detailed agreements
· Speed-up development of UE feature list, by clarifying the fundamental aspects developed within each WI, and what are the dependencies between different aspects
· Improve RAN1 stage 3 specification stabilization, without design decisions being made during maintenance phase
· Early identification of potential issues, by translating chairman notes into specification text.
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[bookmark: _Ref112679483]Figure 5: Proposed improved RAN1 specification process, with the new RAN1 stage 2 specification.

Such process changes are not intended at impacting the content of each WI, or limiting the work done by RAN1 in any manner. It does not add any gating process for WIs in RAN Plenary either, i.e. stage 2 specifications are not to be used for decisions on continuing or abandoning WIs. In fact, RAN2 already adopts a similar process, and it has been seen as a very important tool for the work done in that WG. 
Observation: The process changes are not supposed to limit the work done by RAN1 in any manner. It is not supposed to be used as a gating process for WIs in RAN Plenary either.
One possible concern one could envision with the proposed change is that it implies extra work for RAN1, which is already very loaded. However one should note that RAN1 consumes already a significant amount of time with maintenance and UE feature discussions. Both aspects will be significantly improved if the new RAN1 stage 2 specifications are introduced. Hence, the expected end result is that indeed RAN1 puts a bit extra effort during the nominal WI phase to ensure the work is properly documented at stage 2 level, and that would save significant effort from later phases of the work, and from other WGs as well.
Observation: The amount of work added for making the RAN1 stage 2 specifications will be smaller than the amount of work saved in later stages of the specification cycle (maintenance, UE features).
4 Proposed way forward
Given the fact we are already in the third release of 3GPP NR, it makes sense to be cautious when approaching any changes to ongoing processes. Hence, we proposed a phased approach to introduce the concept of RAN1 stage 2 specifications, as that would allow a pilot period to adjust the best practices and gauge the right level of effort that should be put into this activity. 
One important distinction to be made here is also on the type of documentation, which can be either project-oriented or system-architecture oriented. TS 38.300 is based on the system architecture, and new features are added with respect to that baseline, which suits well the work done in RAN2. However, from a RAN1 perspective the features are frequently developed with respect to a single interface but with broad impact on different aspects of the physical layer. Hence, in order to organize the work and improve communication towards other WGs, we prefer a project-oriented approach, where different sections of the document would correspond to different WIs, and capturing the work done under such WI. This approach also has the benefit of being better suited to the fact we are starting such documentation in the middle of the 4th release of NR, and it would take significant amount of work to build a suitable baseline reflecting the work done since Rel-15 in RAN1. 
Proposal: Adopt a project-oriented approach for the documentation, where each WID corresponds to a separate section in the document.
For example, the following topics could be considered:
· XR (eXtended Reality) enhancements for NR [1]
· Further NR coverage enhancements [2]
The main reasoning for selecting XR is that it will be a new feature, which means it should be easier to include in a new specification than something that is enhancing features developed in a previous generation. Moreover, XR is inherently cross-WG, and it allows us to evaluate potential challenges when creating the new stage 2 specification in this environment, as well as the potential benefits to the work itself. 
As for further NR coverage enhancements, it allows evaluating how to add such stage 2 description for a topic that is a continuation of existing enhancements, which is an aspect that cannot be avoided. However, this can be done here in a more controlled way given its limited size when comparing to other WIs, like MIMO. 
Limiting to these topics also gives us the possibility to deal with different work dynamics, as XR is initially a study item, while coverage enhancements is already a work item. 
Considering this limited set of topics to consider, it might be more productive to produce an example TR during release 18 rather than normative specifications. Considering the majority of WIs start by 4Q’22-1Q’23, a suitable target date for finalization of the stage 2 TR is 2Q’23, i.e. RAN#100-e. Once the learnings from the process are available, we can move to actual normative specification for Rel-19. 
Hence, we summarize the proposed way forward as follows:
Proposal: RAN1 is tasked to produce a TR capturing stage 2 description on selected Rel-18 topics, to be finalized by RAN#100-e (June 2023). Example topics are XR (eXtended Reality) enhancements for NR and Further NR coverage enhancements. 
Proposal: RAN to consider introducing a new normative specification for Rel-19 on RAN1 stage 2 description.
	
5 Summary and Conclusions
In this contribution we have discussed the current challenges for convergence of specifications in RAN1 and RAN2, and we propose the introduction of a stage 2 documentation in RAN1 to address those issues. In particular we make the following observations and proposals:
Observation: RAN1 specification stability is critical for early convergence of UE feature lists and RAN2 specification stability.
Observation: Long maintenance phase implies less time is available for the work on new features and to address potential issues identified in the field.
Observation: Main documentation of work done in RAN1 is in the form of a collection of individual agreements, which are not straightforward to put together in most cases.
Observation: Currently a significant amount of work is spent in RAN1 and RAN2 on reverse-engineering agreements, e.g. for preparation of UE feature lists, and on cross-WG topics. 
Proposal: Introduce (new) RAN1 stage 2 specification in 3GPP.
Observation: The process changes are not supposed to limit the work done by RAN1 in any manner. It is not supposed to be used as a gating process for WIs in RAN Plenary either.
Observation: The amount of work added for making the RAN1 stage 2 specifications will be smaller than the amount of work saved in later stages of the specification cycle (maintenance, UE features).
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