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1
Introduction

After the RAN#71 meeting, a new WI was agreed [1] main objective of which is to develop a new radio access technology. As was discussed and finally captured in TR 38.804 [2], a new radio access technology should allow a UE to stay in "always connected" mode, which effectively embraces a number of scenarios such as initial establishment of connection and/or transition to a state when a UE can start exchanging data with the network. To accomplish this goal, RAN WG2 has already agreed to introduce a new RRC state hence referred to as INACTIVE. 
During the previous SA WG2 meetings, a discussion took place on whether INACTIVE state is optional for the NR system or not [3-5]; and if so, whether CN should be aware of that, which triggered a further discussion in SA WG2 on the NAS level capability indicator. 
In this discussion paper we aim at presenting a broader view on the overall system showing several use cases on when and how the INACTIVE state might or might not be used, even if it is supported. As the outcome, we present our conclusions on which type of the INACTIVE state capability indicator might be needed for CN.
2
INACTIVE state
During the previous meetings, SA WG2 discussed extensively on whether the CN needs to know whether a UE supports the RRC_INACTIVE state, which in turn triggered another discussion on whether some RRC_INACTIVE state capability indicator (e.g. over the NAS protocol) would be required. While some companies state that RRC_INACTIVE should be mandatory, other proponents propose to have the "capability" or some "inter-operability" indicator. 
At this point, it bears noting that RRC_INACTIVE state is not usually visible to the CN side. Since the RRC_INACTIVE state is controlled by RAN and the UE stays in the CONNECTED mode as perceived by CN, the latter should not be concerned with whether a UE supports the RRC_INACTIVE state or not. As an example, if the UE does not support RRC_INACTIVE then the RAN will not activate it, but it does not impact the basic CN functioning. 
Despite the fact that CN does not need to know the exact UE RRC state, SA WG2 has agreed that CN should provide so-called UE assistance information to optimize UE operation in the RRC_INACTIVE state. From that point of view, CN might need to know whether the UE supports RRC_INACTIVE. In addition to it, SA WG2 and RAN WG3 have agreed to have UE state indication from RAN to AMF, which AMF may configure on demand. Again, that might motivate CN to know whether UE supports RRC_INACTIVE.
If there is a common understanding across WGs that CN needs to know whether the UE supports RRC_INACTIVE, then it is also important to emphasize that it is not only about the UE support, but also the question of whether the RAN side implements RRC_INACTIVE, and more importantly, whether it intends to use it for a particular UE with a particular service. As an example, it is not anticipated that we can put a requirement on the RAN side that it shall implement RRC_INACTIVE state and some RAN may decide not to activate it (as it happens in the UMTS networks when some RANs do not use URA_PCH or CELL_PCH state). Furthermore, even if a UE supports RRC_INACTIVE and so the RAN does, it is still somewhat questionable on whether RAN will always use it for all the services. For some services, such as IMS voice or URLLC, it is not anticipated for the RAN to move a UE to RRC_INACTIVE to maintain as small delays as possible. Yet another example is some form of the MTC-like devices with the MICO mode, for which the RAN could prefer the IDLE state. 

Observation 1a:
As we cannot put a requirement on RAN to support the RRC_INACTIVE state, some RAN implementations will not use it.

Observation 1b:
Even if a UE and RAN support the RRC_INACTIVE state, still RAN can decide not to use for its own RRM reasons and/or service requirements.

Based on the presented considerations, if SA WG2 considers that CN needs to know whether a UE supports the RRC_INACTIVE state (e.g. to optimize its internal functioning), then it is not only the question of the UE but also the RAN capability and intention. In other words, the corresponding indication to CN could be sent by RAN accounting for actual UE capabilities and RAN internal considerations. Only if a UE supports RRC_INACTIVE and RAN plans to use it, the RAN can send the corresponding "capability" indicator to CN. However, it still does not mean that RAN will definitely use RRC_INACTIVE, because a UE may stay all the time in the RRC_CONNECTED mode due to constant traffic flows.
Observation 2:
The RAN could send the RRC_INACTIVE "capability" indicator to CN by accounting for the actual UE radio capabilities and the RAN actual implementation (e.g. RAN support for RRC_INACTIVE).

Finally, a decision on whether the RRC_INACTIVE state is mandatory or optional is typically made at the TSG RAN level based on guidance and input from RAN WG2 once the NR stage3 work is completed. Accounting for Observation 2, it is also possible to conclude that if RAN decides and sets the corresponding "capability" indicator to CN, then it does not matter for CN whether RRC_INACTIVE is mandatory or optional for the UE.
3 Conclusion
In this discussion paper we have presented our view on the need to have the "capability" or "inter-operability" indicator for the RRC_INACTIVE state signaled to CN. To our understanding, the need to have such an indicator over NAS could be questionable as it is not the CN side that decides when and how to activate the RRC_INACTIVE state, and the CN does not even need to be aware of when the RRC_INACTIVE mode is activated. Nevertheless, if proponents think that CN must be aware of the INACTIVE state capability, then the question is not only about UE, but also RAN, as the latter may not implement INACTIVE and/or may decide not to use it for a particular UE or a particular service. As the result, the corresponding "capability" indicator could be provided by RAN. 
Proposal 1:
Whether RRC_INACTIVE is mandatory or optional can be decided later when the final system design becomes clearer. 
Proposal 2:
If CN needs to know whether a UE supports RRC_INACTIVE, the corresponding indicator could be sent by RAN accounting for the UE capability (if RRC_INACTIVE is optional) and the actual RAN support for it.
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