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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 referred to as RRC_INACTIVE. 
During the previous SA WG2 meetings, a discussion took place on whether RRC_INACTIVE state is optional for the NR system or not; and if so, whether CN should be aware of that, which triggered a further discussion in SA WG2 on the NAS level capability indicator. As the outcome of the SA WG2 discussion, LS was sent asking RAN WG2 to clarify whether RRC_INACTIVE is optional or not [3]. RAN WG2 was not able to conclude whether RRC_INACTIVE can/should be optional as this decision is usually made on the TSG RAN guidance. Nevertheless, a number of proponents expressed their views on this matter during subsequent meetings [4-6].
In this discussion paper we aim at presenting a broader view on the overall system contemplating on whether RRC_INACTIVE state should be optional or not. In additional, we also analyse network side impact elaborating on the minimum functionality that RAN needs to support.
2
RRC_INACTIVE state
2.1
Support at the UE side

As already mentioned in the Introduction part, one of the main motivations to introduce the RRC_INACTIVE state was a desire to achieve good tradeoff between the device response time and its power consumption. A UE configured with the RRC_INACTIVE state will behave as if it were in the RRC_IDLE state listening only to the DL paging channels. Since a UE and RAN keep as the AS context and all data path channels between the RAN and CN are already established, it takes marginal time to bring a device into a mode where it can start exchanging data. From that perspective it can be argued that RRC_INACTIVE state is intrinsic part of the NR system and thus should be supported by all the devices because it provides signaling and power consumption gains. Indeed, irrespective of the device type – ranging from the USB dongle to the MTC-like device – presence of the RRC_INACTIVE state can improve UE and RAN performance. 
It is also worth noting that UMTS CELL/URA_PCH state was also mandatory for UMTS devices starting from R99. Almost all the UMTS network rely upon either URA_PCH or CELL_PCH states (or even both) to handle mobile phone devices with aperiodic and non-predictable traffic patterns, for which a short response time is usually anticipated. 

Observation 1a:
The NR RRC_INACTIVE state can achieve a good tradeoff between the signaling load and power consumption (similarly to the UMTS URA/CELL_PCH states.

Observation 1b:
The UMTS URA/CELL_PCH has been mandatory for UEs starting from R99.

At the same time, it is also important to emphasize that absence of any capability/IOT bit in UMTS resulted in a situation when early devices were not supporting properly URA/CELL_PCH state. As the outcome, some early UMTS networks did not activate those states at all and/or were using them in some limited way. Only once a critical number of smart phones entered the market followed by the "fast dormancy" phenomena, URA/CELL_PCH state was activated at a larger scope relying upon more mature device implementations. Furthermore, it can be also argued that some devices and use cases for NR do not require RRC_INACTIVE state as other similar mechanism can be utilized. As an example, the MTC-like device may be configured only with RRC_IDLE+MICO mode, in which even a better power consumption will be achieved as the device will not even monitor the DL channel; and this device type might not have a requirement for a small time to initiate user plane data transmission. In other words, such a device still can implement RRC_INACTIVE, but its support is not well justified.
Observation 1c:
Absence of any capability/IOT bit in UMTS for URA/CELL_PCH state resulted in a situation when the features was not used properly due to immature device implementations.

Observation 1d:
As NR aims to cover a large range of devices, RRC_INACTIVE state support is not so crucial for some scenarios and use cases. 

As a summary, our general view is that it should be TSG RAN guidance whether RRC_INACTIVE state will be optional or mandatory for the UE, which ideally should account for feedback from operators. At the same time, regardless of the TSG RAN decision we assume that some capability/IOT bit will be introduced to avoid cases when early NR devices do not support properly RRC_INACTIVE state.

Proposal 1a:
It is the TSG RAN decision whether RRC_INACTIVE is optional or mandatory. 

Proposal 1b:
Regardless of the TSG RAN decision, some notion of the AS level RRC_INACTIVE capability/IOT bit is needed. 
2.2
Support at the RAN side

As contemplated in several 3GPP documents [4-6], RRC_INACTIVE support is not only the question of UE support, but also the question of whether RAN is going to use it. As an example, even though RAN may implement and support RRC_INACTIVE, there are scenarios and applications in which RAN would resort for keeping a UE in RRC_CONNECTED, e.g. due to the continuous user plane data transmissions. In other words, RRC_CONNECTED+C_DRX could be the only feasible option to achieve lower power consumption despite the fact that a UE supports RRC_INACTIVE. In general, as we cannot put a requirement on the RAN side when and how RRC_INACTIVE should be activated, it can be left for the network-side implementation.

Observation 2a:
A decision to activate and use RRC_INACTIVE state is up to the RAN side implementation.  
If the RAN side does not implement/support RRC_INACTIVE, there remains open question on what happens if a UE configured with RRC_INACTIVE ends up to RAN area not supporting it. And as the outcome, whether there should be any indication in SIB for RRC_INACTIVE support at the RAN side.
In case of UMTS, there is a common CELL UPDATE "request" message that a UE can use in all the error and non-error scenarios. As the CELL UPDATE message is always supported by RAN, the latter can always circumvent around a case when a UE configured with CELL/URA_PCH ends up to RAN area in which CELL/URA_PCH is not implemented. Similarly, as long as the NR RAN understands at least the "resume request" message, it can always move a UE to the RRC_IDLE state and/or ask the UE to establish a new RRC connection.

Observation 2b:
The minimum requirement for the RAN side is to support/understand the "resume request" RRC message regardless of the fact whether it supports RRC_INACTIVE or not.

If NR RAN does not support "resume request" message from a UE, then we may need to introduce the corresponding "capability" indicator in system information and new rules and procedures for the UE. In our view, it is just much easier and cleaner if we mandate the network to support that RRC message.

Proposal 2:
The RAN shall support the "resume request" RRC message regardless of the fact whether it supports RRC_INACTIVE or not.
3 Conclusion
In this discussion paper we have expressed our further considerations on the support for the RRC_INACTIVE state from the UR and RAN perspective. For the UE side, our view is that some form of the capability/IOT is almost inevitable. The RAN needs to know whether a UE has implemented and tested RRC_INACTIVE state to avoid jeopardizing this feature by UEs, functionality of which might be not mature. As for the RAN side, it is of course up to the network implementation when to activate and use the RRC_INACTIVE and even whether to support it at all. Nevertheless, the RAN should be able to understand at least the "resume request" message.
Proposal 1a:
It is the TSG RAN decision whether RRC_INACTIVE is optional or mandatory. 

Proposal 1b:
Regardless of the TSG RAN decision, some notion of the AS level RRC_INACTIVE capability/IOT bit is needed.
Proposal 2:
The RAN shall support the "resume request" RRC message regardless of the fact whether it supports RRC_INACTIVE or not.
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