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1
Introduction

After the RAN#75 meeting, a new WI was agreed [1] with the main objective to perform normative work with regards to standardizing a new radio access technology.  As also captured in [2], one of the design goals of a new radio access technology is to 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. 

During the RAN2#98 meeting, a major decision was made that the NR technology will have a new state called INACTIVE, which is modelled as independent RRC state. In addition to it, RAN WG2 considered a number of state transition cases and made several decisions on how they could be accomplished.

In this discussion paper we consider an approach that would allow the NR system to utilize more aggressively INACTIVE state by minimizing the number of RRC messages exchanged upon state transition. In particular, we present an approach when the network configures a UE with the inactivity timer, expiry of which would trigger a UE transition to a more power efficient state incurring minimal RRC signalling.
2
Inactivity-based transition to a power efficient state
2.1
Background information
As already agreed during RAN#98 meeting, the NR system is expected to have a new state called INACTIVE, functionality of which would be similar to the UMTS URA/CELL_PCH state. The resulting RRC state machine can as the one presented in Figure 1 below, with corresponding transitions between different RRC states.
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Figure 1: NR RRC state machine.
Referring to Figure 1, and more specifically referring to the INACTIVE and CONNECTED state, one can identify several trade-off issues with regards to the UE power efficiency and resulting RRC signaling load. On the one hand, to ensure UE low power consumption the network may follow a strategy of moving the UE aggressively to the INACTIVE state from CONNECTED if there is no user plane activity for e.g. 1-2 seconds. On the other hand, since the network cannot know or predict when next data burst arrives, such an approach may inevitably lead to increased RRC signaling as the network will first re-configure a UE to the INACTIVE state and then move back to CONNECTED. Referring to Figure 2 and Figure 3 below, one can see that we network will at least one 1 RRC message to re-configure a UE from CONNECTED to INACTIVE (and two RRC messages if we assume two-step approach with a complete responses) and four messages to bring a UE back from INACTIVE to CONNECTED (assuming the network initiated paging and three-step transition to CONNECTED) [4].
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Figure 2: Signaling procedure for state transition from CONNECTED to INACTIVE.
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Figure 3: Signaling procedure for state transition from INACTIVE to CONNECTED.

Thus, an ideal solution is when a UE can move between CONNECTED and INACTIVE state with very small inactivity timer values, at the same time not causing significant RRC overhead.
2.2
Inactivity-based transition
To minimize the RRC signaling overhead, the network can provide the corresponding inactivity timer value to the UE, expiry of which would cause exactly the same RRC state transition as if the UE had explicitly received the RRC re-configuration message. In turn, the network side will continue to run the same inactivity timer as before, but upon expiry of which the network will not trigger any RRC re-configuration actions because a UE would anyway move to a more power efficient state.
Even though the main use case for the inactivity-based transition would be CONNECTED to INACTIVE scenario as contemplated before, we do also foresee potential benefits of this approach when it is applied to other scenarios. Below, we make a summary of potential transitions elaborating on where they could be applied.

-
CONNECTED to INACTIVE. As mentioned earlier, this is the main use case for the autonomous inactivity timer based transition. The network can configure a UE with a relatively small value inactivity timer value (e.g. 1-2 seconds) so that it can move quite aggressively to INACTIVE state without any RRC signaling.
-
CONNECTED to IDLE. Even though it can be assumed that the network will move a UE to the INACTIVE state during inactivity periods, we cannot put such a requirement on the network side; neither can we in fact mandate the network to support the INACTIVE state. Furthermore, there can be scenarios when a UE exchanges some data with the network which follows by a long period of application level inactivity (e.g. some MTC like device that just periodically sends some data). In this case, the network can configure inactivity timer, expiry of which would trigger transition directly to the IDLE state. In fact, this scenario mimics behavior of current LTE system which does not have the INACTIVE state.
-
INACTIVE to IDLE. Even though it is anticipated that the network will keep a UE in INACTIVE for a long period of time, we cannot assume that we can force networks to follow such a behavior. Furthermore, as has been observed for UMTS networks, even though there is the CELL/URA_PCH state, networks have a proclivity of releasing the RRC connection after expiry of the internal "inactivity" timer (usually, much larger value when compared to the inactivity timer considered for the CONNECTED to INACTIVE transition). Based on that, there is some potential value in allowing UE autonomous transition from INACTIVE to IDLE. Based on the agreement from the RAN2#98 meeting, the network would need 5 RRC message to wake up the UE, move it to full CONNECTED, from which it can be further released to IDLE. Thus, timer-based transition to IDLE would save those 5 RRC messages.
As a summary of our considerations, we suggest to consider the inactivity-based transition to a more power efficient state for the following scenarios: CONNECTED-to-INACTIVE, CONNECTED-to-IDLE and INACTIVE-to-IDLE. Of course, it will be up to the network to decide which case is activated for a particular UE and what the inactivity timer value is.
Proposal 1:

Introduce the inactivity timer based transition to a more power efficient state. 
Proposal 2:
The following scenarios are considered for the inactivity timer based transition: CONNECTED-to-INACTIVE, CONNECTED-to-IDLE, INACTIVE-to-IDLE.
3 Conclusion
In this discussion paper we have presented our considerations on a trade-off between UE power consumption and RRC signaling load. As elaborated in our paper, if the network strives for lowering UE power consumption, it may resort to moving the UE more aggressively to a more power efficient state, which will cause increased RRC signaling. To minimize the latter, we suggest considering inactivity-based approach according to which the network may configure a UE with the corresponding timer value, expiry of which would trigger UE RRC state transition to the corresponding target state.
Proposal 1:

Introduce the inactivity timer based transition to a more power efficient state. 
Proposal 2:
The following scenarios are considered for the inactivity timer based transition: CONNECTED-to-INACTIVE, CONNECTED-to-IDLE, INACTIVE-to-IDLE.
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