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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. One of the requirements for 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. To accomplish this goal, RAN WG2 has already agreed to introduce a new RRC state hence referred to as RRC_INACTIVE. 

As already discussed, agreed and captured in TS 38.300, a UE in the RRC_INACTIVE state can perform independently cell re-selection process and move from one cell to another without exchanging explicitly RRC messages with RAN. In that sense RRC_INACTIVE state behaviour is identical to RRC_IDLE. As it is impossible to assume that NR coverage will be continuous having no coverage holes, there will be cases when a UE will fail to perform re-selection process resorting for finding any suitable cell and/or camping on acceptable cells. As there is no RRC_INACTIVE state in LTE, cell re-selection/selection process was effectively completely transparent to RAN as the UE was in the RRC_IDLE state as perceived by the network side. As for NR, there is a new question on how cell re-selection/selection process coexists with other RRC states. 

During the RAN2#101bis meeting several contributions were made, based on which RAN WG2 made a decision that the baseline solution is that a UE moves to RRC_IDLE state once it leaves "camped normally state". At the same time, RAN WG2 also noted that other solutions could be considered.

Agreements (from the breakout session):

1
To adopt as a baseline for Rel-15 the simplest solution when a UE enters RRC_IDLE when it leaves "camped normally" state.

2
Additional solutions can be considered in Rel-15/16 on top of the baseline approach.

During the RAN2#102 meeting a number of contributions were submitted on this topic [2-7], but no further progress was reached. In this discussion paper we present our further detailed considerations on which solutions one can consider for a case when a UE in the RRC_INACTIVE state leaves its service area, i.e. quits "camped normally" state. 
2
Reselection/selection process in RRC_INACTIVE 

2.1
Baseline approach

First, we present briefly a logical model on what happens when a UE stays in RRC_IDLE. As can be seen from Figure 1, a UE is anticipated to perform continuously cell re-selection process trying to find a suitable cell. As long as a UE can find and camp on a suitable cell, it remains in the "camped normally" state. At some point a UE might fail to perform cell re-selection process as there could be no suitable cell (it usually takes X seconds to detect that there is no suitable cell as defined by RAN1 and RAN4). After that a UE switches into the "any cell selection" state, which according to the state diagram presented in Annex A might result in different actions at the UE side, including switching to a completely different PLMN. Figure 1 just shows that a UE might find an acceptable cell and then find a suitable cell; of course it might also find immediately a suitable cell.
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Figure 1: Exemplary interaction between the UE "cell" states and RRC_IDLE AS state.

As already mentioned in the Introduction part, a UE in the RRC_INACTIVE state performs same cell re-selection process as in RRC_IDLE. In other words, as long as the can find a suitable cell staying in the "camped normally" state, a UE can also stay in the RRC_INACTIVE state. However, it is not absolutely clear what a UE can/should do when cell re-selection process fails and the UE enters the "any cell selection" mode. Technically speaking it means that a UE has no coverage (at least for some time), whereupon the simplest and the easiest way to model UE behavior is to assume that it switches to the RRC_IDLE state. This approach is illustrated in Figure 2 below. It is worth noting that even if a UE finds later a suitable cell, it will remain in the RRC_IDLE state where it switched upon entering "any cell selection" state. The UE NAS will receive an indication about UE AS going to the RRC_IDLE state, so it will initiate if needed a new service request and/or the TAU procedure once a UE detects a suitable cell. In other words both a UE and the network will re-sync their states.
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Figure 2: Exemplary interaction between the UE "cell" states and AS states (a UE immediately switches to the RRC_IDLE state).
As mentioned earlier, RAN WG2 already made a decision that upon leaving "camped normally" state a UE will move to RRC_IDLE state if it was in RRC_INACTIVE state. Even though one could argue that it may result in sub-optimal behavior in certain cases, e.g. entering a basement or a tunnel for certain period of time, it is worth noting that it also takes some time for a UE to detect that it cannot perform cell re-selection (this time period is defined by RAN4). In other words, there is already some "buffer" time that prevents a UE from moving immediately to RRC_IDLE when coverage is lost for some period of time. Referring to TS 25.133 and TS 36.133, a UE needs 12s and 10s to determine that it is "out of service" for UMTS CELL/URA_PCH and LTE RRC_IDLE states, respectively. Similarly, the preliminary decision for the NR RRC_IDLE is that 10s is needed to inform upper layers that a UE is not in the "camped normally" state.

Observation 1a:
As the baseline solution, RAN WG2 has already agreed that a UE will move to RRC_IDLE if it quits "camped normally" state.

Observation 1b:
Since it takes time for a UE to detect that it cannot perform cell re-selection anymore quitting "camped normally" state, there is already "guard" time that prevents a UE from moving immediately to RRC_IDLE.

Observation 1c:
For UMTS CELL_FACH and CELL/URA_PCH state, a UE has to fail cell evaluation criterion for 4s and 12s respectively to determine that it is "out of service" (refer to TS 25.133 subclause 5.5.2.3 and 4.2.2.1). 

Observation 1d:
For LTE RRC_IDLE, a UE has to fail cell evaluation criterion for 10s to determine that it is "out of service" (refer to TS 36.133 subclause 4.2.2.1).
Observation 1c:
For NR RRC_IDLE, a UE has to fail cell evaluation criterion for 10s to determine that it is "out of service". 

2.2
Further improvements on top of the baseline solution

Referring to an exemplary UE behavior in Figure 2, one can argue that there is no strong motivation to move a UE into the RRC_IDLE state when there is no suitable cell even after expiry of the "guard" timer defined by RAN4. In other words, as shown in Figure 3, one can assume that a UE stays in the RRC_INACTIVE mode even upon leaving "camped normally" state. Of course, if the periodic RAN area update timer expires before a suitable cell is found, a UE will inevitably switch to RRC_IDLE due to failed periodic RAN area update procedure as already discussed and agreed by RAN WG2. If a UE is able to find a suitable cell before expiration of the RAN periodic timer, then a UE stays in RRC_INACTIVE and performs later RAN periodic procedure as per normal behavior. So, the fundamental difference between UE behavior in Figure 2 and Figure 3 is that a UE does not enter RRC_IDLE immediately, but rather stays in RRC_INACTIVE until expiration of the RAN periodic update timer [3-4].
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Figure 3: Exemplary interaction between the UE "cell" states and AS states (a UE stays in RRC_INACTIVE until RAN periodic timer expiry).
The solution in Figure 3 has one problem that it is not possible to control or predict for how long a UE is going to stay in RRC_INACTIVE state trying to find a suitable cell. This is due to the fact that the RAN periodic timer is (re-)started according to one set of triggers, but the UE can experience coverage issues at any moment of time. As one example, RAN periodic timer may expire right after the UE switches to the "any cell selection" state without providing enough time to find a suitable cell; another extreme case would be an extremely large value (or even "infinity" value) of the RAN periodic timer value that will keep a UE in RRC_INACTIVE for very long time without any service. 

Observation 2a:
In principle, a UE can stay in the RRC_INACTIVE state upon quitting "camped normally" state.

Observation 2b:
As a downside, there is no precise way to control for how long a UE is going to stay in this state after a UE has quit "camped normally" state. 

Thus, to ensure more controlled UE behavior, one can consider an additional timer that will control specifically for how long a UE can/should stay in RRC_INACTIVE after it quits the "camped normally" state irrespective of the periodic RAN update timer value. Figure 4 below presents two distinctive cases elaborating on the resulting UE behavior. In the first case, an operator sets an additional timer to a larger value so that even if RAN periodic timer expires, a UE still have enough time to find a suitable cell. In this approach the operator can ask a UE to stay longer in RRC_INACTIVE looking for a suitable cell even if the RAN periodic update timer is relatively small. The second case illustrates the opposite operator preference in which the additional timer is set to a smaller value. As the outcome, even if the RAN periodic timer still runs or is even set to "infinity", a UE would anyway quit the RRC_INACTIVE state. 
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Figure 4: Exemplary interaction between the UE "cell" states and AS states (a UE stays in RRC_INACTIVE as governed by the dedicated timer).
It is worth noting that solution presented in Figure 4 is logically similar to UMTS, in which a UE can stay longer in CELL/URA_PCH state. It is governed by the T307 timer, which can take values of (5, 10, 15, 20, 30, 40, 50) seconds; the default value is 30 seconds. In principle, with a help of a new timer one can even model UE behavior presented in both Figure 2 and 3. If the timer value is set to 0s, then a UE will move to RRC_IDLE as in the preliminary RAN2 agreement; if the timer is not set at all, then a UE can stay in RRC_INACTIVE as long as it can, which at the end will be governed by the periodic RAN timer.
Observation 3a:
The dedicated timer can ensure controlled UE behavior with regards to how long a UE will stay in RRC_INACTIVE after it leaves the "camped normally" state.

Observation 3b:
By setting this timer to 0s, a UE will behave according to the current RAN2 agreement.

Observation 3c:
By not providing any timer value at all, a UE will stay in RRC_INACTIVE as long as it can (as governed by the duration of the periodic RAN timer).

2.3
Summary of approaches

Referring to different approach presented in Figure 2 – 4, one can see that the simplest one is when a UE enters immediately the RRC_IDLE state without waiting for any existing or new timers. This approach will not require any noticeable changes to the TS 38.331 and 38.304 specifications thus ensuring completion of the NR SA functionality by June 2018. In fact, even in the simplest approach presented in Figure 2 a UE does not switch immediately to RRC_IDLE. A UE will need 10 seconds to declare that a connection to a suitable cell is lost before switching to "any cell selection" state.

At the same time, it bears mentioning that other approaches presented in Figure 3 and 4 are not fundamentally different, they just delay further transition to the RRC_IDLE state and provide a finer control for how much time a UE will spend in RRC_INACTIVE trying to find a suitable cell. Since it is just a matter of defining a mechanism and criterion according to which a UE can stay more in RRC_INACTIVE state, it is enough to introduce the corresponding timer that will control it. Of course, this and other approaches can be also considered later as Rel-15/16 extension. 

Proposal 1:
The simplest solution when a UE enters RRC_IDLE when it leaves "camped normally" state (as already agreed by RAN WG2).

Proposal 2a:
Introduction of the dedicated timer controlling for how long a UE is going to stay in RRC_INACTIVE allows for achieving a number of different UE behaviors.

Proposal 2b:
This and/or other more complex solutions can be considered later in Rel-15/16 on top of the baseline approach.
3 Conclusion

In this discussion paper we have presented our view on which RRC state a UE could enter when it leaves "camped normally" state, i.e. when the UE cannot find a suitable cell. Based on presented approaches, a UE could either enter immediately RRC_IDLE state or delay its transition to RRC_IDLE state, which in turn could be controlled by other timers and mechanisms. Nevertheless, more complex solutions could be viewed as a delta on top of the baseline approach as they just delay transition from RRC_INACTIVE to RRC_IDLE, but they do not change the fundamental principles.

Proposal 1:
The simplest solution when a UE enters RRC_IDLE when it leaves "camped normally" state (as already agreed by RAN WG2).

Proposal 2a:
Introduction of the dedicated timer controlling for how long a UE is going to stay in RRC_INACTIVE allows for achieving a number of different UE behaviors.

Proposal 2b:
This and/or other more complex solutions can be considered later in Rel-15/16 on top of the baseline approach.
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Annex A: UE cell re-selection/selection state diagram 
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