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1. Introduction
After RAN2 #96, overall UE state machine and state transitions were discussed by email [96#10][NR] but unable to capture in the TR [1]. This paper hence attempts to discuss again to capture the state machine and transition diagram in the TR.
2. Discussion
2.1. State machine and transitions within NR
According to the functional characteristics supported for each state [1], the following state transitions can be envisaged for NR:
1)
From RRC_IDLE to RRC_CONNECTED and vice versa (bi-directional)
Since LTE is the baseline, it is quite straight forward to support this bi-directional transition utilising the RRC connection establishment procedure.

2)
From RRC_CONNECTED to RRC_INACTIVE and vice versa (bi-directional)

Given that the UE AS context is stored in at least one gNB and the UE in RRC_INACTIVE [1], the UE needs to be configured with the AS context before entering RRC_INACTIVE. Namely, the UE needs to be in RRC_CONNECTED at first before entering that state. In accordance with the purpose of storing the AS context, the UE should be able to resume the RRC connection, i.e. transit from RRC_INACTIVE to RRC_CONNECTED. Although the similar procedure for Rel-13 LTE RRC connection suspend/resume can be envisaged, this paper proposes to call the procedure for these state transitions “Connection resumption/inactivation” as it would not be exactly the same as the Rel-13 procedure.
3)
From RRC_INACTIVE to RRC_IDLE (uni-directional)

One potential scenario of this state transition would be the failure case of connection resume as specified for Rel-13 LTE RRC connection suspend/resume. Another potential scenario could be to release the stored AS context and fallback to the CN paging, which can be triggered by the network or the UE autonomously. Nevertheless, the need of these scenarios should be discussed for further. For the time being, the procedure for this state transition is FFS. It would be hard to envisage the direct state transition from RRC_IDLE to RRC_INACTIVE as there seems to be no way to configure the AS context for the idle mode UE.
Therefore, the followings are proposed:
Proposal 1:
State transition between RRC_IDLE and RRC_CONNECTED is supported by RRC connection establishment/release.
Proposal 2:
State transition between RRC_CONNECTED and RRC_INACTIVE is supported by RRC connection resumption/inactivation. Details of the procedure are FFS.
Proposal 3:
State transition from RRC_INACTIVE to RRC_IDLE is supported. The procedure for this state transition is FFS.

2.2. State machine and transitions between NR and other RATs
TR 22.891 states the requirements on interworking with existing generation systems as excerpted below [2]:
-
The <5G system> shall be able to support seamless handover and Inter System Mobility between<5G> RAT(s) and E-UTRAN.
-
Seamless Handover between the <5G> RAT(s) and GERAN or UTRAN is not required.
It can be inferred from these requirements that inter-RAT handover should be supported between NR and E-UTRAN, while it is not required for UTRAN and GERAN. For the idle mode mobility, i.e. cell reselection, it is required at least between NR and E-UTRAN, while it is not crystal clear for UTRAN and GERAN.
On the other hand, RAN2 made the following agreements as the last meeting:
	1. A UE in the NR IDLE state can perform re-selection to another RAT (entering the IDLE state in that RAT).
2. A UE in the NR INACTIVE state can perform re-selection to another RAT (at least in some cases (GERAN, UTRAN, legacy LTE connected to EPC) the UE enters the IDLE state in that RAT).
FFS target state in the case that LTE is connected to NG Core.


Given the agreement #1, it seems sensible to support the opposite direction for UTRAN and GERAN as well, i.e. cell reselection from UTRAN/GERAN to NR entering RRC_IDLE. In UMTS, cell reselection to E-UTRA RRC_IDLE is supported for CELL_FACH/PCH, URA_PCH and UTRA_Idle [3]. In GERAN, it is supported for GPRS Packet transfer mode and GSM_Idle/GPRS Packet_Idle [3]. In that sense, it would also be reasonable to support cell reselection to NR RRC_IDLE from these states. Therefore, the followings are proposed:
Proposal 4:
For UTRAN, a UE in CELL_FACH/PCH, URA_PCH or UTRA_Idle can perform cell reselection to NR entering RRC_IDLE.
Proposal 5:
For GERAN, a UE in GPRS Packet transfer mode, GSM_Idle or GPRS Packet_Idle can perform cell reselection to NR entering RRC_IDLE.

This paper does not attempt to discuss the FFS issue in the last meeting and the case where the UE supports light connection in LTE. These topics were discussed by email on inter-RAT mobility [96#34][NR] before this Ad-hoc meeting [4]. The outcome of this email discussion can be reflected to the state machine and transition diagram if impacted.
3. Summary and proposal
This paper attempted to make the further agreements to build the state machine and state transition diagram. In summary, the followings were proposed:
Proposal 1:
State transition between RRC_IDLE and RRC_CONNECTED is supported by RRC connection establishment/release.

Proposal 2:
State transition between RRC_CONNECTED and RRC_INACTIVE is supported by RRC connection resumption/inactivation. Details of the procedure are FFS.

Proposal 3:
State transition from RRC_INACTIVE to RRC_IDLE is supported. The procedure for this state transition is FFS.

Proposal 4:
For UTRAN, a UE in CELL_FACH/PCH, URA_PCH or UTRA_Idle can perform cell reselection to NR entering RRC_IDLE.

Proposal 5:
For GERAN, a UE in GPRS Packet transfer mode, GSM_Idle or GPRS Packet_Idle can perform cell reselection to NR entering RRC_IDLE.

From these proposals and the relevant agreements at RAN2 #96, the state machine and state transition diagram can be built as proposed in [5].
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