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1 Introduction

New RRC_INACTIVE state for NR has been agreed and state transition between different RRC states has been discussed in previous RAN2 Ad Hoc meeting [1] and following agreements were reached.

Agreements

1: NR RRC state machine has a direct transition between RRC_IDLE and RRC_CONNECTED states.

2: NR RRC state machine has a direction transition between RRC_INACTIVE and RRC_CONNECTED states.

3: RRC state transition from IDLE to CONNECTED follows the three-step handshake procedure (e.g. request, setup, complete).

4: The RRC state transition from CONNECTED to IDLE uses (at least) a release procedure.

5: RRC state transition from CONNECTED to INACTIVE uses (at least) an 'inactivation' procedure.

6: The RRC state transition from INACTIVE to CONNECTED using an RRC procedure 

FFS Whether the RRC state transition from INACTIVE to CONNECTED can follow three step, two-step and one-step procedure.

7: The RRC state transition from INACTIVE to IDLE is supported 

FFS For what cases this transition is supported (e.g. reject from network, other failure cases, other cases, etc).
Connection control and RRC state transition was discussed in previous RAN2 meeting [2] and following agreement were reached.

Agreements:

1 The RRC state transition from CONNECTED to IDLE follows one step procedure (e.g. release).

2 The RRC state transition from CONNECTED to INACTIVE follows one step procedure 

3 As a baseline, RRC state transition from INACTIVE to CONNECTED follows three-step procedure (e.g. request, response, complete). (3 steps from the Request message, i.e. not including any paging). Continue to discuss a 2 step procedure for the state transition if it can be used for all cases

4 As a baseline, network initiated RRC state transition from INACTIVE to IDLE follows INACTIVE to CONNECTED and then CONNECTED to IDLE. 

Even thought, it has been so far agreed that UE will be moved from INACTIVE state to IDLE via CONNECTED state, we think that there could be some cases when it could be more efficient to release UE straight from INACTIVE to IDLE without additional state transition to CONNECTED. In this contribution, we would like to discuss more about these situations when it could be beneficial to support straight release form INACTIVE to IDLE, and potential solution to support the straight release to IDLE in these situations.
2 Discussion

The state transition from INACTIVE to IDLE in NR has been described in [3]. The proposed RRC state handling mechanism is based on LTE. Current LTE does not have RRC_INACTIVE state between CONNECTED and IDLE as in NR as described in figure 1. 
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Figure 1. UE state machine and state transitions between NR and E-UTRAN

LTE RRC procedures and signalling will be used as baseline for NR RRC, i.e. majority of procedures and functions will be same or similar as in LTE. As LTE does not currently have INACTIVE state, there is no explicit RRC procedures and corresponding signalling in specification to handle UE state transitions between INACTIVE and IDLE/CONNECTED. From connectivity point of view, IDLE and INACTIVE are similar, as neither of them does not have any active radio connection to NW. So, when gNB wants to release UE from INACTIVE to IDLE, the paging procedure needs to be used to reach the UE to establish the RRC connection, which can then be used to release the UE to IDLE state. Even that it is a general principle, to keep UE RRC state synchronized between UE and NW, there could be situation when UE AS context would have been released in NW side, but kept in UE side. There might not be a huge difference in DL data handling (assuming that there are not major differences between RAN and NW initiated paging procedures), in case that UE AS context does not exists in NW side i.e. UE will be paged in the same way in INACTIVE and IDLE state from NW point of view, and after NAS recovery the UE and NW will be synchronized in case they were not synchronized before paging procedure.
However, there are some drawbacks if UE is remained to INACTIVE when UE is released in NW side E.g. in case UE thinks it is still INACTIVE state and reaches the RAN area boundary, it tries to make RAN area update and sends RRC Connection re-establishment (exact message FFS) message with resume id to serving gNB. With this id, gNB tries to fetch the UE AS Context from anchoring gNb to re-establish the RRC connection and if UE has been released in NW side, there is no context in the anchoring node and RAN area update procedure fails, and serving gNB should release the UE to IDLE. This extra signalling can be avoided from UE perspective and UE power could be saved if UE RRC state is kept in sync in UE and NW side. 

Observation 1: Keeping the UE RRC state synchronized in UE and NW side will reduce the unnecessary signalling load and power consumption in certain scenarios

In case of some NW error situation or due to load balancing, there could be a situation that NW wants to release several INACTIVE UEs to IDLE. When the number of UEs to be released is not too big, the current paging and RRC connection re-establishment based solution can be used without any major issues. However, if NW wants to release multiple UEs from INACTIVE to IDLE in the same time, it requires significant amount of signalling resources, as each UE needs to be paged and separately released to IDLE via dedicated RRC connection. This procedure does not only consume radio resources, but also generates additional delay due the air interface and Xn signalling, to retrieve the AS context from anchor node.
Observation 2. In case of some NW error or due load balancing, there might be a need or useful to release several UEs to IDLE fast

Observation 3. The paging and RRC connection establishment based release mechanism is not the optimum solution in case several UEs need to be released fast from INACTIVE to IDLE

As described above, when NW wants to release several UEs fast to IDLE or to minimize the signalling load due release procedure, the dedicated paging and RRC connection re-establishment based mechanism may not be the optimum solution for every scenario and other mechanism to allow mass release of INACTIVE UEs could be studied.  

Proposal 1: RAN2 should consider additional mechanism which allows to release several UEs from INACTIVE to IDLE simultaneously 

One potential solution to reduce the RRC signalling load between UE and NW during the state transition from INACTIVE to IDLE is to leave the transition to CONNECTED state out and move UE to IDLE without moving to CONNECTED first [4]. When one or just few UEs need to be released, one of the optimized solution where NW releases the UE with enhanced signalling (paging+response+complete, paging+response or just paging) procedure without the state transition to CONNECTED could be used. To enable the UE to release itself and send a corresponding response message to NW, some release indication need to be added to the paging message. 

When several UEs need to be released at the same time, it would be beneficial to minimize the signalling load and the simple paging based, i.e. paging with release indication without any response from UE, solution looks most feasible. And as the solution does not require any feedback from UE, there is no real need to send the individual paging for each UE by NW, but common paging message with release indication can be used to release all or list of UEs in certain cell, gNB or RAN area. To allow more flexibility e.g. for load balancing the INACTIVE UEs can be divided to different groups allowing to release only certain amount of UEs to IDLE.  

Observation 4. The paging mechanism could be enhanced to enable efficient release of several UEs simultaneously from INACTIVE to IDLE in certain cell, gNB or RAN area

Proposal 2: The common paging identification and release indication to be used for group release of INACTIVE UEs in certain cell, gNB or RAN area should be supported
3 Conclusions:

Based on the discussion the following observation and conclusion were made:

Observation 1: Keeping the UE RRC state in UE and NW side synchronized will reduce the unnecessary signalling load.
Observation 2. In case of some NW error or due load balancing, there might be a need or useful to release several UEs to IDLE fast
Observation 3. The paging and RRC connection establishment based release mechanism is not the optimum solution in case several UEs need to be released fast from INACTIVE to IDLE
Proposal 1: RAN2 should study additional mechanisms which allows to release several UEs from INACTIVE to IDLE simultaneously
Observation 4. The paging mechanism could be enhanced to enable efficient release of several UEs simultaneously from INACTIVE to IDLE in certain cell, gNB or RAN area

Proposal 2: The common paging identification and release indication to be used for group release of INACTIVE UEs in certain cell, gNB or RAN area should be studied
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