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1 Introduction

In the last RAN2 Ad hoc meeting, it is agreed that:

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).
This contribution analysis how many steps are needed in order to achieve efficient transition from INACTIVE to CONNECTED for different scenarios, and all possible cases which lead to the transition from INACTIVE to IDLE.
2 Discussion
2.1 INACTIVE to CONNECTED
From our point of view, the transition from INACTIVE to CONNECTED state, it can be initiated by UE or by network. For different scenario, the transition process is different.

In the last Ad hoc meeting, UL data transmission without RRC signalling without initiating transition to active was discussed, and it is agreed that FFS whether BSR or other information to be included in message 1 (security information is addressed separately). Due to RAN2 has no conclusion option A or option B will be finally used for UL small data transmission. It’s difficult to conclude that BSR can be transmitted in message 1 or not. Even for option B, if 2-step RACH is used, it’s also possible to transmit a BSR in message 1.

So, if BSR can be transmitted in message 1, it’s possible that network can command UE to transit to active state based on the BSR in the message. In this case, two-step procedure can be used to transit UE from INACTIVE to CONNECTED state. The procedure is as figure below:
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1. message 1 

(BSR + UE ID)

2. RRC connection resume 

(TA, UL grant)

3. RRC connection resume 

complete


Figure 1 State transition based on BSR
We need to note here, message 1 could be direct data transmission or the first message of 2-step RACH.
But for some scenarios, if UE requests to transit to CONNECTED state, the network needs to response to the request and the UE replies with a confirmation of the state transition. A typical case is if UE has large volume data to be transmitted, it will initiate the request to transit to CONNECTED state. In this case, three step procedure needs to be used. The procedure is as figure below.
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1. RRC connection resume request

BSR>threshold

2. RRC connection resume

3. RRC connection resume 

complete


Observation 1: 3-step procedure is needed to transit UE to CONNECTED state, but the first message can be <Data + UE ID>.

For the transition from INACTIVE to CONNECTED state or not, it depends on the purpose. For some cases, UE can just keep in INACTIVE state if the transmission can be finished during INACTIVE state. The typical example is direct data transmission. Other example is UE send TAU in the message 1 or send RNA location update message in the message 1. The purpose is just for location update and the size of the message is lower than the threshold. For such cases, the UE doesn’t need to transit from INACTIVE to CONNECTED state and just keeps in INACTIVE state even data transmission is done.
Observation 2: UE can keep in INACTIVE state even small data transmission is done.
Proposal 1: INACTIVE <-> INACTIVE should be supported even with data transmission.
In the last Ad hoc meeting, some papers analyze the paging signalling overhead for high frequency [1], and some companies propose potential solution could be update UE location frequently. It’s not clear how exactly the location can be known by the network, but one possibility is that this could be one cell level. On the other hand, UL-based mobility may be further studied and forward compatibility should be considered. If UL-based mobility is enabled, the network will know the exact cell the UE located.

Considering the case above, if UE has DL data to be transmitted, the network can transmit data to the UE is possible. If the network knows the data needs to be transmitted in multiple slots, the network can command the UE transits to CONNECTED state in the first DL data transmission. The RRC connection resume complete message can be transmitted back with the feedback (if HARQ or ARQ in RLC is supported) of data transmission (if data is included in the message). The procedure is as figure below:
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1. Data + RRC connection 

resume (UL grant)

2. Ack/Nack + RRC 

connection resume complete

Data arrived

RAN location update


Figure 2 State transition based on exact location
Observation 3: 2-step procedure is used to transit UE from INACTIVE to CONNECTED can be FFS.
Proposal 2: For state transition from INACTIVE to CONNECTED, three-step procedure is used for transition UE from INACTIVE to CONNECTED, but the first message can be <Data + UE ID>.
Proposal 3: two-step procedure is used to transit UE from INACTIVE to CONNECTED can be FFS.
2.2 INACTIVE to IDLE
For state transition from INACTIVE to IDLE state, 
From network point of view, the network can transit UE from the network can transit UE from INACTIVE state to IDLE state for any reason. For example, due the number of connection limitation, it’s possible that network needs to release some context of some UEs, and the network will trigger the state transition of UE from INACTIVE state to IDLE state. Some other such management reason could also transit the UE from INACTIVE state to IDLE state, e.g. charging reason may lead to the transition.
So, the RRC state transition from INACTIVE to IDLE state is not only because the request is rejected. Some other possible reason can also trigger this transition.
Proposal 4: For the RRC state transition from INACTIVE to IDLE, network can trigger this transition by any reason.
3 Conclusion
This contribution analyzes the signalling overhead and UE power consumption for DL-based and UL-based mobility in RRC_INACTIVE and makes a number of observations. We propose the following:

Observation 1: 3-step procedure is needed to transit UE to CONNECTED state, but the first message can be <Data + UE ID>.
Observation 2: UE can keep in INACTIVE state even small data transmission is done.
Proposal 1: INACTIVE <-> INACTIVE should be supported even with data transmission.
Proposal 2: For state transition from INACTIVE to CONNECTED, three-step procedure is used for transition UE from INACTIVE to CONNECTED, but the first message can be <Data + UE ID>.
Proposal 3: two-step procedure is used to transit UE from INACTIVE to CONNECTED can be FFS.
Proposal 4: For the RRC state transition from INACTIVE to IDLE, network can trigger this transition by any reason.
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