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1. Introduction
UE states and state transitions had been discussed in NR SI and captured in TR 38.804 [1]as below. 
	NOTE 1:
How to model RRC_INACTIVE in the specification will be decided in the work item phase.
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Figure 5.5.2-1:
UE state machine and state transitions in NR

NOTE 2:
It is FFS how the UE transits from RRC_INACTIVE to RRC_IDLE in NR.
NOTE 3:
It is FFS how the UE transits from RRC_CONNECTED to RRC_INACTIVE
The following state transitions are supported between the aforementioned RRC states (as also presented in Figure 5.5.2-1):
-
from RRC_IDLE to RRC_CONNECTED, following the "connection setup" procedure (e.g. request, setup, complete);
-
from RRC_CONNECTED to RRC_IDLE, following (at least) the "connection release" procedure;
-
from RRC_CONNECTED to RRC_INACTIVE, following the "connection inactivation" procedure;
-
from RRC_INACTIVE to RRC_CONNECTED, following the "connection activation" procedure;
-
from RRC_INACTIVE to RRC_IDLE.
NOTE 4:
Number of steps for each RRC procedure and the corresponding RRC message will be decided in the work item phase.


Accordingly, there are some issues need to be resolved. In this contribution, we discuss these issues and provide our suggestions.
· Issue 1: How to model RRC_INACTIVE
· Issue 2: How the UE transits from RRC_INACTIVE to RRC_IDLE
· Issue 3: How the UE transits from RRC_CONNECTED to RRC_INACTIVE
· Issue 4: Number of steps for each RRC procedure and the corresponding RRC message
2. Discussion
2.1. How to model RRC_INACTIVE
RRC_INACTIVE has some characteristics similar to RRC_IDLE, such as cell re-selection mobility and paging. Meanwhile, it has some characteristics similar to RRC_CONNECTED, such as CN-NR RAN connection and UE AS context. However, there are some independent characteristics of RRC_INACTIVE, such as RAN paging, RNA management, etc. Then it is difficult to take RRC_INACTIVE as a sub-state of RRC_IDLE or RRC_CONNECTED.
Proposal 1: Take RRC_INACTIVE as an independent UE state.

2.2. State transitions
Issues 2-4 are related to state transitions. We discuss them based on the types of state transitions.
1. RRC_INACTIVE to RRC_IDLE
In [2], the necessity of transiting RRC_INACTIVE UE to RRC_IDLE state was analyzed. RRC_INACTIVE UE could enter RRC_IDLE state in the following cases:

· Case 1: Resume failure; 

· Case 2: Resume rejection; 

· Case 3: All services are released; 

· Case 4: CN paging is received;

· Case 5: Radio link is deteriorated.

For case 1, the UE may go back to RRC_IDLE while resume fails and it can perform cell selection procedure and initiate the RRC connection setup procedure on the selected cell. For case 2, gNB can release the UE directly in the reject message. For case 3, while all services are released, the network can inform the UE to enter RRC_IDLE state. For case 4, if the UE received a CN initiated paging, which means the CN thinking this UE is in RRC_IDLE state already, the UE should go back to RRC_IDLE autonomously and initiate the RRC connection setup procedure in the selected cell. For case 5, it is difficult for gNB to inform UE entering RRC_IDLE state because of the bad radio link. If the UE could not connect to the network for a pre-defined timer, the UE can go back to RRC_IDLE autonomously.

According to above analysis, in case 1, 4 and 5, UE may enter RRC_IDLE state autonomously when these events happen. In case 2, gNB can inform UE entering RRC_IDLE state directly in the reject message. In case 3, gNB could page the UE firstly and inform it entering RRC_IDLE state, or gNB could keep the UE in the RRC_INACTIVE state. It should be up to gNB implementation.
Proposal 2: It is allowed the UE to enter RRC_IDLE state from RRC_INACTIVE state autonomously.

Proposal 3: The gNB can inform RRC_INACTIVE UE entering RRC_IDLE state via RRCConnectionReject during resumption procedure.

2. RRC_CONNECTED to RRC_INACTIVE

There are two options for the “connection inactivation” procedure which is from RRC_CONNECTED to RRC_INACTIVE. The first one is triggered by gNB command. A gNB could trigger the connection inactivation procedure by many means, such as RRC signaling, MAC CE, last packet indicator. However, the RRC signaling is more reasonable and reliable as the state machine is maintained in RRC. The second option is that UE transits from RRC_CONNECTED to RRC_INACTIVE autonomously based on some rules. This option may cause the state mismatch between gNB and UE. Comparing these two options, we think network should control the connection inactivation procedure. And RRC reconfiguration or release procedure can be used to inform UE entering RRC_INACTIVE state.

Proposal 4: network should control the state transition from RRC_CONNECTED to RRC_INACTIVE state via dedicated signaling, e.g. RRC reconfiguration or RRC release procedure.

While introduced the RRC_INACTIVE state, gNB should decide a RRC_CONNECTED UE should enter RRC_INACTIVE state or RRC_IDLE state. It could be up to gNB implementation. For example, gNB can let the RRC_CONNECTED UE entering RRC_INACTIVE state firstly, and then let it entering RRC_IDLE state. Or gNB can decide to make the RRC_CONNECTED UE entering RRC_INACTIVE state or RRC_IDLE state via some reference information. From this aspect, some UE assistant information could be considered.

Proposal 5: gNB decides a RRC_CONNECTED UE entering RRC_INACTIVE or RRC_IDLE.

3. RRC_INACTIVE to RRC_CONNECTED
In this section, we discuss possible RRC state transition from RRC_INACTIVE to RRC_CONNECTED and whether it can follow three step, two-step and one-step procedure. 

	Procedure
	Description
	Pros and cons

	1) Three-step
	Request -> Response -> Complete (UE initiate)
	In three-step procedure, the third message is used to let the network know that the new configuration is configured successful. 
The cons maybe the latency, which may be long due to three steps involvement.

	2) Two-step
	2A) Request -> Response (UE initiate)
	Compare with three-step procedure, the network would not know if the new configuration is acceptable and configured successful. A mechanism is required to use new configuration at the network and the UE synchronously. Otherwise, the network will not know when to use new configuration to schedule the UE for data transmission.

Not see much gain.

	
	2B) Setup -> Complete (gNB initiate)
	If gNB knows UE position in the cell level, gNB could inform UE entering RRC_CONNECTED directly while considering DL transmission in RRC_INACTIVE state. It can be considered as a quick resumption procedure which is initiated by gNB. When to trigger a L3 procedure should be defined.

This is a workable scheme.

	3) One-step
	One message trigger (UE or gNB initiate)
	If one step is one UL transmission and the UE enters RRC_CONNECTED state automatically, it implies that the UE has the configuration for RRC_CONNECTED state at cell level. It seems that the UE should store a common configuration for all cells in the RNA in advance. Otherwise, this mechanism is applicable only in the anchor cell.
If one step is one DL transmission, it implies that UL or DL data arrival triggered the DL signaling transmission in network side to indicate the UE to enter RRC_CONNECTED state. For such case, the network still could not know when to use new configuration to schedule the UE for data transmission.
It seems that one –step procedure is hard to realize.


Observation 1: three-step is more reliable than other schemes if the configuration in RRC_CONNECTED state is not the same as that in RRC_INACTIVE state.

Observation 2: option 2B where two-step procedure initiated by the network may have the same reliability as option 1 (three-step).

Proposal 6: three-step procedure should be the baseline in support of state transition from RRC_INACTIVE to RRC_CONNECTED state.

Proposal 7: gNB triggered two-step procedure (option 2B) could be considered if DL data transmission within RRC_INACTIVE state supported.
3. Conclusion 
In this contribution, we discuss some issues on UE states and state transitions, and get below proposals.
UE states:

Proposal 1: Take RRC_INACTIVE as an independent UE state.
RRC_INACTIVE to RRC_IDLE
Proposal 2: It is allowed the UE to enter RRC_IDLE state from RRC_INACTIVE state autonomously.

Proposal 3: The gNB can inform RRC_INACTIVE UE entering RRC_IDLE state via RRCConnectionReject during resumption procedure.

RRC_CONNECTED to RRC_INACTIVE

Proposal 4: network should control the state transition from RRC_CONNECTED to RRC_INACTIVE state via dedicated signaling, e.g. RRC reconfiguration or RRC release procedure.

Proposal 5: gNB decides a RRC_CONNECTED UE entering RRC_INACTIVE or RRC_IDLE.
RRC_INACTIVE to RRC_CONNECTED
Proposal 6: three-step procedure should be the baseline in support of state transition from RRC_INACTIVE to RRC_CONNECTED state.

Proposal 7: gNB triggered two-step procedure (option 2B) could be considered if DL data transmission within RRC_INACTIVE state supported.
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