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1. Introduction
In the previous RAN2 NR adhoc meeting, state transition of NR was discussed and the 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).
In above agreements, there are still two open issues for further study:

· For what cases this transition from INACTIVE to IDLE is supported (e.g. reject from network, other failure cases, other cases, etc)
· Whether the RRC state transition from INACTIVE to CONNECTED can follow three step, two-step and one-step procedure.
In this contribution, the consideration on these two open issues is provided and corresponding TP is attached in an Annex.
2. Discussion
2.1. When to trigger the state transition from INACTIVE to IDLE?

The following cases are considered to trigger the state transition from INACTIVE to IDLE state.

Case 1: Resume failure. If the resume procedure is failed, the UE should enter IDLE state and it would initiate a connection establishment procedure.

Case 2: Resume reject. During the resume procedure, the network may reject the UE due to some reasons, e.g. access control etc.

Case 3: All services are released. While all services are released or gNB receives release command from CN, the gNB may release the UE to let it enter IDLE state. The gNB may send RRC release to UE while in inactive state, or notify the UE when entering connected state and sends RRC release to UE subsequently. The detail procedure could be FFS.
Case 4: CN paging is received. If the UE receives a CN paging, it implies the UE is an IDLE UE from network point of view, so the UE should enter IDLE and then it can initiate RRC connection establishment procedure. In this case, we assume the content of CN paging (e.g. S-TMSI) and the content of RAN notification (e.g. resume ID) are different. Then UE can identify CN paging. Otherwise, another indication is required for the UE to differentiate CN paging and RAN paging.
Case 5: Radio link is deteriorated. UE performs cell-reselection for mobility in inactive state. To guarantee the data transmission reliability and common understanding on the UE state between the network and UE, the UE should enter idle state and prohibit data transmission when radio link is deteriorated. A possible solution is that the UE starts a timer while data transmission and enter idle state if data can’t be transmitted correctly before the timer expires. The UE may initiate an RRC connection establishment procedure after entering idle state when required, e.g. TAU etc.
Proposal 1: the following cases should be considered to trigger the state transition from INACTIVE to IDLE state: 

· Resume failure
· Resume reject
· All services are released
· CN paging is received
· Radio link is deteriorated

2.2. RRC state transition procedure from INACTIVE to CONNECTED
In this section, we discuss whether the RRC state transition from INACTIVE to CONNECTED 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 synchronize the use of new configuration at the network and the UE. 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)
	It seems a L1/L2 triggered three-step procedure like something (e.g. a DL data or UL data arrival) triggers the gNB to send SETUP message to the UE. So 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 connected state automatically, it implies that the UE has the configuration for 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 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 connected state is not the same as that in inactive state.
Observation 2: 2B) where two-step procedure initiated by the network may have the same reliability as 1) three-step.
Proposal 2: three-step procedure should  be the baseline in support of state transition from inactive to connected state.
Proposal 3: whether to support 2B) can be further discussion.

3. Conclusion
In this contribution, above two open issues are discussed and the following observations and proposals are given:
Proposal 1: the following cases should be considered to trigger the state transition from INACTIVE to IDLE state: 

· Resume failure
· Resume reject
· All services are released
· CN paging is received
· Radio link is deteriorated

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

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

Proposal 2: three-step procedure should  be the baseline in support of state transition from inactive to connected state.

Proposal 3: whether to support 2B) can be further discussion.

And if these proposals are approved in RAN2, the text proposal below is proposed to be captured in the TR 38.804.
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5. Text Proposal

Note: this TP is based on the latest TP on NR_INACTIVE STATE [2].
-------------------------------------------------- TP (BEGIN) -----------------------------------------------------

5.5.2
UE states and state transitions
RRC supports the following three states which can be characterised as follows:
Editor’s note: more characteristics are to be added for each state depending on the progress of study.
-
RRC_IDLE:

-
Cell re-selection mobility;
-
[FFS:
The UE AS context is not stored in any gNB or in the UE;]
-
Paging is initiated by CN;
-
Paging area is managed by CN.
-
RRC_INACTIVE:

-
Cell re-selection mobility;
-
CN – NR RAN connection (both C/U-planes) has been established for UE;
-
The UE AS context is stored in at least one gNB and the UE;
-
Paging is initiated by NR RAN;
-
RAN-based notification area is managed by NR RAN;
-
NR RAN knows the RAN-based notification area which the UE belongs to;
-
RRC_CONNECTED:

-
The UE has an NR RRC connection;
-
The UE has an AS context in NR;
-
NR RAN knows the cell which the UE belongs to;
-
Transfer of unicast data to/from the UE;
-
Network controlled mobility, i.e. handover within NR and to/from E-UTRAN.
NOTE:
How to model RRC_INACTIVE in the specification will be decided in the work item phase.
Access barring is applicable for all RRC states in NR (RRC_IDLE, RRC_CONNECTED and RRC_INACTIVE) as specified in 5.5.x.
Paging operation details for the NR RRC_IDLE and RRC_INACTIVE state are specified in 10.1.x.
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 due to the following reasons:
-
Resume failure
-
Resume reject
-
All services are released
-
CN paging is received
-
Radio link is deteriorated

NOTE:
Number of steps for each RRC procedure (i.e. three-step or two-step procedure) and the corresponding RRC message will be decided in the work item phase.
A UE in the RRC_INACTIVE state can be configured with the RAN-based notification area, whereupon: 
· a notification area can cover a single or multiple cells, and can be smaller than CN area;

· a UE does not send any "location update" indication when it stays within the boundaries of the notification area; 
· leaving the area, a UE updates its location to the network.
There are several different options on how the RAN-based notification area can be configured:
· List of cells
-
a UE is provided an explicit list of cells (one or more) that constitute the RAN-based notification area.
· RAN area
-
a UE is provided (at least one) RAN area ID;
-
a cell broadcasts (at least one) RAN area ID in the system information so that a UE knows which area the cell belongs to.
NOTE:
It will be decided in the work item phase whether to support both options, list of cells and RAN area ID, or only one of them.
NOTE:
A list with cells may contain only one entry implementing RAN-based notification area comprising one cell.
----------------------------------------------------- TP (END) -----------------------------------------------------
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