
3GPP TSG-RAN WG2 #95bis
R2-167136
10th – 14th October 2016
Revision of R2-164713
Kaohsiung, Taiwan
Source:                    
NTT DOCOMO, INC.
Title:  
UE state transition diagram for NR
Document for:        
Discussion and decision
Agenda Item:         
9.2.2.1
1. Introduction
In the recent meetings up to RAN2 #95, RAN2 has agreed to study a RAN controlled “state” as shown below [1].
Agreements at RAN2 #94:

1
Study the introduction of a RAN controlled “state” characterised by, at least:

a/ -
UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state

b/
Able to start data transfer with low delay (as required by RAN requirements)

FFS whether data transfer is by leaving the "state" or data transfer can occur within the " state"

FFS whether " state" translates to an RRC state

Potential characteristics of the RAN controlled “state” for study:


a/ the CN/RAN connection is maintained


b/ AS context stored in RAN


c/ Network knows the UE's location within an area and UE performs mobility within that area without notifying the network.


d/ RAN can trigger paging of UEs which are in the RAN controlled "inactive state"


e/ No dedicated resources
Agreements at RAN2 #95

1: 
RRC states with significantly overlapping characteristics should be avoided. 

2: At least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state.
1
One UE has only one NR RRC state at one time.

2
The connection (both CP and UP) between RAN and Core should be maintained in the “new state”

FFS whether the “new state” can be transparent to Core.

3
For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.

FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)

4:. 
For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 

FFS how CN location updates and RAN updates interact, if needed

=> Agree that, in the 'new state' there will be a mechanism where the UE first transits to the full connected state where data transmission can occur.

=> RAN2 will study the possibility for the UE to perform data transmission without state transition from the 'new state' to be fully connected.
Although it is FFS whether the RAN controlled “state” translates to an RRC state, it is worthwhile starting to explore how the state transition looks like. Suppose that it translates to an RRC state with potential characteristics as agreed so far, this paper is aimed at building a UE state transition diagram and proposes to capture the outcome in the TR.
2. Discussion
2.1. Prerequisite
Given that LTE RRC is a baseline for NR, the LTE state transition can be a baseline as well. In that case, it is straight forward that there are at least two RRC states inherited from LTE, i.e. connected and idle modes. In this paper, they are called “NR RRC_CONNECTED” and “NR RRC_IDLE” to distinguish from “E-UTRA” RRC_CONNECTED/IDLE. From our experience of developing the legacy RATs, it is rather obvious to envisage the state transition among those of well know states as illustrate in Fig.1 below. Between NR RRC_CONNECTED and NR RRC_IDLE, the RRC connection establishment/release procedure similar to the legacy RATs can be defined. Between NR RRC_CONNECTED and E-UTRA RRC_CONNECTED, the inter-RAT handover procedure can be specified as has been done for the legacy RATs. Likewise, the inter-RAT cell reselection procedure can be specified between NR RRC_IDLE and E-UTRA RRC_IDLE. The detail design of inter-RAT mobility between NR and LTE is to be studied in the corresponding agenda.
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Figure 1:

UE State transition diagram among NR/E-UTRA RRC_CONNECTED/IDLE
2.2. State transition within NR

According to the potential characteristics of the RAN controlled state [1], it can be roughly understood that the characteristics can be realised by RRC connection suspend/resume for U-plane CIoT EPS optimisation [2] plus location management and paging within RAN. Although RRC connection is “suspended” in the RAN controlled state, the difference from LTE is that paging is performed with in RAN since the CN/RAN connection is maintained. In that sense, the different name than “suspended” is preferable when the RAN controlled state is given its name. In this paper, the RAN controlled state is called “NR RRC_INACTIVE” hereafter. NR RRC_INACTIVERRC_INACTIVE can be defined in the middle of NR RRC_CONNECTED and NR RRC_IDLE as illustrated in Fig.2 below.
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Figure 2:

Position of new RRC state, NR RRC_INACTIVERRC_INACTIVE in the diagram

To investigate the state transition for further, the following characteristics are at least assumed for each RRC state:

· RRC_IDLE:

· UE controlled mobility;
· UE AS context is not stored in NR RAN and UE;
· Paging initiated by core network;
· Paging area is managed by CN.
· RRC_INACTIVERRC_INACTIVE:

· UE controlled mobility;
· CN – NR RAN connection has been established for UE;
· UE AS context is stored in NR RAN and UE;
· Notification initiated by NR RAN;
· RAN-based notification area is managed by NR RAN;
· Dedicated radio resource is not allocated for UE.
· RRC_CONNECTED:

· UE has an RRC connection in NR;
· UE has an AS context in NR;
· NR RAN knows the cell to which UE belongs;
· Transfer of unicast data to/from UE;
· Network controlled mobility, i.e. handover within NR and to/from E-UTRAN.
For NR RRC_INACTIVERRC_INACTIVE, the following two state transitions can be considered.
· NR RRC_CONNECTED <-> NR RRC_INACTIVERRC_INACTIVE (bi-directional)
For the state transition from NR RRC_INACTIVERRC_INACTIVE to NR RRC_CONNECTED, RRC connection is resumed by leveraging AS context stored in RAN/UE. As such, the LTE RRC connection resume procedure can be a baseline to support this state transition.
For the state transition from NR RRC_CONNECTED to NR RRC_INACTIVERRC_INACTIVE, similar to LTE, the gNB asks the UE to store the UE AS context and assigns an ID to identify the stored UE context and gNB (resume ID for LTE). In addition, the gNB needs to assign a RAN-based notification area for the UE. A RAN-based notification area can be consisted of multiple cells served by same or different gNB. The geographical area covered by the RAN-based notification area is expected to be smaller than the one covered by the CN paging area (e.g. Tracking Area for LTE). It is FFS how these processes can be conducted, e.g. by a new procedure or utilising the RRC connection release procedure like LTE. In this paper, the procedure for this state transition is called “RRC connection inactivation” hereafter to distinguish from RRC connection release.
· NR RRC_INACTIVERRC_INACTIVE -> NR RRC_IDLE (uni-directional)

For the state transition from NR RRC_INACTIVE to NR RRC_IDLE, similar to LTE, the UE can transit to NR RRC_IDLE if the RRC connection resume procedure is failed and a “fresh” RRC connection establishment procedure is initiated. In addition to that, a NW initiated approach can be considered such that the gNB or CN asks the UE to discard the stored UE AS context and the RAN paging area and fall back to the CN based paging. In this paper, this NW based approach is called “RRC Inactivation Release”.
The state transition from NR RRC_IDLE to NR RRC_INACTIVE directly seems not feasible since there is no way for the NW to assign the dedicated AS context and the RAN paging area for the UE.

From the above investigation, a UE state transition diagram with in NR looks like Fig.3 below.
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Figure 3:

UE state transition diagram within NR
2.3. State transition between NR RRC_INACTIVE and E-UTRA RRC_IDLE

Between NR RRC_INACTIVE and E-UTRA RRC_IDLE, inter-RAT cell reselection can be utilised to transit between these states. Given that the UE can store the AS context in E-UTRA RRC_IDLE, there is one open issue in question as to the handling of the stored UE AS context upon cell reselection. The following two options can be considered.
Option 1:
Upon cell reselection to another RAT, the UE immediately discards the stored AS context and (resume) ID for the stored AS context (as for LTE in [3]).
Option 2:
The AS context can be kept storing in RAN and UE between NR and LTE.
For Option 1, a uni-directional transition from NR RRC_INACTIVE to E-UTRA RRC_IDLE can be supported. The opposite direction (i.e. E-UTRA RRC_IDLE to NR RRC_INACTIVE) cannot be supported since the stored AS context and resume ID is discarded and the UE transits to NR RRC_IDLE upon cell reselection to NR.
In contrast, Option 2 can support bi-directional transition between NR RRC_INACTIVE and E-UTRA RRC_IDLE by keep storing AS context between NR and LTE. Nonetheless, it is questionable how Option 2 can be realised. The UE might be able to store LTE AS context and NR AS context together somehow. Alternatively, NR AS context might be transformed into LTE AS context and vice versa. These are much complicated even though it is possible.  

From the above viewpoints, Option 1 should be a baseline to study the state transition mechanism for further. Together with option 1 and the state transition explained in the previous sections, the overall UE state transition diagram between NR and LTE looks like Figure 4 below.
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Figure 4:

UE state transition diagram between NR and E-UTRA
2.4. Relation to NextGen mobility state 
SA2 has been studying NextGen mobility frame work. According to the latest TR, the following single MM state model has been built as interim agreements:
-
An MM De-registered state, in which the UE is not attached to the network; and

-
An MM Registered state, in which the UE is attached to the network. While MM Registered, the UE may be either

-
in a CN Idle state, in which the UE may only be tracked at CN location area level and may achieve at least a comparable power efficiency to that of LTE’s ECM IDLE state; or

-
in a CN Connected state, in which the UE location is known on the level of the serving RAN node.
By integrating the agreed MM state in CN/NAS, the whole picture of UE state transition diagram looks like as illustrated in Fig.5.
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Figure 5:

UE AS state transition diagram in relation to NAS

3. Summary and proposal
This paper investigated a UE state transition diagram between NR and LTE. In conclusion, the followings were proposed.
Proposal 1:

The following UE state transition diagram is agreed to study as a baseline.
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Figure:
UE state transition diagram between NR and E-UTRA

Proposal 2:
The UE state transition diagram and the characteristics of each RRC state are captured in the TR as proposed in the Annex section in this paper.
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Annex:
Text proposal to TR 38.804 on UE state transition diagram

5.5.2.4
State transition diagram
A UE is in RRC_CONNECTED when an RRC connection has been established. Upon leaving RRC_CONNECTED, the UE is in RRC_SUSTAINED if the RRC connection is sustained. Otherwise, i.e. no RRC connection is established, the UE is in RRC_IDLE. The RRC states can further be characterised as follows:

Editor’s note: more characteristics are to be added for each state depending on the progress of study.
-
RRC_IDLE:
-
UE controlled mobility;

-
UE AS context is not stored in NR RAN and UE;

-
Paging initiated by core network;

-
Paging area is managed by CN.
-
RRC_INACTIVE:
-
UE controlled mobility;

-
CN – NR RAN connection has been established for UE;

-
UE AS context is stored in NR RAN and UE;

-
Notification initiated by NR RAN;

-
RAN-based notification area is managed by NR RAN;

-
Dedicated radio resource is not allocated for UE.
-
RRC_CONNECTED:
-
UE has an RRC connection in NR;

-
UE has an AS context in NR;

-
NR RAN knows the cell to which UE belongs;

-
Transfer of unicast data to/from UE;

-
Network controlled mobility, i.e. handover within NR and to/from E-UTRAN.

The following figure not only provides an overview of the RRC states in NR, but also illustrates the mobility support between NR and E-UTRAN.
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Figure 5.5.2-1:
UE state transition diagram between NR and E-UTRA
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