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Abstract of the contribution:

The simplified mobility states and transitions for UE who are stationary and UE who only send MO traffics are proposed.
Discussion
The 3GPP system should support stationary UE and UEs only send MO traffics with minimized mobility signalling, as required in TR22.864V1.0.0, which have been excerpted as below. 
---------------------
5.3.2
Potential Requirements

The 3GPP system shall enable operators to define different levels of mobility support for different UEs. 

Mobility support consists of providing none, any one or some combination of the following (subject to further consideration regarding complexity by Stage 2):

-
minimizing packet loss during inter- and/or intra-RAT cell changes for some or all packet data connections (e.g. APNs) of a UE, 

-
maintaining the same IP address assigned to a UE across different cells and RATs for some or all packet data connections (e.g. APNs) of a UE,

-
minimizing impact to the user experience (e.g. minimization of interruption time) when changing the IP address and IP anchoring point for some or all packet data connections (e.g. APNs) of a UE 
The 3GPP system shall support service continuity when changing the IP address and/or IP anchoring point for some or all packet data connections associated with a UE.

The 3GPP system shall enable operators to update the level of mobility support provided for a UE, e.g. during packet data connection establishment (subject to further consideration regarding complexity by Stage 2).
The 3GPP system shall minimize the signaling needed for mobility management of stationary UEs.
The 3GPP system shall minimize the signaling needed for mobility management of UEs that participate in mobile-originated communication scenarios only.
----------------------------
For stationary UEs who never move across borders of TA/RA/new areas defined for 5G, normal area updating is not needed. For such kind of UE, RAN-CN connection could be kept to save signalling used for state transition between, and paging over the RAN-CN connection even over the air, if RRC connection is also kept. Vending machine is an example of such type of UEs, as well fixed installed surveillance video cameras, sensors and other massive IoT devices who do not move. 
Base on this analyses, mobility states for this kind of UE could be simplified, e.g. once UE registered successfully, CONNECT mode in CN is entered and never leave this MODE, thus the IDLE mode in CN is not needed. However, whether entering IDLE mode in RAN is decided depend on actual traffic pattern, i.e. UE could either be always RRC_CONNECTED or RRC_IDLE. If the later, data buffering is moved to RAN node, and thus the paging control also move to RAN. With this, RAN-CN signalling could be saved (the IDLE-CONNECTED transition parts), as well as the paging messages over the air. 
For UEs who only send MO traffics, obviously paging is no longer need since no downlink data would trigger paging. For uplink transmission, the UE knows when to send and how much data to send, thus transmission resources e.g. RRC connection and RAN-CN connections establishment is only initiated by UE. After data transmission, UE could detach immediately to save power and other resources. It would be significant signalling savings if UE doing this detach. 

Base on this analyses, mobility states for this kind of UE could be simplified, e.g. if uplink data sending is needed, the UE attaches and enter into CONNECT mode (both in CN and RAN), and detaches once data sending finished. Thus, no IDLE mode in CN and RAN are needed. With this, the RAN-CN resources such as storages for context, location management signalling could be saved.
With taking into account recent discussion over SA2 Email reflector that mobility states have been divide into Registration State models, and Connection State Models, for above two kinds of UEs, we propose remove CN IDLE mode to simplify mobility state in CN side.
Proposal

****************************************Start of 1st change ***************************************
6.3.x
Solution 3.x: Simplified mobility states for stationary UE and MO data transmission only UE
This solution addresses some tasks of key issue #3, i.e. MM_WT_#2, 2.2 Registration state model and MM_WT_#3, 3.2 Connection state models. 

6.3.X.1
Architecture description

For some low complexity UEs which are static or quasi-static, or support MO (mobile originated) data transmission only, their mobility states set can be simplified as followed:
NG_NAS states:

-
NG_NAS_REGISTERED state: the UE is attached/registered to the CN successfully, and establishes a signalling connection with the CN. 
NOTE1:
This state can be considered as the combination of EMM_REGISTERED and ECM_CONNECTED states.
-
NG_NAS_DE-REGISTERED state: the UE is not attached/registered to CN (Core Network). 
NOTE2:
This state can be considered as the combination of EMM_DE-REGISTERED and ECM_IDLE states.
NG_RAN states:

-
NG_RAN_CONNECTED state: the UE establishes signalling/data connection(s) with RAN (Radio Access Network).
-
NG_RAN_INACTIVE state: the UE has no signalling/data connection(s) to RAN. In this state, the attached or registered UE can monitor RAN paging and/or initiate RRC connection establishment.
Editor's note:
the specific state names may be updated further.
With such refined mobility states, the state transitions can also be simplified.







6.3.X.2
Function description

6.3.X.2.1
Mobility states and corresponding transitions of stationary UE



 
Figure 6.3.X.2.1-1: Mobility states and corresponding transitions for stationary UE
Before a UE is attached/registered to CN, it is in NG_NAS_DE-REGISTERED state and NG_RAN_INACTIVE state. 
After the UE registered to the network, it enters NG_NAS_REGISTERED state which may be the combination of EMM_REGISTERED and ECM_CONNECTED states. In the NG_NAS_REGISTERED state, the UE always keep a signalling connection to the CN. Hence, from CN perspective, this UE is always CONNECTED. 
During the registration procedure, the signalling connection between UE and RAN is established, as well as signalling connection between CN and RAN, and then the UE enters NG_RAN_CONNECTED. However, after the registration, the UE may enter NG_RAN_ INACTIVE state. The criteria used by RAN to move UE into NG_RAN_INACTIVE may include e.g. inactivity timer based mechanise, or upon UE requested radio link release, but this is left to RAN decision.
NOTE: Data path between the UE and the CN is established/released during the attach/detach procedure unless the data transmission between the UE and the CN is via connectionless signalling.
Once the UE enters NG_RAN_ INACTIVE state, no signalling connection and data path between the UE and RAN are existing. In this case, if there are downlink signalling/data arrival, it will be buffered in RAN node, and paging over the air interface is then triggered. Upon receipt of paging, the UE initiates procedure to re-establish signalling connection and/or data path between UE and RAN. Those re-established RAN connections would be connected with corresponding RAN-CN connections existed.
6.3.X.2.2
Mobility states and corresponding transitions of MO data transmission only UE
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Figure 6.3.X.2.1-1: Mobility states and corresponding transitions for MO data only UE 

For a UE only sending MO data, if it has data pending, it initiates attach/registration procedure and establishes signalling connection toward the CN. Then the UE enters NG_NAS_REGISTERED state. While the UE is attached/registered to the CN, the signalling connection between the UE and RAN is established, thus the UE enters NG_RAN_CONNECTED as well. The UE is always kept in NG_RAN_CONNECTED state until the transmission of MO data is completed.
NOTE 1: Data path between the UE and the CN is established/released during the attach/detach procedure unless the data transmission between the UE and the CN is via connectionless signalling.
NOTE 2: The UE in NG_NAS_REGISTERED state may receive downlink data via signalling connection or data path.
After completing the MO data transmission, the UE will detach from the network, release the signalling connections towards RAN and CN, and then enter NG_NAS_DE-REGISTERED state and NG_RAN_INACTIVE. 
6.3.X.3
Solution evaluation

Editor's note:
This clause will contain evaluation on the system impacts, e.g. UE, access network and non-access network.
****************************************End of changes*******************************************
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