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1   Introduction
The Work Item on Signalling reduction to enable light connection for LTE was approved at RAN#71 [1]. In the past two RAN2 meeting the topic was discussed, focusing on the RAN initiated paging.
In this contribution, we provide the overview of the functions of light connection and the “lightly connected” state.

2   Discussion
2.1   Function support of a lightly connected UE
2.1.1   S1 Connection and RRC connection of a lightly connected UE
RAN2 has agreed that “The S1 connection of a "lightly connected" UE is kept and active, in order to hide the mobility and state transitions from the CN”. This will be helpful to confine mobility handling at RAN level for a lightly connected UE and make the state transition and mobility transparent to CN, to further reduce network interface signalling. In the following part the eNB where the S1 connection is kept is named as the anchor eNB for the UE lightly connected.

Function 1: The S1 connection of a UE lightly connected is kept and active.
About the ECM state, since a lightly connected UE has an active S1 connection and the CN can be unaware of the state transitions between RRC CONNECTED and lightly connected state (thanks to  the signaling reduction on the network side), the ECM state in the CN for a lightly connected UE can be ECM-CONNECTED state from the network perspective. This is different from the ECM state of a UE with RRC connection suspended, as defined in Rel-13, which is ECM-IDLE state.  To keep the ECM state consistent between the network and the UE, the ECM state for a lightly connected UE from the UE perspective shall also be ECM-CONNECTED state.
Function 2: The ECM state for a lightly connected UE is ECM-CONNECTED state from both the network and the UE perspective.
2.1.2   Mobility for a UE lightly connected

Currently, there are two types of mobility handling for UE in different RRC states.  One is network controlled mobility for RRC CONNECTED and the other is UE centric (cell resection based) mobility for RRC IDLE. The signalling cost for network controlled mobility is much higher than that for UE centric mobility due to the measurement reporting and handover procedure required for mobility management in network controlled mobility. Especially, for UEs with infrequent traffic, there may be no data activity for a period during which several handovers across several cells occur (especially in hotspot areas where small cells are deployed). This causes unnecessary RRC signalling overhead for the UE context establishment and unnecessary network signalling overhead i.e., handover preparation/path switch in each of the involved cells.  
In our view, the UE may stay in lightly connected state when there is no data transmission during a period. One efficient way to reduce the signalling cost is to allow the lightly connected UE to perform UE centric mobility in a predefined area. Once the lightly connected UE need to resume RRC connection triggered by the paging or the uplink data transmission, the S1 connection of the UE could be switched to the eNB where the RRC connection is resumed. The unnecessary signalling cost for the measurement configuration/report, handover command/complete, and the path switch could be minimized or even eliminated in this way. Therefore, we prefer that a lightly connected UE performs cell reselection based mobility. 
Function 3: A lightly connected UE performs cell reselection based mobility.
2.1.3   RAN initiated Paging for a lightly connected UE 
In the last RAN2 meeting, RAN2 has agreed that “the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing the latency. Thus the RAN initiated paging can be introduced from RAN2 perspective”.
Based on whether the lightly connected UE can always be located at the cell level or its location is known only as being “in a group of cells”, the paging area could be different. To ensure the UE lightly connected could be addressed in the right RAN based paging area, the UE needs to notify the network when it moves out of the configured RAN based paging area. More details on the design of RAN initiated paging could be found in [2], and the description of the RAN based Paging Area update procedure could be found in [3]. 
Function 4:  A lightly connected UE supports the RAN initiated paging and the RAN based paging area update procedure.
2.1.4   Context management for a lightly connected UE 
When the UE is commanded to enter the lightly connected state, the UE and the network shall keep the connection context for the lightly connected UE, so that the connection for the UE could be fast resumed if the RRC state transition to RRC CONNECTED is needed. Since the UE is allowed to perform cell reselection based mobility within a predefined area without notify the network, from the MME point of view, the UE is still connected to the anchor eNB even if the UE is actually not in the coverage of the anchor eNB any more. When the paging area update is triggered or data transmission is needed on other eNBs, the connection context and the S1 of the lightly connected UE may need to be transferred to the serving eNB of the UE. Function 5: The UE and the network shall keep the UE context in lightly connected state.
2.2   RRC State of a lightly connected UE
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Figure1 States transition 

As illustrated in figure1, the states transition between the “lightly connected” state and the RRC CONNECTED state could be performed under network control. For example, when a lightly connected UE initiates access due to uplink transmission or response to the paging, the network could control the UE to enter the RRC CONNECTED state. If a UE stays in the RRC CONNECTED state without data transmission for a period, the network could command the UE to enter the lightly connected state. The states transition between lightly connected state and RRC IDLE state may be triggered when the UE experiences resume failure. For example, if UE tries to resume the RRC connection from lightly connected but the eNB is unable to fetch the context of the UE and thus commands the UE to enter RRC IDLE. 
According to the function definition of light connection, the “lightly connected” state is a state in the middle between RRC IDLE and RRC CONNECTED, because the “lightly connected” state has both characters of the IDLE and of the CONNECTED states. For example, the lightly connected UE has an active S1 connection and a RRC context managed like in CONNECTED state, but also performs cell reselection and monitors paging like in IDLE state. Therefore, the “lightly connected” state could be defined as new RRC state or an enhanced existing RRC state (for example enhanced IDLE or enhanced RRC CONNECTED state). 
Furthermore, there are also some ongoing discussions in NR for “inactive state”, which is almost the same as the “lightly connected” state。based on the previous discussion， the need of the definition of a new RRC state is also FFS in NR. It will be beneficial and simple to align the state definition between NR and LTE so as to have a smooth interworking between NR and LTE.
Proposal 3: RRC state definition for light connection could be disussed further depending on the function definition of light connection.
3   Conclusion
In this contribution, we discussed the general aspects for lightly connected UE and propose:
Proposal 1: The anchor eNB is defined as the eNB where the S1 connection of the UE lightly connected is kept (and active).
Proposal 2: the functions of a lightly connected UE include:

· S1 connection is kept and active in the anchor eNB 

· Support of RAN initiated paging and RAN based paging area update 
· Performing cell reselection based mobility.
· The UE context is kept. 

· The ECM state is ECM-CONNECTED, from perspective of network and UE.

Proposal 3: RRC state definition for light connection could be discussed further depending on the function definition of light connection.
4   References
[1] RP-160540 WI on signalling reduction to enable light connection for LTE
[2] R2- 164545 LS on RAN initiated paging for the light connection
[3] R2-165250 On RAN initiated paging, Huawei

[4] R2-165247 Mobility notification for the lightly connected UE






























































































































































































































































































IDLE





CONNECTED





CONNECTED”





“Lightly











3GPP


[image: image2.png]


[image: image3.png]


