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[bookmark: _Ref178064866]The work item of “Signaling reduction to enable light connection for LTE” [1] studies the signaling reduction for handover considering UE centric mobility and paging transmission within a more limited area. In this contribution, we discuss the signaling for state transition and paging area update.
Important agreements in RAN2#95 are listed below.
Agreements:
	1	the functions of a lightly connected UE include:
· S1 connection is kept and active in the “anchor eNB” 
· Support of RAN initiated paging
· The paging process is controlled by “anchor eNB”
· eNB controlled RAN based paging area
· RAN based paging area update mechanism. RAN based paging area can be configurable as UE specific
· Performing cell reselection based mobility, the same cell reselection mechanism in RRC IDLE.
· The UE AS context is kept in both UE and “anchor eNB” side.
· The ECM state is ECM-CONNECTED, from perspective of network. From UE perspective the state is FFS.
· [bookmark: _Toc458824318]When a "lightly connected" UE is paged (via RAN-initiated paging) or when any MO data/signaling is triggered, the UE will get back to be connected to eNB. The related procedure is FFS.
· [bookmark: _Toc458824316]A UE enters into "lightly connected" by RRC signaling. The details are FFS.
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General aspects
The “lightly connected” state is between RRC_IDLE and RRC_CONNECTED:
· Connected-mode-like functions
· S1 connection is kept and active in the anchor eNB
· The UE AS context is kept in both UE and anchor eNB side.
· The ECM state is ECM-CONNECTED, from network perspective.
· Idle-mode-like functions
· Support of RAN initiated paging, where the paging process is controlled by anchor eNB, and RAN based paging area can be configurable as UE specific.
· Performing cell reselection based mobility, the same cell reselection mechanism in RRC IDLE.
For light connection, currently we have only agreed that the ECM state at network side is ECM-CONNECTED, while both ECM and RRC states are FFS for UE side. A reasonable design is to align the ECM state of both sides, and therefore, UE should be considered ECM-CONNECTED during light connection. For UE RRC state, we prefer to consider a LC UE as RRC_CONNECTED so as to avoid introducing a new RRC state for LTE in Rel-14. Notice that we consider a suspended UE as in RRC_IDLE (but UE context is not released) in NB-IOT UP solution, instead of a new RRC state, due to similar reasons.
Proposal 1:	During light connection, UE is considered ECM-CONNECTED and RRC_CONNECTED.
State transition and signaling
When a lightly connected UE is paged (via RAN-initiated paging) or when any MO data/signaling is triggered, the UE should get back to be connected to eNB. The related procedure is FFS. A UE enters "lightly connected" mode via RRC signaling. The details are also FFS.
For transition between light-connected and connected states, we see two options.
· Option 1: Reuse existing RRC procedures for state transitions, e.g. the RRC suspend and/or RRC resume procedures (originally proposed for NB-IOT UP solution).
· [bookmark: _GoBack]Option 2: Use (more generalized) RRC connection reconfiguration or RRC connection re-establishment procedure, with new IE or cause value.
In NB-IOT, S1 Connection Suspend procedure changes the ECM states at both UE and MME sides from ECM-CONNECTED to ECM-IDLE. In addition, the RRC suspend procedure, which is done via RRC Connection Release message, changes the UE RRC state to RRC_IDLE. If proposal 1 is agreed, it is logically confusing to keep a UE in connected mode after it receives RRC connection release message. Therefore, although there are some similarity between LC and NB-IOT suspend modes, we suggest using RRC connection reconfiguration for transition from connected to light connection mode, instead of reusing the connection suspend procedure designed for NB-IOT UP solution.
Proposal 2:	Use RRC connection reconfiguration for UE transition from connected mode to light connected mode.
In lightly connected mode, the UE is considered RRC connected with valid UE context at eNB side, however UE still needs to reestablish the RRC connection before data transmission or reception. Therefore, for transition from lightly connected to connected mode, we propose to reuse the RRC connection reestablishment messages. To ensure successful transition and service continuity, additional context fetch from anchor to current camping eNB may be applied.
Proposal 3:	Use RRC Connection Reestablishment procedure for UE transition from lightly connected to connected modes. Context fetch is applied if needed.
Notice that the RRC resume procedure introduced in NB-IOT does perform similar transition. However, the suspended mode in NB-IOT is considered as RRC Idle, while LC mode is RRC Connected. The RRC resume message sends a UE from Idle to Connected mode. In contrast, the RRC reestablishment procedure reestablishes a RRC connection, and the UE is in RRC Connected mode throughout the procedure. Therefore, RRC connection reestablishment is logically more suitable for describing the transition from lightly-connected to connected mode.
The figure below shows the signaling flow for transition from lightly-connected to connected mode, based on the above proposals.


Figure 1.	Signaling flow for transition from lightly-connected to connected mode
Paging area update
For each LC UE, a UE-specific RAN-based paging area is configured in terms of cell list or new list of paging area ID, via RRC signaling. The paging area can be configured as one or more cells from RAN2 point of view. A lightly connected UE notifies the network when it moves out of the configured RAN-based paging area, and the procedure is referred to paging area update (PAU). Upon PAU, a new anchor eNB belonging to the new paging area is assigned to the UE. Since the PAU is performed between UE and the new anchor eNB, PAU should trigger UE context transfer from the anchor eNB in old paging area to the anchor eNB in new paging area.
Proposal 4: 	PAU triggers UE context transfer from the anchor eNB in old paging area to the anchor eNB in new paging area.
To allow UE context transfer, the old anchor eNB and UE identifier in old anchor eNB should be provided in the PAU request message. Since the RRC reestablishment request message contains such information, we propose to use RRC reestablishment procedure for PAU.
Proposal 5:	Use RRC reestablishment procedure for PAU.
In current LTE, MME send RRC release message to UE after tracking area update (TAU). For PAU, the new anchor eNB may keep UE in connected mode after PAU, or send UE to light connected mode (via RRC connection reconfiguration). The decision is made by the new anchor eNB.
Proposal 6:	After PAU complete, the new anchor eNB may keep the UE in connected mode, or send the UE to light connected mode via RRC connection reconfiguration.
The figure below shows the signaling flow for PAU, based on the above proposals.


Figure 2.	Signaling flow for PAU
There is one remaining issue: Is RAN-based paging area the same as tracking area? We think they are different concepts, but can be configured as the same.
Proposal 7:	RAN-based paging area and tracking area are different concepts, though they may be configured as the same.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	During light connection, UE is considered ECM-CONNECTED and RRC_CONNECTED.
Proposal 2:	Use RRC connection reconfiguration for UE transition from connected mode to light connected mode.
Proposal 3:	Use RRC Connection Reestablishment procedure for UE transition from lightly connected to connected modes. Context fetch is applied if needed.
Proposal 4: 	PAU triggers UE context transfer from the anchor eNB in old paging area to the anchor eNB in new paging area.
Proposal 5:	Use RRC reestablishment procedure for PAU.
Proposal 6:	After PAU complete, the new anchor eNB may keep the UE in connected mode, or send the UE to light connected mode via RRC connection reconfiguration.
Proposal 7:	RAN-based paging area and tracking area are different concepts, though they may be configured as the same.
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