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1   Introduction
The new Work Item on Signalling reduction to enable light connection for LTE was approved at RAN#71, includes the following objectives [1]: 
In the study phase, investigate potential solutions for the following aspects, taking into account both UE mobility and traffic pattern:
· Signalling reduction due to handover, considering UE centric mobility, e.g. cell (re)-selection. (RAN2/3, Q3/2016) 
· Signaling reduction due to Paging, considering limiting the Paging transmission within a more limited area. (RAN2/3, Q2/2016) 
· Signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN. (RAN2/3, Q3/2016) 
· UE context storage and retrieval along with UE mobility across different eNBs. (RAN3/2, Q3/2016)
· Necessity of a new RAN based state (RAN2, Q3/2016)

In this contribution, we will discuss the general principles for light connection and general aspects on paging optimization.
2   Discussion
2.1   On the general principles for light connection

· S1 connection for a lightly connected UE
In the UP solution of NB-IOT, the S1 Connection of the UE is suspended after the UE Context Suspension procedure, which could reduce some of the signalling cost due to state transitions. However explicit S1 signalling interactions are still needed to resume S1 connection or trigger paging when performing state transitions from IDLE to CONNECTED. 
In light connection, the objectives of the WI include “Signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN”. In order to hide the mobility and state transitions from CN, we assume that the S1 connection of a lightly connected UE will be kept activated as shown in figure1, i.e. from MME point of view the UE is still connected to the eNB, in ECM-CONNECTED. This will help to confine state transitions and mobility handling at RAN level for a lightly connected UE to further reduce S1 interface signalling.
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Figure1 State transitions handling at RAN level 
Proposal 1: S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN.
· Dedicated resources per cell level for a lightly connected UE
One of the WI objectives is to study “Signalling reduction due to handover, considering UE centric mobility, e.g. cell (re)-selection”.  As also indicated in the WID, UE centric mobility is an efficient way to reduce the handover signalling. It means that the network does not use the handover command to handle the moving UE in case that there is no ongoing data transmission. The UE centric mobility also implies that after the cell change, the network does not need to reconfigure the cell specific dedicated resources (e.g. C-RNTI, dedicated physical resources) immediately for the moving UE in case that there is no ongoing data transmission. Without the immediate dedicated resources reconfiguration during the change of camping cell, it is not possible to schedule the UE lightly connected with C-RNTI. 
Proposal 2: The network does not need to reconfigure the cell specific dedicated resources (e.g. C-RNTI, dedicated physical resources) immediately for the moving UE in case that there is no ongoing data sending. Without the immediate dedicated resources reconfiguration during the change of camping cell, it is not possible to schedule the UE lightly connected with C-RNTI.
2.2   Paging optimization
Paging optimization has been introduced in Rel-13 in RAN3. One rule for optimization is that the eNB sends some assistance information to the MME, e.g. eNB and cell lists where this UE was camped before, and the MME can send paging in a limitated area the first time, and then extend the paging area in a second area, as shown in figure 2. Based on this paging optimization method, the paging area is narrowed down. However, the existing paging optimization is built on the precondition that the paging is initiated by MME and thus the state transitions are not hidden from the CN side.


[image: image2.emf]eNB 1

MME / S-GW

eNB 2

Paging

Paging

The 1

st

 and 2

nd

time paging Area

The  2

nd

 time paging Area

Assistance Data For 

Recommended Cells


Figure 2 paging optimization in Rel-13
For the light connection, we have a totally different assumption. According the proposal 1, the UE lightly connected has an active S1 connection, and from the MME point of view the UE is still connected to the eNB. This implies that no S1 paging is triggered when the DL data arrives for the UE in lightly connected, and the DL data could be directly forwarded to the eNB which keeps the S1 connection of the UE in lightly connected. No matter if the UE stays at the same eNB or has left from the eNB who keeps the S1 connection of the UE when the DL data arrives, the network needs to request the UE to go back the RRC CONNECTED state from the “lightly connected” state.
Proposal 3: No S1 paging is triggered when the DL data arrives for the lightly connected UE, and the DL data is directly forwarded to the eNB which keeps the S1 connection of the lightly connected UE.


[image: image3.emf]eNB 1

MME / S-GW

eNB 2

D

L

 

d

a

t

a

Paging Area

Paging

Paging

Context 

of UE


Figure3 RAN based paging for lightly connected UE
According the work assumption 2, since the UE lightly connected cannot be addressed by C-RNTI and also the UE may not be known at the cell level, if the downlink data arrives at the eNB, it is necessary to invoke UE by RAN initiated paging as depicted in figure3. It shall be the eNB where the context and S1 connection of the UE is kept to decide to trigger RAN based paging and select the paging area. Based on whether the lightly connected UE can always be located at the cell level or its location is known only in a group of cells, the eNB may need to trigger the paging in its own cell(s), or towards a new eNB, or towards a group of neighbour eNBs within the paging area. More detailed considerations on the eNB initiated paging could be found in [2].
Proposal 4: Introduce RAN initiated paging to address a UE lightly connected.
Proposal 5: The eNB where the context and S1 connection of UE is kept decides to trigger RAN initiated paging and selects the paging area.
3   Conclusion
In this contribution, we discussed general principles for light connection and general aspects on paging optimization, and propose:

Proposal 1: S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN.
Proposal 2: The network does not need to reconfigure the cell specific dedicated resources (e.g. C-RNTI, dedicated physical resources) immediately for the moving UE in case that there is no ongoing data sending. Without the immediate dedicated resources reconfiguration during the change of camping cell, it is not possible to schedule the UE lightly connected with C-RNTI.
Proposal 3: No S1 paging is triggered when the DL data arrives for the UE in lightly connected, and the DL data is directly forwarded to the eNB which keeps the S1 connection of the UE in lightly connected.

Proposal 4: Introduce RAN initiated paging to address a UE lightly connected.
Proposal 5: The eNB where the context and S1 connection of UE is kept decides to trigger RAN initiated paging and selects the paging area.
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