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1
Introduction
RAN#71 approved the new work item for “Signalling reduction to enable light connection for LTE”, [1]. The WI has initially a study phase to investigate following options:
· Signalling reduction due to handover, considering UE centric mobility, e.g. cell (re)-selection. (RAN2/3, Q3/2016) 

· Signalling 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 paper view elaborate the assumptions for potential enhancements options and anticipated issues related to them for RAN2 to consider.
2
Discussion
2.1
Mobility optimization

Studies for eDDA (enhanced Diverse Data Application, [2]) were elaborating options to reduce signalling for specific traffic types particularly addressing the cases with infrequent data transmission. It was concluded that the achievable decrease in signalling load depends not only on the data arrival (IAT, inter arrival time) but also UE mobility. Hence, the minimized signalling is a trade-off between state transition and mobility signalling. The eDDA studies included also an option for UE controlled mobility (5b) which seems related to the option of UE centric mobility referred in the handover optimization.
For example, the UE centric mobility i.e. instead of handover procedure (triggered by measurement report), the idle mode mobility with cell re-selections could be triggered if the UE has no active data transmission:
· Network shall have control when this mobility mode is allowed and the UE cannot enter the mode without specific configuration and valid triggers
· There shall be specific triggers when to enter the new mobility mode but assuming UE centric mobility is NW controlled then such triggers can be left for NW configuration
· UE and network shall be in sync with the mode the UE is applying

If such reselection based mobility is allowed it needs to be defined how the MO/MT data transmission is supposed to work:

· MO data transmission could be started with re-establishment procedure, otherwise legacy SR procedure can be used

· UE context can be fetched from the last serving cell, or the cells may be prepared in advance in order to enable successful connection re-establishment. Context fetch procedure as such may not be applicable to all possible scenarios (e.g. S1) i.e. it may be beneficial to enhance context fetch procedure. See more details in section 2.3.
· For MT data, the eNB can send a PDCCH order or paging

· In case NW is not certain of cell where UE is camping, UE could be paged; paging options are discussed more in section 2.2.
The potential of the UE centric mobility relies on the minimization of state transitions (between idle and connected) and avoidance of connected state mobility signalling. The gains would be highest with intermittent traffic and e.g. in cluster of small cell areas.
Observation 1: UE centric mobility can have potential in reducing signalling in certain traffic, deployment and mobility scenarios.
The UE centric mobility, as defined above, has similarities with the connection suspend/resume procedure specified for NB-IoT and which was intended to be applicable also for other UE types. The new mobility mode could be triggered by the suspend message and terminated with the resume message or when MO data arrives. Alternatively, the resumption can reuse existing re-establishment procedure. 
Details of the UE and network behaviour during the new mobility mode need further studies.

2.2
Paging transmission and signalling reduction to CN
The default operation to reach idle mode UEs is to send paging throughout the location area, which may consist of multiple TAs. However, it can be up to MME implementation to decide to which cells the paging request shall be sent. MME is aware of the last cell where the UE was connected before going idle. If the mobility is assumed to be limited, e.g. based on the UE type, the paging can be initially sent to the cell where the transition to idle took place. If no response, the paging coverage can be enlarged to multiple cells, eventually covering the whole location area.

Observation 2: Current signalling allows paging optimization with appropriate MME implementation.

If UE works in UE centric mobility mode, paging could be used to initiate MT data transmission. Similar paging optimization as discussed above could be used for this case as well. However, the MME should be made aware of the mobility mode and the UE can assume that the MME takes care of paging in all situations. The first paging can be sent in the previous active cell and paging coverage can be extended if no response from the UE is received.
Observation 3: Paging optimizations are applicable also for the potential new mobility mode.

Referring again to eDDA results, the CN signalling can be reduced by appropriate consideration of generated traffic and UE mobility and optimizing state transitions appropriately. The traffic patterns can be measured or they may be known to some accuracy from the UE type. Additionally, UE can inform the “mobility history” with RRC signalling. Furthermore, in eMTC Rel-12 work it was agreed to have CN assistance information which includes the expected UE activity behaviour and the expected HO interval. With all such information the network would already have means to optimize the parameters related to connection handling. Not only Uu signalling can be reduced but also the CN signalling will be reduced at the same time. 
Observation 4. Current specifications already provide means to minimize both radio and CN signalling.

The WID suggests to study if the mobility and state transitions can be hidden from the CN. Hiding the mobility would imply that the S1, both CP and UP, would be maintained to a cell (e.g. the last serving cell) even when the UE moves to another cell(s) i.e. UE would be in CONNECTED state from MME point of view. This is different to NB-IOT suspend/resume functionality where UE is in IDLE from MME point of view. The UE being in CONNECTED state would imply that the data should be forwarded from the eNB having the S1-U tunnelling end to the cell serving the UE. The HO should be anyway executed somehow meaning that the reduction of Uu signalling can be fairly limited. The omission of path switching signalling would be at the cost of used capacity of X2 connection.
Hiding the state transitions from CN seems challenging e.g. if RAN should become responsible for paging distribution/transmission, which would be big change in the NW as now paging is initiated from the MME.
Observation 5. There are challenges if the state transitions and mobility are hidden from the CN.

2.3
Storing and retrieval of the UE context

As defined for NB-IOT, suspending the connection triggers the UE and eNB to store the UE context to be taken to use in the consequent data transmission. The stored context is referred with an ID which is signalled during the connection resumption/suspension. If the UE has moved to another cell, the context will be fetched from the previous serving cell using the corresponding ID. In this case the context is stored in RAN and UE.
Observation 6: Context fetch can be used to retrieve the UE context in a new cell when suspend/resume or UE centric mobility is used

The area may be limited in which the UE centric mobility is supported, and in which the mobility may be hidden from the CN.Once the UE moves outside the area then UE needs to update its location in order for the NW to be able to reach the UE. The area may be just a single cell, or it can cover larger area e.g. location area. The definition for the “new mobility area”, done by the NW, could be based on cell deployment (e.g. within a small cell cluster), availability of neighbour relation, or some other relevant area definition. 
Observation 7: In case of UE centric mobility UE needs to update its location to NW if it moves outside NW defined/known area. 
3
Conclusions
In this contribution we analysed in high level light connection WID objectives and came to following observations:

Observation 1: UE centric mobility can have potential in reducing signalling in certain traffic, deployment and mobility scenarios.
Observation 2: Current signalling allows paging optimization with appropriate MME implementation.

Observation 3: Paging optimizations are applicable also for the potential new mobility mode.

Observation 4. Current specifications already provide means to minimize both radio and CN signalling.

Observation 5. There are challenges if the state transitions and mobility are hidden from the CN.

Observation 6: Context fetch can be used to retrieve the UE context in a new cell when suspend/resume or UE centric mobility is used

Observation 7: In case of UE centric mobility UE needs to update its location to NW if it moves outside NW defined/known area. 
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