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1
Introduction
The work item description for “Signalling reduction to enable light connection for LTE” [1] among others listed following objectives to be studied in the initial phase of the WI:
· 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)

In this paper we elaborate the options when and how to allow the light connected mode, how to define the area where the light connected mode is valid and how to enter the light connected mode.
2
Discussion
2.1 
General assumptions
In order to reduce the mobility and state transition signalling, while in light connection the UE will

· Use cell reselections for mobility instead of sending measurement report to trigger HO procedure

· Keep the RRC context to restore the connection for subsequent data transmission
The issues relate largely to how to restore the data connection after light connected mode, from now on called LIGHT_CONNECTED in this paper. When MT data arrives, the assumption is that the connection restoration is initiated by paging message. 

For the LIGHT_CONNECTED operation following new features need definitions:
a) When the LIGHT_CONNECTED mode is allowed

b) What is the definition of the area where LIGHT_CONNECTED is allowed without location indication to the NW

c) How the UE enters the LIGHT_CONNECTED mode; either with explicit signalling from the NW, or by certain trigger
The issues are discussed in detail of subsequent sections.

2.2 
When LIGHT_CONNECTED is allowed

The basic principle shall be that the usage of the LIGHT_CONNECTED is under control of the NW. Hence, the network support for LIGHT_CONNECTED can be implicit based on possible activation of the LIGHT_CONNECTED.

To maintain the NW control over the mobility modes, the NW should indicate whether a UE capable for LIGHT_CONNECTED is allowed to enter the LIGHT_CONNECTED mode. Such indication can also be explicit or implicit; details will depend on selected signalling options. Being NW controlled function, it can be assumed that the configuration or possibly command to move to LC mode can serve as implicit indication about the NW support for LC. 
Observation 1: The NW support for LIGHT_CONNECTED can be implicit for the UEs.

2.3
Entering light connected
There should be specific signalling or trigger when the UE shall move to LIGHT_CONNECTED. The main options are:
i. UE moves to LIGHT_CONNECTED by specific command from eNB
ii. UE enters autonomously the LIGHT_CONNECTED if the mode is allowed/enabled
The first option requires specific signalling to enter LIGHT_CONNECTED at the cost of reducing the achievable benefits for the signalling reduction. On the other hand, it could carry additional information for the LIGHT_CONNECTED mode, e.g. LC area or mobility related parameters, or specific (resume or UE) ID, if seen necessary.

The latter option, on the other, would allow entry to LIGHT_CONNECTED without additional signalling. An obvious way would be to specify an “inactivity” timer how long the UE stays in normal RRC connected (monitoring PDCCH with C-RNTI according to DRX configuration) and when to start paging monitoring in LIGHT_CONNECTED mode. With the option ii, it should be specified what ID(s) would be used to resume the RRC connection and how that is configured/signalled.

Observation 2: The change of the connection mode to LIGHT_CONNECTED can be done explicitly with specific command from the NW or with a suitable trigger (e.g. a timer expiry) for autonomous move to LIGHT_CONNECTED.

Proposal 2: RAN2 to consider the two options to enter LIGHT_CONNECTED, whether to specify a signalling message to command UE to LIGHT_CONNECTED, or to allow autonomous change of the connection mode.

2.4
Area for light connection
How does UE get knowledge of LC area?

The area where UE centric mobility (with cell re-selections) is allowed will obviously be restricted in order to limit e.g. the paging transmissions. From the UE perspective, the NW should provide either a code for the LIGHT_CONNECTED area (LCA), or alternatively, a list of cells determining the area. However, it is beyond RAN2 responsibility to decide how the area is actually defined (by O&M, CN, RAN, etc). Obviously, the last serving eNB provides the indication what is the LIGHT_CONNECTED area for the UE. The area information can be provided either by broadcast information signalling (SIB) or by dedicated signalling during the RRC connected mode. 
With explicit command (option i from 2.3) to change the mode to LIGHT connected, the area information could be included in the command message or UE implicitly assumes the LCA to be same as in the serving cell broadcast information. With autonomous entry to LIGHT connect (option ii in 2.3), the area information could be in the system information or given in dedicated signalling at connection setup and at cell changes (i.e. handovers). 

How does UE get knowledge to which LC area serving cell belongs?

As in LIGHT_CONNECTED UE is assumed to do mobility via reselection type of behaviour it can be assumed that UE gets information to which LCA the cell belongs via broadcast signalling. With broadcasting information about the LCA UE would initiate location update procedure to update its LCA to the network after reselecting to a new cell which does not belong to existing LCA.
Observation: The information to which LCA cell belongs needs to be sent in the broadcast signalling.
To reuse existing ID or define new LC area ID?
If UE is indicated the current LC area by dedicated signalling one could utilize existing cell IDs that are broadcast in the SIB1 i.e. cellIdentity (possibly with PLMN-Identity) e.g. just indicating all the cells of one eNB or even wider coverage. 
Other possibility is to define new identity assuming that LCA is different from TAC and wider than a cell. In such case, if one would need to define new identity to be sent e.g. in SIB1, this new area ID (e.g. LCAid) could be same for just cells of same eNB or having also wider coverage.  This approach would work both with dedicated signalling and broadcast signalling. Downside is the need for new signalling in the precious broadcast signalling.
Proposal: LCA area should be able to covers cells of one eNB and possibly even wider coverage (e.g. cells of multiple eNBs)

But one problem with fixed LCA is that location update procedures gets concentrated to border area cells – It might be worthwhile to consider more flexible area configurations as well. Reusing cellIdentity and providing list of those to the UE one can have UE specific LCAs and thus distribute location update load in the network. If one wants to use LCAid then we could utilize similar approach as for TAC is done i.e. one location area may consist of several LCAids.

Proposal: Consider how to solve potential issues related to location update concentrations of the light connection.
Probably big decisive factor for deciding between cellIdentity and LCAid is how big area LCA is considered – if one LCA consists of hundreds of cells then using cellIdenity probably does no make sense. On the other hand extra load in the system information may not be justified if one area consists of just few cells. 
Proposal: Discuss whether new LCA Id is beneficial or reusing existing cellIdentity would be sufficient or even having hybrid solution where network could choose depending on the deployment whether reusing cellIdenity or LCAid is used
3
Conclusions
Observation 1: The NW support for LIGHT_CONNECTED can be implicit for the UEs.

Observation 2: The change of the connection mode to LIGHT_CONNECTED can be done explicitly with specific command from the NW or with a suitable trigger (e.g. a timer expiry) for autonomous move to LIGHT_CONNECTED.

Proposal 2: RAN2 to consider the two options to enter LIGHT_CONNECTED, whether to specify a signalling message to command UE to LIGHT_CONNECTED, or to allow autonomous change of the connection mode.

Observation: The information to which LCA cell belongs needs to be sent in the broadcast signalling.
Proposal: LCA area should be able to covers cells of one eNB and possibly even wider coverage (e.g. cells of multiple eNBs)

Proposal: Consider how to solve potential issues related to location update concentrations of the light connection.
Proposal: Discuss whether new LCA Id is beneficial or reusing existing cellIdentity would be sufficient or even having hybrid solution where network could choose depending on the deployment whether reusing cellIdenity or LCAid is used
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