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1
Introduction
RAN2#95 made following agreements for the functions of the light connection mode, [2]:

	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, which is 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.

· 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.

· A UE enters into "lightly connected" by RRC signaling. The details are FFS.

2
The UE specific paging area configuration in term of cell list or new list of paging area ID shall be supported by dedicated and/or broadcast RRC signaling. Further optimization and down selection can be considered.

3
UE lightly connected is required to notify the network when it moves out of the configured RAN based paging area.

4
The paging area can be configured as one or more cells from RAN2 point of view. The configured cells can come from different eNB.

5
To take as a baseline that Rel-13 legacy PO/PF calculations are used for the RAN-initiated paging. The input parameters for PO/PF calculation can be changed if necessary.

6
To define a UE ID for paging calculation. Select the UE ID from (a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID or (d) IMSI mode.

7
To define a UE ID conveyed in paging message. Select the UE ID from (a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID or (d) IMSI mode.




Based on these assumptions, we elaborate some details and alternative implementations for the procedures related to operation in light connection mode. Operations related to paging are discussed in a dedicated contribution, [3].
2
Discussion
2.1 
Entering the light connection mode
As per the agreement, UE moves to light connection (LC) with RRC signalling. Possible signalling to be used for this:
· Serving eNB instructs the UE to enter LC mode with (messages including LC required parameters)

1. RRCConnectionRelease –message
2. RRCConnectionReconfiguration –message

3. A new message defined for LC mode
· Serving eNB initiates the LC mode either autonomously or by request from the UE

The RRCConnectionRelease –message would be suitable in the sense that it is used for connection suspension specified for the CIoT feature. In this case the message should indicate a new cause for the connection mode change to “LC mode”. The RRCConnectionRelease –message shall include relevant parameters in order to be able to resume the RRC connection. Receiving the message UE shall store necessary information such as current security context, the PDCP state including ROHC state, C-RNTI used in the serving PCell, the cellIdentity and the physical cell identity (PCI) of the serving PCell, LC area information, etc. Detailed list of stored information is FFS.
Another option to move to LC mode is to use RRCConnectionReconfiguration –message. The legacy usage of the message is to give required parameters for the operation in RRC connected and for connected mode mobility. Therefore, the RRCConnectionReconfiguration –message includes a large number of parameters that are irrelevant for LC operation. Furthermore, as the LC operation is closer to idle mode, there is no good justification to use this message for the change to LC mode.
Considering the simple changes required for the RRCConnectionRelease –message, there does not seem to be need to define a new message for LC either. Therefore we propose that the eNB instructs the UE to move to LC mode with RRCConnectionRelease –message extended with a new cause (LC mode).
Additionally UE needs to be indicated the paging area for which natural location seems to be the same message where UE is sent to LC mode. In [4] we propose the NW to be able to accommodate diverse use cases. Therefore, as we see important to support any operator deployment scenario (different use cases, allowing various combinations of LC area to be signalled), the LC area shall be identified by either a list of cells, a list of RTAs (RAN Tracking Areas), or a list of TAs.
Proposal 1: The eNB instructs the UE to move to LC mode with RRCConnectionRelease –message extended with a new cause (LC mode) and the LC area shall be identified by either a list of cells, a list of RTAs (RAN Tracking Areas), or a list of TAs. 
Table 0‑1 summarized pros/cons whether the LC mode is UE initiated (requested) or decided by the NW:

Table 0‑1: Summary of options for LC initiation
	LC mode initiation
	Pros
	Cons

	By request from UE
	Could utilize UE internal information about running or stand-by application and their anticipated traffic
	Additional message to the procedure to request LC

	NW (eNB) initiated
	Saves one message.
Can use similar/same timer as for (normal) connection release
	eNB is only aware of the traffic history, not e.g. about running applications at the UE


Neither one of the options is clearly better or worse for the LC operation. For simplicity and having fully network control over the operation we would prefer the eNB initiated solution.
Proposal 2: The LC mode is initiated by the serving eNB without need for UE request.
2.2
UE state in light connected

From the CN point of view, UE in LC mode is kept ECM-CONNECTED. From UE perspective the state has not yet been decided. Following options can be considered:
1. AS layer informs NAS about the LC mode, UE NAS moves to IDLE

2. AS layer does not inform NAS about the LC mode, UE NAS moves to IDLE

3. AS does not inform NAS about LC mode, UE NAS remains CONNECTED

4. AS informs NAS about LC mode, UE NAS moves to LIGHT CONNECTED

Minimum changes to existing operation would be with the option 1. The required NAS operation is similar to the idle mode operation resulting in minimized modifications to the specifications. Further, this would then align with RRC suspension already defined and would most probably make implementation of the 36.331 simple. There is no need to define a new state (LIGHT CONNECTED). The usage of NAS idle would allow the required LC operation with least modifications to the specifications. A problem with NAS being in CONNECTED would be that data would be directly forwarded to U-plane and C-plane would not be aware of establishment reasons e.g. emergency call. This in our understanding could be huge setback and therefore we see it necessary to move the UE NAS to ECM_IDLE. Otherwise more drastic changes would be required for NAS.
Proposal 3: UE NAS state in LC mode is ECM_IDLE.
2.3
Leaving light connected
The light connection mode will be left when data arrives either at the UE (MO data) or from the NW (MT data). The latter case triggers paging transmission which is elaborate in detail in [3]. Additionally, UE has to initiate signalling to inform about the new location when moving to a new RAN paging (LC) area. This is discussed in the paragraph 2.4.
Assuming that the UE is in the same LC area where it entered LC mode, new MO data triggers NAS to initiate connection resumption; this is based on the assumption that NAS is informed about the LC mode and is in IDLE, see discussion above. The UE procedure in RRC shall be the same as for normal preparation for the transmission of the RRCConnectionRequest or RRCConnectionResumeRequest message.
Out of these two messages RRCConnectionResumeRequest seems logical as it can include the ID to resume the AS contexts and RRC connection. 
Proposal 4: RAN2 is asked to confirm the principles when leaving the LC mode triggered by MO data, as described above. 
2.4
Indication of the change of light connection area

According to RAN2#95 agreement, UE shall inform the NW when moving out of the RAN paging or LC area. In this case RRCConnectionResumeRequest can also be used. The message should, however, include a new cause to refer to paging/LC area update to distinguish from the MO data triggered resumption. As NAS is not involved with this procedure, AS shall set the value for the establishment cause. In principle the case could be mo-signaling. However, to differentiate from the NAS initiated signalling and to refer to paging/LC area update, a new cause should be defined.
Only a small problem arises from the fact that the message does only have a bit left for to indicate establishment reason to return from LC-mode – or paging area update.  So possibly because of only a single spare value for the resumeCause in the RRCConnectionResumeRequest –message, one could consider a new message to be defined for the paging/LC area update.
It can be left for NW to decide what will be the continuation procedure when UE initiates the paging/LC area update. The alternatives would be to transfer the context to the new serving eNB and continue with LC mode, to continue with the suspend procedure specified for CIoT optimisation, or possibly release the connection and move to idle. These are up to RAN3 to elaborate and decide but nevertheless eNB should become aware if the reason from resumption is UE being suspended or LC mode.
Proposal 5: RAN2 is asked to assess the options for paging/LC area update procedure, either to use RRCConnectionResumeRequest –message or a new message, both including a new cause indicating the location update procedure. 
3
Conclusions
Based on the elaboration of the detailed operation of the light connection we ended up with following proposals:
Proposal 1: The eNB instructs the UE to move to LC mode with RRCConnectionRelease –message extended with a new cause (LC mode) and the LC area shall be identified by either a list of cells, a list of RTAs (RAN Tracking Areas), or a list of TAs
Proposal 2: The LC mode is initiated by the serving eNB without need for UE request it.
Proposal 3: UE NAS state in LC mode is ECM_IDLE.
Proposal 4: RAN2 is asked to confirm the principles when leaving the LC mode triggered by MO data, as described above. 
Proposal 5: RAN2 is asked to assess the options for paging/LC area update procedure, either to use RRCConnectionResumeRequest –message or a new message, both including a new cause indicating the location update procedure. 
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