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1. Introduction 
.A new Rel-14 WI on reduction of signalling overhead was agreed in RAN#71 [1]. 
The objectives are to provide solutions to further reduce signalling due to handover, due to paging, as well as the necessity to define a new RAN based state, “Lightly CONNECTED”, to hide mobility and state transition from the CN and by then reducing SI signalling.
Confining mobility handling at RAN level when “Lightly Connected” [1], can further reduce network interface signalling. Additionally, RAN based handling and configuration of Paging can provide more dynamic and optimal setting for these parameters taking into account the UE mobility and traffic pattern. 
The “Lightly Connected” devices are quite similar the CIoT UP optimization feature, in which RAN context is stored in the eNB, as well as the S1 connection, when the Connection is “Suspended”. 
In [2]a need for a solution to reduce Core Network signalling has been discussed.
In legacy networks, when the UE is in idle mode, it is known at Tracking-area level, and in connected mode, it is known at the eNB level. In general, the TA encompasses several cells and during downlink reachability, excessive signalling may be necessary as part of paging to reach the UE in idle mode
In RAN2 #93bis, the following working assumptions were made:

=>
Work assumption to study the paging enhancement is “S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN”

=>
Work assumption: Light connected UE can be addressed only by the trigger of paging initiated by eNB or MME.

At RAN2#95bis the following agreements were made related to signalling reduction. [[6]RAN2#95bis minutes], [2],[3],[4]. 
Agreements


Modelling A Lightly connected UEs are in RRC_CONNECTED with light connection indication and ECM_CONNECTED. 


Modelling B: Lightly connected UEs are in RRC_IDLE with light connection indication and ECM_IDLE.

0
UE should be configured into lightly connection by dedicated RRC signalling (i.e. RRC reconfiguration or RRC release). From MME point of view, lightly connected UE is in ECM_CONNECTED.

1.
When a UE exits from light connection into RRC_CONNECTED, UE should perform RAN level access control mechanism. For modelling A, SSAC is applicable. All the existing mechanisms of access control are applied for modelling B.

2.
The network should be able to reject access via a certain RRC cause sent via msg.3. For modelling B. The RRC cause is RRC resume cause.

2.1
For modelling B: the UE's NAS provides to UE's AS the call type and the RRC Resume Cause (similar to legacy when resuming/establishing the connection).
2.2
The RRC cause comes from AS layer for modelling A.

3.
The lightly connected UEs enter into legacy behavior in RRC connected via RRC procedure including three messages (i.e. request, response and complete). For Modelling A, the procedure should be RRC resume or reestablishment procedure. For Modelling B, the procedure should be RRC resume.

4.1
At least for modelling B, if RRC resume procedure is used by lightly connected UEs, eNB should be allowed to trigger the fallback procedure to establish the RRC connection upon RRC connection setup.

4.2. For modelling A, if RRC resume procedure is used by lightly connected UEs, eNB should be allowed to trigger the fallback procedure to establish the RRC connection upon RRC connection setup. But the feasibility should be considered in CT1.

4.3 For modelling A, if RRC reestablishment procedure is used by lightly connected UEs, legacy NAS recovery procedure will be triggered in the failure case.

5
To define a new optional radio capability within the UE-EUTRA-Capability IE for the UE to indicate its support of Rel-14 Light Connection operation.
FFS: UE should know whether a UE lightly connected function is supported or not in the cell.
FFS: The UE's NAS layer is aware when the UE is in light connection.

In the way forward R2-167304, [[5]] the following proposals were made
· Proposal 1.- RAN2 confirms legacy behaviour that UE always perform TAU when changing TA boarders (which is also applicable for a UE lightly connected). 
· Take as baseline, Proposal 2.- The eNB could optionally signal a global cell identity list to the UE via RRC dedicated signaling to indicate the RAN-based Paging Area. Detail FFS; the design should aim minimizing signaling and configuration overhead (e.g. cellIdentity could be used instead of global cell id).
· FFS - Proposal 3.- The eNB could optionally signal a new defined RAN-based Paging Area identifier via dedicated signaling (to configure the UE with the RAN-based Paging Area to be used) and via broadcasted (for the eNB to indicate the RAN-based Paging Area that it belongs to).

· Proposal 4.- A UE in lightly connected can be configured by eNB via dedicated RRC signaling with a specific DRX cycle (which is used during the RAN-initiated paging PO/PF calculation), including at least the values 320, 640, 1280 and, 2560ms, FFS if other values are also defined.
2. Discussion and proposal
The discussions related to this work item concerns a number of topics, such ass which states the UE should enter for being “lightly connected”. This related both to RRC and ECM state. Two models have been outlined, model A, where the UE remains in RRC connected as well as ECM connected, and Model B where the UE enters both RRC and ECM idle.

In this paper we discuss and suggest a number of proposals related to the two models defined above.

Impact:
Observation 1: In terms of specification as well as UE implementation impact model B might be easier to use, if reusing the in Rel-13 defined Suspend/Resume functionality. And if reusing the Paging message, the DRX periods, the barring mechanisms, the main impact would be from using a RAN based paging area. This part as well as handling of the S1 connection is more related to Core Network procedure and implementation, and might not even need a RAN2 workitem. Model A elaborates on a new state or sub-state to RRC connected mode, where the UE transits to this new state via dedicated signalling and applies some  Idle mode like procedures, e.g. UE controlled mobility and paging reception. 

Model B seems to be the model with least UE impact if reusing as much as possible from Rel-13. Model A seems to be the more logical way forward, since the core network remains in connected mode (ECM-Connected). 
Proposal 1: Allow both model A and B. If model A is specified, the addition of specifying model B would be very minor. 
UE states

Observation 2: In order to hide the state transition for the NAS layer, only the UE should enter ECM Idle, while the Core Network/MME should remain in ECM Connected mode. This might lead to State mismatch. In Rel-14, we see no need to define a new third state, but use the RRC connected mode state for this additional functionality.
Proposal 2: We suggest to use the RRC Connected and ECM Connected mode states
eDRX and PSM
Observation 3: In case the UE/NW has as main objective to save UE power, we have e.g. eDRX where the UE can stay asleep up to 44 minutes. And for this scenario, the signalling overhead is less relevant that for UE´s that more frequently would transit from active mode to a more dormant or “light connected” mode. So, we see no reason to keep the UE in some connected mode state to save some signalling overhead if very long sleep periods are preferred.
Proposal 3: eDRX and PSM mode are not applicable for a UE in “light connection”.
Paging area
Observation 4: It has been discussion and agreed that the eNB optionally can signal a RAN paging area in dedicated signalling. In order to minimize signalling overhead, one possibility could be that the eNB only confirms with a single bit, that the RAN based paging area consist of the cell list latest reported by the UE in measurement report.
Proposal 4: The eNB only confirms with a single bit, that the RAN based paging area consist of the cell list latest reported by the UE in measurement report

Alternative related to model  A and model B
Observation 5: Based on the above observations, conclusions and proposal, we think that an even simpler solution would be to related to model A, but not defining any new state, just letting the UE remain in Connected mode DRX. 

In Connected mode DRX, the UE monitors the PDCCH for downlink reception, but remains in the DRX mode until reconfigured by the eNB to go to Idle mode. In addition to monitoring the PDCCH, the UE if reselecting to another cell, starts monitoring paging occasions on the PCH/PDSCH.
Proposal 5: We propose to enhance the Connected mode DRX behaviour to support modification of DRX cycle length, allowing the UE to reselect cell and monitoring paging channel, while in Connected mode DRX, and that the trigger for this behaviour could either be network controlled or timer based.

RRC procedures

In order to avoid any risk for misunderstanding we suggest to use RRC reconfiguration and RRC re-establishment procedures, instead of Suspend/Resume, which are excellent procedure for already defined CIoT related functionality.
Proposal 6:

Re-use the RRC reconfiguration and RRC re-establishment procedures.

3. Conclusion
In this contribution we have elaborated on different possibilities to achieve the objectives in the study item, and are making a proposal to minimize both signaling as well as any confusion about state transition.
One conclusion is that actually both solution A and B could be specified and that via UE capability and network implementation as well as operator preference, preferred alternative can be selected. Though, we already have a number of solutions in place, e.g. the Rel-13 CIoT optimization solution with Suspend/Resume to save some signaling.
In order to save UE power we have Idle mode DRX, eDRX and PSM, Power save mode.

For the objectives in this work item, to reduce signaling

Proposal 1: Allow both model A and B. If model A is specified, the addition of specifying model B would be very minor. 

Proposal 2: We suggest to use the RRC Connected and ECM Connected mode states

Proposal 3: eDRX and PSM mode are not applicable for a UE in “light connection”.

Proposal 4: The eNB only confirms with a single bit, that the RAN based paging area consist of the cell list latest reported by the UE in measurement report

Proposal 5: We propose to enhance the Connected mode DRX behaviour to support modification of DRX cycle length, allowing the UE to reselect cell and monitoring paging channel, while in Connected mode DRX, and that the trigger for this behaviour could either be network controlled or timer based.

Proposal 6:

Re-use the RRC reconfiguration and RRC re-establishment procedures.
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