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1
Introduction
According to the work item description 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)

Initial discussion on this topic took place in RAN3#91bis proposing a new eNB-based paging over X2 interface.

In this paper, we compare:

· Using MME-based paging mechanism for UEs in light-connected state (reusing similar mechanisms as cIOT)

·  Using new eNB-based paging mechanism for the UE in light-connected state

2
Discussion
2.1 
Paging options in the Context of Light-connected State
In order to reduce the mobility and state transition signalling, in light-connected state 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.
By allowing UE to do reselections, mobility related signalling can be reduced in case the traffic is intermittent with sufficient pauses between the data bursts. UE power saving could be achieved as well. Because the benefits depend on the traffic and mobility scenarios the eNB shall have the control over the utilization of the light connection.

Observation 1: If the WID results in UE controlled mobility (reselections) it is assumed that it will be eNB controlled when this behaviour is allowed. Let’s call this procedure as LIGHT_CONNECTED.

For MT data, it is assumed that the initiation of connection restoration is done by sending paging. There are various options for paging transmission which are elaborated in more detail below.
Currently in LTE the paging procedure in IDLE mode is initiated by MME requesting eNBs to send paging message: 


Figure 1: Paging procedure

The MME initiates the paging procedure by sending the PAGING message to involved eNBs. Such involved eNBs can already be in limited area with the recent adoption of rel-13 optimization procedures.

As an alternative to legacy MME based paging architecture, some proposals were made at last RAN3 to consider eNB-based paging. The intention is to minimize signalling to EPC by hiding the mobility from the EPC, at least within a certain restricted area. 
We analyse in the next section these two solutions in the context of paging in light connection: eNB-based paging and MME-based paging.

2.2
MME-based solution and paging
A possible procedure for such case is described below reusing mechanisms similar to UP cIOT:
1. UE enters LIGHT CONNECTED either with explicit signalling or by appropriate trigger; both UE and eNB shall be always in synch about the UE mode, UE context is stored in UE
2. eNB indicates MME about UE being LIGHT CONNECTED by sending a “suspend” indication – UE context kept in the eNB and MME
a. eNB indicate in the Suspend Request a “list of recommended eNBs and cells” corresponding to the EUTRAN paging restricted area for light-connected UE.

b. MME moves UE to ECM-idle state upon receiving the “suspend” indication.
c. MME forwards the indication to S-GW for proper actions for MT data.
3. MT data arrives to S-GW which initiates paging by sending DDN message to MME, as today
4. MME sends paging message in the paging area defined for LIGHT_CONNECTED received at step 2 above.
5. UE responds with Resume Request over RRC
a. If the UE has not changed the cell or if the cell is prepared with the UE context, the resume will be successful and no context fetch procedure is needed. If the UE has re-selected to a cell of another eNB, context fetch attempt is followed.
6. eNB indicates to MME that connection with UE has been resumed (in case context fetch was not needed) or triggers the S1 Path Switch Request message towards MME (in case successful context fetch was performed)
7. S1 Data path is switched to the new cell (if necessary) using existing signalling and data transmission can continue
Observation 2: MME-based paging mechanisms enhanced with Rel-13 optimization agreed by RAN3/SA2 can fulfil the requirements introduced by the new light-connected state introduced by RAN2 with no additional impact.

2.3
eNB-based solution and paging
In the eNB-based paging mechanisms, it is assumed that MME is unaware of UE being LIGHT_CONNECTED i.e. S-GW would just forward the MT data to the eNB the same way as UE being in RRC_CONNECTED state. The last serving eNB where the LIGHT_CONNECTED state was entered stores the UE context. It will also be responsible for the paging within the defined EUTRAN paging area by forwarding the paging to cells/eNBs being part of the paging area. Figure 1 illustrates an example of the procedure:
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Figure 1 Paging triggered by MT data during light connected

The description of the procedure according to Figure 1 for the eNB-based paging with MT data can be following:
1. UE has entered LIGHT CONNECTED, serving eNB is in synch with the mobility state
2. MT data arrives to S-GW and is forwarded to (last) serving eNB

3. The eNB being aware of the LIGHT CONNECTED initiates eNB-paging by sending “X2AP Paging Request” message over X2 to eNBs of the defined paging area

4. UE responds either with re-establishment procedure or the connection “resume” signalling is used; 
5. If the UE has reselected a cell of another eNB during LIGHT_CONNECTED, data needs to be forwarded to the new eNB that received response to paging
6. S1 Path Switch Request procedure (which is also seen by CN) follows the restoration of the data transfer; 

As can be seen, the eNB-based paging requires the following S1 and RRC changes for the signalling and functions:
1. New Paging area definition and signalling over S1/X2
2. Determination of the UE identification for paging (assuming IMSI/S-TMSI is not known by the old serving eNB)
3. Possibly new paging occasion calculation

4. New paging function at the eNB to initiate paging transmission and distribution triggered by MT data during LIGHT_CONNECTED (Paging distribution over X2 by new signalling and responses)
5. The eNB initiating LIGHT_CONNECTED buffers the MT data until receiving the paging response from the new eNB.
6. Forwarding data from the eNB which initiated LIGHT_CONNECTED to the eNB where UE responded to paging (UE contexts needs to be kept in multiple eNBs while forwarding continues (at least two).
Observation 3: eNB-based paging will require new functionalities and signalling to be specified in LTE due to the paging initiated by eNB and distributed within the new defined restricted EUTRAN paging area.

In addition to these new LTE functionalities to be defined, eNB-based paging implies a change of the current LTE work split between eNB and EPC with system level impacts compared to the way it currently work in LTE. Examples of these system impacts are shown below:

· Interaction between MME and anchor eNB: How repetitions of paging are handled if no response? When the anchor eNB receives no response does it inform the MME? Or is MME informed as soon as an X2 paging is triggered? Will anchor eNB manage paging repetitions in the paging area? If yes, until which point in time will it repeat before involving the MME to trigger a wider repetition on list of TAIs? 

· Interaction with TAU: interaction between anchor eNB and MME when UE moves out of the re-selection area?

· SGW interaction: is SGW impacted and aware of anchor eNB paging? If not, how much MT data does the anchor eNB need to buffer during the time used by eNB-paging (e.g. multiple seconds)?

· Impact on eDRX: how does eDRX work in this scheme? The current assumption was that EPC holds back data during eDRX period.

· Paging priority: How is paging priority handled over S1/X2? Currently the MME arbitrates between different priorities and can indicate a level of priority over S1AP. How is paging overload managed? 

· Inter-rat paging: how does the eNB-based paging work for inter-RAT paging given that there is no interface between eNB-RNC and eNB-BSC?

· Interaction with other EPC nodes: how is interaction between eNB and SMS-GMLC handled? For SMS delivery there is currently exchange related to repetition of SMS delivery between MME and SMS GMLC.

Observation 4: eNB-based paging has system level impacts to current LTE architecture and eNB-EPC work split that need to be studied. 

2.4
Analysis and initial comparison of the paging options
Impacts of MME-based paging on current LTE architecture
The advantage of the MME based paging is that current principles and work sharing between EPC and eNBs can be maintained. Basically, mechanisms similar to Rel-13 optimizations and cIOT can be reused with almost no impact.

Impacts of the eNB-based paging on current LTE architecture
Impacts of the eNB-based paging on eNB:

· New paging request/response over X2

· paging identification over X2

· possibly new paging occasion calculation in TS36.304
· new eNB buffering requirements
· new data forwarding during context fetch over X2/S1
LTE System Impacts of the eNB-based paging which need to be studied:
· interaction between paging in MME and paging in eNB, handling of paging repetitions over S1/X2, handling of release 13 paging optimisations (paging count, intended number of pagings, intended next paging area, etc..) 
· handling of UE moving out of the specific reselection area between MME and eNB
· interaction with SGW, buffering in eNBs

· impacts on eDRX scheme agreed for EPC Release 13 based on H-SFN,
· handling of S1 paging priority and paging overload management in MME/eNB
· impact on inter-RAT paging between LTE, 3G, 2G.
· inter-action between anchor eNB and other EPC nodes involved in paging (e.g. SMS GMLC).

Proposal 1: RAN3 is asked to evaluate all the impacts introduced by eNB-based paging and clarify how the LTE system functions highlighted in this paper will be impacted and will work.

Proposal 2: RAN3 is asked to capture the two paging solutions in the context of light connection presented in section 2 of this paper and consider the elaboration in this paper when evaluating the trade-off between the achievable signalling reduction and resulted impact of the two options on the current LTE architecture.
3
Conclusions
In this paper we discussed differences between MME- and eNB- based paging approaches and came to following observations and proposals:

Observation 1: If the WID results in UE controlled mobility (reselections) it is assumed that it will be eNB controlled when this behaviour is allowed. Let’s call this procedure as LIGHT_CONNECTED.

Observation 2: MME-based paging mechanisms enhanced with Rel-13 optimization agreed by RAN3/SA2 can fulfil the requirements introduced by the new light-connected state introduced by RAN2 with no additional impact.

Observation 3: eNB-based paging will require new functionalities and signalling to be specified in LTE due to the paging initiated by eNB and distributed within the new defined restricted EUTRAN paging area.

Observation 4: eNB-based paging has system level impacts to current LTE architecture and eNB-EPC work split that need to be studied. 

Proposal 1: RAN3 is asked to evaluate all the impacts introduced by eNB-based paging and clarify how the LTE system functions highlighted in this paper will be impacted and will work.

Proposal 2: RAN3 is asked to capture the two paging solutions in the context of light connection presented in section 2 of this paper and consider the elaboration in this paper when evaluating the trade-off between the achievable signalling reduction and resulted impact of the two options on the current LTE architecture.
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