3GPP TSG-RAN WG2 Meeting #94
R2-163888
Nanjing, China, 23 - 27 May 2016
Agenda item:
8.9.1
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
Paging for light connection
WID/SID:
WI LTE_ LIGHT_CON - Release 14
Document for:
Discussion and Decision

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 RAN2#93bis which ended up to following assumptions:

=>
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.
In this paper view elaborate differences between RAN based and MME based paging approaches.
2
Discussion
2.1 
General assumptions for light connection
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
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 involved eNBs. Such involved eNBs can already be limited with the recent adoption of rel-13 optimization procedures. The paging response back to the MME is initiated on NAS layer and is sent by the eNB based on NAS-level routing information.
As an alternative to legacy MME based paging architecture the WID proposes to consider RAN based paging e.g. as discussed in [5]and[6]. The intention is to minimize signalling to CN by hiding the mobility from the CN, at least within a certain restricted area. 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 network shall have the control over the utilization of the light connection.
Proposal 1: If the WID results in UE controlled mobility (reselections) it should be NW controlled when this behaviour is allowed. Let’s call this procedure as LIGHT_CONNECTED.
Note during LIGHT_CONNECTED,  the initiation of MO data transmission is straightforward and could be started with re-establishment procedure followed by UE context fetch from the last serving cell in case the new cell is not prepared in advance. See our companion paper about the options for context fetch [3]. RAN3 involvement is needed when deciding about the context fetch procedure.
Therefore we concentrate in what follows on the options for paging transmission triggered by MT: RAN based or MME generated paging.

2.2
MME based solution and paging
If the MME is made aware of UE being in LIGHT_CONNECTED, it would be able to initiate paging in the defined paging area. A possible procedure for such case is described below:
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
2. eNB indicates MME about UE being LIGHT CONNECTED (or just release to IDLE from MME point of view) by sending a “suspend” indication – UE context kept in the eNB

a. with enhanced paging area mechanism introduced in R13 a eNB can indicate paging area to MME.

b. From MME point of view UE can be in ECM_IDLE
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
4. MME sends paging message in the paging area defined for LIGHT_CONNECTED
5. UE responds with re-establishment
a. If the UE has not changed the cell or if the cell is prepared with the UE context, the re-establishments will be successful and no context fetch procedure is needed. If the UE has re-selected to another cell, context fetch attempt is followed.
b. If connection suspend/resume signalling is used with LIGHT_CONNECTED, connection resume signalling is followed after paging.

6. Context fetch and path switching done

a. When re-establishment procedure is used, RLF/HO preparation signalling can be used to transfer the context, see [3]
b. With connection suspend/resume and the resume ID is available, the context fetch can be initiated by related request message from the new cell

7. Data path is switched to the new cell using existing signalling and data transmission can continue
Changes needed for paging related signalling and functions:

1. eNB indicates MME about UE being LIGHT_CONNECTED, and MME needs to know the valid area for LIGHT_CONNECTED
2. MME forwards the indication to S-GW

3. S-GW initiates paging at MT data arrival; DDN message to MME and buffers the MT data
· This is actually the same procedure as if the UE was in idle
4. MME would initiate paging in CONNECTED if LIGHT_CONNECTED in a specific area
The eNBs shall also be aware of the paging related to LIGHT_CONNECTED in order to proceed with signalling specific for the connection resumption after LIGHT_CONNECTED, either re-establishment or connection resume signalling. Anyway, it would be possible to utilize current signalling with extended information both over the radio interface and towards the CN.
Observation 1: MME-based paging mechanisms enhanced with Rel-13 optimization agreed by RAN3/SA2 fulfil the requirements introduced by the new light-connected state introduced by RAN2 with minimal impact.
2.3
RAN based solution and paging
In the RAN based paging mechanisms, it is assumed that MME is unaware of UE being LIGHT_CONNECTED i.e. MME would not necessarily know the exact location of the UE and 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 was entered stores the UE context. It will also be responsible for the paging within the defined 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 RAN based paging with MT data can be following:
1. UE has entered LIGHT CONNECTED, serving eNB is in synch with the mobility mode
2. MT data arrives to S-GW and is forwarded to (last) serving eNB

3. The eNB being aware of the LIGHT CONNECTED initiates RAN paging by sending “paging request” over X2 to eNBs of the defined paging area

4. UE responds either with re-establishment procedure or the connection “resume” signalling is used; see corresponding phase with MME based paging
5. If the UE has reselected another cell during LIGHT_CONNECTED, data needs to be forwarded to the new eNB that received response to paging
6. Path switch procedure (which is also seen by CN) may follow the restoration of the data transfer; alternatively the old serving eNB (becoming an anchor node) forwards the data coming via S1-U – it is FFS how long the data forwarding should continue, especially if the CN is not aware of the cell change(s). Especially if LIGHT CONNECTED is kept totally inside RAN data forwarding can be hideous operation at eNB if there is strong data traffic ongoing.
Changes needed for the signalling and functions:
1. Paging area definition and signalling within RAN

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

a. Paging distribution over X2 by new signalling (and possibly S1) 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

a. UE context needs to be kept in multiple eNBs while forwarding continues (at least two)

Observation 2: New functionalities and signalling will be required if the paging is initiated in RAN and distributed within the defined paging area.
2.4
Analysis of the paging options
The advantage of the MME based paging is that current principles and work sharing between network nodes in RAN and CN can be maintained. The changes to information in the messages used related to LIGHT_CONNECTED would be minimum as required information is already at the network nodes.
The drawback with MME based paging would be the CN involvement in general although the required modifications seem fairly simple.
The changes due to the RAN based paging seems more profound, as the work split between RAN and CN will change and new signalling would need to be defined for RAN and especially X2. The benefit would be minimized CN involvement but at the cost of RAN complexity and higher impact of RAN specifications.

It might be much simpler from general impacts point of view if LIGHT_CONNECTED is limited within eNB – of course this would limit the area where reselections are allowed but impacts to specifications are very limited as well as there is no need to define any inter node signalling (eNB-eNB or eNB-MME). Additionally some hybrid approach may be considered where RAN based paging is done within eNB but then inter-eNB is handled via MME.

Proposal 2: RAN2 is asked consider the elaboration in this paper about the MME and RAN based paging when evaluating appropriate trade-off between the achievable signalling reduction and resulted complexity by the two options. For us MME based paging seems to be having least impacts and still providing most if not all the gains of signalling reduction.
3
Conclusions
In this paper we discussed differences between MME and RAN based paging approaches and came to following conclusions:

Observation 1: MME-based paging mechanisms enhanced with Rel-13 optimization agreed by RAN3/SA2 fulfil the requirements introduced by the new light-connected state introduced by RAN2 with minimal impact.
Observation 2: New functionalities and signalling will be required if the paging is initiated in RAN and distributed within the defined paging area.

Proposal 1: If the WID results in UE controlled mobility (reselections) it should be NW controlled when this behaviour is allowed. Let’s call this procedure as LIGHT_CONNECTED.

Proposal 2: RAN2 is asked consider the elaboration in this paper about the MME and RAN based paging when evaluating appropriate trade-off between the achievable signalling reduction and resulted complexity by the two options. For us MME based paging seems to be having least impacts and still providing most if not all the gains of signalling reduction.
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