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1
Introduction

At RAN2#95, basically three concepts have been proposed for tracking UEs presence and the respective paging mechanism:

1.
Introducing a new, explicit RAN Paging Area in addition to the already existing (CN) Tracking Area. UEs in light connected mode are registered in RAN to a (list of) such RAN Paging Area(s) and will contact the network when moving out of that (list of) area(s).

2.
Registering the UE to a list of cells, configured by the serving RAN node. UEs in light connected mode will contact the network when moving out of the area defined by the list of cells.

3.
Neither introducing a new explicit RAN Paging Area nor configuring an area by a (UE specific) list of cells, but relying on the existing NAS Tracking Area concept only.
This document discusses UE-RAN-CN building blocks that are common for all UE tracking concepts presented so far and highlights such features necessary to support the third approach. 

2
Discussion

2.1
Common Building Blocks for all concepts
2.1.1
Moving UEs to Light Connected
This section provides a depiction and description of agreements made at the last RAN3 meeting (see items 1 and 2 from the WF paper in R3-161959). 
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Figure 2.3.1-1: Moving UEs to Inactive Mode
1.
Before the UE is moved to LIGHT CONNECTED, the UE is in RRC_CONNECTED/ECM-CONNECTED, i.e registered at the Serving CP CN node in a (list of) TA(s) with EPS-bearer contexts activated, a UE-associated signalling connection is established on S1-MME, and bearer contexts are established at the UE, the Serving RAN node and the Serving UP CN node.

2.
The UE is moved to LIGHT CONNECTED (RRC state and ECM state are FFS). The Serving RAN node provides a UE Context identification (ResumeIdentity). 
Note:
Dependent on the chosen approach additional information may be provided in this message (e.g. a list of RAN Paging Area IDs, a list of Cell IDs) (FFS).

3.
When the UE was successfully moved to LIGHT CONNECTED, it is regarded by the CN as being in ECM-CONNECTED, it is still registered at the Serving CP CN node in a (list of) TA(s), the UE-associated signalling connection is established towards the Serving RAN node on S1-MME, S1-U bearers are kept established but DRBs are released.
Note:
It is FFS in which RRC and NAS state the UE regards itself when being in light connected mode. If the UE would regard itself as being in RRC_Idle/ECM-IDLE, it is expected that the UE AS-NAS interaction as specified in Rel-13 Suspend/Resume can be reused. 
2.1.2
Context Retrieval via X2 (based on Rel-13)

This section outlines a stage-2 like description of X2 Context Retrieval. It shows X2 Context Retrieval in the context of RAN Paging, which is not detailed in this section. Further data forwarding and forwarding of NAS related signalling is described.
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Figure 2.3.2-1: Context Retrieval via X2

1.
In case of a mobile terminating traffic, Paging is triggered by the Old Serving RAN node, which may involve, if necessary, other (neighbouring) RAN nodes and, probably dependent on the approach, the CN.
2.
The UE performs the RRC connection establishment procedure. If it has received a Resume ID from the old serving RAN node it provides this ID in the RRCConnectionResumeRequest message. Figure 2.3.2-1 shows the case where the UE performs RRC connection establishment with a New Serving RAN node which is X2 connected to the Old Serving RAN node.

3.
The New Serving RAN node attempts to retrieve the UE Context by triggering the X2 Retrieve UE Context procedure. 

4.
If the Old Serving RAN node is able to resolve the Resume ID it provides UE Context data to the New Serving RAN node. 
Note:
It is for further study whether it is necessary that the response message should also foresee means to forward NAS PDUs.

5.&6. The New Serving RAN node, after having performed admission control, triggers the S1 Path Switch Request procedure.

7. The New Serving RAN node requests the Old Serving RAN node to release the UE Context. This message may contain DL forwarding addresses.

8.
Forwarding of pending DL user data is performed.

2.1.3
Context Retrieval via CN (within the same MME pool)

This section provides description on how a UE Context can be retrieved from the Old Serving RAN node via the CN, which becomes necessary if the New Serving RAN node realises that it has no X2 connection to the eNB indicated in the Resume ID.

The main principle of this scheme would be to retrieve the UE Context via the same MME pool by means of connection less signalling, as the New Serving RAN node would not know which MME in the pool actually holds the UE Context. Performing Context Retrieval in a connection oriented fashion would require to subsequently tear down the (short-lived) signalling connection unnecessarily and to keep a state-logic in a MME that is not concerned with the UE.

Further, it is expected, that in certain shared RAN scenarios, the eNB ID contained in the Resume ID cannot be uniquely resolved, in which case the New Serving RAN node would need to attempt to resolve the contained eNB ID with several CN nodes.
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Figure 2.3.3-1: UE Context Retrieval via the CN
1.
In case of a mobile terminating traffic, Paging is triggered by the Old Serving RAN node, which may involve, if necessary, other (neighbouring) RAN nodes and, probably dependent on the approach, the CN.
2.
RRC connection is established, the UE provides the Resume ID in the RRCConnectionResumeRequest message.

3.
The New Serving RAN node realises that it has no X2 connection to any RAN node with the identity indicated in the Resume ID and requests a CP CN node within a pool to which it is connected, to resolve the RAN node identity. This CP CN node doesn’t necessarily need to be the CP CN node serving the UE. Respective signalling is performed in a connection-less and (for the CP CN node) stateless manner.

4.
If the CP CN node is able to resolve the address of the indicated RAN node identity, it forwards the request to that node.

5.
The Old Serving RAN node provides UE Context Data.
Note:
 It is for further study whether it is necessary that the response message should also foresee means to forward NAS PDUs.
6.
The CP CN node forwards the information received in step 5 to the New Serving RAN node.

7.
The New Serving RAN node triggers the path switch procedure  (as if it would have received UE context data via X2) and indicates that no X2 connection is available towards the Old Serving RAN node. The message also contains forwarding addresses.
8.
The CP CN node responses to the Path Switch Request.

9.
The CP CN node triggers the UE Context Release procedure (as the New Serving RAN node is not able to trigger it via X2) and provides forwarding addresses.

10.
If necessary, forwarding of user data takes place. Dependent on network configuration and deployment, either direct or indirect forwarding is applied.

2.1.4
Context Retrieval failed (either on X2 or via S1)

This section provides description of how a failed context retrieval is handled, also containing details of data forwarding of pending DL user data in the Old Serving RAN node.
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Figure 2.3.4-1: Failed Context retrieval.
1.&2: The UE is paged and establishes the RRC connection, first trying to provide the Resume ID.

3.
Retrieving the UE Context, either by X2 or S1 signalling fails. The RRC connection establishment commences without the Resume ID. 

4.
The New Serving RAN node establishes an S1 UE-associated signalling connection. 

If it is required to allow data forwarding also in this, the following scheme is proposed: In order to avoid lengthy additional signalling, the New Serving RAN node should provide forwarding addresses to the Old Serving RAN node (e.g. within S1 Initial Context Setup Response where the CN forwards it within UE Context Release Request).

5.
The CN detects that 2 signalling connections exist for the same UE and releases the one towards the Old Serving RAN node. 

6.
Forwarding addresses are provided from the CN as received by the New Serving RAN node.

7.
If necessary, forwarding of user data takes place. Dependent on network configuration and deployment, either direct or indirect forwarding is applied.

2.1.5
X2 Paging (new X2 procedure)

This section outlines a stage-2 like description of the X2 Paging procedure.
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Figure 2.3.5-1: X2 Paging

0.
The UE is in LIGHT CONNECTED and the Serving CP CN node regards the UE being in ECM-CONNECTED, as described for the post conditions in section 2.3.1.
1.
A DL user data packet arrives at the Serving RAN node

2.
The Serving RAN node, based on available statistics, decides to page within its own cells first.

3.&4. The first paging attempt is not successful.

5.
The Serving RAN node, based on available statistics, decides to expand the paging scope to its direct X2 neighbours.

6.
The Serving RAN node sends a Paging Request to the selected X2 neighbours, including assistance data (Paging Attempt Count, Recommended Cell List, etc.)
7.
The neighbour nodes page the UE. 

2.2
Building block necessary if the RAN paging area is configured on NAS level (Tracking Area approach)
2.2.1
CN Assisted RAN Paging

CN Assisted RAN Paging is needed if the Serving RAN node is not able to reach the UE by paging in its own and its X2 connected neighbour eNBs’ cells.

A new S1 message is introduced for trigger the CN to distribute pages into an area indicate by the serving RAN node. If the legacy S1 Paging is used, the UE can be also paged via legacy RAN nodes, not supporting Rel-14 RAN based paging.

Note, that the UE Paging Identity is FFS in RAN2. If a new UE Paging Identity is introduced, a legacy RAN node could still page via legacy means (S-TMSI), in case the solution allows the UE to monitor both CN paging and RAN Paging (the network could have been forced to release UE Context data from RAN).
The RAN Paging Area and cell-list approaches heavily rely on X2 connectivity, which is not always given. If paging assistance data would indicate cells/nodes outside the RAN serving node’s X2 connectivity, CN assisted RAN paging would need to be applied also for those approaches.
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Figure 2.4.1-1: CN assisted paging
0.-7. These steps are described in section 2.3.5.

8.
The UE hasn’t been reachable the previous paging attempts in cells of the Serving RAN node and its X2-connected neighbours.

9.
The Serving RAN node decides to request assistance from the CN. 

10.
The Serving RAN node indicates the paging scope by introducing a (list of) TA(s) in the S1 Paging Assistance Request. 

11.
As the Serving RAN node is in charge of the overall paging process and the CN is only supposed to distribute S1 Paging messages to the eNBs within the indicate paging scope, the Serving RAN node would need to be provided by the Serving CP CN node with respective paging parameters within S1 Context Setup and Modification signalling. Examples for parameters are: The TAI(s) the UE is registered within the Serving CN CP node, (e)DRX related parameters, etc.
12a. The Serving CP CN node doesn’t mirror back the Paging Assistance Request to the Serving RAN node which performs another paging attempt within its cells.
12b.
Paging is distributed to eNBs that might have been previously requested via X2 to page the UE.

12c. Paging is distributed to eNBs that are out of X2-reach for the Serving RAN node.

3
Conclusion
We have discussed the current status of discussions (agreements and working assumptions) and deduced the following:
The following is proposed:
Proposal 1 Agree that X2 Paging is a common building block for all concepts.

Proposal 2 Agree that UE context retrieval via the CN is a common building block for all concepts.

Proposal 3 Further it is proposed to agree on the principles of the flows depicting the UE-RAN-CN building blocks for light connected UEs.

PAGE  
1

_1536692935.vsd
3. Retrieve UE Context Request


New Serving RAN node


Old Serving RAN node


5. Path Switch Request


7. UE Context Release


Serving CP CN node


UE


Msg 1


2. RRC connection establishment


Msg 2


1. Paging      - triggered by the Old Serving RAN node
     - may involve other RAN nodes and even CN nodes, dependent on the approach and the necessary paging escalation


RRCConnectionResumeRequest


RRCConnectionResume


RRCConnectionResumeComplete


4. Retrieve UE Context Response


6. Path Switch Request Acknowledge


8. Forwarding of User Data



_1536729373.vsd
5. Retrieve UE Context Response  (New&Old Serving RAN node ID,  Resume ID, UE Context data)


6. Retrieve UE Context Response  (Resume ID, UE Context data)


New Serving RAN node


Old Serving RAN node


Serving CP CN node


UE


Msg 1


3. Retrieve UE Context Request  (New Serving RAN node ID (contained in the Resume ID)
Resume ID)


7. Path Switch Request  („no X2" indicator, forwarding addresses)


9. UE Context Release (forwarding addresses)


Non Serving CP CN node


2. RRC connection establishment


Msg 2


RRCConnectionResumeRequest


RRCConnectionResume


RRCConnectionResumeComplete


8. Path Switch Request Acknowledge


10. Forwarding of User Data


4. Retrieve UE Context Request  (New Serving RAN node ID,  Resume ID)


1. Paging      - triggered by the Old Serving RAN node
     - may involve other RAN nodes and even CN nodes, dependent on the approach and the necessary paging escalation



_1536125690.vsd
5. CN detects 2 signalling connections for the same UE


6. UE Context Release


New Serving RAN node


Old Serving RAN node


Serving CP CN node


UE


Msg 1


3. UE Context Retrieval failed


4. S1 UE-associated signalling connection establishment


1. Paging      - triggered by the Old Serving RAN node
     - may involve other RAN nodes and even CN nodes, dependent on the approach and the necessary paging escalation


2. RRC connection establishment


Msg 2


RRCConnectionResumeRequest


RRCConnectionSetup


RRCConnectionSetupComplete


7. Forwarding of User Data



_1536386144.vsd
1. Preconditions


UE registered in (list of) TA(s)
active EPS-bearer context(s)


Serving RAN node


S1-MME UE-associated signalling connection


DRB(s)


Serving CP CN node


S1-U bearer(s)


RRC_CONNECTED


UE registered in (list of) TA(s)
active EPS-bearer context(s)


UE


S1-MME UE-associated signalling connection


RRC_IDLE/INACTIVE


2. RRCConnectionRelease (ResumeIdentity)


Serving UP CN node


S1-U bearer(s)


RRC_IDLE/INACTIVE


3. Postconditions



_1536088707.vsd
Serving RAN node


Non Serving RAN node (in Serving RAN node‘s X2 paging scope)


...


2. Serving RAN node decides to paging within own cells first.


5. Serving RAN node decides to expand the paging scope to X2 connected neighbours.


Serving CP CN node


7. Paging


UE


3. Paging


Serving UP CN node


1. DL user data


4. UE not reachable within Serving RAN node’s cells


6. X2 Paging Request
(assistance data)


0. Preconditions are the Postconditions shown in Figure 2.3.1-1



_1536091654.vsd
Serving RAN node


Non Serving RAN node (in Serving RAN node‘s X2 paging scope)


...


Non Serving RAN node (outside Serving RAN node’s X2 paging scope)


...


Serving CP CN node


0. Preconditions are the Postconditions shown in Figure 2.3.1-1


UE


7. Paging


9. The Serving RAN node decides to request paging assistance from CN, determining the paging scope on TA level


3. Paging


Serving UP CN node


12b. Paging


1. DL user data


8. UE not reachable within serving RAN node’s paging scope


6. X2 Paging Request


10. S1 Paging Assistance Request 
(full or subset of TAIs where UE is registered)


12c. Paging


12a. Paging


11. The CN determines the eNBs to be paged along the TAI list included.
Parameters received in step 10 are conveyed to the eNBs as received.


...


...



