3GPP TSG-RAN WG3 Meeting #93bis
R3-162432
Sophia Antipolis, France, 10th – 14th October 2016
Agenda Item:
21.1
Source:
Ericsson
Title:
On common and specific building blocks for light connected UEs
Document for:
Discussions & Approval

1
Introduction

At last RAN3 meeting in Gothenburg basically three concepts have been presented 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 Areas and will contact the network when moving out of that area.

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 (CN tracking) area concept only.
This document discusses common building blocks common for all concepts presented so far and highlights such features necessary to support the third approach. 

This discussion is to prepare for stage 2 and stage 3 work. 
The findings of this document are further translated into actual CRs in [2], [3] and [4]. Further CRs to specifications like TS 36.401/410/420 may follow.
Note:
Message names refer to the status quo of Rel-13.
2
Discussion

2.1
Current status

As per the WF paper R3-161959 [1] the common, agreed principles are as follows (numbered for easier reference, redundancies removed):

1.
eNB maintains the S1 connection while the UE is lightly connected;

Note:
“S1 connection” should read “S1-MME and S1-U”.
2.
eNB initiates RAN paging when it receives the DL data from SGW;

We also regard the WA(s) stable, but probably they require more discussion: 

3.
The RAN based paging area is configured by eNB to UE in term of cell list or list of paging area ID. The RAN based paging area can be configured as one or more cells from same or different eNB.The RAN based paging area may be a tracking area.

4.
The anchor eNB initiates RAN paging when it receives the DL data from SGW and the anchor eNB decides which cells to page when it receives DL data. 

5.
If necessary, the anchor eNB sends X2 paging to neighbor eNB(s).

6.
When UE accesses to a eNB other than the anchor eNB for MO / MT data in the same RAN based paging area, the eNB retrieves the UE context from anchor eNB.

7.
UE lightly connected is required to notify the network when it moves out of the configured RAN based paging area. The network can then decide to keep the UE in light connected mode or suspend the UE.

2.2
Comments on the current status in light of the third approach
Ad 1) (agreement) eNB maintains the S1 connection while the UE is lightly connected;

The consequence of this approach is that the UE is regarded by the CN as ECM-CONNECTED, even if the RRC state is not RRC_CONNECTED. Features for which functions reside in the CN would need to work even without the UE actually being RRC_CONNECTED.
Ad 2) (agreement) eNB initiates RAN paging when it receives the DL data from SGW;

One consequence of this agreement is that additional effort would need to be spent in order to avoid loss of those user packets which eventually triggered paging. It is assumed that losing the initiating packets would cause application level re-transmission and hence service degradation. Therefore, context retrieval would need to foresee data forwarding from the old to the new serving RAN node.
Observation 1 UE context retrieval has to support data forwarding.
Ad 3) (WA) The RAN based paging area is configured by eNB to UE in term of cell list or list of paging area ID. The RAN based paging area can be configured as one or more cells from same or different eNB. The RAN based paging area may be a tracking area.

There are two basic approaches to configure a RAN based paging area: either by explicit AS signalling (cell list or RAN Paging Area list) or by assuming that the UE will listen to pages within an area that was configured by NAS signalling (TA list).
The text of the working assumption (“…configured by the eNB.. ”) is contradicting. It was agreed last time that the UE would not necessarily be configured by the eNB with an explicit list of cells or RAN Paging Area IDs, as the paging area may also be a CN configured (list of) Tracking Area(s), in which case the eNB would just need to be aware of this TA list in order to avoid paging in cells outside that are.

It is also assumed that, even if the concepts of explicit list of cells/RAN Paging areas are introduced, the RAN would still have the choice to not use this feature for all UEs.

While the merits of introducing a new paging area concept would need to be further discussed we propose to re-word the working assumption for now:

3.
If RAN paging is applied, the respective paging area is either a RAN paging area configured by the eNB to UE in term of cell list or list of RAN Paging Area IDs or it is constituted by the (list of) tracking area(s) the UE is registered on NAS level. The RAN paging area can be configured as one or more cells from the same or different eNBs.

Ad 4) (WA) The anchor eNB initiates RAN paging when it receives the DL data from SGW and the anchor eNB decides which cells to page when it receives DL data. 

The first part is shown in “strikethrough” font, as it is already part of agreement in item 2, only the second part is up for discussions. 
As discussed for item 3, also the text of item 4 is contradicting and do not reflect the current status of discussions entirely. It is proposed to to re-word the working assumption for now as follows:

4.
The anchor eNB decides in which area to page when it receives DL data.
Observation 2 The text for the WA in items 3 and 4 would need to be reworded to reflect the current status of discussions.
Ad 5) (WA) If necessary, the anchor eNB sends X2 paging to neighbor eNB(s).

At least at the last meeting we haven’t felt like X2 paging is not part of any of the concepts presented. 
There is only one – at first sight – potential possibility to imagine a scheme that is able to cope without X2 paging: this would be the case if the list of RAN Paging Areas/Cells is configured in a way that they span in maximum over a single RAN node’s serving area. But we would regard such an approach extremely restricting, as it would require any inter-eNB mobility in light connected mode to cause signalling with and within the network. Ping-pong effects that are solvable for active UEs are not able to be handled for UEs in inactive in the same manner.

Therefore, we conclude that X2 Paging is a common building block for all concepts presented so far.

Observation 3 X2 Paging is a common building block for all concepts presented so far.
Ad 6) (WA) When UE accesses to a eNB other than the anchor eNB for MO / MT data in the same RAN based paging area, the eNB retrieves the UE context from anchor eNB.

The Rel-13 X2 Retrieve UE Context procedure would probably work for eNBs that are X2 connected. However, it has been already mentioned during Rel-13 discussions, that later releases would need to introduce a method to allow UE context retrieval also by S1-MME signalling means.
And indeed, even if the introduction of explicit RAN Paging Areas or cell lists are assumed, it would require quite an effort to define such paging areas in a way that UEs would contact the network and perform RRC area update signalling before they move away from X2 connectivity towards their current serving RAN node. So it can be expected that a UE may perform RRC area update signalling outside an area of X2 connectivity towards their serving RAN node, regardless the concept chosen.

Observation 4 UE Context retrieval via the CN is a building block for all concepts presented so far.
Ad 7) (WA) UE lightly connected is required to notify the network when it moves out of the configured RAN based paging area. The network can then decide to keep the UE in light connected mode or suspend the UE.

Common for all approaches would be that the UEs initiates a NAS Tracking Area Update procedure if it moves outside the TAs it is currently registered, regardless whether it is in addition “RAN registered” to a RAN Paging Area or a list of cells. In addition, approaches 1) and 2) would also contact the network if the UE moves out of the RAN Paging Area list (approach 1) or the cell list (approach 2).
We therefore confirm this WA with the understanding that the term “configured RAN based paging area” also includes approach 3, i.e. relying on NAS configured Tracking Areas only.
Observation 5 The WA in item 7 can be confirmed if the term “configured RAN based paging area” also includes approach 3, i.e. relying on NAS configured Tracking Areas only.
Only the second sentence is probably slightly incorrect. A light connected UE that contacts the network for updating its location (on NAS or AS level) would resume its RRC connection and be therefore fully connected (on NAS and AS level). The network (i.e. the serving RAN node) would then decide to either move the UE back to light connected mode, or “fall back” to Rel-13 suspend mode or release the UE context (and the S1 signalling connection). There is no need to correct the WA, if this view is confirmed.
2.3
Common Elements for all approaches
2.3.1
Moving UEs to Inactive Mode

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 Inactive mode, 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 RRC_IDLE/INACTIVE (RRC state is FFS in RAN2). 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 Inactive mode, it is regarded by the CN as being in ECM-CONNECTED, it has changed to RRC_IDLE/INACTIVE, 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 NAS state the UE regards itself when being in light connected mode. If the UE would regard itself as being in ECM-IDLE, it is expected that the AS-NAS interaction as specified in Rel-13 can be reused. The discussion is not seen to be of relevance for RAN3.
2.3.2
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.

2.3.3
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.

2.3.4
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.

2.3.5
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 RRC_IDLE/INACTIVE 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. 

2.4
Functional elements necessary if the RAN paging area is configured on NAS level (Tracking Area approach)
2.4.1
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) as the UE would need to listen to IDLE mode paging as well (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:
Observation 1
UE context retrieval has to support data forwarding.
Observation 2
The text for the WA in items 3 and 4 would need to be reworded to reflect the current status of discussions.
Observation 3
X2 Paging is a common building block for all concepts presented so far.
Observation 4
UE Context retrieval via the CN is a building block for all concepts presented so far.
Observation 5
The WA in item 7 can be confirmed if the term “configured RAN based paging area” also includes approach 3, i.e. relying on NAS configured Tracking Areas only.


The following is proposed:
Proposal 1 Agree that UE context retrieval has to support data forwarding and discuss further the necessity to forward NAS related signalling.
Proposal 2 Agree that X2 Paging is a common building block for all concepts.

Proposal 3 Agree that UE context retrieval via the CN is a common building block for all concepts.

Proposal 4 Agree to reword WAs 3 and 4 in the following way:

3.
If RAN paging is applied, the respective paging area is either a RAN paging area configured by the eNB to UE in term of cell list or list of paging area ID or it is constituted by the (list of) tracking area(s) the list is registered on NAS level. The RAN paging area can be configured as one or more cells from same or different eNB.

4.
The anchor eNB decides in which area to page when it receives DL data.

Proposal 5 Further it is proposed to agree on the principles of the flows depicting the basic building blocks for light connected UEs.
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