3GPP TSG RAN WG3 Meeting #55bis
R3-070580
Saint Julian, Malta, 27th – 30th March 2007

Source:
Nokia, Siemens

Title:
On RAN Triggers for MME / serving SAE-GW Pools

Agenda item:
7.8

Document for:
Discussion & Approval

1
Introduction

Discussions at last meeting were led on the trigger from RAN to initiate MME and/or serving SAE-GW pool changes. This document analyses under which conditions CN-node changes can be triggered via the target eNodeB and compares those solution to the source-side triggered case.

Note:
It should be discussed in which way TS 36.300 reflects inter-eNodeB handovers with inter-CN node changes.

2
Discussion

2.0
A basic list of questions to be answered per solution

(Q1)
Does the target eNodeB need to be configured to exceptionally connect to an MME pool area, by which it normally not served ?

(Q2)
Is it possible to configure an unambiguous trigger condition in the eNodeBs to issue a resource request via the appropriate interface ?

(Q3)
Does the eNodeB have to contain configuration data related to eNB(serving SAE-GW connectivity ?

Note: This is related to the information given in the LS on pool areas in [1]

(Q4)
Should it be required at all to configure eNodeBs to behave different from the “canonical X2 prepared HO” for specific HO (LTE) targets – given the case that X2 exists at all ? 

Note:
The alternative would be either an “trial and error” scheme which first starts with an “canonical” trial via X2, and if this fails, an attempt via S1 (source side) is started, relying already on the information to which MME (pool) the target eNodeB connects to.

(Q5)
Does the solution introduce additional S1 interface functions ?

2.1
RAN trigger for inter SAE-GW changes

2.1.1
General

In the LS in [1] SA2 was informed about the fact that the definition of SAE-GW pool areas might not affect any RNL-level specification work in RAN WGs. It was further stated in this LS that it is rather the MME which provides the eNB with SAE-GW related addressing information as it can be assumed that the MME has all the information concerning eNB(SAE-GW connectivity information.

The supposition that inter SAE-GW changes has to be always triggered by the source eNodeB was stated and should be verified in this chapter. The easiest verification would be to search for a solution where the target eNodeB triggers the SAE-GW change.

2.1.2
inter SAE-GW change triggered by target eNodeB

Figure 1 depicts – schematically – an inter-SAE-GW (and inter-MME) HO situation where the setup of the new S1 data path is part of the new-side resource preparation, originated by X2 signalling from the source-eNodeB and triggered by the target eNodeB. A message flow is given in Figure 2.
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Figure 1. target-eNodeB-triggered inter-SAE-GW change. Basic Scheme.
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Figure 2. target-eNodeB-triggered inter-SAE-GW change. Message Flow.

1.
Source eNodeB initiates the inter-eNodeB HO via X2.

2.
Target eNodeB detects that it can neither connect to the indicated source MME nor to the source serving SAE-GW and contacts an MME it is configured to connect to.

3.&4. The target MME retrieves MM- and SAE-bearer contexts from source MME.

5.
The target MME recognises that the target eNodeB does not connect to the source serving SAE-GW and decides to proceed with resource allocation towards a to be selected target serving SAE GW.

7.
The target MME acknowledges the resource request from the target eNodeB.

8.
The target eNodeB acknowledges the HO Request from the source eNodeB.

9.
The source eNodeB commands the UE to handover to the target cell.

10.
The UE establishes connection to the target eNodeB.

11.
The target eNodeB informs the target MME about the completed HO (in fact the C-plane path is updated).

12.
The target MME causes the target serving SAE-GW to update the U-plane path.

13. The target serving SAE-GW updates the path towards the PDN SAE-GW.

14. The target eNodeB issues in parallel to the S1-C message in step 11 an path-update via S1-U.

15. The target MME triggers release of old side resources (step 16.)

Evaluation

ad (Q1): As can be seen, this scheme allows a strict configuration of eNodeB ( CN-node-pools relations.

ad (Q2): It is possible to configure an unambiguous trigger condition for the target eNodeB, i.e. if the target eNodeB is not configured to connect to the source SAE-GW it needs to contact either the MME indicated in the X2 HO preparation message, or, if this is not possible either (i.e. the target eNodeB is outside the MME pool area of the source eNodeB) any other MME it is configured to connect to is selected.

ad (Q3): Given the case that only the serving SAE-GW has to be changed, as the target eNodeB connects to a different serving SAE-GW pool than the source eNodeB, the target eNodeB has to have information about eNodeB ( serving SAE-GW connectivity, even if this is only reflected indirectly via configuration data to contact the MME instead of directly replying to the source side.

ad (Q4): The source eNodeB would start HO via X2 and leave it to the target side to contact the CN if necessary.

ad (Q5): The request for establishing target-side S1 resources would require the definition of eNodeB triggered resource establishment, which represents new S1 functionality.

2.1.3
inter SAE-GW change triggered by source eNodeB

Figure 3 depicts a source-side triggered scheme.
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Figure 3. source-eNodeB-triggered inter-SAE-GW change. Message Flow.

1.
The Source eNodeB detects that the intended target is outside the serving area of its currently serving SAE-GW node(s) and initiates the inter-eNodeB HO via S1 towards its serving MME.

2.
The source MME evaluates the indicated target and detects the need to contact the target MME.

3.&4. The target MME requests resources from the target eNodeB.

5.
The target MME recognises that the target eNodeB does not connect to the source serving SAE-GW and decides to proceed with resource allocation towards a to be selected target serving SAE GW.

7.
The target MME informs the source MME about the successfully established resources on the target side.

8.
The target eNodeB acknowledges the HO Required message with an HO Command message.

9.
The source eNodeB commands the UE to handover to the target cell.

10.
The UE establishes connection to the target eNodeB.

11.
The target eNodeB informs the target MME about the completed HO.

12.
The target MME causes the target serving SAE-GW to update the path.

13. The target serving SAE-GW updates the path towards the PDN SAE-GW.

14. The target eNodeB issues in parallel to the S1-C message in step 11 an path-update via S1-U.

15. The target MME triggers release of old side resources (step 16.)

evaluation

ad (Q1): This scheme allows strict configuration of eNB ( CN-node pool relations as well.

ad (Q2): It is possible to configure an unambiguous trigger condition on the source side.

ad (Q3): If only the serving SAE-GW has to be changed, the same can be stated on (Q3) as in the target triggered case: indirectly, the source eNodeB holds configuration data about eNB(serving SAE-GW connectivity.

ad (Q4): The source side could be allowed to fetch S1-connectivity related configuration data from the target side first. Appropriate implementation can avoid the necessity to configure related information, but to memorise connectivity data from the target side from previous attempts instead.

ad (Q5): This solution does not require any new interface function, S1 procedures which are necessary for inter-3GPP-RAT HO can be utilised.

2.1.4
Comparison of source- and target eNodeB triggered inter - serving SAE-GW change

Chapters 2.1.2 and 2.1.3 show, that it is in principle possible to adopt either of the described schemes.

It can be seen that a new kind of S1 procedure is needed to support a target side triggered scheme, i.e. a resource allocation initiated by the target eNodeB and not by the target MME as e.g. in the case of UTRAN(LTE HO.

2.2
RAN trigger for inter MME changes without serving SAE-GW change

2.2.1
General

MME changes without serving SAE-GW change bear the possibility to adopt the same scheme as for IDLE mode MME change, i.e. to either trigger the MME change via UE initiated Tracking Area Update procedure (TAU is anyhow needed in order to provide the UE with a valid S-TMSI allocated by the target MME). In the following, two schemes are introduced, one where the actual MME change is triggered via TAU (figure 4), and one where the actual MME change is triggered by the target eNodeB (figure 5). The third possibility, i.e. source triggered MME change is the same as in figure 3, where a combined MME/serving SAE-GW change is depicted.

2.2.2
Inter MME changes triggered via UE initiated TAU
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Figure 4. Inter MME changed triggered via UE initiated TAU.

1.
Source eNodeB initiates the inter-eNodeB HO via X2.

2.
Target eNodeB allocates radio resources and replies back to source eNodeB accordingly. 

Note:
Although the target eNodeB does not regularly connect to the source MME, it has to have the possibility to do so (exceptional configuration for eNodeBs in a pool-border region).

3.
The source eNodeB commands the UE to handover.

4.
The UE establishes radio resources on the target side.

5.&6. The target eNodeB issues C-plane (step 5) and U-plane (step 6) update messages to the source MME and the serving SAE-GW respectively.

Note:
as mentioned in step 2, the target eNodeB(sourceMME connectivity is exceptional in this scheme.

7.
The target eNodeB provides the UE with dedicated MM info in order to cause the UE initiated the TA Update procedure.

8.
The UE starts the TA Update procedure. 

Note:
Whereas RRC communication in step 4 causes the target eNodeB to contact (exceptionally) the source-MME, RRC communication in step 8 has to result in communication between the target eNodeB and the target-MME. 

9. & 10. The target MME fetches MM and bearer contexts from the source MME.

11.
The target MME updates the relation towards the serving SAE-GW.

12.
The target MME registers with the HSS.

13.&14. The TA Update procedure is finalised.

2.2.3
inter MME change triggered by target eNodeB
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Figure 5. target-eNodeB-triggered inter-SAE-GW change. Message Flow.

1.
The source eNodeB starts with HO preparation via X2.

2.
The target eNodeB detects that it cannot connect to the source MME and selects a target MME out of the configured MME pool to request the provision of source side resources.

3.&4. The target MME requests MM and bearer contexts from the source MME.

5.
The target MME acknowledges source side resource allocation.

6.
The target eNodeB informs the source eNodeB that target-side resources are allocated.

7.
The source eNodeB commands the UE to HO to the target side.

8.
The UE establishes connection to the target eNodeB.

9.
The target eNodeB updates the C-plane path towards the target MME.

10.
The target MME updates the relation towards the serving SAE-GW.

11. The UP path is updated between the target eNodeB and the serving SAE-GW.

12.
The target MME registers with the HSS.

13.-16. TA Update is taking place between the UE and the target MME, cause by a dedicated MM-info issued by the target eNodeB.

2.2.4
Comparison

Again, all schemes to support inter-MME mobility seem to be feasible in principle.

As stated in several “notes” of the message flow description, the target eNodeB in chapter 2.2.2/figure 4 needs to be exceptionally configured to connect to a MME-pool it is not regularly served, which further causes exceptional handling of RRC messages in the eNodeB. So (Q1) cannot be answered positively. 

Further, all target side triggered MME pool changes require the specification of new S1 functionality.

3
Proposal

Having evaluated all possibilities, it can be stated that lack of feasibility is not given in any of the schemes.

In order to finalise the task received from SA2, RAN3 should finally reply with an agreed recommendation, therefore the following is proposed:

1)
In order to avoid unnecessary specification of S1 procedures and to specify consistent handling of inter-CN node changes, it is proposed to always trigger CN-node changes from the source eNodeB via S1. This holds for serving-SAE-GW only changes, for MME only changes and the combined case.

2)
The trigger to start inter-eNodeB HO via S1 is caused by one of the following reasons

-
No X2 interface is configured for the HO target.

-
The source eNodeB has attempted to start the inter-eNodeB HO via X2 but receives a negative reply from the target side as the target eNodeB is not able to contact the same MME / SAE-GW the source eNodeB connects to.

-
The source eNodeB has knowledge beforehand (e.g. configuration) that it has to contact the MME. 

3)
In case the inter-eNodeB HO implies the change of the MME, the new MME shall be involved and established as the new serving MME in the course of the inter-eNodeB handover procedure. Involving the new MME only after the HO procedure, e.g. in the course of the Tracking Area Update procedure would require the configuration of exceptional S1 connectivity rules, which is seen as an disadvantage from RAN3 point of view.

4
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