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Abstract of the contribution: This paper enhances solution 3 for the SGW user plane relocation during the mobility procedure to cover the X2-based and S1-based handover procedures.
Discussion

This paper enhances solution 3 for the SGW user plane relocation during the mobility procedure to cover the X2-based and S1-based handover procedures. 
In both the handover cases without SGW (control plane) change, the MME sends Modify Bearer Request message to the SGW to inform the SGW about the new S1-U identity of the target eNB. The SGW control plane, based on UE's location, determines if the relocation of the user plane closer to the target eNB is required or not. If required, the SGW control plane selects new user plane and includes its identities in the Modify Bearer Response message to the MME. The MME uses existing S1AP procedure to update the eNB regarding new S1-U identities of the SGW user plane. Additionally, the SGW control plane updates the PGW with the new S5-U identities of the SGW user plane. 

In both the handover cases with SGW change, the MME sends Create Session Request message to newly selected SGW. The newly selected SGW can provide the new identities of its user plane as part of the Create Session Response message. Since this support already exists today, no new changes are needed.

Besides above changes, the following part of the editor's note is removed since we are already studying the solution (e.g. clause 6.4.2.1 and 6.4.3.1) to allow the SGW control plane to relocate its user plane during the Service Request procedure.

Editor’s Note: If SGW control plane can change its user plane during Service Request procedure is FFS. If TAU procedure needs to be considered for SGW user plane change is FFS.
Proposal

It is proposed to agree to the following changes to TR 23.714.

* * * 1st Change * * * *

6.2.1.1.5
Triggers for selection of user plane

Following are the triggers for the selection of user plane:

-
PDN connection establishment: New user plane entity needs to be selected at the time of PDN connection establishment (including E-UTRAN attach procedure). This trigger is applicable to SGW, PGW as well as TDF.

-
X2/S1 based Handover procedure: If location information based user plane entity selection is deployed then new user plane entity closer to the current point of attachment may need to be selected at the time of X2/S1 based handover procedures with or without control plane entity relocation. This trigger is applicable to SGW.

If the control plane of the PGW can change its user plane entity while ensuring that the UE's existing IP address can be served by the newly selected user plane entity (e.g. by updating the upstream router to route the UE’s downlink packet towards new user plane entity) then this trigger also applies to the PGW. However, since the intention is to create optimal path for the user plane traffic, the change of PGW’s user plane entity is aligned with change of SGW’s user plane entity, i.e. PGW’s control plane may select new user plane entity only when the SGW’s user plane entity is changed.

-
Service Request procedure: If UE location information based user plane entity selection is deployed then new user plane entity closer to the current point of attachment may need to be selected due to mobility during the idle mode, when the UE performs Service Request procedure. This trigger is applicable to SGW.

If the control plane of the PGW can change its user plane entity while ensuring that the UE's existing IP address can be served by the newly selected user plane entity (e.g. by updating the upstream router to route the UE’s downlink packet towards new user plane entity) then the this trigger also applies to the PGW. However, since the intention is to create optimal path for the user plane traffic, the change of PGW’s user plane entity is aligned with change of SGW’s user plane entity, i.e. PGW’s control plane may select new user plane entity only when the SGW’s user plane entity is changed. 

-
Load balancing scenarios: Due to load balancing scenarios, as described in sec. 5.3.1, new user plane entity may need to be selected. This trigger is applicable to SGW.

If the control plane of the PGW can change its user plane entity while ensuring that the UE's existing IP address can be served by the newly selected user plane entity (e.g. by updating the upstream router to route the UE’s downlink packet towards new user plane entity) then the this trigger also applies to the PGW.

Editor’s Note: If PGW control plane can change its user plane during X2/S1 HO procedure and Service Request procedure is FFS.

Editor’s Note: If TAU procedure needs to be considered for SGW user plane change is FFS.
* * * 2nd Change * * * *

6.4.3
Solution 3 – SGW user plane change during mobility procedure

6.4.3.1
Service Request

In this solution, the Service Request procedure is modified such that the SGW CP can provide new GTP-U addresses to the MME during the Service Request procedure. However, since there is no way to notify eNB about new SGW GTP-U addresses during the Service Request procedure, the MME invokes an update procedure towards eNB immediately after the Service Request procedure has been completed.
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Figure 6.4.3-1: Solution 3: SGW user plane change triggered by Service Request procedure

This procedure is the same as the UE triggered Service Request procedure in 23.401, clause 5.3.4.1 with the following differences:

Step 8:
The SGW CP function may determine that the UE would be better served by a different SGW UP function. In that case, the SGW control plane allocates user plane session resources for the UE in the new SGW UP function.
Step 12: 
The SGW CP function may provide SGW UP F-TEIDs for the newly allocated SGW UP function to the MME.

Step 13:
In case the MME received new SGW UP F-TEIDs in step 12, the new F-TEIDs of the SGW is provided to the eNB using existing S1AP message E-RAB Modify Request (ref. TS 36.413 clause 8.2.2). The eNB uses this new S1-U identity for sending the uplink packets.

Step 14:
The SGW CP function provides the S5 user plane F-TEIDs to the PGW.

Step 15:
The MME informs the SGW CP function that the new SGW UP endpoint has been updated. 
Step 16:
The PGW provides an acknowledgement to the SGW CP function.

After step 16, the SGW releases the old SGW UP function resources.

Editor’s note:
It is FFS whether step 15 is needed to provide an explicit indication to SGW CP function that the old SGW UP resources can be released, or an implicit approach e.g. based on a timer in SGW CP function can be used.


6.4.3.2
X2-based handover
6.4.3.2.1
Without Serving GW control plane relocation
Referring to the procedure "X2-based handover without Serving GW relocation" in 3GPP TS 23.401 [2] clause 5.5.1.1.2, the interactions over the S11 interface are similar to the interaction over the S11 interface during the Service Request procedure in 3GPP TS 23.401 [2] clause 5.3.4.1. Considering that, the changes over the S11 interface to support the user plane relocation during the X2-based handover without Serving GW control plane relocation are same as the changes over the S11 interface to support the user plane relocation during the Service Request procedure, i.e. as depicted in step no. 8, step no. 12 and step no. 15 of clause 6.4.3.1. 
No changes over the S1AP interface are needed since the S1AP message "Path Switch Request Ack" sent during the X2-based handover procedure allows the MME to provide the new S1-U identities of the Serving GW user plane to the eNB.
To update PDN GW with the new S5-U identities of the user plane of the Serving GW, the changes suggested in step no. 14 and step no. 16 of clause 6.4.3.1 are needed.
6.4.3.2.2
With Serving GW control plane relocation
Referring to the procedure "X2-based handover with Serving GW relocation" in 3GPP TS 23.401 [2] clause 5.5.1.3, the existing procedure already allows the Serving GW to provide new identities for the Serving GW user plane to the MME as well as to the PDN GW. Thus, the existing procedures already support the user plane relocation during the X2-based handover with Serving GW control plane relocation and hence, no new changes are needed. 
6.4.3.3
S1-based handover
6.4.3.2.1
Without Serving GW control plane relocation

Referring to the procedure "S1-based handover, normal" in 3GPP TS 23.401 [2] clause 5.5.1.2.2, the interactions over the S11 interface are similar to the interaction over the S11 interface during the Service Request procedure in 3GPP TS 23.401 [2] clause 5.3.4.1. Considering that, the changes over the S11 interface to support the user plane relocation during the S1-based handover without Serving GW control plane relocation are same as the changes over the S11 interface to support the user plane relocation during the Service Request procedure, i.e. as depicted in step no. 8, step no. 12 and step no. 15 of clause 6.4.3.1. 

To update eNB with the new S1-U identities of the user plane of the Serving GW, the changes suggested in step no. 13 of clause 6.4.3.1 are needed.

To update PDN GW with the new S5-U identities of the user plane of the Serving GW, the changes suggested in step no. 14 and step no. 16 of clause 6.4.3.1 are needed.

6.4.3.2.2
With Serving GW control plane relocation

Referring to the procedure "S1-based handover, normal" in 3GPP TS 23.401 [2] clause 5.5.1.2.2, the existing procedure already allows the Serving GW to provide new identities for the Serving GW user plane to the MME as well as to the PDN GW. Thus, the existing procedures already support the user plane relocation during the S1-based handover with Serving GW control plane relocation and hence, no new changes are needed. 

6.4.3.3
Impacts on existing nodes and functionality
For supporting the user plane relocation of the Serving GW during the mobility procedure, following are the impacts to existing nodes:

-
MME/S4-SGSN: Support for the new procedure and correspondingly messages, as described in step no. 8, step no. 12 and step no. 15 of the clause 6.4.3.1 over S11/S4 interface. Support to trigger the existing procedure as described in step 13 of the clause 6.4.3.1 over S1AP interface.
-
PGW: Support for the new procedure and correspondingly messages, as described in step no. 14 and step no. 16 of clause 6.4.3.1 over S5 interface.

NOTE:
It is up to stage 3 to decide if new messages are needed or existing messages can be re-used for the above procedures.
6.4.3.4
Solution Evaluation

Editor's Note: Evaluation is FFS.
* * * End of changes * * * *
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