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1
Introduction

This paper enhances solution to key issue# 3 by proposing the following changes:
· Optimization over S11/S5 interface to support bulk-messaging: Since existing interfaces and protocols are involved, it requires protocol expertise to define the details. Hence, it is proposed to leave it to stage 3 for now.

· PGW control plane changing the identity of the user plane session: For load-balancing as well as for the restoration of the user plane session (when user plane function fails), it is useful to allow the PGW control plane to change its user plane, assuming it can continue to serve the PDN connection without changing the UE's IP address. Informative description is provided on how PGW control plane may change its user plane function while maintaining the same IP address for the PDN connection. Existing solution is enhanced with the call flows for the PGW control plane to change its user plane session identity.
2
Optimization over S11/S5 interface to support bulk-messaging

When the SGW control plane changes the user plane session identities for multiple UE sessions, there will be per-session signalling on S11 and S5 to update the peer nodes. These signalling can be reduced by defining bulk-messaging on a per-peer basis, e.g. one or multiple message per peer such that each message contains identity of the impacted session and the new identity of the user plane session. However, since these have to be defined over the existing interfaces and using existing protocol, i.e. S11/S5 interfaces and using GTP protocol, it requires protocol knowledge/expertise to define the details. Hence, it is proposed to leave definition of this optimized signalling to the CT groups. 

3
PGW control plane changing the identity of the user plane session
3.1
General 

The figure below demonstrates an example network snapshot.
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Figure 3.1-1: Before scale-out operation

3.2
To support load re-balancing 
For the load re-balancing purpose, e.g. scale-out, the PGW control plane may decide to distribute the existing UE sessions over multiple user plane functions as demonstrated in the figure below.
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Figure 3.2-1: After load re-balancing operation (re-distribution of user plane sessions)
The above is an example illustrating how re-distribution of the user plane sessions, while maintaining the UE IP address, can be supported, e.g. by splitting the original IP address range supported by the F1 into two contiguous range supported by F1 and F2. The above assumes that the system has the capability to update the upstream router so that traffic for the UE sessions served by the User-plane F1 are routed to F1 while the traffic for the UE sessions served by the User-plane F2 are routed to F2. This allows change of user plane function while maintaining the UE's IP address. In this case, since the S5-identity of User-plane F1 and User-plane F2 are different, the peer nodes need to be updated so that uplink traffic over the S5-U is sent with the correct identity of the PGW user plane function. 
3.3
To support restoration of user plane session 
Since the user plane is separated from the control plane, the failure of the user plane need not result in tearing down of the PDN connection. Instead, the PGW control plane may re-install the user plane session (for the impacted UEs) in the other live/active user plane functions and can serve the PDN connection without requiring the UE to reactivate the PDN connection, as demonstrated in the figure below.
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Figure 3.3-1: After user plane restoration operation (re-installation of the user plane sessions in other active user plane functions)

Since this results in change of user plane function for the impacted UE sessions, the peer nodes need to be updated so that the uplink traffic (for the impacted UE sessions) over the S5-U is sent with the correct identity of the PGW user plane function.
3.4
Conclusion
For the load re-balancing as well as for supporting the restoration of the user plane function, the PGW control plane may have to change the user plane function's identity, in the split C- and U-plane architecture. And hence we need to define the call flows and support for the same. The PGW control plane can execute these procedures only if those are supported by the peer nodes in the network and if the UE's IP address can be maintained while changing the user plane function.

Proposal

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

* * * 1st Change * * * *

6.3.1.1.2
Change of user plane session identity

The user plane of a given functional entity may be expanded or contracted, by adding new user plane functions or removing existing user plane functions, to accommodate changing traffic and/or bandwidth requirements. The decision to expand or contract the user plane may lie either with the control plane of the functional entity or with the overall system resource manager, e.g. orchestration function. In both the cases, the control plane is required to be made aware about the available user plane function(s) and their load condition. 
For load balancing purpose, the control plane may decide to re-distribute the existing UE session(s) over the available user plane function(s) and in that case, initiates the procedure to inform the change of user plane session identity (i.e. IP address and TEID of the GTP-U session) to the peer entities. Additionally, for the restoration purpose, i.e. when the user plane function fails, the control plane may restore the impacted user plane sessions in other active user plane function, to continue to serve the UE/PDN connection without requiring the UE to reactivate the same. In that case, the control plane initiates procedure to inform the change of user plane session identity (i.e. IP address and TEID of the GTP-U session) to the peer entities.
For the PGW, the change of user plane session identity, resulting from the change of user plane function, is allowed only if it can maintain the same IP address for the impacted PDN connection. 
6.3.1.1.3
SGW: Call flows for control plane changing user plane session identity

6.3.1.1.3.1
Call flow
The call flow below describes the procedure for the SGW control plane to change the use plane session identity for a given UE session.
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Figure 6.3.1.1-1: SGW call flows for changing user plane session identity

F1 is currently serving SGW user plane function for UE1. F2 is new SGW user plane function where the UE1 session is to be migrated due to load balancing reason. 

1.
The SGW control plane decides to move UE1 session from user plane function F1 to user plane function F2.

NOTE 1:
Control plane selection of user plane function is covered as part of solution to key issue# 2, in clause 6.2.1.

NOTE 2:
The assumption is that the SGW control plane always receives the latest UE location information from MME, as part of solution 1 to key issue# 2, in clause 6.2.1.2.

2.
SGW control plane allocates user plane session resources for UE1 in F2. 

NOTE3:
The information provided by the control plane for the allocation of user plane session resources is covered as part of solution to key issue#1, in clause 6.1.1.

3.
The SGW control plane sends per UE Update UPlane Identity (EPS Bearer ID(s), Address(es), S1-U TEID(s)) message to the MME over S11 and per PDN Update UPlane Identity (EPS Bearer ID(s), Address(es), S5/S8-U TEID(s)) message to the PGW over S5/S8 for UE1. This message contains new user plane session identity, i.e. identity of F2, for each EPS Bearers of UE1 session.
4.
If the UE is in ECM-connected state then the MME updates the eNB with the new S1-U identity of the SGW using existing S1Ap message E-RAB Modify Request (ref. 3GPP TS 36.413 clause 8.2.2). The eNB uses this new S1-U identity for sending the uplink packets. 

NOTE 4:
Change of SGW S1-U identity via E-RAB Modify Request message over the S1Ap interface is the existing procedure and hence there is no eNB impact as result of the above step.
5.
The MME updates its UE context with new identity of the SGW S1-U and sends Update UPlane Identity Ack message to the SGW. In the event when MME detects the UE handover, refer clause 6.3.1.1.3.2 below. 
The PGW updates its UE context with new identity of the SGW S5/S8-U and sends Update UPlane Identity Ack message to the SGW. The PGW starts using this new S5/S8-U identity for sending the downlink packets.
On reception of Update UPlane Identity Ack message from MME and PGW, the SGW control plane may start a timer. While this timer is running, the SGW maintains the user plane session in user plane function F1 so as to handle any in-flight data packets (i.e. sent towards the user plane function F1) from eNB or PGW, if the UE is in ECM-Connected state.
6.
The SGW releases the user plane session for UE1 from user plane function F1 on expiry of the timer started in step 5 or if timer is not started then on reception of Update UPlane Identity Ack message. In the event when existing SGW relocation detected by MME prior to the expiry of the timer that was set in step 5, refer clause 6.3.1.1.3.2 below.
NOTE 5:
The exact procedure for the release of user plane session is covered as part of solution to key issue#1, in clause 6.1.1.


NOTE 6:
If the SGW control plane relocates multiple UE's user plane sessions at the same time then the SGW control plane have to send multiple per-session messages to the peer nodes at the same time. Instead, the SGW control plane can group the impacted sessions on a per peer basis and send one or multiple messages on a per-peer basis, e.g. each message contains a list of impacted session's identities and its corresponding new user plane session identity. Since this involves protocol layer details, e.g. what is the message header format for the per-peer message; what session identities are required to be included in the message, etc., its feasibility and the definition is left to the stage 3 group. Stage 2 can incorporate the necessary detail once those changes are defined by stage 3.
* * * 2nd Change * * * *

6.3.1.1.4
PGW: Call flows for control plane changing user plane session identity


The call flows for the PGW control plane to change the identity of the user plane session is similar to the call flows described in clause 6.3.1.1.3 with the following changes:

1.
SGW control plane is replaced by the PGW control plane. SGW user plane function F1 is replaced by PGW user plane function F1.
2.
SGW user plane function F2 is replaced by PGW user plane function F2. 
3a.
The Update UPlane Identity message is sent by the PGW control plane to the SGW with the S1-U Address(es) and TEID(s) replaced by S5-U Address(es) and TEID(s).

3b.
Not applicable.

4a.
The new identities of the PGW user plane session needs to be updated with MME as well. The SGW control plane sends per PDN Update UPlane Identity (EPS Bearer ID(s), Address(es), PGW S5-U TEID(s)) message to the MME over S11.
4b.
The MME updates its UE context with new identity of the PGW S5-U and sends Update UPlane Identity Ack message to the SGW.
5a.
The SGW updates its UE context with new identity of the PGW S5-U and sends Update UPlane Identity Ack message to the PGW. The PGW control plane starts timer as described in step 5.
5b.
Not applicable.

6.
SGW control plane is replaced by the PGW control plane.
* * * 3rd Change * * * *

6.3.1.2
Impacts on existing nodes and functionality
For supporting change of user plane session identity of the SGW, following are the impacts to existing nodes:

-
MME/S4-SGSN: Support for the new procedure and correspondingly messages, as described in clause 6.3.1.1.3 and in 6.3.1.1.4 over S11/S4 interface.

-
PGW: Support for the new procedure and correspondingly messages, as described in clause 6.3.1.1.3, over S5/S8 interface.

-
SGW: Support for the new procedure and correspondingly messages, as described in clause 6.3.1.1.4, over S5/S8 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 procedure.
* * * End of changes * * * *
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