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Abstract of the contribution: The contribution proposes solution for Low Latency PDN Connectivity mobility initiated by PGW. It proposes both make-before-break and make-after-break schemes.
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********* NEXT CHANGE**************
[bookmark: _Toc504451906]6.X	Solution #X: Low latency PDN Connection mobility initiated by PGW
[bookmark: _Toc504451907]6.X.1	Introduction
[bookmark: _Toc504451908]The solution addresses Key Issue #2 and Key Issue of creation of make-before-break PDN connection.
6.X.2	Functional Description
[bookmark: _Toc504451909]This solution assumes that the establishment of a new PDN connection for both (a) make-before-break and (b) make-after-break PDN connection mobility is initiated by the PGW-C after the UE mobility event. The (b) make-after-break uses existing Rel-15 EPC signaling, whereas (a) make-before-break requires modifications to existing EPC specifications.
An example deployment to which both the solutions apply is the shown in the figure below.


Figure 6.X.2-1 Architecture of LLC Data network.
The key features of the architecture are as follows:
-	There is a central data-center and multiple (two shown in the figure above) edge data-centers. The edge data centers are located physically close to the RAN.
-	The mobile has two PDN connections. One PDN connection is to application that is only located in central data center (eg. IMS). The other PDN connection (low latency connection) is to a data network that has both central and edge servers.
-	For the LLC data network, the mobile may communicate with multiple servers  in the data network where some servers are in the central data center and others in the edge data centers (e.g. CDN network where the manifest may be provided by central server and video served from the edge servers). The mobile is able to reach all the server in the LLC data network , irrespective of the breakout point.  Which of the servers the mobile communicates with is out of scope. When the UE gets a new IP address, the application is able to determine and provide services to the UE from servers in the same data-center where the UE's IP address is. How this is done is out-of-scope of this specification and 3GPP.
-	The eNBs that have S1-U connection to S/PGW-U located at edge data-center can be configured as belonging to separate "Presence Reporting Areas (PRAs)" (see TS 23.401[3]). So, in the figure above eNBs in TAI#1 and TAI#2 are in PRA-1 (connected to Edge data center 1) and eNBs in TAI#3 are in PRA2 (connected to Edge Data Center 2).
-	The Rx interface in this solution is between AF-C and PCRF even when the UE’s IP address is allocated by the PGW at an edge data-center. This assumes that any service information request on Rx is sent from the AF-C to the PCRF.
6.X.2.1	Determination at S/PGW-C that a PDN Connection is subject to LLC
The S/PGW-C can determine that a PDN Connection is subject to LLC, based on the following:
1.	Specific APNs are configured to be LLC APNs. Thus, there is configuration in S/PGW-C that indicates which APNs are for LLC. This configuration is only needed in the HSS and PGW-C.
6.X.2.2	Determining at S/PGW-C when S/PGW-U needs to be relocated for LLC PDN Connection
The determination at S/PGW-C that the user-plane should be relocated after mobility, which means a new PDN connection to same APN is to be established is based on one of the following options:
1.	ULI or PRA reporting is configured for the UE: The PGW-C can request MME to do location (eNB ID) or PRA reporting at PDN Connection Establishment or via PDN Connection Modification as specified in TS 23.401 [3]. When a UE moves to a new eNB or PRA, since ULI or PRA reporting is turned on for the UE, the PGW-C receives the Id of the eNB serving the UE from the MME in Modify Bearer Request, or receives the status of PRA. The PGW-C has a mapping from eNB IDs or PRA to S/PGW-U and determines, e.g. based on APN of the UE, that for the particular PDN Connection, the S/PGW-U should be relocated.
NOTE 1:	When SGW-C and PGW-C are combined node, eNB ID (and TAI) reporting is piggybacked on path-switch signaling and does not result in additional signaling (on S5) to the PGW.
NOTE 2:	When SGW-C and PGW-C are combined node, and if the PGW-C already has the information of eNB IP address depending on implementation, the PGW can be configured with mapping from eNB(s) IP address to PRA mapping. In this case ULI or PRA reporting is not needed.
[bookmark: _GoBack].	For each LLC APN, the PGW-C has configuration about which PRAs require change in S/PGW-U allocation.  Different LLC APNs may have different configuration of which PRAs have edge S/PGW-U allocation (e.g. LLC APN-2 may not have an edge server in Data Center 2).
NOTE 3:	The PGW may be configured, or DNS may be configured, with this mapping from PRA to S/PGW-U for each LLC APN.
6.X.3	Procedures
Depicted in Figure 6.X.3-1 below is the procedure for “make-before-break” PDN connection mobility in EPS. 
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Figure 6.X.3-1: "Make-before-break" PDN connection mobility with CUPS
[bookmark: _Toc504451910]1.	UE Requested PDN Connectivity procedure or Attach with PDN Establishment from TS 23.401 [3] is performed with the following modifications:
-	In Step 1 in the PDN Connectivity Request message from the UE to the MME, the UE provides an additional parameter requesting for "make-before-break" for the PDN connection in the PCO which is forwarded transparently to the PGW-C.
Editor's note:	It is FFS how UE is configured to request for "make-before-break" for an APN.
-	In Step 5 (Create Session Response from PGW), the PGW in PCO acknowledges the setup of the PDN as "make-before-break"
2.	User plane data are forwarded via S/PGW-U1.
3.	The UE moves (handover or idle-mode) to eNB that is in PRA1. The S/PGW-C is informed of this as stated in clause 6.X.2.2.
4.	The S/PGW-C determines that the serving S/PGW-U (S/PGW-U1) needs to be relocated and new PDN connection to same APN created.
5-10. Steps are the same as steps 2-9 of TS 23.401 [3] clause 5.4.3 PDN GW initiated bearer modification without bearer QoS update" for the case to providing  PCO to the UE, with the following modifications:
-	The S/PGW-C in Step 5 sends an Update Bearer Request (EPS Bearer ID, PCO (PDN connection Release timer)) to the MME where EPS Bearer ID indicates the existing PDN connection to be relocated and PCO indicates that a PDN connection establishment to the same data network is required.
	The release timer value indicates how long the network is willing to maintain the PDN connection. 
-	The UE on reception of Step 7, parses the PCO and determines that it needs to setup a new PDN connection to the same APN.
11.	The UE initiates a PDN connection establishment to the same APN as specified in clause 5.10.2 of TS 23.401 [3]. The trigger for the establishment of the new PDN connection is the received PCO in Step 7. The MME selects the same S/PGW-C as the one serving the UE for the APN completes the establishment of the new PDN connection. The S/PGW-C selects S/PGW-U that is closer to the UE. This determination is based on functionality described in clause 6.x.2.1 and 6.x.2.2. The UE is assigned a new IP address.
12.	After establishment of the new PDN connection the UE forwards new flows via the new PDN connection (eNB-S/PGW-U2 user plane path), whereas existing traffic flows are forwarded via the old PDN connection (eNB-S/PGW-U1 user plane path). The UE may also proactively move existing flows (where possible) from the old to the new PDN connection. The UE can release the old PDN connection any time after the new PDN connection is established.
3.	The old PDN connection is released by the S/PGW-C after the timer provided in step 5 expires using the PDN-GW initiated EPS bearer deactivation procedure for the default and dedicated bearer of the PDN connection with S/PGW-U1 as specified in TS 23.401 [3].
14.	All traffic is sent via S/PGW-U2.
Depicted in Figure 6.X.3-2 below is the "make-after-break" PDN Connection Mobility in EPS. This procedure can be performed based on existing EPS specifications.
[image: ]Figure 6.X.3-2: “Make-after-break” PDN connection mobility with CUPS
1. 	UE Requested PDN Connectivity procedure or Attach with PDN Establishment from TS 23.401 [3].
2.	User plane data are forwarded via S/PGW-U1.
3.	The UE moves (handover or idle-mode) into eNB that is in PRA1. The S/PGW-C is informed of this as stated in clause 6.X.2.2.
4.	The S/PGW-C determines that the serving S/PGW-U (S/PGW-U1) needs to be relocated and new PDN connection to same APN created.
5.	The existing PDN connection is released by the S/PGW-C using the PDN-GW initiated EPS bearer deactivation procedure for the default bearer of the PDN connection with S/PGW-U1 as specified in TS 23.401 [3]. The PGW includes cause "Reactivation Requested" (clause 7.2.9.2, TS 29.274 [z]).
6.	The UE initiates a PDN connection establishment to the same APN either using UE requested PDN connection procedure specified in clause 5.10.2 of TS 23.401 [3] (if the UE has an existing PDN connection (e.g. to IMS) or UE does not have another PDN connection and network and UE support Attach w/o PDN connectivity) or UE detaches and performs Attach with PDN connection to the same APN (if UE did not have another PDN connection). The MME selects S/PGW-C for the APN. The S/PGW-C selects S/PGW-U that is closer to the UE. This determination is based on functionality described in 6.x.2.2. The UE is assigned a new IP address.
7.	All traffic is sent via S/PGW-U2.
[bookmark: _Toc505333470]6.X.4	Impacts on existing entities and interfaces
Editor's note:	This clause describes impacts to existing entities and interfaces.
[bookmark: _Toc505333471]6.X.5	Evaluation
Editor's note:	This clause provides an evaluation of the solution.
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