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1. Introduction

In the SA2#55 meeting, the LS(S2-064136) from SA2 to RAN3 clarified that, SA2 has agreed the working assumption that inter-pool mobility leading to MME/UPE relocation needs to be supported when there is no X2 connection between source eNodeB and target eNodeB or no S1 connection between the target eNodeB and the source MME/UPE. This paper introduces the inter-pool MME/UPE relocation procedure for the LTE-Active UE in case here is no S1 connection between the target eNodeB and the source MME/UPE. Whether there is X2 connection between the source eNodeB and the target eNodeB is considered in the procedure as well.
2. Discussion
The solution proposed in this paper is based on the following assumptions: 

1. This solution is based on the basic scenario 1 of the pool area configuration in [1]. In scenario 1, the relationship between MME pool and UPE pool is one to one.
2. This solution reuses the GTP based mechanism to implement the MME/UPE relocation via S5a interface. 

3. The information flow below illustrates the procedure with the MME/UPE separated. But it doesn’t preclude the co-located MME/UPE. For the co-located MME/UPE, the interaction between the MME and the UPE could be ignored or treated as the internal implementation.

4. The X2 interface between the eNodeBs is optional and based on network configuration. 

5. The source pool area and the target pool area can belong to the same or the different operators. 

6. When the LTE-Active UE moves between pool areas, the SAE PDN Gateway of the services requiring continuity and home-routed service remains unchanged for the purpose of service continuity.

3. MME/UPE Relocation Procedures

3.1 MME/UPE Relocation, No X2 Connection
In figure1 below, there is no X2 connection between eNodeBs and eNodeBt.
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Figure1: MME/UPE Relocation, No X2 Connection
1) Based on the measurement results and the knowledge of the eNodeB topology, the source eNodeB decides to initiate the handover. At this point both uplink and downlink user data flows via the following tunnel(s): SAE Radio Bearer between the UE and the source eNodeB; GTP-U tunnel(s) between the source eNodeB and the source UPE; GTP-U tunnel(s) between the source UPE and the SAE PDN Gateway if SAE PDN Gateway locates in different Gateway from the source UPE. 
2) The source eNodeB sends a Handover Request message (Cause, Source ID, Target ID, Source eNodeB To Target eNodeB Transparent Container) to the source MME. Source eNodeB To Target eNodeB Transparent Container includes the necessary information for relocation co‑ordination, security functionality and RRC protocol context information. 
Note:
If there is the X2 connection between source eNodeB and the target eNodeB, the source eNodeB sends a Handover Request message to the target eNodeB instead of the source MME and the inter-eNodeB handover is triggered. Refer to the figure2 in the paper.
3) The source MME determines from the Target ID to trigger the Intra-MME/UPE inter-eNodeB Handover or the MME/UPE Relocation, based on whether the S1 connection between the source MME/UPE and the target eNodeB is configured or not. If there is no S1 connection to the target eNodeB, the source MME initiates the MME/UPE Relocation by sending a Relocation Required (IMSI, SAE MM Context, Bearer Context, Target Identification, E-RAN Transparent Container, UE network Capability, Security Related Information, Cause) message to the target MME. If there is S1 connection between the source MME/UPE and the target eNodeB, the source MME initiates the intra-MME/UPE inter-eNodeB Handover procedure. Note: Intra-MME/UPE inter-eNodeB Handover is out of the scope of this procedure. 
4) On receiving the Relocation Required message, the target MME decides whether the SAE PDN Gateway of the active service can be relocated to the target pool or not. How to make decision, please refer to the S2-070093 from Huawei. If the SAE PDN Gateway can be relocated, the target MME selects a SAE Gateway in the target pool as the new SAE PDN Gateway for the service. If the SAE PDN Gateway can’t be relocated, the SAE PDN Gateway remains un-changed. The target MME also selects a SAE Gateway (UPE) in the target pool as the target UPE. The target MME requests the target UPE to allocate resource for the UE by sending a Resource Request (Bearer Context, Security Related Information) to the target UPE.

Note1: 
If UE has several active services, it’s possible that, some SAE PDN Gateways locate in source pool or other pool, and some SAE PDN Gateways are relocated to the target pool. 

Note2:
Generally, the target MME selects only one SAE Gateway in target pool as relocated UPE and relocated SAE PDN Gateways. But it doesn’t preclude that target UPE and the target SAE PDN Gateways are located in the different SAE Gateways. Selection of the target UPE and SAE PDN Gateways is FFS. 

The target UPE allocates the resource for the UE, includes:  

Allocate the S1 uplink GTP-U tunnel resource (i.e. TEID).

Allocate the UPE-UPE downlink tunnel resource (i.e. TEID) for data forwarding if the service is lossless and the SAE PDN Gateway doesn’t co-located with the source UPE. 

Negotiates the new security parameters for the U-Plane if the target UPE doesn’t support the ciphering algorithm used in the source UPE. 
The target UPE sends a Resource Ack (UPE IP Address, TEIDs, Security Related Information) message to the target MME. 
5) The target MME sends a Relocation Request message (Permanent NAS UE Identity, Cause, Source eNodeB To Target eNodeB Transparent Container, SAE RAB To Be Setup) to the target eNodeB. For each SAE RAB requested to be established, SAE RABs To Be Setup shall contain the information such as SAE RAB ID, SAE RAB parameters, Transport Layer Address, and S1 Transport Association. The RAB parameters information element gives the QoS profile. The Transport Layer Address is the target UPE Address for the user data, and the S1 Transport Association corresponds to the uplink Tunnel Endpoint Identifier. 
After all the necessary resources for the accepted SAE RABs including the S1 user plane are successfully allocated, the target eNodeB shall send the Relocation Request Ack message (Target eNodeB To Source eNodeB Transparent Container, SAE RABs Setup, SAE RABs Failed To Setup) to the target MME. Each SAE RAB to be setup is defined by a Transport Layer Address, which is the target eNodeB Address for user data, and the S1 Transport Association, which corresponds to the downlink Tunnel Endpoint Identifier for the user data. The transparent container contains all radio-related information that the UE needs for the handover, i.e., a complete RRC message, to be sent transparently via MME and source eNodeB to the UE. 
6) The target MME indicates the S1 tunnel information to the target UPE by sending a Update UPE (Transport Layer Address, S1 Transport Association) message. And the target UPE acknowledges the target MME by sending an Update UPE Ack. 
7) When resources for the transmission of the user data between target eNodeB and the target UPE have been allocated and the target MME/UPE is ready for relocation, the Relocation Command (Cause, MM Parameters, Security Related Information, E-RAN Transparent Container, Target-eNodeB Information) message is sent from the target MME to the source MME. E-RAN transparent container is the information from the target eNodeB to be forwarded to the source eNodeB. MM parameter is allocated, including temporary Id, IP address, TAI, periodic TAU timer. If the target MME and/or UPE doesn’t support the ciphering algorithm used in the source MME and/or UPE, the target MME and/or target UPE negotiate new security parameters for the UE. 
8) The source MME sends a Handover Command message (Target eNodeB To Source eNodeB Transparent Container, SAE RABs To Be Released, NAS PDU) to the source eNodeB. NAS PDU includes the MM Parameters and the Security Parameters from the source MME. 
9) When the source eNodeB is ready, the source eNodeB shall trigger the execution of the relocation by sending to the UE the RRC message provided in the Target eNodeB to source eNodeB transparent container. The NAS PDU is included in the message. 
10) The source MME/UPE continues the execution of the relocation by sending a Forward Context (SAE RAB Contexts) message to the target UPE. The Forward Context message is acknowledged by a Forward Context Acknowledge message from the target MME. The purpose of this procedure is to transfer contexts from the source UPE to the target UPE. 
11) The target eNodeB sends a Relocation Detect message to the target MME when the UE is detected. 
12) When the UE has reconfigured itself, it sends an RRC message to the target eNodeB. If the Forward Context message with the sequence numbers is received, the exchange of packets with the UE may start. If this message is not yet received, the target eNodeB may start the packet transfer for all RABs, which do not require maintaining the delivery order.
13) When the target eNodeB receives the appropriate RRC message, the target eNodeB sends the Relocation Complete message to the target MME. The purpose of the Relocation Complete procedure is to indicate by the target eNodeB the completion of the relocation.
14) Upon receipt of Relocation Complete message, the target MME signals to the source MME the completion of the relocation by sending a Forward Relocation Complete message. And the source MME acknowledges the target MME. 
15) The source MME and UPE release the resource for the UE. If the SAE PDN Gateway is co-located with the source UPE (i.e. collocated in the same SAE Gateway) and the SAE PDN Gateway can’t be relocated to the target pool, the source SAE Gateway only releases the resource of the source UPE but remains the resource of the SAE PDN Gateway. For example, the IP address allocated by the SAE PDN Gateway shall be remained, and the routing path to the PDN shall be remained. 

16) The target MME indicates the target UPE that the relocation has been completed by sending a Relocation Complete message. The target UPE acknowledges the target MME by Relocation Complete Ack message. 
Note: 17) is optional and will be omitted if the SAE PDN Gateway is co-located with the target UPE in the same SAE Gateway. And the SAE PDN Gateway in the information flow is a function entity, and can be collocated with the source UPE. 

17) The target UPE initiates the routing updating to the SAE PDN Gateway by sending a Routing Update Request message (Transport Layer Address, Transport Association) to the SAE PDN Gateway. Transport Layer Address is the target UPE Address for the ongoing user data, and the Transport Association corresponds to the downlink Tunnel Endpoint Identifier.  
The SAE PDN Gateway switches the downlink tunnel from the source UPE to the target UPE by configuring the downlink tunnel ID as Transport Layer Address obtained from the target UPE. The SAE PDN Gateway acknowledges the target UPE by sending a Routing Update Request Ack message (Transport Layer Address, Transport Association) to the target UPE. Transport Layer Address is the SAE PDN Gateway Address for the ongoing user data, and the Transport Association corresponds to the uplink Tunnel Endpoint Identifier. 
3.2 MME/UPE Relocation, X2 Connection exists
In figure2 below, there is X2 connection between eNodeBs and eNodeBt.
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Figure2: MME/UPE Relocation, X2 Connection exists

1) Based on the measurement results and the knowledge of the eNodeB topology, the source eNodeB decides to initiate handover. At this point both uplink and downlink user data flows via the following tunnel(s): the SAE Radio Bearer between the UE and the source eNodeB; the GTP-U tunnel(s) between the source eNodeB and the source UPE; the GTP-U tunnel(s) between the source UPE and the SAE PDN Gateway if the SAE PDN Gateway locates in a different SAE Gateway from the source UPE. 

2) The source eNodeB sends a Handover Request message to the target eNodeB instead of the source MME, if there is X2 connection between the source eNodeB and the target eNodeB. The target eNodeB rejects the request by sending a Handover Response message (reject cause: relocation) to the source eNodeB, if the target eNodeB has no S1 connection with the source MME/UPE. If the S1 connection between the source MME/UPE and the target eNodeB is configured, the intra-MME/UPE inter-eNodeB handover is triggered and is out of the scope of this procedure.
Next steps are same as the step from 2) to 17) in figure1.

4. Reference
 [1] S2-063912  LS on Definition of Pool Area for LTE
4. Proposal

It is proposed that the MME/UPE relocation procedures in the paper are included into section 5.4 in TS23.401.
**** Start of 1st set of changes ****

5.4
Handover and Relocation

<This section describes the functionality and signalling flows for intra and inter-RAT handover/relocation etc.>
5.4.1  MME/UPE Relocation for UE in LTE-Active
This section introduces the inter-pool MME/UPE relocation procedure for the LTE-Active UE in case here is no S1 connection between the target eNodeB and the source MME/UPE. Whether there is X2 connection between the source eNodeB and the target eNodeB is considered in the procedure as well.

Flows are described here when MME and UPE are separated:
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Figure 5.4-1a: intra-LTE MME/UPE Relocation in Active mode when MME and UPE are separated

1) Based on the measurement results and the knowledge of the eNodeB topology, the source eNodeB decides to initiate the handover. At this point both uplink and downlink user data flows via the following tunnel(s): SAE Radio Bearer between the UE and the source eNodeB; GTP-U tunnel(s) between the source eNodeB and the source UPE; GTP-U tunnel(s) between the source UPE and the SAE PDN Gateway if SAE PDN Gateway locates in different Gateway from the source UPE. 

2) The source eNodeB sends a Handover Request message (Cause, Source ID, Target ID, Source eNodeB To Target eNodeB Transparent Container) to the source MME. Source eNodeB To Target eNodeB Transparent Container includes the necessary information for relocation co‑ordination, security functionality and RRC protocol context information. 
Note:
If there is the X2 connection between source eNodeB and the target eNodeB, the source eNodeB sends a Handover Request message to the target eNodeB instead of the source MME and the inter-eNodeB handover is triggered. Refer to the figure2 in the paper.

3) The source MME determines from the Target ID to trigger the Intra-MME/UPE inter-eNodeB Handover or the MME/UPE Relocation, based on whether the S1 connection between the source MME/UPE and the target eNodeB is configured or not. If there is no S1 connection to the target eNodeB, the source MME initiates the MME/UPE Relocation by sending a Relocation Required (IMSI, SAE MM Context, Bearer Context, Target Identification, E-RAN Transparent Container, UE network Capability, Security Related Information, Cause) message to the target MME. If there is S1 connection between the source MME/UPE and the target eNodeB, the source MME initiates the intra-MME/UPE inter-eNodeB Handover procedure. Note: Intra-MME/UPE inter-eNodeB Handover is out of the scope of this procedure. 

4) On receiving the Relocation Required message, the target MME decides whether the SAE PDN Gateway of the active service can be relocated to the target pool or not. How to make decision, please refer to the S2-07XXX from Huawei. If the SAE PDN Gateway can be relocated, the target MME selects a SAE Gateway in the target pool as the new SAE PDN Gateway for the service. If the SAE PDN Gateway can’t be relocated, the SAE PDN Gateway remains un-changed. The target MME also selects a SAE Gateway (UPE) in the target pool as the target UPE. The target MME requests the target UPE to allocate resource for the UE by sending a Resource Request (Bearer Context, Security Related Information) to the target UPE.

The target UPE allocates the resource for the UE, includes:  

Allocate the S1 uplink GTP-U tunnel resource (i.e. TEID).

Allocate the UPE-UPE downlink tunnel resource (i.e. TEID) for data forwarding if the service is lossless and the SAE PDN Gateway doesn’t co-located with the source UPE. 

Negotiates the new security parameters for the U-Plane if the target UPE doesn’t support the ciphering algorithm used in the source UPE. 

The target UPE sends a Resource Ack (UPE IP Address, TEIDs, Security Related Information) message to the target MME. 

5) The target MME sends a Relocation Request message (Permanent NAS UE Identity, Cause, Source eNodeB To Target eNodeB Transparent Container, SAE RAB To Be Setup) to the target eNodeB. For each SAE RAB requested to be established, SAE RABs To Be Setup shall contain the information such as SAE RAB ID, SAE RAB parameters, Transport Layer Address, and S1 Transport Association. The RAB parameters information element gives the QoS profile. The Transport Layer Address is the target UPE Address for the user data, and the S1 Transport Association corresponds to the uplink Tunnel Endpoint Identifier. 
After all the necessary resources for the accepted SAE RABs including the S1 user plane are successfully allocated, the target eNodeB shall send the Relocation Request Ack message (Target eNodeB To Source eNodeB Transparent Container, SAE RABs Setup, SAE RABs Failed To Setup) to the target MME. Each SAE RAB to be setup is defined by a Transport Layer Address, which is the target eNodeB Address for user data, and the S1 Transport Association, which corresponds to the downlink Tunnel Endpoint Identifier for the user data. The transparent container contains all radio-related information that the UE needs for the handover, i.e., a complete RRC message, to be sent transparently via MME and source eNodeB to the UE. 
6) The target MME indicates the S1 tunnel information to the target UPE by sending a Update UPE (Transport Layer Address, S1 Transport Association) message. And the target UPE acknowledges the target MME by sending an Update UPE Ack. 
7) When resources for the transmission of the user data between target eNodeB and the target UPE have been allocated and the target MME/UPE is ready for relocation, the Relocation Command (Cause, MM Parameters, Security Related Information, E-RAN Transparent Container, Target-eNodeB Information) message is sent from the target MME to the source MME. E-RAN transparent container is the information from the target eNodeB to be forwarded to the source eNodeB. MM parameter is allocated, including temporary Id, IP address, TAI, periodic TAU timer. If the target MME and/or UPE doesn’t support the ciphering algorithm used in the source MME and/or UPE, the target MME and/or target UPE negotiate new security parameters for the UE. 

8) The source MME sends a Handover Command message (Target eNodeB To Source eNodeB Transparent Container, SAE RABs To Be Released, NAS PDU) to the source eNodeB. NAS PDU includes the MM Parameters and the Security Parameters from the source MME. 
9) When the source eNodeB is ready, the source eNodeB shall trigger the execution of the relocation by sending to the UE the RRC message provided in the Target eNodeB to source eNodeB transparent container. The NAS PDU is included in the message. 
10) The source MME/UPE continues the execution of the relocation by sending a Forward Context (SAE RAB Contexts) message to the target UPE. The Forward Context message is acknowledged by a Forward Context Acknowledge message from the target MME. The purpose of this procedure is to transfer the contexts from the source UPE to the target UPE. 
11) The target eNodeB sends a Relocation Detect message to the target MME when the UE is detected. 
12) When the UE has reconfigured itself, it sends an RRC message to the target eNodeB. If the Forward Context message with the sequence numbers is received, the exchange of packets with the UE may start. If this message is not yet received, the target eNodeB may start the packet transfer for all RABs, which do not require maintaining the delivery order.
13) When the target eNodeB receives the appropriate RRC message, the target eNodeB sends the Relocation Complete message to the target MME. The purpose of the Relocation Complete procedure is to indicate by the target eNodeB the completion of the relocation.
14) Upon receipt of Relocation Complete message, the target MME signals to the source MME the completion of the relocation by sending a Forward Relocation Complete message. And the source MME acknowledges the target MME. 

15) The source MME and UPE release the resource for the UE. If the SAE PDN Gateway is co-located with the source UPE (i.e. collocated in the same SAE Gateway) and the SAE PDN Gateway can’t be relocated to the target pool, the source SAE Gateway only releases the resource of the source UPE but remains the resource of the SAE PDN Gateway. For example, the IP address allocated by the SAE PDN Gateway shall be remained, and the routing path to the PDN shall be remained. 

16) The target MME indicates the target UPE that the relocation has been completed by sending a Relocation Complete message. The target UPE acknowledges the target MME by Relocation Complete Ack message. 

17) The target UPE initiates the routing updating to the SAE PDN Gateway by sending a Routing Update Request message (Transport Layer Address, Transport Association) to the SAE PDN Gateway. Transport Layer Address is the target UPE Address for the ongoing user data, and the Transport Association corresponds to the downlink Tunnel Endpoint Identifier.  

The SAE PDN Gateway switches the downlink tunnel from the source UPE to the target UPE by configuring the downlink tunnel ID as Transport Layer Address obtained from the target UPE. The SAE PDN Gateway acknowledges the target UPE by sending a Routing Update Request Ack message (Transport Layer Address, Transport Association) to the target UPE. Transport Layer Address is the SAE PDN Gateway Address for the ongoing user data, and the Transport Association corresponds to the uplink Tunnel Endpoint Identifier. 
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Figure 5.4-1b: intra-LTE MME/UPE Relocation in Active mode when MME and UPE are separated

1) Based on the measurement results and the knowledge of the eNodeB topology, the source eNodeB decides to initiate handover. At this point both uplink and downlink user data flows via the following tunnel(s): the SAE Radio Bearer between the UE and the source eNodeB; the GTP-U tunnel(s) between the source eNodeB and the source UPE; the GTP-U tunnel(s) between the source UPE and the SAE PDN Gateway if the SAE PDN Gateway locates in a different SAE Gateway from the source UPE. 

2) The source eNodeB sends a Handover Request message to the target eNodeB instead of the source MME, if there is X2 connection between the source eNodeB and the target eNodeB. The target eNodeB rejects the request by sending a Handover Response message (reject cause: relocation) to the source eNodeB, if the target eNodeB has no S1 connection with the source MME/UPE. If the S1 connection between the source MME/UPE and the target eNodeB is configured, the intra-MME/UPE inter-eNodeB handover is triggered and is out of the scope of this procedure.

Steps from 3) to 18) are same as the steps from 2) to 17) in Figure 5.4-1a.

5.4.2  MME/UPE Relocation for UE in LTE-Idle
TBD.

**** End of 1st set of changes ****
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