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1. Introduction

Based on the LS from SA2 [R3-060977], it was concluded that the S1 interface shall support the relocation of MME and UPE when UE is in active state.  SA2 has already decided that S1 interface shall support the operation of separate MME and UPE nodes.
In the LS from SA2 it was further explained that as the MME/UPE relocation is expected to be relatively infrequent, it does not have to fulfil similar performance requirements as intra-MME/UPE handovers. The same view was endorsed by RAN WG3. The relaxation of the requirements in MME/UPE relocation allows significantly simpler relocation procedure compared to the scenarios where the relocation would have to be fully synchronised.

In order to illustrate the difference between the relocation with relaxed requirements and the relocation with strict requirements, both scenarios are described in the following.

The preferred approach, the simple one, is based on PDCP “hard switching” while the two other choices are for supporting synchronized PDCP state transfers.
2. UPE Relocation in LTE_ACTIVE
The UPE performs user plane ciphering and IP header compression functions for user downlink data, and de-ciphering and de-compression for user uplink data correspondingly. These functions are utilized at the PDCP (Packet Data Convergence Protocol) protocol layer on the peer-to-peer interface between the UPE and the UE.

When the UPE relocation is performed in seamless way in LTE_ACTIVE, the active PDCP state would have to be transfered from the source UPE to the Target UPE and synchoronized in order to support seamless user data transfer continuation at the PDCP layer. Otherwise the UPE relocations may cause some disruption on the user end-to-end services. The problem is to find an optimal solution for a seamless PDCP state transfer with minimal signalling and an easy/robust implementation in the LTE/SAE network elements.
In order to avoid complexity it is viable not to couple eNodeB handover execution in parallel with the UPE relocations. Instead these should be performed only afterwards, or in between eNodeB handovers in order to avoid problems caused by simultaneous RLC/MAC relocation. Direct coupling of handover and UPE relocation might also necessitate two different handover procedures, one for the intra-UPE (no UPE relocation) and the other for the combined case. The signaling on S1 interface would be different in the two procedures.
The actual reason for UPE relocation could be resource optimization e.g. due to UE movement from pool area to another, load balancing, route optimization etc. All these reasons are not very time critical from relocation timing point of view. In some cases the network should even be able to wait until the UE goes into LTE_IDLE state before relocating. The latter case is omitted in this contribution because it does not require active PDCP state transfer that is the actual problem addressed in this contribution.
The following UPE relocation examples are made for separated MME, UPE and 3GPP Anchor nodes. However, these scenarios could be modified easily also for other possible functional splits between the evolved Core Network nodes. The final functional split within the EPC is FFS in the SA2 at the moment. 

2.1 UPE Relocation with PDCP Hard Switching

The following is a simple UPE Relocation procedure in the LTE_ACTIVE state that does not aim to support a seamless PDCP state transfer between the UPEs. In this scenario the enduser may experience a short disruption depending on the ongoing services. However, the performance of this scenario is considered sufficient considering the infrequent nature of UPE relocations. 
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Figure 1: UPE Relocation with PDCP Hard Switching

1. The need for UPE relocation is detected in the MME. The reason for UPE relocation could be UE movement from pool area to another, load balancing, route optimization etc. MME is assumed to be capable of making the decision about the Target UPE.
2. The MME sends the UPE Relocation Request message to the selected Source UPE containing UE Identifier in order to retrieve UE specific UPE context data.
3. The Source UPE collects the current UE context in the UPE, including the PDCP configuration data, Session info and Security Info etc. and responds to the MME with the UPE Relocation Response message containing the collected information.

4. The MME sends the UPE Relocation Required message to the Target UPE containing the UE specific UPE Context, Security Info, eNB Info and 3GPP Anchor Info. Based on the received information the Target UPE prepares U-plane tunnel endpoints towards the eNB and 3GPP Anchor, and configures the PDCP and all the other UE specific functions.

5. The Target UPE responds with the UPE Relocation Response message to the MME indicating that UE specific instances are prepared successfully. From now on the Target UPE shall start buffering the User DL Data that arrives from the 3GPP Anchor.
6. The MME sends the UPE Relocation Indication message to the eNB containing the Target UPE and Security Information in order to let it to configure a new S1-u tunnel endpoint towards the Target UPE.
7. The eNB sends the UPE Relocation Acknowledge message to the MME indicating that it has prepared the new S1-u tunnel and is able to receive User DL data from the Target UPE in addition to the old data path from the Source UPE. The eNB shall continue to send User UL Data to the Source UPE and puts the Inter eNB handovers on hold temporarily.

8. The MME sends the Update Context Request message to the 3GPP Anchor containing Target UPE Info, TEID and other required UE specific info. Now the 3GPP Anchor shall switch the U-plane data path to point to the Target UPE.
9. The 3GPP Anchor sends the Update Context Response message to the MME indicating that the data path is updated and User DL data will be forwarded to the Target UPE.

10. The MME sends the UPE Relocation Complete message to the Target UPE indicating that S1-u data path to the eNB and the data path to the 3GPP Anchor are established properly. From now on the Target UPE shall start forwarding the buffered User DL Data to the S1-u. The latest PDCP state from the Source UPE is not available in the Target UPE, so the PDCP must be restarted (PDCP Hard Switching). From now on the Target UPE shall be capable to receive also User UL Data from the eNB.
11. The MME sends the UPE Relocation Complete message to the eNB indicating successful UPE relocation. From now on the eNB shall forward the User UL Data to the Target UPE and releases the old S1-u data path related resources.
12. The MME sends the UPE Relocation Complete message to the Source UPE indicating successful UPE relocation and that all the UE related resources can be released in the Source UPE.

2.2 UPE Relocation with seamless PDCP state transfer using inband signalling
The following example of a UPE Relocation procedure in LTE_ACTIVE is equal with the example in 2.1 except that a seamless PDCP state transfer is supported by using User DL Data forwarding between the Source and the Target UPE and transferring the PDCP state in inband signalling on the U-plane. Scenarios in 2.2 and 2.3 are shown mainly for comparison purposes to highlight the difference in the complexity of the signaling.
In this way a Control Plane interface will not be needed between the UPEs, resulting in fewer interfaces to be specified in 3GPP for LTE/SAE.

All the required control for the PDCP state synchronization is embedded into the 1st forwarded U-plane packet. In this way separate message(s) on the control plane can be avoided.
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Figure 2: UPE Relocation with seamless PDCP state transfer using inband signalling
1. – 7. The steps are equal with the example described in 2.1 except that the Target UPE is prepared to receive forwarded User DL Data from the Source UPE. 

8. The MME sends the UPE Forward Command message to the Source UPE containing the Target UPE Info. Now the Target UPE shall retrieve the current PDCP state and starts forwarding User DL Data to the Target UPE without modifying the user payload. In order to avoid C-plane interface between the UPEs the Source UPE shall add the PDCP synchronization info (e.g. counter values for HC and Ciphering) embedded into S5b’ U-plane protocol header i.e. using inband signalling. In this way the PDCP control moves seamlessly to the Target UPE among the 1st forwarded DL user plane packet and it can continue to process and deliver PDCP Data to the eNB using the newly established S1-u tunnel.
9. – 10. Steps are equal with steps 8 – 9 in the example described in 2.1. 

11. The MME sends the UPE Relocation Complete message to the Target UPE indicating that the data path to the 3GPP Anchor is established properly. From now on the Target UPE shall start forwarding the buffered User DL Data from the 3GPP Anchor to the S1-u. However, the forwarded User Data from the Source UPE has a higher priority i.e. those packets will be delivered first. From now on the Target UPE shall be capable to receive also User UL Data from the eNB.

12. – 13. Steps are equal with steps 11 – 12 in the example described in 2.1.
When the user plane is switched from the 3GPP anchor to the target UPE, the forwarded user downlink data must be delivered to PDCP processing with higher priority than the packets that arrive directly from the 3GPP anchor in order to maintain their original delivery order. The directly arriving packets must be buffered until all the pending forwarded packets are delivered.

In the uplink the eNB shall continue sending user PDCP PDUs to the Source UPE until the network commands it to release the resources for the user plane tunnel pointing to the Source UPE (in the step 13.). After this the eNB sends the user uplink data to the Target UPE that from now on takes care of processing user PDCP PDUs also in uplink. A seamless PDCP function continuation is not problematic in uplink as the user specific PDCP configuration including Security Keys and latest Header compression state already is available the Target UPE. The PDCP header in each uplink packet includes a Sequence Number that is used for decryption and de-compressing.

In the step 11 the MME gives indication to the Target UPE about successful tunnel switching that at the same time can be used as a permission to deliver the buffered packets that may have arrived from the 3GPP anchor. In this way the target UPE becomes aware that the user data flow via forwarding will stop and only some “in-transit” packet(s) may arrive.
2.3 UPE Relocation with seamless PDCP state transfer using outband signaling

The following example of a UPE Relocation procedure in LTE_ACTIVE is equal with the example in 2.1 except a seamless PDCP state transfer is supported by using User DL Data forwarding between the Source and the Target UPE and transferring the PDCP state in signaling via the MME.
Also in this scenario a Control Plane interface will not be needed between the UPEs as the required control message is relayed via the MME node. Even if two more messages will be needed, this alternative is seen to provide sufficient performance (slightly increased latency on u-plane). This proposal follows the principle of a clean split between the C- and U-plane interfaces.
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Figure 3: UPE Relocation with seamless PDCP state transfer using outband signaling
1. – 7. The steps are equal with the example described in 2.1 except that the Target UPE is prepared to receive forwarded User DL Data from the Source UPE. 

8. The MME sends the UPE Forward Command message to the Source UPE containing the Target UPE Info. Now the Target UPE shall retrieve the current PDCP state and starts forwarding User DL Data to the Target UPE without modifying the user payload.

9. In order to avoid C-plane interface between the UPEs the Source UPE shall send the PDCP synchronization info (e.g. counter values for HC and Ciphering) in the PDCP State Info message to the MME i.e. using outband signalling.

10. The MME shall forward the PDCP State Info message to the Target UPE. In this message the PDCP control moves seamlessly to the Target UPE. When both the the 1st forwarded DL user plane packet and PDCP State Info are available in the Target UPE, it can continue to process and deliver PDCP Data to the Source eNB using the newly established S1-u tunnel.

11. – 15. Steps are equal with steps 9 – 13 in the example described in 2.2.
Both proposals 2.2 and 2.3 provide instant move of PDCP control. Now only the target UPE shall continue processing PDCP in downlink after the forwarding command and the PDCP synchronization can be maintained reliably to the latest Sequence Number that was delivered in the Source UPE. Now even the user downlink packets arrive to the Target UPE in disorder from the 3GPP Anchor (forwarded and directly), it does not harm as finally the IP stack in the UE can make re-ordering at the IP layer and above (it should be noted here that in general the IP networks cannot guarantee in-sequence delivery).

3. Conclusions and Proposal
We propose to consider alternative 2.1 with PDCP hard switching as the solution for UPE relocations. This proposal is justified by the desire to keep LTE/SAE interfaces and node implementations simple, while still enabling adequate though not optimised performance in UPE relocation. Proposal in 2.1 is suggested to be captured either in RAN3 TR or attached in an LS to SA2 as the RAN3 preferred way forward in UPE relocation.
In case there was a compelling reason for a seamless UPE relocation, we propose to consider selection between the two presented seamless UPE relocation alternatives 2.2 and 2.3. Overall, the difference in the performance is not seen significant between the two alternatives.
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