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1
Introduction

In the SAE agenda for SA2#53, the grouping and functional allocations of MME, UPE and Inter AS Anchor are listed. This furthermore includes intra LTE, inter MME/UPE mobility. This contribution discusses the inter MME/UPE mobility and provides a solution for the TR.
This contribution assumes that MME and UPE can be separated with an open interface between them.
2
Discussion

MME mobility

As agreed earlier, there will be a flex like S1-interface between BS and MME. The details are expected to be agreed on SA2 and RAN3.
In case of big networks and long-lasting attachments, it might not be feasible to keep the connection towards the Core Network control point during the entire lifetime of UE attachment. When a UE during time of its attachment moves far away from the original location, it would be more optimal to allow MME to be changed. In this case, the new MME would be selected from a different pool than the current one. Furthermore, there might be a need to change the control node (MME) due to current MME failure, congestion or load balancing. In these cases the new MME would be selected from the same pool as the previous one.

Iu/A/Gb-flex interface has been introduced on Release 5. This describes clear pool areas into which the CN nodes belong to. Similar principles could be designed for SAE as well, but possibly in a less mandating way, so that pool area configuration can be only guiding the possible reselection of MME, i.e. all BSs would be able to serve all MMEs as well.
Changing or relocating MME should not be so complex that it would not be feasible to do, and active mode MME relocation in principle does not have major difference from changing MME in idle mode. So, in addition to idle mode MME change, MME relocation is also proposed.
It should, however, be highlighted that when the configuration of flex-S1 is done in a proper way with pool areas big enough, MME change or relocation should be rare. It is also noted that on SAE/LTE, frequent moving between LTE-IDLE and LTE-ACTIVE is expected and users are not assumed to be staying on LTE-ACTIVE for a long period, so MME changes on LTE-IDLE state are expected to be slightly more common that MME relocations on LTE-ACTIVE mode.
UPE mobility
In this contribution, UPE is referred to as LTE specific anchor, not including 3GPP anchor functionality.

Relocating UPE in active mode would be challenging, as the PDCP endpoint would have to be moved in a synchronised way from the old UPE to the new one. For that kind of a handover to be efficient, an interface between UPEs would be required. Buffering and forwarding of the data traffic would be needed, and the relocation of the PDCP endpoints would need to be synchronised between the old and the new element, also suspending the traffic for a while until the new endpoint is ready. This is why it is proposed that the UPE is only changed in idle mode, as it then can be performed in a simple way.
3
Proposal

It is proposed to add another solution to chapter 7.15.:
**** Start of changes ****

7.15
Key Issue: Intra LTE-Access-System inter MME/UPE handover in the active mode
7.15.1
Description of Key Issue
This key issue is about whether it is advantageous to perform an inter-MME/UPE handover in case of an intra-LTE handover, and studies different solutions that can solve this problem.
NOTE:
This key issue partially overlaps with key issue Intra LTE-Access-System handover. It is intended to merge the two key issues once the key issue Intra LTE-Access-System handover is described in this TR.

NOTE:
Depending on the key issue of UP/CP separation, this key issue can be divided into inter-UPE handover and inter-MME handover.

7.15.2
Solution for key issue
7.15.2.1
Alternative 1

7.15.2.1.1
Description
This solution proposes to perform inter-MME/UPE handover in LTE_ACTIVE mode when:

-
a UE moves a significant distance from its current MME/UPE, and when

-
the active communications are not delay-sensitive.

Whether inter-MME/UPE handoffs for active UEs with delay-sensitive communications are desirable remains FFS.

Proposed Solution:

Inter-MME/UPE handoffs can be achieved through a common 'user plane anchor' as illustrated in Figure 7.15-1.
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Figure 7.15-1: Intra LTE-Access-System inter-UPE/MME handover
Possible approaches to handle inter-MME/UPE mobility in this solution can be Mobile IP, NETLMM, etc.

This solution proposes different handoff procedures depending on the type of communications active on the UE at the time of crossing a MME/UPE service area.

Procedure for UEs with non-delay sensitive communications (see Figure 7.15.2):

-
When the UE crosses a MME/UPE service area boundary, an inter-MME/UPE handover is performed. A new MME/UPE is selected in the new service area in the same way as in LTE_IDLE mode mobility. This type of mobility management is sufficient for terminals without delay sensitive communication requirements. Figure 7.15.2 illustrates how MME/UPE is re-selected for UEs with non delay-sensitive communication.
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Figure 7.15.2: MME/UPE selection for Active UE with non delay-sensitive traffic

Procedure for UEs with delay sensitive communications (see Figure 7.15-3):

-
When the UE crosses a MME/UPE service area boundary, the original MME/UPE is maintained and the handoff is performed to a LTE-RAN entity in the new service area. This is enabled by the S1-flex concept. Only when the UE goes into LTE_IDLE state, the UE re-registers with a MME/UPE in the new service area. As part of this process, a new MME/UPE is selected in the new service area. This type of mobility management is suitable for delay-sensitive communication (e.g., VoIP), since any perceivable disruption due to MME/UPE re-selection is avoided. Figure 7.15-3 illustrates how MME/UPE is re-selected for UEs with delay-sensitive communication.
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Figure 7.15-3: MME/UPE selection for an Active UE with delay-sensitive traffic

Since this alternative solution does not intend to change the signalling sequence for intra-LTE-Access-System inter-MME/UPE handover in LTE_ACTIVE mode, detailed signaling sequences are not provided.
NOTE:
This approach does not preclude that several MME/UPEs serve the same service area as discussed in the key issue on redundancy and load sharing.

7.15.2.1.2
Impact on the baseline CN Architecture

Editors Note:
It is FFS whether there is any particular impact.

7.15.2.1.3
Impact on the baseline RAN Architecture

Editors Note:
It is FFS whether there is any particular impact.

7.15.2.1.4
Impact on terminals used in the existing architecture
Editors Note:
It is FFS whether there is any particular terminal impact.

7.15.2.2
Alternative 2

7.15.2.2.1
General description
This solution describes a case in which MME and UPE are separate entities and an open interface is defined between them. Thus, MME mobility is considered independently of UPE mobility and vice versa. MME and UPE mobility can be performed based on different criteria.
7.15.2.2.2
Inter MME mobility

A similar principle to Release 5 Iu/A/Gb-flex concept defining pool areas for MMEs can be used as guidance when making MME handover decision. When a UE crosses the boundary of a pool area and the connection would be better served by an MME from a different pool than the previous one, inter MME handover can be made due to mobility. Furthermore, s similar MME handover procedure can be performed in case of MME failure, congestion or load sharing.
The new MME is selected from the pool of MMEs by the BS in an implementation dependent way. The selection method is similar to MME selection when establishing the initial connection for a UE.
In the following figure, it is shown how MME handover takes place due to mobility, following inter BS handover. In the following case, the new MME would be selected from a new pool area.

A similar procedure can be performed due to other triggers as well as listed above (e.g., node failure, congestion or load sharing). On those cases, the new MME would be selected from the same pool as the previous one.
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Figure x. Inter MME relocation following inter BS handover
In the figure also the inter BS handover has been presented in italic for clarity.
Before the handover, data flows via UPE - source eNB - UE.

1. UE sends Measurement Report to the source eNB. Source eNB makes decision to move UE to target eNB.

2. Source eNB sends UE RAN Context towards the target eNB. The target eNB stores the context and allocates C-RNTI.

3. Target eNB confirms context transfer to the source eNB, and includes the C-RNTI in the confirm message.

4. Source eNB sends Handover Command to the UE, including the target cell id and C-RNTI. Source eNB starts to forward DL user data towards the target eNB. Target eNB buffers the packets until the new radio link is established.

5. When the UE receives Handover Command, it detaches from the old cell and establishes L1 connectivity to the target cell under the target eNB. This is the point of no return of the handover procedure from the UE point of view. The UE then sends Handover Confirm to the target eNB, including C-RNTI.

6. Target eNB sends Handover Completed message to the source eNB, incidating that the UE has changed cell. The source eNB keeps forwarding any received DL data until a timer expires and source eNB releases all resources related to the UE.

7 & 8. Receiving Handover Confirm triggers user plane updating from the target eNB towards the UPE. The target eNB receives UPE control plane address with the UE RAN context from the source eNB. On Change Mapping message, target eNB includes its own tunnel endpoint information, i.e. TEID and IP address related to the tunnel. If a new MME is selected for the UE (see the next paragraph), the new MME control plane address is also included in the message.
The eNB detects that it would be more optimal to select a new MME based on configuration and e.g. load sharing or other real time information. (The eNB might utilise an external server to detect network situation in real time.) The new MME address is also included in the Change Mapping message for the UPE to know.
eNB selects a new MME in an implementation dependent way. It then sends Relocation Indication message, including UE permanent id, towards the selected new MME.

9. The new MME sends a Relocation Indication message to the old MME to request user context. The message includes UE permanent identity (IMSI).

10.-11. After UPE received the Change Mapping message from the target eNB at step 7, it updated user plane tunnel with the information received in the message. After that, it acknowledges the mapping change to the target eNB by sending Change Mapping Acknowledge message, including its own tunnel endpoint information. After that, it also notifies the old MME about the received change by sending a U-Plane Notification message, that includes the UE permanent identity.

12. After the old MME has received indications from both UPE and new MME, it sends an acknowledgedment to the new MME, including the UE context data. This indicates to the new MME that it can start acting as the currently serving MME for that UE.

13. After receiving acknowledgement message from the old MME, the new MME takes the serving MME role and acknowledges the handover towards the target eNB.
7.15.2.2.2
Inter UPE mobility

To avoid complex PDCP endpoint relocation and inter UPE interface, UPE shall only be changed in idle mode.
7.15.2.x
Alternative x

**** End of changes ****
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