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Abstract of the contribution:

In order to enable early MME relocation for idle mode mobility easily, it is proposed that intra-MME tracking area update procedure (with redirection to other MME in adjacent pool) should be specified in TS23.401.
1. Introduction

Assuming that SAE-GW relocation can only be performed in idle mode, early SAE-GW relocation in overlapping pool areas has been proposed in [1], as a means to avoid interruption of communication when UE is triggering a call close to the border of its pool area, and then makes a handover across that border.

The present contribution proposes an extension of the initial intention of [1], so as to let MME decide and realise an early MME relocation when UE is located in overlapping MME pool areas and moving to the border of the pool area of its serving MME. It also shows that the reporting by UE of the list of visited TAs at the time of TAU procedure [2]
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[3], provides enough information to let MME decide whether UE is moving towards the border of the MME pool area, and trigger this early MME relocation.

As a consequence, it is proposed that intra-MME TAU with early MME relocation procedure should be specified in TS23.401 [4].
2. Discussion

It has been highlighted in [1] that early serving SAE-GW relocation could bring a benefit when an UE being close to the edge of pool areas initiates or receives a communication since it can avoid forced relocation of its serving SAE-GW. Under the same scenario, we think early MME relocation might be also beneficial for idle mode mobility so as to avoid forced MME relocations when UE leaves, during its communication, the MME pool area of its serving MME. 
In [1], it is mentioned that early SAE-GW relocation could be performed at the time of normal MME relocation, prior to the establishment of the call. However, under the envisaged scenario, it is likely that the borders of the MME and SAE-GW pool areas will be collocated, and that MME and SAE-GW relocations would have occurred simultaneously anyway, reducing to a large extend the expected benefits of the promising early relocation concept. At this stage, it is still unclear when and who should trigger the early serving MME/SAE-GW relocation.

As shown in the following figure, therefore we assume the following principle of early MME/SAE-GW relocation.
a) UE triggers a TAU procedure when it enters a cell that does not belong to its assigned list of tracking areas

b) Serving MME detects that (i) UE is located in the overlapping part of the pool area of its serving MME with another pool area, and that (ii) UE is likely going to leave its pool area as it will soon have to perform another TAU procedure in the other pool area.

c) Serving MME then triggers an early relocation procedure, with transfer of the UE context to one other MME of the destination pool area. The new MME determines the new S-TMSI and a new TA list to be assigned to the UE, which are signalled back to the UE. New MME might also trigger an SAE-GW relocation in case the UE is also going through the border of its SAE-GW pool area. New MME replaces the old MME in all the signalling procedures.

d) If the early-relocated UE then triggers a communication and moves across the border of the pool area of its initial MME, it needs not perform MME relocation when in active mode.
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Figure 1: Example of early MME relocation
The above concept is fine and can effectively reduce the number of MME/SAE-GW relocations for UE in active mode, provided that serving MME can effectively

(i) determine that UE is likely to move outside its MME pool area, 
(ii) identify which is the other pool area the UE is heading to, and 
(iii) identify one MME in the other pool as the candidate to serve the UE.

As proposed in [2]
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[3], if at TAU procedure, UE reports the list of TA the UE has visited since the last TAU procedure, Serving MME can interpret the UE trajectory and determine a velocity estimate, as well as the list of TAs in which the UE will likely be located in the future. The future location is usually used by serving MME to select properly the most likely future TAs in which the UE can be located, as the contents of the TA list to be assigned to the UE at the end of the TAU procedure.
What we propose in this contribution is that the reported list of last visited TA can also be used by MME to
(i) determine the likelihood that UE is heading to the outside of its pool area, and
(ii) identity the other pool area from the analysis of the determined likely future TAs.

Also, we propose that Old MME provides the reported list of last visited TAs to the new MME in the early relocation request message. Indeed, new MME can use such list to determine the newly assigned TA list, and the newly assigned TA list is signalled back to UE, e.g. via the Old MME.
3. Proposal
As the reporting of list of last visited tracking areas was shown beneficial to mobility management procedures in idle mode, and while it was also shown to bring beneficial to support the early MME relocation described in this contribution, we propose to add inter-MME Tracking Area Update with early MME redirection procedure of TS23.401 [4] as follows:
Start of Change

5.3.3
Tracking Area Update procedures

*** No related subsections are omitted ***
5.3.3.4
Intra-MME Tracking Area Update with early MME relocation procedure
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Figure 5.3.3.4-1: Intra-Tracking Area Update with early MME relocation procedure
1.
The UE detects a change to a new TA by discovering that its current TA is not in the list of TAs that the UE registered with the network.

2.
The UE initiates the TAU procedure by sending a TAU Request (S‑TMSI and list of old TAIs, Selected Network) message to the eNodeB. The S‑TMSI and the list of old TAIs associated with S‑TMSI shall be inclusded. Selected Network indicates the network that is selected. The list of last old TAIs indicates the history of TAs through which the UE successively passed since the last completed TAU procedure.

3.
The eNodeB derives the MME from the S-TMSI and from the indicated Selected Network. If no MME can be derived the eNodeB selects an MME.


The eNodeB forwards the TAU Request message together with an indication of the Cell Global Identity of the cell from where it received the message to the serving MME.

4.
If the serving MME decides early MME relocation, it sends an Early Relocation Request (old S‑TMSI, list of old TAIs,) to the candidate MME so as to request the early MME relocation. The serving MME decides the early MME relocation and the the candidate MME from the list of old TAIs.
5.
The candidate MME responds with an Early Relocation Response (Relocation context (e.g. a new TA list and new S-TMSI). If the candidate MME does not allow the request of early MME relocation, it responds with an appropriate error cause.

6.
The MME sends a TAU Accept (new S‑TMSI, TA list) message to the UE. S‑TMSI is included if the MME allocates a new S‑TMSI.

7
If S‑TMSI was changed, the UE acknowledges the received S-TMSI by returning a TAU Complete message to the candidate MME.

8
The eNodeB derives the new MME from the new S-TMSI and from the indicated Selected Network.

9
In case of early MME relocation, the candidate MME sends an early Relocation Complete message (Old S-TMSI) to the old MME so as to inform completion of early MME relocation.

End of Change
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