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1. Introduction

Redundancy and load sharing is an efficient way to achieve reliability, avoid single point of failure and improve resource efficiency by more entities performing the same functions. S1-flex is the concept that multiple LTE-RAN entities can be connected to multiple MME/UPEs via the transport network and terminals in the same LTE-RAN entity can be connected to different MME/UPE and terminals in different LTE-RAN entity can be connected to the same MME/UPE, which is similar with the concept of Iu-flex defined in TS 23.236. The area, where the MME/UPEs serve in parallel, is called MME/UPE pool area or service area. And terminals roaming within the same service area commonly have no need to change the serving MME/UPE so as to save signaling and avoid the disruption of service.
However, in some exceptional situations, without changing the serving MME/UPE may do more harm. In this contribution, we will analyse the situations and propose to take the exceptions into account. 

2. Discussion
2.1      Network Redundancy and Load-sharing – Admission control
S1-felx concept is defined in the section 7.16 of TR 23.882. Due to the connection of one LTE-RAN entity to multiple MME/UPEs, if one MME/UPE or the link between the MME/UPE and LTE-RAN entity is highly burdened, the newcomer terminal may be admitted to another MME/UPE instead of the highly burdened MME/UPE, which can be compared to the admission control. The selection of MME/UPE can be decided by LTE-RAN entity and the detailed algorithm is FFS. 
2.2 Network Redundancy and Load-sharing – Congestion control
Once one MME/UPE in the pool is selected as the serving MME/UPE for a terminal, commonly it would not be changed during the movement of the terminal in the same service area so that the extra signalling and disruption of service can be avoided. While in some exceptional situations as the following, it could be better if the serving MME/UPE is changed.
· O&M reasons
Serving MME/UPE can not be used for a certain time because of the O&M reasons such as upgrade or overhaul.

· Serving MME/UPE is congested
Generally, according to the principle of the load sharing and admission control, the terminals are distributed to the MME/UPEs in the pool. It is not regular for MME/UPE to be congested, while we can not exclude the situation. For example, between the two MME/UPEs, there are lots of terminal attached and only few of them are in active state in one MME/UPE, while there are less terminals attached but most of them are active in another one, newcomer terminals maybe select the former to attach according to the load sharing algorithm. As the idle terminals turn to active, the former MME/UPE would be congested because terminals always select the attached MME/UPE to initiate service.
· The link between serving MME/UPE and LTE-RAN entity is congested (maybe due to the mobility of the terminal)
There is an IP link between MME/UPE and LTE-RAN entity and the link may be congested especially in the delay sensitive communications case described in section 7.15.2.1.1 of TR 23.882 in which the link between the serving MME/UPE and the LTE-RAN entity may be too long.
In the exceptional situations, if the serving MME/UPE could be relocated to another MME/UPE with a connection to the LTE-RAN entity which is kept unchanged for the active terminal, that just can be compared to the congestion control or load balance and the procedure is similar with the UE not involved SRNS relocation.
So we bring forth a scenario of MME/UPE relocation with LTE-RAN entity unchanged as illustrated in the following.


[image: image1]
Figure 1 : MME/UPE relocation

The above figure illustrates a relocation scenario in some exceptional situations. Serving MME/UPE may be relocated to another MME/UPE in the same pool or different pool with LTE-RAN entity changed or unchanged. In the LTE-RAN entity changed case, MME/UPE relocation happens along with handover. The details are FFS. As for the dormant terminals, re-attachment procedure could be applied.
3. Conclusion

In this contribution we have analyzed some exceptional situations and added a scenario of MME/UPE relocation with LTE-RAN entity changed or unchanged as a supplementary of S1-flex. The contribution does not exclude the separation of MME/UPE. It is proposed to add the scenario into the “S1-flex Concept” in the TR 23.882 like the following text proposal.
4. Proposal for TR 23.882
The following changes are proposed to the section 7.15.2.1.1:

**** Start of 1st set of changes ****

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. The procedure is called UE involved MME/UPE relocation.
[image: image3.emf] 

LTE  -  RAN  

Entity 1  

LTE  -  RAN  

Entity 2  

LTE  -  RAN  

Entity 3  

MME/UPE   MME/UPE  

I.AS Anchor   I.AS Ancho r  

LTE  -  RAN  

Entity 4  

LTE  -  RAN  

Entity 5  

MME/UPE  

MME/UPE   Service Area 1  

UE1   UE1   UE1   UE1   UE1  

MME/UPE   Service Area 2  

S1 - flex  


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. When the UE goes into LTE_IDLE state, the UE re-registers with a MME/UPE in the new service area. And in case of exceptions such as original MME/UPE is highly burdened, MME/UPE could be relocated with the LTE-RAN entity unchanged or changed. 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.
**** End of 1st set of changes ****

The following changes are proposed to the section 7.16.3.2:

**** Start of 2nd set of changes ****

7.16.3.2
Assumptions on S1-flex concept

The following assumptions are taken regarding the S1-flex configuration:

1.
There is a multi-to-multi relationship between the E-UTRAN and MME / UPEs in SAE / LTE, meaning one node in eUTRAN can communicate with different MME / UPEs and vice versa.

2.
One terminal can only be assigned to one MME at a time.

3.
The MME / UPE will be assigned to the terminal during attach to the network, and the MME / UPE will be changed under some exceptional situations when the terminal still stays in the serving area of that MME / UPE.

**** End of 2nd set of changes ****
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