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1. Introduction
S1 connectivity discussion can not be separated with MME/UPE separation issues and with Pool Area concept issues, because those issues are very closely related.

Although SA2 has not finished with their work on the detail of functional allocation between MME and UPE, in the last LS back from SA2 regarding MME/UPE separation, the following was stated.
The following working assumption has also been agreed in SA2: the S1 reference point shall enable MME and UPE separation and also deployment of a combined MME and UPE solution.
Furthermore, in TR23.883 explains MME and UPE highlevel function. It is described that MME will be responsible for all general NAS processing, i.e. TA handling, etc. and that UPE will be responsible for general U-plane handling, i.e. header compressing, ciphering, etc.

Since the MME/UPE separation issue is very closely related to Pool Area concept issue and S1 connectivity, separation of logical function between MME and UPE will also necessitate clarification of the impact in SAE pool area and S1 connectivity.

This document define, clarify and propose a concept of SAE Pool Area taking into account the functional separation of MME and UPE, and also the basic principle of S1 connectivity.
MME/UPE relocation as the result of the SAE Pool Area concept and S1 connectivity definition will be also clarified.

2. SAE pool area and MME/UPE pool
The following are basic principle of SAE pool area concept.
· MME Pool

· MME pool has geographical responsibility.

· This responsibility can not be substituted by other MME from other pool.

· MME pool is responsible for UE in LTE_IDLE in certain geographical area.

· MME pool has pre-established reliable TNL with all eNBs in certain geographical area.

· It is likely that several MME pools will exist inside a PLMN.

· UPE Pool

· UPE pool does not need to have any geographical responsibility.
· UPE selection for routing optimization and load balancing purposes within UPE pool shall be made as operator’s implementation matter.
As a result, MME pool is different from UPE pool, and SAE pool area is equal to MME pool. Figure 1 shows the relation between SAE pool area and MME/UPE pool.
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Fig.1 :The relation between SAE pool area and  MME, UPE pool.
3. Basic Principle of ‘S1 connectivity’
The following are basic principle of S1 connectivity.
· eNB will only be aware of its own geographically associated MME pool (and NOT UPE pool)
eNB will established a mesh RNL&TNL connection with all MME in the associated pool.
· Each MME will be aware of UPEs that are available.
· MME will choose an available UPE for a UE in a call-by-call manner.

· MME may choose UPE according to a pre-configured geographical location or to load condition of the UPE.

· The relation between MME pool and UPE pool or the selection algorithm of UPE by MME should be made as implementation matter.
· eNB will establish U-plane connection (SAE Access Bearer) with UPE according to the establishment instruction from MME. 
eNB is not aware of UPE pool: There is no associated relation between eNB and UPE. Hence, basically eNB is able to establish U-plane connection to any UPE that is designated by MME.
· As a result, S1-C connectivity change (MME relocation) does not always trigger S1-U connectivity change (UPE relocation). On the other work, it is possible to create a design where MME relocation is independent with UPE relocation. 

Figure 2 shows the awareness relation between eNB, MME and UPE.
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Fig.2: The awareness relation between eNB, MME and UPE
4. Discussion on mobility related issue: On relocation of MME/UPE for UE in LTE active
It is always assumed that in MME/UPE relocation process, both MME and UPE are relocated / changed to the other MME and UPE. It is also assumed that the frequency of the MME/UPE relocation is small, without any clarification how it can be done. 
Since the logical functionality of MME and UPE is different, relocation MME and UPE should also be considered separately. By specifying MME relocation and UPE relocation as independent occurrences, the frequency of MME relocation and the frequency of UPE relocation will also become independent.
From U-plane perspective, it was discussed several times in RAN3 that basically avoiding UPE relocation when UE in LTE_Active will bring an advantage such as U-plane data disruption can be avoided. 
When the frequency of MME relocation and the frequency of UPE relocation become independent, it will be purely 
operator’s implementation matter how configure UPE pool so that infrequent relocation can be realized.
From C-plane perspective, since basically eNB is connected in a mesh manner with all MMEs inside the geographically associated pool area, UE mobility from one eNB to another eNB which are not belong to the same geographical associated MME pool will trigger a relocation / change of MME.
However, DoCoMo still believes that both of the following alternatives for S1 connectivity between eNB and MME in relation to UE mobility need to be further studied.
1. Relocate MME to the new MME in MME pool where the new eNB is geographically associated.
2. Maintain the C-plane connection with the old MME

- via temporary SCTP connection

- via relay function from i.e. SUA
This issue will need further studies.
5. Conclusion and proposal
· SAE Pool Area and MME/UPE pool concept clarifies that ‘MME Pool’ should be differentiated with ‘UPE Pool’, and that SAE Pool Area refers to an MME pool.
· S1 Connectivity principle clarifies that 
- eNB will only be aware of its associated MME pool (and NOT UPE pool)
- MME will be aware of UPE to be chosen to handle U-plane processing in a call-by-call manner, and the selection algorithm should be made as implementation matter.
- eNB will establish U-plane connection (SAE Access Bearer) with UPE according to establishment instruction from MME
- as a result, S1-C connectivity change and S1-U connectivity change can be made independent. 
· Regarding the mobility related issue:

- The relocation of MME does not necessarily triggers the relocation of UPE. The two occurrences should be made independent to realized infrequence UPE relocation
- Alternatives for S1 connectivity between eNB and MME in relation to UE mobility need to be further studied.
It is proposed to agree and capture section 2 and 3 in the appropriate TR.
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