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1. Introduction
During the past several meetings, the issue of MME/UPE separation has been discussed in SA2 and RANWGs [1-9]. In this document, we study the pros and cons of combined and separate MME/UPE. Considerations for combined MME/UPE based on mobility management perspectives is presented in Section 2.3

2. Discussion

There have been several documents in the previous meetings that discuss the pros and cons of combined MME/UPE and split MME and UPE [1-9]. The advantages and disadvantages of combined MME and UPE have been listed in Sections 2.1 and analyzed in Section 2.2.

2.1 Advantages and Disadvantages of Combined MME/UPE

Pros:

1. No need for an additional node and hence, no new interface and standardization impact 
2. Reduced Signalling in the Core Network

3. Reduced Complexity during call set up and handovers

4. Reduced handover latency 

5. Reduced network attachment latency
6. No duplicated functionalities
7. Synchronized mobility status 

8. Easy system management

Cons:
1. Reduced flexibility for load sharing and independent scalability 

2. Lack of or less support for multi-vendor scenarios 

3. Cannot have UP/CP separation
4. More user plane latency

5. Increased implementation effort 

6. Inter MME handover may result in L3 handover depending on functional allocation
2.2 Analysis of Disadvantages of combined MME and UPE

In this section, each argument in the list of disadvantages of combined MME and UPE is revisited. 

Cons:

 1. Additional complexity for support of simultaneous access to both public and corporate premises 

- Although the UE related information (security, charging, etc.) is better to be protected in the safer location out of corporate premises, this argument is not so critical, because UE is assigned only one MME and UPE at one point of time. This is also dependent on the solution for access to multiple PDNs (it may be the split will be neutral to this feature).

2. Reduced flexibility for load sharing and independent scalability
    - Due to S1-flex, load sharing can be supported without splitting MME and UPE. Likewise single point of failure can be avoided. 

- Considering that UPEs are to be connected to the eNBs via tunnelling protocols such as GTP or proxy Mobile IP, the scarce resource in a UPE could be the TEIDs as well as the memory capacity. Thus the dimensioning of UPE will have to be dependent on the number of UEs and independent scalability may not be possible. If we combine MME and UPE, the admission control is done by one entity which can take both memory capacity as well as other resources dependent on the number of UEs into account. This can be the more optimised solution.

3. Lack of or less support for multi-vendor scenarios

- Multivendor procurement is allowed over the open interfaces, and of course not between UPE and MME if there is no open interface between them.

4. Cannot have UP/CP separation
- There are lots of systems which do not separate UP/CP clearly out in the market, e.g., WiFi, WiMax, etc. Thus the separation of UP and CP in its protocol level is no longer important.

5. More user plane latency

- In [1], three architectures (a. MME and UPE/Anchor, b. MME/UPE and Anchor, c. MME/UPE/Anchor) are compared. It is argued that architecture c will have to have 3 UP nodes if it cannot access to all the PDNs. Considering the PDN selection is nothing but some filtering, we can safely assume that default Anchor can access to all the PDNs. Moreover, even if it cannot, MME/UPE can be relocated to serve different PDNs, which allows 2 nodes in the UP. Thus, this argument seems not valid. Further, if MME and UPE are split and a single UPE is maintained for the entire duration of a session, then when a UE hands over to an ENB ``far away’’ from a UPE, then it increases the user plane latency although there are only two SAE/LTE nodes in the user plane. 

6. Increased implementation effort
- In our experience, the reduction of implementation effort by separating UP and CP nodes is not true. On the contrary, additional protocol between UP and CP nodes and harmonisation between them adds quite a lot of burden in developing the system. 

7. Inter MME/UPE handover may result in L3 handover depending on functional allocation
- This can be managed by the target ENB choosing the old MME/UPE during the active handover and change of MME/UPE (and hence L3 procedures) being performed in Idle mode. Alternatively, If proxy MIP / NETLMM solution is chosen for MME/UPE relocation in the active mode, the HO will be transparent to UE and below User IP layer.
Considering the above analysis, the argument for separation is not so strong. On the other hand, we think that the additional complexity and standardisation effort due to additional interface will impede the LTE/SAE deployment. 

2.3 Combined MME/UPE based on Mobility Management Perspective

It was already mentioned in Section 2.1 that combined MME/UPE results in lesser HO interruption time and better HO synchronization. Another important perspective is mobility management for handover to Non 3GPP access systems. It has been agreed that handover procedures between SAE/LTE and Non 3GPP access systems shall be performed using IP based mobility management protocols. However, it is also essential to consider the means to provide backward handover for Non 3GPP access systems. One of the means to provide seamless mobility would be to have simultaneous access or parallel radios. However, it may not be possible to provide simultaneous access in all situations or for all non 3GPP access systems. In such cases, alternative means for backward handover needs to be considered. 

The backward handover procedure needs to take into account optimization of the authentication and authorization procedures as well as reservation of resources prior to the handover.  Optimization of security and authentication procedures involves interactions with the MME while optimizations to MIP procedures (e. g., FMIP) involve interactions with the UPE. Also, PCC related message transfers involve interactions with the UPE. It would therefore then be advantageous to have a single node, i. e., a combined MME and UPE since otherwise, the HO optimization procedures and provision of backward handover would be very complex.

3. Conclusion

In section 2, we have analysed the pros and cons of splitting MME and UPE. It seems the argument for the separation is not so strong. On the other hand, it seems that the additional complexity and standardisation effort due to additional interface will impede the LTE/SAE deployment. Also having a combined MME/UPE enables ease of provisioning of backward handover and handover optimizations. Thus we propose the group to take the combined MME/UPE architecture as a working assumption. 

Text proposal for TR23.882 is available in the Appendix.
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Appendix: Text proposal for TR23.882

7.11.2
Solution for Key Issue - grouping of the functions
7.11.2.1
Allocation of evolved packet core functions to UPE, MME and Inter-AS Anchor

The below non-exhaustive lists present the allocation of evolved packet core functions to logical entities, for the purposes of comparing the grouping alternatives. This does not preclude solution alternatives that co-locate one or more of the logical entities. Depending on the deployment and roaming scenarios, some of these functions might be optional.

The UPE consists of the following functions:

-
Packet routing and forwarding;
-
Depending on solution: allocation of a local IP address from the UPE address space for use by mobility mechanisms;
-
FFS: Policy and Charging Enforcement Function (PCEF) based on TS 23.203 for roaming scenarios;
-
Depending on solution: Policy and Charging Enforcement Function (PCEF) based on TS 23.203 for route optimisation scenarios;
-
Depending on solution: Collection of Charging Information for online or offline charging systems for roaming with Inter-AS Anchor in HPLMN;
-
Depending on solution: Collection of Charging Information for online or offline charging systems when route optimisation is applied;
-
Ciphering termination for user plane traffic;
-
IP Header compression;
-
Lawful interception of user plane traffic;
-
Inter-eNodeB Mobility Anchor for user plane;
-
Depending on solution: inter-3GPP access system Mobility Anchor;
-
Trigger/initiation of paging when downlink data arrive for the UE in LTE_IDLE state.
The MME consists of the following functions. 

-
Management and storage of UE control plane context;
-
Mobility management;
-
Authentication, authorization (PLMN, TA) and key management;
-
Lawful interception of signaling;

-
Ciphering/integrity termination for signaling;

-
Management and allocation of temporary user identities;

-
Depending on solution: control plane function for inter-3GPP access system mobility.

The Inter-AS Anchor consists of the following functions.:

-
Packet routing and forwarding;
-
Depending on solution: Authentication, authorization and key management, for mobility management signaling or for PDN access control;
-
Policy and Charging Enforcement Function (PCEF) based on TS 23.203;
-
Collection of Charging Information for online or offline charging systems;
-
Mobility Anchor for mobility between 3GPP accesses and non 3GPP accesses;
-
Gateway functionality to PDN including IP address allocation from PDN address space;

-
Depending on solution: inter-3GPP access system Mobility Anchor.
MME and UPE are combined into one node.
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