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This paper compares the alternatives A, B and C with the help of Annex.H flow charts and the already mentioned pros and cons from previous meetings.
1 Discussion
Reasons for splitting MME from UPE were introduced in various contributions at last meeting, mainly: 
1) Independent MME and UPE scalability, independent design and product evolution
2) Optimization of the costs with centralized MME and cost-optimized UPEs closed to the radio 

3) Improved load sharing options
4) Consistent with one tunnel solution: smooth migration from legacy 3GPP to one tunnel, then to LTE/SAE (the function of MME is similar to the function of SGSNc in one tunnel solution)
5) Introduction of IMS enablers would only impact MME nodes, not UPE nodes 
Reasons for keeping MME and UPE combined were also introduced at last meeting, mainly: 

1) Less complicated, no new interface to specify, less delay to specify, less IOTs
2) No duplicated functions such as charging, lawful interception and security
3) No need to exchange information needed for these duplicated functions
4) Less security complexity and less issues than with MME/UPE split where there are 3 nodes dealing with security (ENB, MME, UPE)
5) Reduced signalling load and latency
The Annex-H flow charts are helping in providing additional information on:

1) Procedures that involve both MME and UPE: functional split between MME and UPE is beneficial only if most procedures involve one single entity. If all procedures involve both MME and UPE, it will have impacts on the performances of the system. 
2) Signalling delays: a strong requirement of SAE architecture is to minimize call setup delays, handover delays. 
3) Power Processing: another strong requirement for both performances and costs (dimensioning) is to minimize power processing.
In the Annex. H, that has been created to allow comparison between alternatives A, B and C, are described the main procedures:
· Attach procedure

· TA Update procedure

· Inter ENB handover procedure – active mode, intra-MME, intra-UPE
· Inter 3GPP handover – active mode

· Paging and Service Request

· PCRF triggered establishment of dedicated bearers 
· Inter-MME and Inter-UPE change

· Authentication and re-authentication

The following table gives an overview of the differences between the alternatives.

The most used procedures, therefore critical procedures that must be optimized, are in red colour.
	Procedure / Alternative
	A
	B
	C

	Criteria
	Involvement of MME vs UPE
	Nb of messages
	Involvement of MME vs UPE
	Nb of messages
	Involvement of MME vs UPE
	Nb of messages

	Attach procedure
	One node
	Reference
	Both
	MME-UPE: +2
Total: +3
	Both
	MME-UPE: +2

Total: +2

	TA Update procedure without MME or UPE change
	One node
	Reference
	Both at key change, RA change
	MME-UPE: +2

Total: +2
	Both at key change, RA change
	MME-UPE: +2

Total: +2

	Inter ENB handover procedure – active mode, intra-MME, intra-UPE
	One node
	Reference
	Both
	MME-UPE: +2

Total: +2
	Only UPE
	Same as reference

	Inter 3GPP handover – active mode
	One node
	Reference
	Both
	MME-UPE: +2

Total: +3
	Both 
	MME-UPE: +2

Total: +2

	Paging and Service Request
	One node
	Reference
	Both
	MME-UPE: +4

Total: +4
	Both
	MME-UPE: +3

Total: +3

	PCRF triggered establishment of dedicated bearers
	One node
	Reference
	Both
	MME-UPE: +3

Total: +3
	Only UPE
	Same as reference

	Inter-MME and Inter-UPE change
	One node
	Reference
	Both
	MME-UPE: +4

Total: +4
	Both
	MME-UPE: +4

Total: +4

	Authentication and re-authentication
	One node
	Reference
	Both
	MME-UPE: +2 (at least)

Total: +2 (at least)
	Both
	MME-UPE: +2 (at least)

Total: +2 (at least)


This table shows:

a) that alternative B is the worth one: all procedures involve both MME and UPE, and the number of messages is always increased by 2 to 4.
Moreover, in critical procedures that happen very frequently, such as inter-ENB handovers, both MME and UPE are involved; this has very bad consequences on 
- signalling load mainly between MME and UPE
- processing power, as the two nodes are always involved at application layer (it is not a simple transport layer relay!)
- setup and handover delays

b) that alternative C provides a better repartition of the functions, that leads to an involvement of either MME or UPE only in critical procedures. 


c) that alternative A is far the most optimized with regards to signalling load, setup and handover delays and processing load.

2 Conclusions

Alternative B is in line with the One-Tunnel R7 option as MME has more or less the same functionality as a SGSNc, but OTS does not optimize the control plane: it only optimize the user plane. The real issue is not the user plane in most of the cases because the 3G-SGSN is a simple router and operates at layer 3 switching – the additional transfer delay is less than 100 microseconds. The real issue is the signalling plane delay for call setup, handovers, etc. 

And neither OTS nor alternative B solve this issue. On the contrary, alternative B adds between 2 and 4 additional messages in all the procedures. 
Moreover, alternative B always involve both MME and UPE entities in all the procedures. This mean that the two functions are really dependent and this type of split should be avoided. 
Alternative C provides a better functional repartition. This is clear when looking at the table since some procedures (at least the very frequent inter-ENB handover) only involve one single entity.

However, it involves both MME and UPE entities for Paging and Service Request, and TA Update, with increased processing and additional delays.

Moreover, the main reasons for MME-UPE split listed at the beginning of this paper are not proven:

· “Optimization of the costs with centralized MME and cost-optimized UPEs closed to the radio” is not guaranted since UPE is always involved in every procedure and has important duplicated functions (security, lawful interception, charging)

· “Consistent with one tunnel solution” is contrary to the SAE well-known requirements as seen above
And the other reasons are really second order optimisations. 
As we are designing a new architecture with strong requirements on signalling delays, signalling load and processing load (which impacts the cost of the system), alternative A (MME and UPE collocated) is strongly recommended.

However, if a split between MME and UPE is decided by the group, Alcatel strongly recommend alternative C against alternative B. 

3 Proposal

It is proposed to agree on selecting alternative A (combined MME-UPE) for the SAE architecture, at least for the first release.
If the group is not able to agree on alternative A, it is proposed to agree to remove alternative B (most signalling in MME) in the split case option.
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