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1
Introduction

Currently in 3GPP TR 23.882 v1.6.1 Annex H there are two different solutions to support a standardized split of the MME and UPE (alternative B and alternative C). The two solutions are characterized in a function allocation table in Annex H. The main differences shown in the table is the SAE Bearer management handling and the LI of Signalling traffic. This contribution further analyses the differences between the two solutions and proposes that alternative B should be adopted as a working assumption for further work on the MME / UPE separation. 
The main arguments for adopting alternative B is that it offers a more clean UP / CP split over S1 which will have significant benefits with regards to S1 multi-to-multi configuration and operation since the eNBs only need to have signalling associations with the MMEs. 
Additionally since the UPE configuration is not seen in the eNB, alternative B also offers more flexibility when deploying UPEs both with regards to node size, pool size and network topology. For example in alternative B it would be possible to deploy few MMEs and many UPEs without increasing the configuration burden over S1, while in alternative A and C many user plane nodes will lead to many eNB - UPE signalling associations. Having no eNB - UPE signalling associations is also beneficial if independent MME and UPE pool sizes is introduced as suggested in [1], since it would make it possible to deploy one large UPE pool areas with multiple smaller MME pool areas without any additional configuration burden over S1 and in the LTE RAN.
Alternative C also introduces extra complexity for operators choosing to co-locate the MME/UPE (as in alternative A) since it would be require to configure dual control plane stacks (signalling association) over S1, leading to additional complexity.
Since the functional allocation between the MME and UPE impacts the design of the S1 interface and protocols it is beneficial if this topic can be concluded on the SA2#56 meeting in order not to block the progress on the LTE WI in RAN3. 
2
Overview of the two alternatives
2.1
 Alternative B
In alternative B all the UE NAS signalling and S1 signalling is terminated in the MME, the MME selects and controls the UPE (/ SAE GW). The MME performs typical functions like NAS signalling, S1 tunnelling/bearer management, paging, mobility management (e.g. tracking area updates, inter-RAT handover) and security functions.

The UPE processes the end user data and perform functions like ciphering / header compression while the SAE GW performs charging, policing, lawful intercept etc. Some of this functionality will be possible to perform both in the visited and the home network. The SAE GW are also involved in the bearer management e.g. triggering the set-up of SAE bearers for a given UE based on information from the PCRF and / or other information.
Note that even though it is agreed in [6] that for intra-UPE handovers without MME change the control for eNB to UPE tunnel movement occurs directly between the eNB and UPE without passing through the MME, this itself does not require a pre-established signalling association to be set up between the eNB and the UPE. For intra-UPE handovers without MME change, a direct in-band signalling can be used from the eNB to the UPE to achieve fast update of the user plane routing. This can be combined with the use of the eNB-MME signalling to reliably finalize the intra-LTE handover procedure.  
2.2. Alternative C (As described in [4], [5] and Annex H of 23.882)
In alternative C the MME has a direct S1 control connection to the eNB for UEs that are in LTE_IDLE, but as soon as the UE enters LTE_ACTIVE there is a new S1 control plane connection setup between the eNB and UPE, any NAS messages between the UE and MME is in LTE_ACTIVE relayed over the S1 connection and UPE – MME connection. Dual control plane stacks and signalling associations is required over S1. 
Other than the NAS signalling relay functions the UPE (/ IASA) in alternative C is performing similar functions as in alternative B.
3
Comparison alternative B and C
3.1
Advantages with alternative B

The following advantages are seen with alternative B compared to alternative C:

Easier S1 / eNB configuration

· Only the MME-eNB control plane relations are needed, UPEs can by the eNBs be treated as simple user data tunnel endpoints (meaning that they are not really seen in the eNBs)

· Clean UP / CP separation over S1 and no control interface between eNB and UPE simplifies both standardization and interoperability testing, which in turn simplifies the eNB  and UPE release/feature management

· The number of UPEs and the UPE size (and the UPE pool area size) does not affect the RAN configuration

· Easier UPE maintenance (the addition/removal of UPEs is transparent to then the eNB)
Only one single master node (i.e. the MME) controlling both eNB and UPE for both Idle and Active UEs

· No need to switch corresponding node depending on UE state leading to extra complexities

· Improved control by co-locating functions like UPE selection, mobility control, authentication, authorization, UE signaling etc. which makes it easier to support inter-RAT mobility, roaming restrictions, security configuration, NAS/S1 interactions, lawful intercept … 

Other benefits

· Easy to separate signaling and data over S1 for different transport QoS treatment and security

· Similar functional division as GPRS OTS
3.2
Performance

Both solutions will most likely have the same end user performance. It is correct that option B will probably add some short delay (~ 5 ms) to the bearer establishment compared to option C (with a UPE close to the eNB). This should however not have any significant impacts to the end user performance, because;
a)    The bearer establishment delay is just a small part of the overall latency during e.g. a call setup. The DRX time (e.g. 500 ms), Idle->Active state transition (e.g. 50 ms) and end user interactions (answering the call) will take much longer time.
b)    For some Non-GBR services it is also possible to utilize pre-establish bearers without it really costing any radio / transport resources. This means that the bearer can be use immediately when user data starts arriving.
The potential extra state transition delay in alternative C due to having separate control plane procedures first to the MME and then to the UPE should probably be very short. 

Similarly the potential extra handover switching signaling (of informing the MME of the UP switching) in alternative B should be very short and will not affect end user interruption since eNB signals the tunnel movement towards UPE in parallel or prior to signaling towards MME. The eNB switching signaling should not require any significant processing in the MME
4 Conclusion and Proposal
Alternative C leads to more complexity than alternative B without providing any significant advantages. It is therefore proposed to adopt a working assumption to use alternative B for MME / UPE separation and remove alternative C from further consideration. Relevant updates can be made to 23.882 to reflect this new working assumption. 
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