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Abstract of the contribution:

We compare MME separation option B and C from a number of aspects, and propose to adopt B as the option of choice.
Introduction
23.882 annex H includes both option B and option C with a standardized interface between the MME and the user plane node. We first briefly summarize option B and C, and then makes a comprehensive comparison between the two options. The comparison is subsequently summarized in a table; finally the conclusions are drawn. 
For the purposes of this contribution, we use the notation UPE/SAE GW to denote the user plane node above eNodeB. 
Overview of Option B

In alternative B all the UE NAS signalling and S1 control plane signalling is terminated in the MME, the MME selects and controls the UPE/SAE GW. The MME performs typical functions like termination of NAS signalling, S1 tunnelling/bearer management, paging, mobility management (e.g. tracking area updates, inter-RAT handover) and security functions.

The UPE/SAE GW processes the end user data and perform functions like ciphering / header compression, charging, policing, lawful intercept etc. Some of this functionality will be possible to perform both in the visited and the home network. The UPE/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.

Overview of Option C

In option C the MME has limited involvement in the signalling procedures compared to option B: it does not store bearer information, implying that bearer setup is performed directly over a signalling connection between the UPE and the eNodeB. This solution requires dual control plane stacks and signalling associations over S1. In some procedures such as in the case of service request and paging, the MME needs to signal to the eNodeBs via the UPE/SAE GW. For intra-LTE mobility, the MME has only tracking area granularity location information from the UE even in active mode. 
Comparison between option B and option C
S1 signalling connectivity in the eNB
For option B only the MME-eNB control plane relations are needed, UPE/SAE GWs can by the eNBs be treated as simple user data tunnel endpoints, meaning that they are not really seen in the eNBs. Option C, on the other hand, requires a signalling connectivity between the eNB and the UPE/SAE GW. This means that an eNB needs to set up and manage signalling connections to both the MME and the UPE/SAE GW, resulting in additional complexity in the eNB. Note that the number of UPE/SAE GW nodes can be significantly higher than the number of MME nodes, since UPE/SAE GW nodes can be distributed closer to the eNBs. This means that the number of signalling connections to be managed by an eNB would be significantly higher with option C than with option B. 
Note that with option C it becomes necessary to add optimizations to limit the number of signalling connections on the eNB-UPE/SAE GW interface. Specifically, it will become necessary to avoid setting up an eNB-UPE/SAE GW signalling relationship when there are no UEs using that signalling path, and only set up the signalling connectivity on demand. Unfortunately such additional optimizations increase the system complexity, require additional interoperability testing, and add delay to the idle to active transition procedure which is time-critical. 
S1 signalling connectivity in the UPE/SAE GW
Option C requires the UPE/SAE GW to maintain signalling connections to potentially thousands of eNBs. This can be a burden to the UPE/SAE GW node since it is optimized for user plane. Consequently, for option C the scalability of the UPE/SAE GW is limited by signalling constrains, and the number of UPE/SAE GW relocations may become more frequent. Option B keeps the independent scalability of the MME node (scales depending on signalling capability) and the UPE/SAE GW node (scales depending on user plane load). 
Transport network impact

As a further consequence of the signalling connectivity between eNodeB and UPE/SAE GW for option C, the differentiated quality of service for signalling transport has to be provided also between the eNodeB and UPE/SAE GW, making the transport network dimensioning more complex. 
In the case of option B, the transport network QoS dimensioning is further simplified in typical deployments with the MME nodes located at central sites, making it possible to provide dedicated paths for the signalling being separate from the user plane paths, e.g., based on the MME address ranges. 
UPE/SAE GW maintenance
When a new UPE/SAE GW is added to the core network or removed for maintenance, option C requires additional configuration in the RAN such that the affected eNBs need to be aware of a change in the core network. Option B does not require such configuration, hence it makes UPE/SAE GW maintenance easier for the operator. 
UPE/SAE GW pool area scalability
Since option B only requires IP connectivity between the eNB and UPE/SAE GW without any additional signalling configuration, it allows operators to deploy large UPE/SAE GW pool areas with many UPE/SAE GW nodes covering a large geographical area, potentially spanning geographical/administrative regions and/or the whole network if needed (see S2-070115 at SA2#56). On the other hand, option C implies that operators can be limited by restrictions in the eNB and UPE/SAE GW implementation for the UPE/SAE GW pool area deployment. Hence option C implies smaller UPE/SAE GW pool areas and the configuration and management of the UPE/SAE GW pools themselves. 
Number of relocation procedures

Due to the high UPE/SAE GW pool area scalability of option B, it becomes possible to avoid a UPE/SAE GW-only relocation procedure without relocating the MME (S2-070115). Option C has less flexibility in UPE/SAE GW pool areas, and would require a UPE/SAE GW-only relocation procedure as well, both in active and idle mode. 
Note also that since we cannot assume that all potential eNB-UPE/SAE GW signalling associations are pre-established with option C, it is also expected that this signalling association may need to be established dynamically as part of the relocation procedure. Hence, this will imply sub-options in all UPE/SAE GW relocation procedures depending whether or not the eNB-UPE/SAE GW signalling connection needs to be set up. This applies to both UPE/SAE GW-only and combined MME-UPE/SAE GW relocation procedures in active mode. These sub-options will require additional implementation and interoperability testing effort. (Note that dynamic setup of eNB-UPE/SAE GW signalling may also be needed during paging and service request procedures for option C.)
Dedicated bearer establishment complexity
Option C does not involve the MME in the dedicated bearer establishment (and modification/removal) procedures, while option B does. This is an advantage for option C in the sense that it decreases the signalling load on the MME. 

However, this question has to be seen in a larger context. Dedicated bearer establishment is typically part of a call setup, a typical example being the establishment of an IMS session. Such a procedure includes quite a large number of signalling messages, and involves such steps as signalling compression/decompression, parsing of message content, authorization, database lookup for subscription data, etc. Compared to this, an additional signalling to the MME according to option B, which requires only trivial processing to store the bearer information, adds only negligible extra processing load to the core network. 
Concerning performance characteristics, both solutions are expected to have the same end user performance. Although option B will probably add some short delay (~ 5 ms) to the bearer establishment compared to option C (in case the UPE/SAE GW close to the eNB), this will 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 a call setup. The DRX time (e.g. 500 ms), idle to 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.
Having the bearer information available in the MME according to option B, on the other hand, has a number of advantages, as follows. 
· We can avoid sending parameters between the UPE/SAE GW and the UE, and have only the MME handle signalling and parameters between the UE and the core network.  This simplifies the UPE/SAE GW and makes the control plane-user plane separation cleaner and easier to manage. 
· Inter-3GPP handovers become simpler. Signalling to 2G/3G is managed by the MME, and for inter-3GPP handovers it needs to be aware of the bearer information. Having them available in the MME can avoid fetching the bearer context from the UPE/SAE GW to the MME at each handover from LTE to 2G/3G. Although the moving of the context is a relatively simple operation, the UPE/SAE GW involvement nevertheless increases the complexity of inter-3GPP handover procedure which is expected to be very frequent (due to initial limited coverage of LTE) for quite some time for operators that have both 2G/3G and LTE accesses deployed.  
· For idle to active mode transition (paging and service request), the MME can be in control of these procedures without involving the UPE/SAE GW (except of course to the extent necessary to update the eNodeB tunnel endpoint). Avoiding UPE/SAE GW involvement in the idle to active transition not only frees the UPE/SAE GW from performing tasks that are purely signalling related (e.g., setting up the RRC keys in the eNB), but it also makes these procedures faster by avoiding signalling via the UPE/SAE GW node. 
Furthermore, it is unclear how option C can be extended to handle UE-initiated dedicated bearer setup. While the support of UE-initiated dedicated bearer setup is currently marked as FFS, it is expected that support for UE-initiated bearer setup will need to be included at some point in order to provide backward compatibility and to cater for some use cases. With option C, we either keep the principle that MME is not involved in the bearer setup signalling, in which case the UPE/SAE GW would need to terminate NAS parameters from the UE and handle error cases, adding further complexity to the UPE/SAE GW role. Furthermore, this approach does not allow a QoS subscription check in the MME in case we have no PCC architecture deployed. Or alternatively UE-initiated bearer setup is handled by the MME, in which case UE and network-initiated bearer setup procedures become very different, also making the system complex and more difficult to manage. 
Intra-LTE mobility
In option C, the MME is not involved in the intra-LTE handover procedure in the normal case. The UPE/SAE GW is updated by the target eNodeB about the handover, and the UPE/SAE GW switches the tunnelling to the target eNodeB accordingly. The UE is however required to perform tracking area updates towards the MME when it enters a new tracking area, such that the MME can get information about the UE location on a tracking area level, and perform MME/UPE/SAE GW relocation procedures as needed. 

In option B, on the other hand, the MME is also involved in the intra-LTE handover procedure. While it is agreed that there is a direct route update from the target eNodeB to the UPE/SAE GW in order to facilitate quick routing updates, this direct route update can be signalled in-band, i.e., using the GTP-U header. The target eNodeB can also inform the MME about the handover, and the MME can then inform the UPE/SAE GW in a reliable manner. In this way, option B can perform both a fast user plane switching due to the connectionless nature of the eNodeB-UPE/SAE GW interface, and at the same time provide security and robustness for the handover signalling. 
Option C has the advantage that it can avoid the signalling load associated with intra-LTE handovers in the MME in active mode. Consequently, option C can reduce the total signalling capacity required by an MME pool. On the other hand, the required processing for the handover signalling is quite low since updating the eNodeB identity for a given UE context is a rather trivial task. Note also that this feature is not completely new; even in 2G the cell changes are visible in the SGSN, and this does not cause a significant extra signalling load in the core network. 
Option C has issues with not having eNodeB information available in the MME in active mode. When a network-initiated NAS signalling needs to be sent to a UE in active mode (such as a new authentication or network-initiated detach), the MME does not know which eNodeB to send it towards. Possible ways to solve this problem are to send it via the UPE/SAE GW acting as a relay, or to first fetch eNodeB identity from the UPE/SAE GW and then send it from the MME to the eNodeB. In both approaches, the system complexity is increased by having extra procedures which work as exceptions to the general use of S1-MME for signalling; furthermore a higher signalling requirement is put on the UPE/SAE GW implementation which is normally optimized for user plane handling. 
Direct tunnel alignment

Option B can be regarded as better aligned with the 3G direct tunnel solution, due to the fact that the 3G direct tunnel solution also has bearer information available in the SGSN, and NAS signalling between the UE and core network are handled completely by the SGSN, not involving the GGSN. Hence it is expected that option B allows operators to handle migration from 3G direct tunnel to LTE more quickly and easily, and that operation of networks with both 3G direct tunnel and LTE will be more cost-effective. 
Control plane / user plane split
Option B makes a clean user plane-control plane separation in the sense that all control plane signalling (NAS and S1-CP) is handled by the MME, while S1-UPE is pure user plane interface. Option C mixes control plane functionality between the S1-MME and S1-UPE interfaces, and consequently the eNodeB would also have to mix control signalling between these interfaces. Furthermore option C adds some control plane functionality to the UPE/SAE GW as well, e.g., handling idle to active transitions, bearer setup towards the eNodeB, and would also be involved in the inter-3GPP handover procedures to provide bearer information. 
It is believed that a clean user plane-control plane separation according to option B if preferable due to the following reasons:

· Scalability: A clean UP / CP split allows for independent scaling of control plane and user plane. This is considered especially important as end user bitrates and aggregated traffic flows are expected to be significantly higher than in todays systems.

· Deployment flexibility: As a consequence of a good scalability, the operator will have more flexibility in how to plan and build his network, in where for example UPE/SAE GWs can be distributed to optimize routing and performance.

Node Optimization: The MME can be optimized as a signalling node, and the UPE/SAE GW can be optimized as a user plane node. The clean control plane / user plane split together with the presence of one “master” node in the system (the MME) will significantly simplify eNodeB implementation and testing. A solution with two signalling interfaces (Option C) can easily create race conditions, fault conditions and error cases that the eNodeB would need to be able to handle. 
Testing and maintenance

In option B the MME has the full UE context in the core network, and all NAS signalling, as well as all S1 signalling is visible at the MME. This makes it possible for the operator to easily monitor all the events and data contexts related to a given user at a central site in the core network. Having a central point of control is a major advantage for maintenance, troubleshooting and debugging purposes, reducing operational efforts and making it easier to set up a new network more quickly. 
For option C, the user plane context is spread between the MME and the UPE/SAE GW, and the signalling is also spread between the MME and the UPE/SAE GW. It is expected that deployments will tend towards more centralized MME placement and more distributed UPE/SAE GW placement. Additionally, option C will cause UPE/SAE GW relocations to happen more frequently than for option B as discussed above. As a consequence, for testing and troubleshooting purposes the operator would need to merge data contexts and signalling traces from different parts of the network (in where it is not unlikely that the MME and UPE GW nodes are from different vendors, with different management systems). Hence testing and maintenance of the network is expected to incur higher costs for option C. 
A frequent task for the operator is to add new eNodeBs to the network. In option B the MME needs to be made aware of the precence of the eNodeB and a signalling connection needs to be established. But the selection of UPE/SAE GW is a part of the normal traffic handling, and does not require any additional configuration in the UPE/SAE GW, nor in the eNodeB.

In option C, both the MME and the UPE/SAE GW as well as the new eNodeB needs to be made aware of the presence of the other nodes.
Summary of comparison 

	Issue
	Option B
	Option C

	S1 signalling connectivity in eNB.
	Only to MMEs. 
	To both MMEs and UPE/SAE GWs. Number of UPE/SAE GWs can be significantly higher than number of MMEs.

· Higher eNB implementation complexity. 

· Higher RAN configuration complexity.  

	S1 signalling connectivity in the UPE/SAE GW. 
	None
· Better scaling if the UPE/SAE GW node (i.e., scales to user plane only and not to control plane). 
	To potentially all eNBs in the UPE/SAE GW pool area. 

· UPE/SAE GW relocation events more frequent.  

	Transport network impact
	QoS for signalling: only eNB-MME

· Makes it easy to separate signalling from user plane traffic for prioritized transport treatment. 
	QoS for signalling: between eNB-MME and eNB-UPE/SAE GW
· More complex transport network dimensioning. 

	UPE/SAE GW maintenance
	No impact

· Easy to add/remove UPE/SAE GW nodes. 
	UPE/SAE GW addition/removal affects RAN

· Increased RAN configuration

	UPE/SAE GW pool area scalability
	High scalability

· Easy to configure and manage UPE/SAE GW pools 
	Limited scalability

· 

	Number of relocation procedures
	Only MME relocation and combined MME/UPE/SAE GW relocation. 
	UPE/SAE GW relocation in addition to MME relocation and combined MME/UPE/SAE GW relocation. 

Further sub-options in the procedures depending on whether eNB-UPE/SAE GW signalling connectivity is pre-established or not. 

· More procedures and sub-cases increase standardization, implementation, testing and operational costs. 

	Dedicated bearer establishment complexity
	MME involved in signalling

· No NAS information exchange only between UE and UPE/SAE GW, cleaner UP/CP separation. 

· More efficient inter-3GPP handover; no need to transfer bearer context between MME and UPE/SAE GW. 

· Faster idle to active transition by not involving the UPE/SAE GW; less signalling task to manage in the UPE/SAE GW. 
	MME not involved in signalling

· Lower MME signalling load; gain insignificant compared to total signalling load of a call setup

· Unclear how to be extended for UE-initiated bearer setup without increasing system complexity.


	Intra-LTE mobility
	MME involved in handover signalling

· Reduced system complexity and cost due to the following: 

· No need for reliability mechanism for eNodeB-UPE/SAE GW route update (reliability provided via MME signalling)

· No need to use exceptional handling for network-initiated NAS signalling; UPE/SAE GW NAS signalling involvement avoided

· No need for active mode tracking area updates
	MME not involved in handover signalling

· MME load reduced; operator can decrease costs by reducing total MME signalling capacity in MME pool 



	Direct tunnel alignment
	Well aligned
· Reduced migration and operational effort expected due to the following: 

· Bearer handling similarly done for both in SGSN and MME 

· NAS signalling between UE and core network handled similarly in both SGSN and MME
	Significant differences between direct tunnel and LTE

	Control plane / user plane split
	Clean user plane-control plane split

· Better independent scalability for control plane (MME) and user plane (UPE/SAE GW) Consequence: higher deployment flexibility

· Facilitates optimization of MME (signalling only), UPE/SAE GW (user plane only), and simplifies eNodeB implementation. 
	User plane and control plane functions mixed between S1-UPE and S1-MME. 

	Testing and maintenance
	Data context and signalling centralized at MME
· Simplified troubleshooting and maintenance; 

· Easy to add eNodeBs to the network

	Data context and signalling distributed between MME and UPE/SAE GW
· For troubleshooting, data contexts and signalling traces have to be collected at different locations and merged; increased effort.


Conclusion

The advantages of option C are: 

· CAPEX reductions due to the following optimizations: 

· Reduced MME load due to not involving the MME in the intra-LTE handover procedure 
· Slightly reduced MME load due to not involving the MME in the dedicated bearer setup procedure; however this is expected to be a minor gain only. 
· OPEX reductions

· No OPEX reductions have been identified.

The advantages of option B are:

· CAPEX reductions due to the following system simplifications:
· Having no signalling connectivity between eNB and UPE/SAE GW, simplifying eNB implementation and UPE/SAE GW implementation. 
· Reducing UPE/SAE GW relocation frequency, thereby reducing signalling load and simplifying implementation

· Less procedures needed, decreasing standardization, implementation and interoperability testing efforts. UPE/SAE GW-only relocation in active and idle mode can be avoided. Furthermore, option C would need new sub-cases in other procedures to dynamically set up the S1-UPE signalling connection when it is missing. 
· More efficient inter-3GPP handover due to bearer state available at MME
· Bearer setup easily extensible for UE-initiated procedure. 

· More efficient idle to active transition due to not involving the UPE/SAE GW
· No need for exception procedures when a network-initiated NAS message is to be sent to the UE

· No need for active mode tracking area updates

· Good alignment with 3G direct tunnel solution

· Facilitates node optimizations for MME as a signalling node and UPE/SAE GW as a user plane node. Clean user plane-control plane separation also improves scalability of the core network nodes, and it simplifies eNodeB implementation. 
· OPEX reductions due to the following features;

· No need to configure eNB-UPE/SAE GW signalling connections (also avoiding transport QoS requirements for this type of signalling)
· Easier to handle eNodeB, UPE/SAE GW additions and removals

· Increased UPE/SAE GW pool scalability, avoiding the burden of managing smaller UPE/SAE GW pool areas

· Easier to manage LTE together with 3G direct tunnel

· Testing and maintenance simplified due to having MME as a central node for user context and signalling

We believe that the option B is a far superior solution than option C. Therefore we propose to adopt option B as the way forward for the separation of MME. 
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