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1. Introduction

Progress on the SAE baseline architecture has been difficult in SA2, as also showed by the email discussion of S2-063200 and S2-063413. 
We believe that the difficulties in coming to a conclusion are due to the fact that physical deployment aspects are not considered adequately.
This paper tries to shed some light into the various SAE architecture options from a more practical perspective of physical deployment. 
The discussions in this paper are restricted to the non-roaming case.
An initial version of this paper has been submitted to the SA2 email reflector prior to this meeting as contribution to the “[SAE arch, non-roaming] e-mail discussion”. 
2. Architecture options
2.1 Physical Deployment aspects

We assume all-IP transport in the mobile network, E-UTRAN and EPC. With this assumption, a data transport path through the IP network can be represented by a chain of IP routers (R) as illustrated in  Figure 1. 
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Figure 1: Transport path through an IP network
We denote the routers at the edges of the chain with “Access Router” (AR) and “Gateway” (GW). 
· The Access Router enables access of the mobile end users to the mobile network. 
· The GW Router here shall represent the interconnection point between two administrative IP domains.
Note that any of the routers in the chain itself could also provide GW functionality, in terms of providing interconnection between different IP subnetworks where possibly different link and routing/switching technologies may be employed. This is however not relevant for the following discussion. It should also be noted that we do not take into account here aspects related to topology and hierarchy levels in the transport network for the sake of simplicity. The simplified model as shown in Figure 1 is still adequate for the purpose of the present discussion.
The scope of SAE is limited to the specification of those network nodes required to provide the functions of a 3GPP mobile network. 
These logical/functional nodes have been identified to be represented by the eNodeB, MME, UPE, 3GPP Anchor and SAE Anchor. In the following, we use the generic term “3GPP nodes” for the aforementioned nodes for shorthand notation, and we stick to the assumptions on the detailed functions of these nodes as described in TR 23.882V140. 

To better understand the differences among the various architecture options that have been put forward regarding combinations or separation of the various 3GPP nodes, it is a useful exercise to map these nodes onto the physical architecture of the IP transport network.

2.2 Placement of eNodeB and SAE Anchor in a physical deployment

Naturally, in and IP-based network, an IP access router (AR) and eNodeB should be collocated. 
Also, it is natural to assume collocation of mobility anchor points with a network gateway. We denote the physical node that includes the SAE Anchor functionality as SAE Gateway (SAE GW).  

We leave the 3GPP Anchor out of the picture for the time being, for simplicity. This leads to the architecture model illustrated in Figure 2.     
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Figure 2: Mapping of eNodeB and SAE GWto IP network nodes

2.3 Placement of the UPE functions in a physical deployment

In the following step we assume MME and UPE to be collocated functions. (We will consider the separation of MME and UPE in the section 2.4).
This leads to three potential deployment scenarios which are illustrated in Figure 3: 
3-a) UPE/MME separated from eNodeB and SAE GW, 
3-b) UPE/MME collocated with the SAE GW, 
3-c) UPE/MME collocated with the eNodeB.

[image: image3.emf] 

3 - a)  

3 - b )  

3 - c )  

R  

GW  

A R  

R   R   R   R   R  

eNodeB  

SAE  GW  

UPE/MME  

R  

GW  

A R  

R   R   R   R   R  

eNodeB  

SAE   GW  

UPE/   MME  

R  

GW  

A R  

R   R   R   R   R  

eNodeB  

SAE  GW  

UPE/   MME  


Figure 3: Options for arranging 3GPP nodes

It is very important to note that although options 3-b) and 3-c) have only two 3GPP nodes in contrast to option 3-a) with three 3GPP nodes in the transport path, all three options will yield approximately the same user plane delay measured between eNodeB and SAE GW. 
This is because the overall processing delay is in principle not dependant on where in the chain a user plane function is located, even though the co-location of 3GPP functionalities may enable specific optimized implementations.
Assumed that the IP path is the same in all three scenarios the link / propagation delay also is approximately the same (if we neglect the small gain that may be achieved from header compression due to reduction of the link rate). 

Obviously, each different option would enable or disable specific control plane procedures (e.g. paging, tracking, mobility) to be performed one way or another, with an impact on control plane / protocol delay.
2.4 Separation of the MME in a physical deployment

With the next step we consider separation of UPE and MME functions. With MME and UPE in different physical nodes, we need to allow for different transport paths in the underlying IP transport network. Figure 4 illustrates those three options that can be derived from the three cases shown in Figure 3: 
4-a) eNodeB, SAE Anchor, MME and UPE in separate physical nodes, 
4-b) UPE collocated with SAE Anchor in the SAE GW, separate MME, 
4-c) UPE collocated with eNodeB, separate MME.

The routers in Figure 4 where traffic routes between 3GPP nodes merge or separate shall be interpreted just as illustrative examples. In a real network of course the traffic routes depend on the transport network topology and the actual location of the 3GPP nodes.
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Figure 4: Options for arranging 3GPP nodes with split MME and UPE
Other options that can be derived by exchanging UPE and MME functions in some of the pictures make little sense and therefore are not reported.  

3 Discussion
3.1 Discussion pf physical deployment aspects

In our opinion the six options shown in Figures 3 and 4 are worth to discuss further. We denote these as cases 3a), 3b), …, 4c) in the following.
	
	Description
	Comments

	3a
	UPE/MME separated from eNodeB and SAE Anchor


	This option makes the most sense when MME/UPE are deployed similarly as RNCs today, i.e. reasonably close to the eNodeB.


	3b
	UPE/MME collocated with the SAE Anchor


	Placing the MME far away from the eNodeB increases signaling delay. Therefore this option doesn’t practically make sense unless the combined UPE/MME/SAE Anchor is deployed close to the eNodeB

	3c
	UPE/MME collocated with the eNodeB.


	Only the eNodeB is radio-technology dependent.
The realization of this option would likely require the involvement of SA3 (ciphering), RAN2 (header compression), and RAN3 (S1/X2 aspects)

	4a
	eNodeB, SAE Anchor, MME and UPE in separate physical nodes






	Architecture corresponding to 3a) with more deployment flexibility, requiring an additional interface between MME and UPE, at the expense of a potentially larger signaling delay.



	4b
	UPE collocated with SAE Anchor, separate MME


	Architecture where the MME has the role of c-SGSN, and therefore corresponding to the “GGSNproxy” solution for “One-Tunnel”. The major difference is that the UPE sits in the SAE Anchor/Gateway. 
It is not clear how the requirement of UPE relocation can be fulfilled by this architecture.

	4c
	UPE collocated with eNodeB, separate MME


	The solution corresponds even more, in terms of functional split, to the “GGSNproxy” solution for “One-Tunnel” applied to HSPA.
The realization of this option would likely require the involvement of SA3 (ciphering), RAN2 (header compression), and RAN3 (S1/X2 aspects).


3.2 Discussion of the 3GPP Anchor location physical deployment aspects

The location of the 3GPP Anchor has been omitted so far, for simplicity of discussions. 
When considering the location of the 3GPP Anchor, the following things emerge:
· Collocation of SAE Anchor and 3GPP Anchor makes sense for all options.

· Collocation of UPE and 3GPP Anchor makes sense for 3-a) and 4-a) as well (UPE as a separate node), provided local breakout is handled by the combined 3GPP Anchor/UPE.
· A Gn-based 3GPP Anchor is likely to have a strong influence of which of the listed architectures becomes practically preferable.
3.3 Impact of deployment on interface standardization between 3GPP nodes
Option 4-a clearly is the one that could be regarded as the most flexible architecture in the sense that any of the other deployment scenarios could as well be implemented as a sub-case of it. The drawback of this architecture is that it implies standardization of the largest number of interfaces. Note that in addition to the interfaces visible in the illustration, interfaces between eNodeBs, MMEs and UPEs need to be standardized. 

Mandating the collocation of functions and enabling/disabling certain option, however, not only makes certain interfaces disappear. It also impacts the interpretation, relative importance and design requirements of an interface.  

For instance, for the deployment options 3-c and 4-c where the combined MME/UPE and the UPE, respectively, are collocated with the eNodeB, the interface X2 between base station nodes would need to be reinterpreted as interface between UPE/MME or UPE entities, respectively. These interfaces would  need to be specified for deployment options 3-a and 3-b as well, but possibly with different requirements with respect to UPE/MME relocation performance.  
4 Conclusion

This paper has tried to contribute to the SAE architectural discussions from the point of view of physical deployment aspects. It is proposed that

· The points raised in this paper are discussed, so that physical deployment aspects become clearer and are taken into account adequately. 
· It is discussed which deployment options should be enabled by SAE. This will help clarifying which interfaces should be specified, and with which functionalities and performance requirements.
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