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Introduction
This document describes the current RAN relay architecture alternatives to provide a background to the related question posed in the LS from RAN (S2-095783/R2-095331) as outline in the proposed LS response in S2-096720 .

Currently, RAN is working on defining a relay architecture for Rel-10. As such a TR 36.806 has been created which reflects the current different architecture alternatives for the relay deployment. In deciding the feasibility of these architectures, the issue of compliance of the architecture with the current EPC has been questioned within the RAN WGs.
The first thing to note is that the naming of the alternatives identified in the LS S2-095783/R2-095331 have been changed by RAN WGs since the LS was sent out. 
The mapping from the old names to the new is as follows: 

· Alternative 1, 2, and 3 are now identified as Architecture A (alternatives 2 and 3 are optimizations of alternative 1)
· Alternative 4  is now identified as Architecture B
In each case the following principles apply:

· The relay utilizes the Uu link to communicate with the UE and Un link to communicate with the eNB (named Donor eNB). 
· The relay is also seen as an eNB from the UE perspective and as a UE from the Donor eNB perspective.

Architecture A with the 3 different alternatives is illustrated in Fig. 1. In the figure, the orange network elements (UE’s MME, UE’s SGW/PGW and eNB within the relay) provide EPS connectivity to the UE, and blue network elements (Donor eNB, Relay-UE’s SGW/PGW and Relay-UE’s MME) provide EPS connectivity to the Relay.  
From the EPC perspeoctive, archietcture A sees the relay node as a regular eNB and utilizing the blue LTE network simply as a way to provide the IP backhaul connectivity for the Relay node.
The Alt 1/2/3 boxes represents possible functions that can be included in the Donor eNB to provide forther optimizations, such as shorter routing and gateway optimizations.
· Alternative 3 shows the SGW/PGW function located on or near the eNB to improve the routing efficiency of the user UEs packets

· Alternative 2 is a further optimization which defines a Relay GW that provides S1-AP (and X2-AP) signalling proxy functionality for the Relay node, i.e., the GW terminates the SCTP for the S1-AP of the user UEs MME. As such the relay appears to the EPC as a cell of the Donor eNB.
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Figure 1. Overview of Architecture A with its Different Optimization Approaches

Architecture B is illustrated in Fig. 2. In this architecture, DeNB terminates the transport protocols for S1 (and X2) and carries the application protocols directly over RRC, i.e., similar to architecture A, the relay appear as a cell of the Donor eNB in some respects. However, the figure lacks the UE functionality of the Relay node, such as relay node authentication (as a UE) and EPC bearer management.
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Figure 2. Overview Architecture B

Discussion
Question 1: RAN2 kindly requests SA2 to comment on the compatibility of the architecture alternatives with Rel-8 EPC architecture.

Discussion: 

Relay Architecture A is similar to an eNB architecture, with the difference being that Relay’s IP backhaul connectivity is provided by another LTE network rather than a wired network. As a result, the Relay node operates a regular eNB terminating all the protocols that a regular eNB terminates (IP, SCTP, UDP, X2, S1). Since, the Relay UEs LTE network (in blue) simply provides IP connectivity to the user UE’s LTE network (in orange), in principal no change is needed for the blue or the orange LTE network with respect to Rel 8 EPC architecture. 
Different optimization levels under Architecture A, originally referred to as Alternatives 1, 2, and 3, can be realized by grouping/collocating different functional entities, such as Relay’s P/S-GW and a Relay GW (similar to a S1 proxy function performed by the HeNB GW), within the DeNB, and subsequently requires no change in Rel-8 EPC architecture.
The differences resulting from different optimization levels under Architecture A are also transparent to Relay node or the UE.  Architecture A is in essence a recursive use of the EPC architecture where one LTE network (the blue one) is used to provide IP connectivity for another LTE network (the orange one), and as a result is compatible with EPC architecture.
Architecture B is very different in the way it presents the relay node to an LTE network. In this case the UE function embedded in the relay does not use a corresponding MME to manage the Un bearers and the Un radio bearers do not have corresponding EPS bearers. Rather the Un bearers start at the embedded UE within the Relay node and terminate at the DeNB. Handling of this special bearer behaviour (such as creation and modification of Un bearers without explicit authorization from an MME) is not consistent with the principles adopted in the current EPC architecture. 

In addition for Architecture B, since DeNB terminates IP protocol, any routing after DeNB requires the definition of new routing protocols rather than relying on IP for routing, further deviating from the EPC architecture, especially in multi hop relay deployments. 
As a result Architecture B is inconsistent with the current EPC architecture.
Answer 1: Architecture A is compatible with Rel-8 EPC architecture. Architecture B is inconsistent with the principles adopted in the definition of the current Rel-8 EPC architecture. 

Question 2: Does SA2 have concerns about integrating S/P-GW like functionality (alt2/3) into an eNB serving as a Donor eNB? Does SA2 see a relation with local break out solution?

Discussion: The reason for including S/P-GW like functionality in an eNB is to provide more efficient routing to the relays served by the eNB since the UE in the relay is served by a S/P-GW function as a normal UE. The relay architecture alt 2 and 3 utilizes the principles of LIPA or SIPTO provided at the Donor eNB to improve the routing. 

Answer2: Integrating the S/P-GW function into an eNB is supported in the current standard. The details of the local breakout solution are currently FFS in SA2 but the solution is likely to define a S/P-GW that is located on or near the eNB.
Question 3: In Alternative 4, the RN Un radio bearers carrying UE radio bearers are managed by the DeNB and do not have corresponding RN EPS bearers and, hence, are not under the control of the EPC. Do SA2 and CT1 have any concern about this bearer model?

 Discussion: As pointed out in the response to Question 1, in Architecture B, Un bearers runs between the UE embedded in the Relay node and the DeNB, which is an eNB with special relay protocol support but does not include the functionality of a PGW as defined in TS 23.401. The Un bearers are created or modified directly by the DeNB without any explicit authorization by the MME. This autonomous creation/modification of bearers without core network involvement, and the creation of bearers that do not terminate in a PGW at one end is in not consistent with the principles defined in the current EPC architecture.

Answer3: The existence of RN Un radio bearers without corresponding EPS bearers has no precedent in the current EPC architecture. To correctly support QoS, the EPC needs to be able to manage and be aware of all the RN Un radio bearers.

Question 4: Do alternatives have any impact to EPC specifications? If yes, what kind of impact, does SA2 expect?

(Some details are explained in R2-094486 but for instance bearer mapping, bearer modelling, modified TFT, etc.) 

Discussion:

For Architecture A, as discussed before, one LTE network (the blue network in figure 1) provides IP connectivity for another LTE network (the orange network in Figure 2). This is a recursive use of LTE network and is not in conflict with current EPC architecture.  In an LTE deployment, in order to provide QoS on the backhaul, the SGW is allowed to and is expected to mark the ToS field of the IP header to operator defined diffserv code point to provide proper QoS to the packet as it travels through one or more routers to reach the eNB. In the case of relay deployment, the blue LTE network provides the IP connectivity between the UE’s SGW and the UE’s eNB (which is the Relay node). The PGW of the Relay-UE, uses the diffserv code points marked by the UE’s SGW to put the packets in the proper Un bearer. This type of bearer mapping is defined the TS 23.203. Clause 6.2.2.2 which states the following:

Service data flow filters identifying the service data flow may:

- be a pattern for matching the IP 5 tuple (source IP address, destination IP address, source port number, destination port number, protocol ID of the protocol above IP). In the pattern:

- the pattern can be extended by the Type of Service (TOS) (IPv4) / Traffic class (IPv6) and Mask;

Note that, the DSCP code point resides in the ToS field (RFC 2474).

Another option for performing Un bearer mapping in Architecture A involves modifying TFT specification so that the TFT applies to an inner IP header for a tunnelled packet rather than the outer IP header, as it is defined today. If this method of bearer mapping is utilized for Un bearer mapping, it requires specification change for the TFTs.

For Architecture B, as discussed above, the Un bearer end points and management model is not consistent with the current SA2 specification, as the bearers are created and modified by the DeNB without core network involvement. This may require significant changes in the EPC specifications.
Answer4: SA2 expects limited impact for Architecture A based on the specifications for local breakout. Architecture B however fundamentally changes the current bearer model defined for EPC and may require significant specification changes.
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