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1. Introduction
In this contribution the results of numerous studies and discussions carried out in the RAN2 and RAN3 groups on relay architecture alternatives are reviewed with the intention to find a way forward to facilitate further progress of the topic in the group. 
Building on previous proposals in [2] and [3] with respect to the way forward of the different relay architectures and on the description of the solutions, as captured in [1], [7] and [8], some further aspects are identified and a proposal for way forward provided.
2. Architecture Alternatives
RAN3 has provided a baseline document on LTE-A relay architecture [6], which captures a baseline architecture with two enhancement add-ons. In parallel, RAN2 has discussed four relay architecture alternatives, the first three of which teminate S1 in the RN and correspond to RAN3’s baseline and two enhancement add-ons [8]. As identified by RAN3 [6] and in [3], RAN2’s Alt 1, 2 and 3 constitute one architecture building on a common baseline and adding functionality in an incremental fashion. Moreover, it is noted that alternatives 1, 2 and 3 share a common RN implementation. In contrast, the fourth RAN2 option terminates S1 in the DeNB and require different RN implementations to which the DeNB connects with different protocol stacks depending on which suboption ([4] or [5]) is considered. Suboptions which are incompatible need to be considered separately as they effectively define different architectures.

Thus, the options under discussion effectively represent three architectures
:

Architecture A)
Alternatives 1, 2 and 3 (Baseline, Opt2 and Opt1 in RAN3 terms); based on alternative 1, with incremental enhancements according to alternatives 2 and 3;

Architecture B)
Alternative 4a [4].

Architecture C)
Alternative 4b [5],

one of which should be selected as the way forward.
Proposal 1: The following three architectures should be considered: 
Architecture A)
Alternatives 1, 2 and 3 (Baseline, Opt2 and Opt1 in RAN3 terms); based on alternative 1, with incremental enhancements according to alternatives 2 and 3;

Architecture B)

Alternative 4a;

Architecture C)

Alternative 4b.

It is noted that the C-plane of the Architectures are similar in the sense that all terminate S1-AP in the RN [8]. Hence, although the architectures differ in that Architecture A transport S1-AP over SCTP/IP and Architectures B and C transport S1-AP over RRC it is proposed to agree that S1-AP is terminated in the RN.

Proposal 2:
S1-AP is terminated in the RN.

3. Architecture selection
Architecture A provides several identified benefits, motivations and unambiguous descriptions of the solutions as captured in [1]. Whether Architectures B and/or C provides any significant benefits that cannot be realized by Architecture A is unclear.

In order to make the choice for the preferred set of alternatives one shall consider multiple aspects, including complexity of the solution, flexibility in employed solution options, flexibility in deployment, costs of developing and deploying the solution, as well as, the performance optimality of the solution. 

Complexity and flexibility

Properties of Architecture A:

· Depending on the deployment scenario, not all functionality need to be implemented. The enhancement add-ons can be introduced selectively in the network (where some DeNBs may be upgraded while others may not) allowing a gradual upgrade of the network when enhancements are required by the operator. The enhancements remain transparent for the rest of the network nodes, i.e., for the relay and for the EPC.

· The deployment flexibility is further increased by the possibility to use legacy eNBs as donor eNBs (i.e., without the need for upgrade) in case of outband relaying (when there is no need for the use of MBSFN subframes). Thereby the architecture provides the possibility of introducing relays in a cost efficient manner without the need of upgrading other elements in the network. 

· The architecture leverages on legacy protocols. Thus protocol specification and testing efforts are minimised, as also pointed out in [3].

· The same relay can be used in all realisations, as also pointed out in [3], which provides deployment flexibility without introducing different relay variants and facilitates the market spread of relays by avoiding market fragmentation.

· Furthermore, relays can also be easily upgraded to eNBs later on when, for example, the traffic demand requires further capacity in the given area. Thereby an operator may, for instance, deploy relays initially to enhance capacity and coverage and when later required by traffic needs, upgrade the relay eNB to eNB with e.g. a wired connection.

Although Architectures B and C are different architectures, they have several properties in common:
· The architecture mandates more new functionality in eNB. Thus, existing eNBs would require more significant and more costly upgrade in order to be able to function as a DeNB, which may hinder the spread of relay usage and would imply increased costs for the operators.

· Legacy eNBs would not be able to serve relay-eNBs.

Architecture B, in addition, will require significantly more specification work  to capture the necessary changes in the 3GPP specifications and ensure proper (inter-)operation
.

In summary, Architecture A have an advantage over Architectures B and C in terms of complexity of standardization and implementation, flexibility of employed optimizations, and flexibility of deployment. These advantages translate into  lower costs of deployment, and lower cost of upgrade of installed Rel.8 base for the operators.

Performance

The other aspect, which has been mentioned more often in discussions so far, is the performance issues, more specifically, the potential overhead and handover forwarding optimization advantages of Architectures B and C. In what follows it is shown that the same optimization possibilities that are available with Architectures B and C are provided by Architecture A as well.

· The TNL overhead in Architecture A can be compressed by using the existing RoHC mechanisms to achieve the same overhead reduction as in Architectures B and C and there is no need to define new protocols or RoHC profiles for this purpose. Whether or not in the TNL, bearer mapping information need to be provided also in Architecture B
· The packet forwarding optimization at handover can be employed in case of Architecture A as well, more specifically using Alt 2, where the buffering in the DeNB can be triggered for selected UE bearers prior to the handover and the forwarding path can be shortcut at the DeNB, which ensures to achieve similar performance characteristics of packet forwarding as potentially achievable with Architectures B and C (as acknowledged also in [4]).

In summary, Architectures B and C do not provide any advantages in terms of performance optimisation possibilities that would not be available with Architecture A.

Proposal 3:
Considering the complexity, the flexibility and the deployment advantages of the C-plane of Architecture A, it is proposed to transport S1-AP over SCTP/IP as already defined for S1 signalling transport.

Proposal 4:
Considering the complexity, the flexibility and the deployment advantages of the U-plane of Architecture A and the similar performance optimizations as available in Architectures B and C, it is proposed to choose the U-plane architecture of Architecture A as the way forward for relay specification.

Finally, it is noted that regarding the support of multi-hop capability and RN mobility, no benefits can be seen with Architectures B and C. 
4. Conclusion and proposal

Based on the previously provided descriptions of different relay architecture alternatives, three main architectures have been identified, analysed and compared with the intention to reach a conclusion on the selected way forward. The following proposals are made:
Proposal 1: The following three architectures should be considered: 

Architecture A)
Alternatives 1, 2 and 3 (Baseline, Opt2 and Opt1 in RAN3 terms); based on alternative 1, with incremental enhancements according to alternatives 2 and 3;

Architecture B)

Alternative 4a;

Architecture C)

Alternative 4b.

Proposal 2:
S1-AP is terminated in the RN.

Proposal 3:
Considering the complexity, the flexibility and the deployment advantages of the C-plane of Architecture A, it is proposed to transport S1-AP over SCTP/IP as already defined for S1 signalling transport.

Proposal 4:
Considering the complexity, the flexibility and the deployment advantages of the U-plane of Architecture A and the similar performance optimizations as available in Architectures B and C, it is proposed to choose the U-plane architecture of Architecture A as the way forward for relay specification.
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� Alternatives within one architecture provide enhancements/extensions of the same baseline solution, while an alternative from a different architecture provides a second solution to the same problem, i.e., solves the same thing in another way.


� New protocol and node functionalities need to be introduced which to a large extent duplicate functionality already provided by, e.g., S1-AP (and the protocol stack below S1-AP). The interaction between these protocols would also be impacted resulting in new way of concurrent executions, whose impact on current protocol specifications are difficult to judge at this stage but which would certainly require the reconsideration of many of the signalling details of current procedures (e.g., when Un-AP bearer setup is carried on top of RRC bearer setup signalling on the Un interface to establish Un radio bearer and Uu radio bearer at the same time)






