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1. Introduction

In the alternative 2 and the alternative 4 of the relay architecture, a DeNB acts as a S1-AP proxy gateway similar to a HeNB gateway. The DeNB can be seen as an MME from a RN point of view and as the eNB from the MME point of view.

The drawback of this architecture is that the releases of the DeNB and the RNs have to be synchronized. Upgrades or features implemented at the RN require changes at DeNB for proper system operation. 

In the alternative 1 and the alternative 3 of the relay architecture, the DeNB acts as a transparent pipe. S1-AP messages are exchanged directly between RNs and MME. Changes made to S1-AP protocol only needs to be properly implemented by the RN and the MME of the UE. The DeNB does not need to be upgraded to understand these S1-AP changes. Hence, the deployment of DeNB is future proof.

This contribution provides two specific examples to show that changes made at RN indeed require changes made at DeNB in alternative 2 or alternative 4.

2. Compatibility of RN and DeNB in Relay Architecture alt 2 and alt 4
Two cases are considered in synchronizing RN and DeNB operation of relay architecture alt 2 and alt 4:

Case 1: Adding CSG capability to RN

It is common that initial deployed DeNBs serve only ordinary RNs. For example, let’s assume that the RNs of release 10 deployment are only RNs without CSG capability. The corresponding DeNB deployed is not a CSG-aware DeNB. However, when CSG capable RN is introduced later, for example in release 11, previously deployed DeNB will have problem to understand some of the S1-AP messages. 

For example, the Initial UE Message with a CSG ID in it can not be handled by previously deployed DeNBs. Therefore, DeNB has to be upgraded in parallel with CSG RN upgrade. In other words, DeNB release needs to be kept synchronized with the release of the  RN in alt 2 and alt 4 architecture. Changes made at RN often require changes made at DeNB. Alt 1 and 3 on the other hand do not have this drawback as messages are transparently passed to MME.

Case 2: QoS enhancement to RN

As new media services appear, existing QCI levels may not be sufficient to support them. For example, after release 10 RN and DeNBs are deployed, additional QCI levels may be added to release 11 to support further optimize Relay operation.. When release 11 RN is attached to the release 10 DeNB, DeNB will have problem to interpret the new QCI levels requested from the new RN. 

Therefore, DeNB has to be upgraded in parallel with RN upgrade. In other words, DeNB is dependent on RN in alt 2 and alt 4 architecture. Changes made at RN often require changes made at DeNB. Alt 1 on the other hand do not have this drawback as messages are transparently passed to MME. Only PGW of the RN needs to be properly configured to map the new QoS to the proper Un bearer.

The compatibility problem exists not only in S1-AP, but also exists in X2-AP for QCI enhancement.
3. Conclusion
Relay architecture alt 2 and alt 4 which use a DeNB as a S1-AP and X1-AP gateway face a possible compatibility problem. Changes made at RN often require changes being made at DeNB. This could be costly for operators to maintain synchronous deployment of Relays and the DeNBs. The difference between alt 2 and alt 4 is that, when such a mismatch of release occurs, alt 4 does not function properly, however, alt 2 can fall back to alt 1 type of operation.

Architecture alt 1 and alt 3 on the other hand does not require any changes at DeNB since it transparently pass S1-AP or X2-AP messages to RNs or MMEs.
