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1 Introduction

In RAN meetings on LTE-Advanced discussion, the main characteristics of the relay in LTE-Advanced are summarized as “Type 1” relay, which is agreed as part of LTE-Advanced [1]. The description about “Type 1” relay which is in-band is as follows.

· It control cells, each of which appears to a UE as a separate cell distinct from the donor cell

· The cells shall have its own Physical Cell ID (defined in LTE Rel-8) and the relay node shall transmit its own synchronization channels, reference symbols, …

· In the context of single-cell operation, the UE shall receive scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node

· It shall appear as a Rel-8 eNodeB to Rel-8 UEs (i.e. be backwards compatible) 
· To LTE-Advanced UEs, it should be possible for a type 1 relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.
However, there are several questions needed to be answered in RAN3 about the definition and functionalities of S1 interface for supporting relay node. In this contribution, we try to propose some questions for a baseline for further discussion in RAN3.
2 Discussion
2.1 Relationship between the eNB and relay

From the definition for “Type 1” relay, we can conclude that the relay node looks like an eNB from UE, because the relay has its own physical cell ID, and transmits its own synchronization channels, reference signals and so on.
However, the relation between the eNB and relay node has not been defined clearly yet. Whether the S1 interface is terminated at relay or not should be addressed and discussed further. And before addressing this, we should firstly clarify the relation between the eNB and relay node.
Therefore, the first question to be answered is

Question1: what’s the relationship between the eNB and relay? Whether the relay node is regarded as another eNB or UE, or just a new node, from the donor eNB side?
2.2 If the relay is regarded as a UE or a relay node
If the relay node is regarded as a UE or a new node from the donor eNB side, the S1 should terminate at the eNB as the conventional architecture, and some concept in RAN3 at present can be adopted without modification. The protocol stack is shown in figure 1. However, there are still questions left to be answered because a new relay node is introduced between the eNB and UE in radio, for example, how can the MME find those UEs attached to relay node. 
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figure 1. Protocol stack when the relay is regarded as a UE from the donor eNB side

Question 2: if the relay node is regarded as a UE, the S1 should terminate at the eNB, and some concepts in RAN3 at present can be adopted. However, whether there are some key problems with this kind of solution should be further discussed.
2.3 If the relay is regarded as an eNB
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If the relay node is regarded as an eNB from the donor eNB side, the S1 should terminate at the relay node, and the protocol stack may be as follows

figure 2. Protocol stack when the relay is regarded as a eNB from the donor eNB side

The most significant advantage is that all the architecture of the LTE at present can be remained with some little modification in specification in RAN3. However, there are two questions should be answered.

Question 3: Whether the S1 protocol at present can support the partial wireless transmission of S1 interfaces, and if not, what the impacts on RAN 3 specifications will be and what enhancements should be done?
Question 4: How many overhead is introduced with this solution?
2.4 Security verification
Besides, for some types of relay nodes which may switch on/off and moving on occasion, the security verification may be necessary for relay nodes.

Question 5: How does the security verification work for relay node in LTE-Advanced network?
3 Conclusion
In this contribution, some RAN3-related questions which should be considered for introducing relay functionalities are proposed and discussed.
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