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1 Introduction
Relaying is considered as a promising technology for coverage extension and throughput enhancement in LTE-Advanced systems. As an outcome of RAN1 LTE-Advanced discussions, “type 1” relay has been summarized as a first step for relaying at the last RAN1 meeting [1].
RAN1 has concluded that at least “type 1” relays should be supported by LTE-Advanced. A “type 1” relay node is characterized by the following:
· It shall appear to a UE as a separate cell distinct from the donor cell

· It shall have its own Physical Cell ID (defined in LTE Rel-8) and 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 shall be possible for a type 1 relay node to appear differently than Rel-8 eNodeB to LTE-A UEs for further performance enhancement.

This contribution considers the relay architecture which focuses on “type 1” relays for LTE-Advanced.
2 Discussions
Based on the clarification of the “type 1” relay in RAN1 and LTE-Advanced workshop (2008), E-UTRAN architecture[2] can be extended as shown in Fig. 1. The relays are connected to the donor cell (eNB) via wireless channel (inband or outband) and are appeared as an eNB to LTE UEs. In addition, timing synchronization among a donor eNB and relays is established and we assume that the relaying is possible up to 2 hop which means that a relay node cannot be a role of donor eNB to another relay.
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Figure 1: E-UTRAN architecture including “type 1” relay nodes
It is a natural assumption that the “type 1” relay refers to a layer 3 relay since the RAN1 clarifies that a relay has its own cell ID and directly schedules transmission/reception of the UEs which are registered to the relay. Therefore, we consider it as an L3 relay and take into account the control plane/user plane architecture in more detail. 
2.1 Control Plane

The main issues for the split of MAC functions are the location of scheduling and HARQ entities. As RAN1 has already specified that the “type 1” relay should have its own scheduling function and HARQ entities in order to support the backward compatibility to LTE UEs. Also, the scheduling efficiency can be maximized when the relay receives CQI reports directly from UEs. Furthermore, the HARQ entities should be resided in the relay since the HARQ procedure has tight timing requirements. Regarding the random access procedure, the procedure has some flexibility on timing requirement by using a window mechanism for the RAR. However, if the donor eNB process the random access procedure, the delay may not be acceptable to the LTE UE before the MAC spec. is modified. Therefore, the function split of MAC functions is not an efficient approach.
The RRC functions could be centralized to the donor eNB which is similar to the RNC style approach. However, we could not see much benefit leaving the RRC functions in the donor eNB. Even though we could move much RRC functions to the donor eNB, a modified (light) RRC has to be redesigned for the relay and it may increase complexity of the control plane. Also, new signaling procedure has to be defined to interface between the centralized RRC and the light RRC. Hence, we believe that the function split between the eNB and the relay makes the standardization process difficult and the benefit from the split is marginal. Moreover, when we use the layer 3 architecture, the we can use the same architecture on both inband and outband relays.

2.2 User Plane

Focusing on the DF (Decode and Forward) relaying, the donor eNB could forward MAC PDU/RLC PDU/PDCP PDU/IP packets. Among these options, the IP packet forwarding could be the best fit to “type 1” relay since the relay operates as a standalone cell. By using the forwarding mechanism, we can reuse most of the user plane architecture in LTE. Also, the S1 interface can be easily extended to the relay and the GTP protocol can convey IP packets through the extended S1 connection. As a conclusion, we propose the “type 1” relay should have a whole protocol layers (MAC/RLC/PDCP) and the donor eNB operates as a simple IP router for forwarding packets to the relay. 
3 Further Discussions

There are some remaining issues related to the further discussions for the “type 1” relay architecture in RAN2. The issues are signaling overheads, backhaul channels, and CoMP (Coordinated Multipoint Transmission/Reception).

3.1 Signaling Overheads

When we reuse the S1-U interface for data forwarding between the S-GW and the relay, the GTP tunneling end point is located in the relay and it can easily provide data transmission. But, the problem is that the IP packet forwarding mechanism requires much signaling overheads to transfer protocol headers which is crucial for transferring protocol headers over wireless channel. 
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Figure 2: IP Packet Format
The main reason is that the S1-U interface uses the GTP built on IP transport. Consequently, the donor should transmit much protocol header trains such as GTP/UDP/IP headers and IP packets. The PDCP in the donor eNB can compress only IP headers related to the GTP, but the IP headers for conveying IP packets cannot compress by the current protocol stack. In order to compress IP headers for application packets, adding a header compression mechanism between the relay and the S-GW is required. This approach could increase the complexity of the user plane architecture. Thus the approach should be studied with RAN3.
3.2 Backhauling
The traffic behavior between the eNB and the relay would be different comparing with the eNB to UE transmission. Also, RAN1 decided to use the MBSFN subframe for inband backhauling which means that the relay cannot receive and transmit at the same time. Therefore, RAN2 should consider a new channels and procedures to support backhauling link efficiently. We could reuse the channel architecture of the LTE and focus on the optimization issues.
Another issue related to backhauling is the supporting of the CoMP and it is an advanced technology extensively discussed in RAN1. Mandating the CoMP in LTE-Advanced is the role of RAN1 and it is still open whether to support the scheme among alternatives (coordinated scheduling, joint transmission, etc.). If the outcome of the discussion shows significant gains, the CoMP should be extended to relays because the “type 1” relay operates as an eNB. Therefore, the architecture related to the CoMP using relays should be studied in RAN2 focusing on latency and signaling.
4 Conclusion

Based on the above description, we summarized the following proposals.
Proposal 1: “type 1” relay should have its own RRC and MAC functionalities on control plane.

Proposal 2: donor eNB should forward IP packets for the “type 1” relay’s single cell operation.

Proposal 3: a way to reduce signaling overheads for conveying protocol headers should be studied.
Proposal 4: channels and procedures should be reconsidered for efficient backhauling.

Proposal 5: CoMP with relays should be discussed focusing on backhauling latency and signaling. 
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