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1. Introduction

During RAN#40 meeting, RAN was tasked to a new study item named "Study Item in LTE-Advanced". Straight away after RAN#40, the discussion was launched between some vendors by L1 / L2 /L3 identification and clarification. However, different companies may still have different understanding on L1/L2/L3 relay. This contribution discusses the functionalities of a relay station regardless which layer the user-plane data is forwarded. This  contribution propooses to decide the main functionality list of a relay, which may influence the system performance much and drive the performance evaluation and comparison on different combination set of such functionalities during the SI of LTE-A from RAN1’s point of view. And we consider that the details of L2 and L3 relay should be left for RAN2/3 for the further decision.

2. Functionalities
Relay is introduced in LTE-Advanced for coverage and capacity improvement. To achieve this, the important functionalities which may impact the performance as well as the compatibility need to be identified to compare different combination set of such functionalities during the SI stage. This section tries to identify such functionalities and discuss the different schemes for them.

2.1. Centralized and distributed  scheduling
	Centralized vs. Distributed scheduling 
	· Distributed scheduling: RN has the function at Layer 2 scheduling mechanisms. 
· Centralized scheduling: RN has no function at Layer 2 scheduling mechanisms.  The scheduling is operated by eNB and informs the RN by implicit and explicit signaling.


It is obvious that centralized scheduling leads to additional latency which may degrade the scheduling performance. On the other hand, the MCS, RB assignment are decided by eNB for both eNB-RN and RN-UE link. This requires additional signaling to inform eNB the RN-UE link condition.

However, distributed scheduling may cause interference when multiple RNs are deployed in a cell if the resources for those RNs are not well negotiated.

As a matter of fact, the signaling complexity and overhead should be considered from the practical implementation point of view.

2.2. HARQ: hop-by-hop / end-to-end
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a) Hop-by-hop HARQ                            b) end-to-end HARQ

Figure 1  HARQ procedure (hop-by-hop vs. end-to-end)

	hop-by-hop vs end-to-end HARQ
	· Hop-by-hop: the HARQ procedure is independent between two hops.  
· End-to-end: the relay forwards data and ACK/NACK from sender to receiver. The HARQ procedure is dependent between two-hops.


2.3. Cooperative mechanism
	Cooperative / non-cooperative mechanism
	· Cooperative: An example of cooperative relay is illustrated in Figure 2. The UE receives signals from multiple relay nodes or combining the signals from the attached eNB. 
· Non-cooperative: Contrary to multi-RN relay, UE receives signals either from the attached relay node or the attached eNB. 
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Figure 2 one example of cooperative mechanism
3. Proposals and Conclusions

----- Start text proposal -----

9.1 Relay functionalities

The relay can be characterized by several functionalities as follows,
Table XX. Definition of relay functionalities

	Centralized vs. Distributed scheduling 
	· Distributed scheduling: RN has the function at Layer 2 scheduling mechanisms. 

· Centralized scheduling: RN has no function at Layer 2 scheduling mechanisms.  The scheduling is operated by eNb and inform the RN by implicit and explicit signaling.

	Cooperative / non-cooperative mechanism
	· Cooperative: An example of cooperative relay is illustrated in Figure 3. The UE receives signals from multiple relay nodes or combining the signals from the attached eNB. 
· Non-cooperative: Contrary to multi-RN relay, UE receives signals either from the attached relay node or the attached eNB.

	hop-by-hop vs end-to-end HARQ
	· Hop-by-hop: the HARQ procedure is independent between two hops.  

· End-to-end: the relay forwards data and ACK/NACK from sender to receiver. The HARQ procedure is dependent between two-hops. It is transparent for relay node.
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------ End text proposal -------
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