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1 Introduction
In LTE-advanced, relay is considered as an important technology to support high capacity and coverage [1]-[6]. Actually, multiple relay nodes are possibly deployed in a cell. In that case, coordination of multiple relay nodes (RNs) is an important aspect to improve performance of relaying scheme. This contribution discusses feasible coordination of RNs for LTE-advanced. The uplink and downlink issues are separately discussed in sections 2 and 3.

2 Coordination of Relay Nodes in Uplink
In this section, we discuss coordination of RNs for uplink.

A) Relaying scheme with coordinated RNs
Fig. 1 shows a possible coordination of relay nodes for the case of light traffic load.  In case of no RN coordination, UE communicates with a donor relay node (RN1) only. If RN2 has light traffic load, RN2 can help the UE’s signal transmission by receiving the UE’s signal and forwarding the received signal to eNB. Then, eNB can get performance gain combining two forwarded signals from RN1 and RN2. It is also possible that two RNs transmit soft bits of the received signal to eNB instead of forwarding.
This RN coordination is beneficial particularly for high-mobility UE, because high order diversity is obtained from two links (UE( RN1, UE( RN2) and number of handovers between RN1 and RN2 can be reduced.
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(a)  No coordination                                            (b) With coordination
Figure 1: Coordination of relay nodes under light traffic load.

Fig. 2 shows a possible coordination of relay nodes in case of heavy traffic load.  Without loss of generality, UE1 (UE2) has a donor relay node RN1 (RN2). In case of no RN coordination, UE1( RN1 link and UE2(RN2 link should be allocated to different radio resources in order to avoid co-channel interference. In contrast, coordinated RNs can allocate the same radio resource to UE1( RN1 link and UE2(RN2 link. Then, RN1 and RN2 forward the received signals to eNB and eNB can extract two UEs’ signals from the forwarded signals based on MMSE, SIC, MLD, etc. If UL scheduling selects UE1 and UE2 which are spatially orthogonal among many UEs, eNB can extract two UEs’ signals without suffering from inter-stream interference. Otherwise, eNB could suppress inter-stream interference using MLD approach. Thus, using appropriate scheduling or detection, eNB is expected to separate two UEs’ signals efficiently. 
In case of RN coordination in Fig. 2, two UEs’ signals are relayed to eNB at expense of 3 resource units, whereas 4 resource units are needed in case of no RN coordination (resource unit=suframe x subband). Thus, the coordination of RNs reduces required radio resource for relaying. The remaining resource can be used for other transmission, e.g. direct transmission from UE3 to eNB. 
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(a)  No coordination                                             (b) With coordination
Figure 2: Coordination of relay nodes for the case of heavy traffic load.

B) Necessary Functions in Air-interface
From the above discussion, RN coordination is beneficial for LTE-advanced uplink. In our view, CoMP concept such as clustering RNs [7] could be extended to coordination of RNs. More precisely, the following functions would be at least important for uplink coordination.
- Clustering RNs
          eNB needs to determine UE-specific cluster of RNs which supports UE’s uplink signal. 
- CSI reporting in backhaul link (RNs ( eNB)
In backhaul link, each RN needs to report CSI of access (UE-RN) link to eNB. 
It is necessary to study more details in future study.
3 Coordination of Relay Nodes in Downlink
In this section, we discuss coordination of RNs for downlink.

A) Relaying scheme with coordinated RNs
In downlink, transmit diversity such as distributed STBC might mitigate fading when UE has the same average received power from two RNs. But, in most cases, power levels from two RN would be different at UE which limits transmit diversity gain. 
In contrast, coherent transmission from coordinated RNs is expected to enhance downlink capacity. Fig. 3 shows the relaying scheme with and without coherent transmission. In coherent transmission, eNB transmits the same data to RN1 and RN2 in the 1st subframe. In the 2nd subframe, RN1 and RN2 transmit the same data coherently to UE such that two signals from RN1 and RN2 are coherently summed over the air at UE. To achieve this coherent transmission, RN1 and RN2 need to have the same carrier frequency with constant carrier phase offset. This situation could be achieved by the inter-node carrier phase synchronization in [8][9], in which RN1 and RN2 adjust their carrier frequency and carrier phase periodically to keep constant phase offset with eNB using bi-directional channel measurements. According to [8], this inter-node carrier phase synchronization is capable of keeping carrier phase alignment error within 
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at expense of signalling equivalent to (1/2) RB every subframe. This synchronization enables relay nodes’ coherent transmission without sophisticated wired backhaul such as optical fibres.
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(a)  No RN coordination                                 (b) Coherent transmission based 

on RN coordination
    Figure 3: Relaying scheme with and without RN coordination in downlink.

B) Overall Control Procedure for Coherent Transmission
We present a typical control procedure for coherent transmission, although there are many other possibilities.
1) RN1 and RN2 perform inter-node carrier phase synchronization [8][9] with eNB individually. More precisely, RN1 and RN2 perform bi-directional channel measurements with eNB and adjust their carrier frequency and phase periodically (e.g.  1 time per frame) using bi-directional channel information [8].
2) RN1 and RN2 transmit orthogonal reference signals in downlink, whereas UE reports joint precoding information to a donor relay node RN1.
3) RN1 reports the joint precoding information to RN2 through RN1(eNB( RN2 in a special subframe [9].
4) RN1 and RN2 transmit the same data provided by eNB using the joint precoding weight in the same RB simultaneously.
5) UE receives coherently combined data. 
Using the above procedure, relay nodes can perform coherent transmission in downlink. This procedure is applicable to both FDD and TDD if bi-directional channel measurements at the same　frequency is acceptable in FDD [10]. 
C) Necessary Functions in Air-interface

From the above discussion, coherent transmission from coordinated RNs would be feasible and improve downlink capacity significantly in LTE-Advanced. In our view, CoMP DL concept, e.g. [11][12], could be extended to coordination of RNs. In addition, it is necessary to consider the following aspects :

- Frame structure and signalling for over-the-air inter-node carrier phase synchronization 

          A special subframe for bi-directional channel measurement and its feedback is required. 

- Control signalling for coherent transmission through wireless backhaul link
Information of joint precoding, channel state, and rank needs to be exchanged between
 RNs and eNB.
4 Conclusion 
In this contribution, we have discussed feasibility of coordinated RNs for LTE-advanced. Our current view is that
-   Relaying one UE’s signal by coordinated RNs is effective in improving uplink performance.
-   Coherent transmission by coordinated RNs is feasible and effective in downlink
-   CoMP concept can be extended to coordination of RNs adding extra functions in wireless backhaul link. 
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