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1 Introduction
In LTE-advanced, relay is considered as an important technology to support high capacity and coverage [1]-[6]. In relaying scheme, coordination of multiple relay nodes (RNs) is an important aspect to improve transmission performance. 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 serving 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.
This RN coordination is beneficial particularly for high-mobility UE, because diversity effect can be 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 serving relay node RN1 (RN2). Without 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. Assuming that RN1 and RN2 forward the received signals to eNB in different subbands, 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 Fig. 2(b), two UEs’ signals are relayed to eNB at expense of 3 resource units, whereas 4 resource units are needed in Fig. 2 (a) (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 type I relay, CoMP concept could be straightforwardly applied to RNs. In type II relay, the following functions are important for RN coordination.

· Grouping RNs
eNB needs to determine a set of RNs which support 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. 
-     Support of amplify-and-forward (AF) relay
                 A RN cannot always decode one of the two signals in Fig. 2 (b). Moreover, transmission 
of soft bits from a RN to eNB is not always effective in Fig.2 (b), because interference 
which can be cancelled at eNB is considered as noise. With AF relay, eNB can separate 
the two signals cancelling one of the two signals coherently. 
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, signals from two RNs have different power levels at UE which limit transmit diversity gain. 
In contrast, dynamic RN selection and coherent transmission from coordinated RNs are 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, RN1 and RN2 need to have the same carrier frequency. This situation could be realized in TDD by the inter-node carrier phase synchronization [7][8], 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 [7], this inter-node carrier phase synchronization keeps alignment error less than 
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at expense of small amount of signalling. This synchronization enables relay nodes’ coherent transmission without sophisticated wired backhaul such as optical fibres. 
It is an issue whether FDD can support inter-node carrier phase synchronization. If eNB with silent mode can overhear DL signals transmitted by RN for UEs, this synchronization would be possible. If not possible, dynamic RN selection could be an alternative coordination way.
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(a)  No RN coordination                              (b) Coherent transmission from RNs
    Figure 3: Relaying scheme with and without coherent transmission in downlink.

B) Overall Control Procedure for RN Coordination
We present typical control procedures for coherent transmission and dynamic RN selection, although there are many other possibilities.
[Coherent transmission mode]
1) RN1 and RN2 perform inter-node carrier phase synchronization [7][8] with eNB individually.

2) RN1 and RN2 transmit orthogonal RSs in downlink, whereas UE reports joint precoding information to a serving relay node RN1.
3) RN1 reports the joint precoding information to RN2 through RN1(eNB( RN2.
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. 
This procedure is applicable to TDD. In type II relay, UE may report the joint precoding information to eNB in 2). If RNs exploit channel reciprocity for RN-UE link, 2) and 3) can be replaced by SRS transmission. Then, RNs determine precoding weights autonomously in a short time (e.g., within a subframe) upon receiving SRS. This fast precoding is effective in tracking time-varying channels. Coherent transmission from coordinated RNs is expected to improve downlink capacity significantly. 

[Dynamic RN selection mode]

1) RN1 and RN2 transmit orthogonal RSs in downlink, whereas UE reports best RN information to a serving relay node RN1.

2) RN1 reports the best RN information to RN2 through RN1(eNB( RN2.

3) The best RN within RN1 and RN2 transmits data provided by eNB.

4) UE receives the data. 

This dynamic RN selection is applicable to both FDD and TDD. 
In the above two modes, dynamic RN selection can be realized by changing “joint precoding information” into “best RN information”. Therefore, we discuss necessary functions only for coherent transmission mode in the following.
C) Necessary Functions in Air-interface
Regardless of type I and II relays, coherent transmission requires inter-node carrier phase synchronization between eNB and RN. This can be achieved in TDD by transmitting pilot signals before and after switching UL and DL. In FDD, bi-directional channel measurements may be possible if eNB with silent mode can overhear DL signals transmitted by RN for R-UEs. 

Regarding other functions, CoMP concept can be straightforwardly applied to type I RNs with cell IDs. In type II relay, the following functions are important :
- Grouping RNs

eNB needs to determine a set of RNs which support signal transmission to UE. 
- Control information exchange
Joint precoding information, CSI, and rank information need 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
-   AF relay needs to be supported for efficient RN coordination in UL.
-   Coherent transmission from RNs is feasible in TDD DL.
-   Dynamic RN selection will be an appropriate scenario for FDD DL.
-   Control functions for RN coordination in type II relay are important issues.
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