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1 Introduction
In LTE-advanced, coordinated multi-point transmission/reception (CoMP) is well regarded as a promising technique to improve coverage and spectral efficiency. Particularly, coherent transmission based on joint processing (JP) is expected to substantially improve transmission performance. In coherent transmission, backhaul mechanism is indispensable to provide the same carrier frequency and to share data and control information among multiple eNBs with stringent latency requirement. This requirement can be easily satisfied if eNBs are connected through sophisticated wired backhaul or optical fibers. Unfortunately, such an assumption may not hold for relay nodes or eNBs without sophisticated wired backhaul. As a result, wireless backhaul or over-the-air communication (OTAC) [1][2] may be an useful technique to share data and control information and to keep the same carrier frequency among eNBs. In this contribution, we discuss the possibility of applying over-the-air communication for coherent transmission in CoMP. 
2 Over-the-air communication for coordination of eNBs and RNs
In OTAC [1], one node receives messages from the other node over the air for synchronization or coordination purposes. This mechanism can be also useful for coordinating eNBs or relay nodes (RNs) without sophisticated wired backhaul in CoMP, regardless of FDD or TDD systems. For presentational simplicity, we concentrate our following discussion on two eNBs or RNs while the discussion can be straightforwardly extended to multiple eNBs or RNs.

A)  Coordination of eNBs

Fig. 1 shows an example of the proposed frame structure to coordinate two eNBs through over-the-air communication. In particular, a backhaul subframe is inserted between normal subframes in either uplink or downlink. The backhaul subframe is divided into two time durations in each of which one eNB transmits its pilot signals and messages (measured channel parameters and control information) to the other. When applying the MBSFN solution in downlink [3], the two eNBs transmit two OFDM symbols individually in the beginning of subframe before over-the-air communication as shown in Fig. 1.
It is worth noting that the two eNBs can achieve carrier phase synchronization required for coherent transmission if either eNB can derive bi-directional channel knowledge through over-the-air communication [2]. Furthermore, the donor eNB (say eNB1) can inform the precoding information to the other eNB by including such information in the control messages transmitted through over-the-air communication. In such a manner, the two eNBs can share control information while satisfying the delay constraint, which facilitates the eNBs to transmit coherently with robust carrier phase synchronization. 
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Figure 1: An example of frame structure for over-the-air communication between two eNBs.
B)  Coordination of relay nodes

Similarly, the same mechanism can be also applied to eNB-RN links. Fig. 2 shows an example of the proposed frame structure to coordinate RNs through over-the-air communication. As shown in Fig. 2, one eNB communicates with multiple RNs simultaneously based on frequency division multiplexing (FDM). RNs achieve carrier phase synchronization with each other by synchronizing with eNB. 
In a typical coherent transmission, relay nodes transmit orthogonal reference signals in downlink whereas UE reports joint precoding information to donor relay node. Without loss of generality, we assume that RN1 is the donor relay node. Then, RN1 informs the joint precoding information to other relay nodes through RN1(eNB(RN2 with a small delay. In such a manner, relay nodes can transmit the same signal coherently to UE in downlink. Such coherent transmission is expected to improve transmission performance significantly.
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Figure 2: An example of frame structure for over-the-air communication between two RNs.

3 Further Discussion on Backhaul Frame Structure
Next, we propose a backhaul structure for RN coordination. As discussed in [2], bi-directional channel information is critical for accurate inter-node carrier phase synchronization. For instance, Doppler spread 20Hz corresponds to channel phase rotation of 0.72 degree in 100 s. Therefore, an appropriate pilot arrangement is important for bi-directional channel measurements in order to guarantee that the channel state remains approximately constant during channel measurements. Thus motivated, pilot signals should be placed in the last OFDM symbols of RN-eNB link and in the first OFDM symbol of eNB-RN link. It is also important to place power-boosted pilot symbols in L distributed subcarriers for accurate channel measurements in order to exploit channel diversity [2]. Fig. 3 shows an example of the proposed backhaul frame structure that satisfies the above requirements. In the proposed frame structure, each RN-eNB link uses distributed comb subbands without overlapping. As a result, eNB can achieve carrier phase synchronization with multiple RNs simultaneously. 

 The remaining OFDM symbols are used to convey data and control information. The control information could be joint precoding information for RN(eNB link / channel measurement, precoding, and resource allocation information for eNB(RN link. Clearly, the proposed backhaul frame structure enables multiple RNs to simultaneously share the same carrier frequency and control information without incurring large delay. 
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Figure 3: An example of backhaul frame structure for RN coordination.
4 Conclusion
This contribution proposed a wireless backhaul structure to support coherent transmission for eNBs and relay nodes that do not have sophisticated wired backhaul. Using the proposed mechanism, relay nodes can support coherent transmission while maintaining inter-node carrier phase synchronization. Furthermore, the proposed structure facilitates relay nodes to share control information without incurring large delay. Therefore, we propose to consider bi-directional transmission mechanism for a backhaul subframe in LTE-advanced.
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