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1. Introduction
Relay can be used to enhance the system throughput and extend the cell coverage. In LTE-Advanced, the in-band relay is an important feature [1]. For in-band relay, the same frequency band is used for the relay and access link. Due to the self interference between the receiver and transmitter in RN, TDM is used in LTE-A so that the relay can not transmit and receive simultaneously at the same band [2]. It is agreed that MBSFN subframes are used for the downlink backhaul transmission. In order to avoid the influence to the UE, the MBSFN subframes can not be configured at the subframe 0, 1, 5 and 6 for TDD [3], or 0, 4, 5 and 9 for FDD [4].

Synchronization is mandatory for TDD LTE, but not necessary for FDD LTE. However, in LTE-Advanced systems, synchronization can provide performance gains not only for TDD but also for FDD. For example, the CoMP technology as an important feature of LTE-Advanced requires the synchronization [5].

2. The synchronization requirements
According to the application scenarios [6], the practice placements of relay nodes are diverse and complex. For the coverage extension in rural areas, the relay node may be placed above the building rooftop. For the capacity improvement in urban hot spots, the relay node may be placed below the building rooftop, or even in the indoor scenario.

In view of the different placement, it is difficult to ensure the relay nodes to get the GPS timing signal. Therefore, a new solution for RN to synchronize to its donor eNB is required. Even if the relay node can get the GPS timing signal, the synchronization scheme without the GPS may be also beneficial to the system CAPEX.

A feasible solution for the relay nodes to synchronize to their donor eNBs is the network listen scheme, namely the air-interface synchronization scheme. For the network listen scheme, a relay node may periodically utilize a synchronization signal from its donor eNB to correct its timing and carrier frequency. According to the local oscillator precise in RN, the listen period may be from several seconds to several tens seconds. Note that the synchronization signal may either be the primary synchronization signal (PSS), secondary synchronization signal (SSS) or the common reference signal (CRS). 

During the network listen period, RN will terminate the downlink transmission to its UE and listen to its donor eNB to track the synchronization and update its timing. As the transmission time interval (TTI) is one subframe, the network listen period is also at least one subframe. In addition, when RN listens to the PSS and SSS from its donor eNB, its UE will also lose the PSS, SSS and even PBCH from itself. Therefore, it is not optimal to listen to the PSS and SSS from the donor eNB.
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Fig.1: The network listen scheme.
In order to avoid the adverse effect on UE, a better scheme is to listen to the synchronization signal during the downlink backhaul subframe (may be MBSFN or non-MBSFN subframe). In the downlink backhaul subframe, the only useful information for synchronization is the reference signal. For the non-MBSFN subframe, the reference signal is same to the CRS in a regular subframe because of the multiplexing with macro UEs. For the MBSFN subframe, the reference signal may be specific for RN in order to reduce the backhaul overhead. For both MBSFN and non-MBSFN subframe, the reference symbols in one OFDM are few especially when the system bandwidth is small. Therefore, it is difficult to ensure the synchronization reliability except for the large system bandwidth. In addition, as the downlink backhaul subframe can not be configured at the subframe 0, 1, 5 and 6 for TDD, or 0, 4, 5 and 9 for FDD, RN can not get the PSS/SSS and PBCH from its donor eNB. And thus it is impossible for RN to get the half-frame and frame synchronization with eNB.

According to the above analysis, it is necessary to design a specific synchronization channel (DSCH) in the downlink backhaul subframe (MBSFN). RNs can keep synchronization to their donor eNBs by listening to the DSCH. As the subframes #0,1,5,6 for TDD and #0,4,5,9 for FDD can not be configured as the MBSFN subframes, the listen scheme must not affect the UEs attached to the RNs. In view of the specific design, the DSCH can ensure the synchronization reliability and veracity Comparing to the traditional listen scheme, all RNs listen to their donor eNBs simultaneously during the downlink backhaul subframes, there is no interference between RNs during the listening period. Therefore, the listening procedure is same to the coordinated silencing scheme [7], which can improve the synchronization precise. In addition, the DSCH is also useful to the backhaul channel estimation.
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As there are multiple MBSFN configurations for the downlink backhaul subframes, the dedicate synchronization sequence (DSS) for the DSCH should be specific to the different MBSFN subframes in order to get the half-frame and frame synchronization with its donor eNB.

3. Conclusions
The synchronization is necessary for both TDD and FDD in LTE-Advanced. In view of the various deployment scenarios, RN either may be not able to install GPS module or get the GPS timing signal. The over-the-air network listen scheme may be considered for relay synchronization.

Proposal: It is necessary to design the specific synchronization channel in the backhaul link.
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