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1. Introduction & Background
In general, synchronization and interference at the TX/RX transition period are specific issues for TDD systems. However, all of these issues should be taken into account for both FDD and TDD relay because of the TDM mode between backhaul and access links. In [1], some analyses were given on the backhaul interference and the interference between RNs. In this contribution, further considerations and analyses are proposed on the interference at TX/RX switch point, which are applicable for both FDD and TDD relay.
2. Interference between RNs at Rx-to-Tx switch points
There are two Rx-to-Tx switch points at RN. As shown in Fig.1, one is at the end of DL backhaul subframe, and the other is at the beginning of UL backhaul subframe. Without absolute synchronization between RNs, the transmitting RN may introduce interference to its neighboring RNs on the DL backhaul and UL access receiving.
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Fig.1: Interference between RNs at Rx-to-Tx switch points caused by non-synchronization
In [2] and [3], four DL and UL backhaul timing cases were proposed. Except for DL case 3 and UL case 4, namely the absolute synchronization cases, other cases may suffer from the interference at the Rx-to-Tx switch points. Moreover, the above interference also exists between RN and other nodes such as eNB and Pico, which could not be overcome without the absolute synchronization between them.

With the increase of the overlapping, the interference will become more and more severe. Based on the assumption of air-interface synchronization between RN and its donor eNB [1], the overlapping is related to the timing between eNBs or eNB and Pico, the propagation delay between RN and its donor eNB, and other additional offset just as described in case 1 in [2]. If all of these factors are taken into account, the interference at Rx-to-Tx switch points will be serious. Although the interference scenario is similar to the issue that UE is disturbed by adjacent non-synchronous eNB, RN must suffer from more serious interference because of its higher antenna deployment than UE.
The interference between RNs at Rx-to-Tx switch point is only effective to the adjacent RNs. As shown in Fig.1, if the propagation delay between RN1 and RN2 is larger than the overlapping time, the receiving at RN1 will not be disturbed by the RN2 transmitting. Otherwise, only the absolute synchronization between RN1 and RN2 can overcome the interference.

Proposal 1: For both FDD and TDD relay, in order to overcome the interference at Rx-to-Tx switch points, the absolute synchronization is required between RN and other nodes including eNB, RN and Pico. Furthermore, an additional GP at the transition period to overcome the synchronization error is necessary.

3. Interference between RNs at Tx-to-Rx switch points
There are also two Tx-to-Rx switch points at RN. As shown in Fig.2, one is at the middle of DL backhaul subframe, and the other is at the end of UL backhaul subframe. Without enough GP and absolute synchronization between RNs, the DL PDCCH transmission or UL backhaul transmission may introduce interference to the DL R-PDSCH or UL access receiving at another RN.
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Fig. 2: Interference between RNs at Tx-to-Rx switch points for case 1.
The first DL and UL backhaul timing cases [2] [3] are shown in Fig.2 just as an example. The orange slot is the GP used to TX/RX transition. The white slot in Fig.2 (a) is used to reject the interference from the PDCCH transmission at RN1 to the R-PDSCH receiving at RN2. It should be noted that there is not any GP to reject the Tx-to-Rx interference at the end of the UL backhaul subframe.

Unlike the interference at the Rx-to-Tx switch points, the above interference doesn’t degrade the adjacent RNs, but impact on the remote RNs. This kind of interference could not be mitigated or avoided, but reject. As long as the GP between Tx and Rx is large enough, the interference can be omitted. Although the absolute synchronization can not reject the interference directly, it is also necessary to ensure the length of the effective GP. In [4], there are multiple application scenarios for relay such as urban, suburban and rural. For each deployment scenario, the transmitting power and antenna height are different significantly. For example, for urban scenario, the RF power is about 30dBm, and the antenna is below rooftop. However, for rural scenario, the RF power is about 40 to 43 dBm, and the antenna deployment is similar to eNB.
Propose 2: For both FDD and TDD relay, in order to reject the interference at Tx-to-Rx switch points, the absolute synchronization between RNs is necessary, and the GP between Tx and Rx must be large enough for all deployment scenarios to reject the interference.
4. Conclusions
All the TDD specific issues should be considered carefully for both FDD and TDD relay because of the TDM mode between backhaul and access links. In this contribution, the interference at Tx/Rx switch point and synchronization requirement for relay are analyzed, by which there comes two proposals.

Proposal 1: For both FDD and TDD relay, in order to overcome the interference at Rx-to-Tx switch points, the absolute synchronization is required between RN and other nodes including eNB, RN and Pico. Furthermore, an additional GP at the transition period to overcome the synchronization error is necessary.

Propose 2: For both FDD and TDD relay, in order to reject the interference at Tx-to-Rx switch points, the absolute synchronization between RNs is necessary, and the GP between Tx and Rx must be large enough for all deployment scenarios to reject the interference.
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