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1. Introduction & Background
According to previous RAN1 discussions, several kinds of alternatives for RN backhaul DL timing were put forward [1], in which both case 1 (propagation delay + fixed offset) and case 3 (absolute synchronization) were finally agreed to be supported in last RAN1 meeting. For further investigation especially on TDD RN, whether case 1 can be applied depends on RAN4 conclusions on synchronization requirement. In this contribution, the feasibility of case 1 for TDD RN is analyzed and discussed.
2. DL Backhaul Timing Case 1 & 3
In [1], the DL backhaul timing case 1 is defined as follows:
· Case 1: RN can receive the DL backhaul subframe starting from OFDM symbol m=k+1 until the end of the subframe (n=13 in case of normal CP)

· This corresponds to the case when RN switching time is longer (> cyclic prefix) and RN DL access transmit time is slightly offset with respect to DL backhaul reception time at the RN.
As shown in Fig.1, the boundaries of DL access subframes are not aligned between RN and its donor eNB, and the DL timing difference between them is the sum of propagation delay and a fixed offset, which is equal to the transition time from Rx to Tx at RN. In last RAN4 meeting, it was agreed that the transition time at RN can not be less than CP in Rel-10 [2]. Therefore, the DL timing difference between RN and its donor eNB should be larger than the CP in case 1.
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Fig.1: DL backhaul timing case 1.
As a comparison, the DL backhaul timing case 3 is defined as follows [1]:
· Case 3: RN can receive the DL backhaul subframe starting from OFDM symbol m≥k until OFDM symbol n<13 (depending on the propagation delay and the switching time)

· This corresponds to the case when RN DL Uu transmissions is synchronized with the eNB DL transmissions

As shown in Fig.2, the boundaries of DL access subframes are absolutely aligned between RN and its donor eNB. However, the last OFDM symbol in DL backhaul subframe in case 3 can not be used for DL backhaul transmission, which will introduce a slight capacity degradation for DL backhaul compared with case 1.
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Fig.2: DL backhaul timing case 3.
3. Discussions on Case 1 for TDD RN
Based on the analyses in [3], the synchronization between RN and other nodes is required for TDD to overcome the interference between Tx and Rx. Although case 1 can provide a larger backhaul capacity than case 3, it will also result in a larger synchronization error. As shown in Fig.3, case 1 will cause two problems:
· The effective GP to reject interference from the Tx at eNB to the Rx at RN is reduced, which may have a risk for network deployment.

· The interference at the UL-to-DL switch point must happen because of the larger offset delay at RN in Rel-10.
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Fig.3: Interference illustration based on DL backhaul timing case 1.
Although the above mentioned interference could be avoided by shifting the RN UL timing in advance with the timing difference as shown in Fig.3, it still has several problems in the following aspects:
· The effective GP to reject the interference from Tx to Rx at RN is further reduced, which may cause the interference between RNs at the DL-to-UL switch point.
· The above solution will reduce the access coverage of the short PRACH at UpPTS. The UE that has not finished the random access procedure can not implement the UL synchronization, and therefore its PRACH transmission will be synchronized to the DL reception timing. However, RN has advanced its UL timing, which will reduce the effective GP at the end of the short PRACH. If the additional timing advance is equal to 20us, the access coverage of the short PRACH will reduce to 0.
4. Conclusions
For TDD, the absolute synchronization is a basic requirement to reject or overcome the interference from Tx to Rx. Although DL backhaul timing case 3 is not so efficient as case 1, it can ensure the absolute synchronization between RN and other nodes, which will be definitely beneficial to the network deployment and interference management.
Therefore, we propose to take DL backhaul timing case 3 as the basic assumption for TDD RN.
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