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1. Introduction & Background
The timing for relay backhaul link is a hot topic in recent RAN1 meetings. The schemes [1]-[20] are based on different assumptions and requirements. Please note that both FDD and TDD in-band RNs adopt the TDD duplex between backhaul and access links. For TDD duplex, the interference between transmitting and receiving at switch points should be concerned, which is similar to TDD system design. In the contribution, the interference at backhaul subframes and synchronization requirement will be analyzed, which is directly relative to the timing design for DL and UL backhauls.
2. Considerations on Interference at DL Backhaul
For DL backhaul subframes, there are two kinds of interference as follows.
· 1st interference, RN reception at DL backhaul subframes can be disturbed by another eNB transmission.

· 2nd interference, RN reception at DL backhaul subframes may be disturbed by another RN at the TX-to-RX and RX-to-TX switch points.
The 1st interference as shown in blue dot lines in Fig.1 is similar to the interference between eNB and UE attached to the adjacent cells, which can be overcome by advanced signal processing technologies such as ICIC, CoMP and so on. Please note that all of the technologies are based on synchronization between eNBs [21].
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Fig. 1: Interference scenarios for RN at DL backhaul
The 2nd interference as shown in red dot lines in Fig.1 is similar to the interference between eNBs at TX/RX switch points for TDD LTE. As shown in Fig.2, after the first several OFDM symbols for PDCCH TX, other OFDM symbols at the DL backhaul subframe, named R-Channel, will be used to DL backhaul RX. The transition from TX to RX at the backhaul subframe at RN is similar to TDD eNB transition from DL to UL at special subframes. Please note that the guard period at the special subframe at eNB is far larger than the TX-to-RX transition period in order to overcome the interference between eNBs. For both FDD and TDD relay, the interference between RNs at the TX-to-RX transition should be also taken into account since some applications of type I RN are extremely similar to eNB.
[image: image2.png]RN

Switch Point Switch Point

Backhaul Subframe




Fig. 2: TX/RX switch points at DL backhaul subframe at RN
As shown in Fig.2, the second transition from RX to TX at DL backhaul subframe at RN is similar to the UL-to-DL transition at TDD eNB. The guard period for the UL-to-DL transition at TDD eNB is provided by additional uplink timing advance, TAoffset, which is equal to 20us that only considers the RX-to-TX transition requirement [22]. Therefore, it is reasonable for RN only to consider the RX-to-TX transition requirement for the second guard period at the DL backhual subframe. Please note that the interference between RNs at the switch point is possible without the absolute synchronization between RNs. For TDD eNB, the 3us absolute synchronization is required in order to overcome the interference at the UL-to-DL switch point [23].
3. Considerations on Interference at UL Backhaul
As shown in Fig.3, there are also two kinds of interference for UL backhaul subframes.
· 1st interference, eNB reception at UL backhaul subframes can be disturbed by another RN transmission.

· 2nd interference, RN reception at UL backhaul subframes may be disturbed by another RN at the TX-to-RX and RX-to-TX switch points.
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Fig. 3: Interference scenarios for RN at UL backhaul
As the analyses in section 2, the 1st interference can be overcome by advanced signal processing technologies, and the 2nd interference is also similar to the interference between eNBs at TX/RX switch points for TDD LTE. As shown in Fig.4, the first transition at the UL backhaul subframe is from RX to TX, which is similar to the UL-to-DL transition at TDD eNB. For the same reason, it is enough for RN only to consider the transition requirement for the first guard period at the UL backhaul subframe. In order to overcome the interference at the switch point, the absolute synchronization between RNs is also required.
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Fig. 4: TX/RX switch points at UL backhaul subframe at RN
The second transition at the UL backhaul subframe at RN is also similar to TDD eNB transition from DL to UL. As the same reason, the second guard period at the UL backhaul subframe should take into account not only the TX-to-RX transition requirement but also the interference between RNs.
4. Synchronization Requirement for Relay
· Synchronization Requirement for Backhaul links

The 2nd interference is a special issue for TDD duplex. The backhaul performance degradation by the interference can be mitigated by the large enough GP at the TX-to-RX transition at RN. Except for the transition time, the GP should be able to cover the maximum propagation distance of RN. Please note that the effective GP will be reduced without the absolute synchronization between RNs. Therefore, the absolute synchronization is required to overcome the 2nd interference. In addition, although the directional antenna for backhaul transmission at RN can mitigate the interference, the solution will restrict the cost and flexibility of RN.
For some application scenarios, if the channel between RN and its donor eNB is LOS, it is rather possible that the channel between RN and another eNB is also LOS. For example, the application of Type I RN may be similar to the deployment of eNB in rural and suburban scenarios. For these scenarios, the 1st interference is also serious to block the backhaul transmission. Both ICIC and CoMP are effective solutions to the interference. It is well known that the absolute synchronization between eNBs is also required for these solutions.
In order to reach the absolute synchronization between RNs, the absolute synchronization between RN and its donor eNB is required because of the different propagation distance between different RNs and their eNBs.

· Synchronization Requirement for access links

In fact, the absolute synchronization between RN and its donor eNB is also beneficial to the system performance. ICIC can be used to mitigate the interference between RN and its donor eNB at DL access subframes. Please note that the performance of ICIC at access subframes will be degraded significantly for the fixed delay timing scheme [11] because the solution will result in about 20us misalignment between RN and its donor eNB for DL OFDM symbols in access subframes.
For open-loop synchronization (the propagation delay between RN and its donor eNB is not compensated), although the DL TODA (time-of-different-arrival) at UE can be reduced, which is beneficial to the ICIC between RN and its donor eNB, it can not ensure the DL synchronization at UE between RN and another Pico as shown in Fig.5. In addition, the open-loop synchronization is adverse to overcome the 2nd interference, which will be analyzed in the next section.
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Fig.5: The possible different scenarios for ICIC
According to the above analyses, the absolute synchronization between RN and its donor eNB is preferred because the advanced interference technologies can be used to improve the system performance. For ICIC, if the DL TDOA at UE between RN and its donor eNB is larger than the normal CP, which will degrade the performance of ICIC, the extend CP can be adopted. In fact, the situation is only possible in the large macro cells, and the extend CP is just designed for the scenario, and the capacity is not concerned in large macro cells.
5. Synchronization Schemes for Relay
There are two possible synchronization schemes for RNs. One is the scheme based on the GPS timing signal, the other is the air-interface listening scheme. For the latter scheme, RN is synchronized to its donor eNB by listening to the synchronization signal such as PSS (primary synchronization sequence), SSS (secondary synchronization sequence) and CRS from its donor eNB. The GPS scheme with 50~100ns of synchronization error is far accurate than the air-interface listening scheme, but it is not always feasible in relay application scenarios. In addition, the air-interface listening scheme does not require any additional devices, which is favourable to the cost of RN. As the GPS synchronization scheme is well known, the air-interface listening scheme is focused on in the section.
· Air-Interface Listening Scheme
The air-interface listening scheme can be divided into two procedures, the setting and tracking procedure. At the setting procedure, RN can capture the PSS and SSS from its donor eNB and get the DL synchronization, which is similar to the cell search procedure for UE. At the tracking procedure, RN can capture the CRS from its donor eNB at the DL backhaul subframe and adjust its timing to overcome the oscillator difference between RN and its synchronization reference, namely its donor eNB.
According to the above air-interface listening procedure, RN can not get the absolute synchronization with its donor eNB because of the propagation delay as shown in Fig.6a. For different RNs, the propagation delays are also different, and therefore the absolute synchronization between RNs can not be realized. Please note that the absolute synchronization between RNs is a mandatory requirement to overcome the 2nd interference at backhaul links.
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Fig. 6: Comparison between open-loop and close-loop air-interface listening schemes
In fact, it is possible and simple for RN to reach the absolute synchronization. At the setting procedure, RN can get the propagation delay with its donor eNB from the TA (timing advance) parameter which can be gotten by the random access procedure between the RN and eNB. For fixed RN, the propagation delay between RN and its donor eNB is also stable. Therefore, it is unnecessary for RN to update the parameter at the tracking procedure. During the tracking procedure, RN can adjust its DL synchronization by the propagation delay to reach the absolute synchronization with its donor eNB. In order to distinguish the two air-interface-listening schemes, the former scheme is named the open-loop scheme, and the latter scheme is named the close-loop scheme.
6. Conclusions
There are two kinds of interference at the backhaul transmission. The 1st interference is serious if there is LOS propagation between RN and another adjacent eNB. The 2nd interference is an essential issue caused by TDD duplex between backhaul and access links. In order to overcome the two kinds of interference, we propose
· Proposal 1: The absolute synchronization between eNB and RN can improve the system performance especially in heterogeneous scenarios, which should not be excluded.

· Proposal 2: The absolute synchronization between RNs is required to overcome the 2nd interference.

· Proposal 3: In order to reach the absolute synchronization between RNs, the close-loop air-interface listening between RN and its donor eNB is preferred.
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