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1. Introduction & Background
Subframe timing is a basic issue for backhaul design. In recent several meetings, backhaul timing has been one of hot topics in relay. For type I relay, DL subframe timing alignment for backhaul link and access link was agreed in [1] as following:

At the RN, the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary except for possible adjustment to allow for RN transmit/receive switching.
According to the above agreement, reference [2] discussed the RN (relay node) uplink subframe timing, and listed three possible options as following:

- Option 1: Access UL subframe reception at RN from R-UE is aligned with Access DL transmission timing to R-UE.
- Option 2: Access UL subframe reception at RN from R-UE is aligned with Backhaul UL transmission timing to donor eNB.
- Option 3: Access UL subframe reception at RN from R-UE is aligned with donor eNB (Backhaul) DL transmission timing to RN.
In this contribution, we will give our considerations on the DL and UL subframe timing.
2. Discussion on RN synchronization
Synchronization is a mandatory requirement for TDD relay. Although the synchronization is not required for FDD relay, the system can get performance improvement by synchronization. In reference [3], some benefits for both FDD and TDD by synchronization have been listed. Note that most of interference mitigation schemes, such as ICIC and CoMP, are based on synchronization. For relay, the interference will be more complex especially in the heterogeneous scenarios for capacity improvement. Therefore, we suggest that the synchronization requirement not only for TDD relay but also for FDD relay should be studied carefully in RAN1.

As the discussion in reference [4], there are two possible synchronization schemes for RNs. One is the scheme based on the GPS timing signal, the other is the air-interference listening scheme which means RN synchronizes 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 applications of the two synchronization schemes depend on the scenarios and requirements. The GPS scheme with 50~100ns of synchronization error is far accurate than the air-interference listening scheme, but it is not always feasible in relay application scenarios. Therefore, the above two schemes should not be excluded for relay.

3. Discussion on DL subframe timing at RN
Based on the GPS synchronization scheme, RN can get the same synchronization error as its donor eNB, and the downlink subframe can be aligned between them. For this solution, RN can be operated like a normal eNB in access subframes as shown in Fig.1. In both DL and UL backhaul subframes, special GPs are required to overcome the propagation delay and Tx/Rx transition time.
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Fig.1: Example of TDD downlink subframe timing between RN and its donor eNB by GPS.
For the air-interface listening scheme, the downlink subframe timing may be different between RN and eNB because of the propagation delay between them as shown in Fig.2. For different application scenarios, the propagation delay is from hundreds of nanoseconds to tens or even hundreds of microseconds. The larger propagation delay will significantly degrade the performance of interference mitigation schemes such as CoMP and ICIC and so on. For TDD relay, the larger propagation may also result in the interference at the UL-to-DL switch points.
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Fig.2: Example of TDD downlink subframe timing between RN and its donor eNB by open-loop air-interface listening.
In fact, the air-interface listening scheme can also implement the absolute DL synchronization between eNB and RN. RNs can get the propagation delay between them and their donor eNBs by the random access procedure. For fixed relay scenarios, it is enough for RN to get the propagation delay only once at the cell search procedure. For mobile relay scenarios, the propagation delay should be updated periodically like UE. According to the propagation delay, RN can adjust its downlink subframe timing to align with its donor eNB just as Fig.1. In order to distinguish the two air-interface listening scheme, the former scheme shown in Fig.2 is called the open-loop air-interface listening, and the latter scheme is called the close-loop air-interface listening. Note that there are significant differences between RN and HeNB on system design, and therefore, the preferred air-interface listening scheme may also be different.
Between the two air-interface listening schemes, the close-loop scheme is preferred because it is compatible with the GPS scheme. In addition, the GP at backhaul subframe is at least one OFDM symbol, which is larger enough for the transition time and propagation delay in most scenarios.

4. Discussion on UL subframe timing at RN
In reference [2], three options for RN UL subframe timing which is re-listed in the first section has been discussed. For the open-loop scheme, the three options are different between each other. However, for the close-loop and GPS scheme, three options are similar except for the GP in uplink and downlink backhaul subframe at RN for TX/RX switching.

Reference [2] compared the three options. As there may be the conflict between transmitting and receiving at RN for option 1 and 3, option 2 is preferred in [5-6]. However, all of these analysis are based on the open-loop air-interface listening scheme. For the close-loop and GPS schemes, the conflict can be avoided by GP setting in uplink and downlink backhaul subframes.
Compared with the open-loop scheme, the absolute synchronization between eNB and RN may require more GP to overcome not only the transition time but also the propagation delay [7]. However, the absolute synchronization will not impact on other enhancement technologies in access link which has been listed in reference [3].

[image: image3.png]alig}ned alig}ned

access access | backhaul | backhaul
eNB SFO SF4
| i
| | IDL-Backhaul
M-UE|  SFO
| ——
access access | :
RN SFO !!!
R-UE SFO

PDCCH for R-UE





Fig.3: Example of subframe timing at eNB and RN.
5. Conclusion
According to reference [8], the backhaul capacity improvement is directly relative to relay performance. The backhaul subframe timing to reduce overhead is one of significant backhaul capacity improvement schemes. However, the following three factors must be taken into account for the timing at RN.

Factor 1: Note that the absolute synchronization error between eNBs is less than 3us in [9]. Type I relay is similar to eNB, especially when it is used to improve coverage.
Factor 2: The backhaul timing scheme that results in the access subframe misalignment between RN and its donor eNB may degrade the access link performance.

Factor 3: There are two synchronization schemes for RN, including GPS timing and air-interface listening. For the latter scheme, there are also two possible schemes, including the open-loop and close-loop air-interface listening.
Based on the above factors, the close-loop synchronization and the option 1 in [2] are preferred. For the synchronization between RN and its donor eNB, there are two proposals as follows.
Proposal 1: The absolute synchronization between RN and its donor eNB is required. The close-loop air-interface listening and GPS synchronization schemes are preferred because of the access subframes alignment between RN and its donor eNB.
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