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1 Introduction
In recent several meetings, some contributions on timing were submitted [1-12]. One of the key motivations for backhaul timing discussions is how to improve the number of OFDM symbol in the backhaul link. In [7] three schemes were proposed for UL access link timing at the RN. In [5], it was proposed that “The DL subframe timing of the RN shall be delayed compared to the DeNB DL subframe timing (which is the backhaul timing) by the propagation delay plus the required RX-TX switching time.” By doing so, one OFDM symbol can be saved for backhaul link R-PDSCH transmission. In [10], a fixed delay was proposed for DL and UL subframes to account for RN Tx/Rx switching, and the fixed delay should be the same between DL and UL. In this contribution, we will discuss UL access link timing at the RN, UL access link and backhaul link timing at the RN, together with DL/UL subframe boundary definition when fixed delay is introduced.
2 Discussion

2.1 Timing alignment of UL access link
Here we consider two alternatives for timing alignment of UL access link: 

1. The access link UL subframe timing at the UE is based on the backhaul link UL subframe timing at the RN 

2. The access link UL subframe timing at the UE is based on the access link DL subframe timing at the UE 
The timing relations of Alt. 1 and Alt. 2 are illustrated in Figure 1 and Figure 2, respectively. In Figure 1, it is seen that there is no overlapping or transmission waiting. Time domain resource is fully untilized in Alt. 1 and no interference exists between backhaul link and access link. Note that in Alt. 1, the timing difference between access link UE Tx and UE Rx is the aggregation of round trip propagation delays of both access link and backhaul link, which is more sensitive to coverage sizes of donor-eNB and RN. 
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Figure 1: Alternative 1, UL access subframe timing at UE based on UL backhaul subframe timing at RN
In Figure 2, there is certain waiting time and overlapped time between UL reception and transmission at RN. Such waiting /overlapped time is due to the agreed timing relation in DL: “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” [2]. Note that in Alt. 2, the timing difference between access link UE Tx and UE Rx consists of only the round trip propagation delay of access link, which depends only on the coverage size of RN.
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Figure 2: Alternative 2, UL access subframe timing at the UE based on DL access subframe timing at the UE
2.2 Timing alignment between UL access and backhaul link
From above analysis, we prefer Alt. 1. Note that the choice of above two alternatives determines the timing alignment between UL access link and UL backhaul link. With Alt. 1 in mind, we propose the following:
Proposal 1: The access link uplink subframe timing at the UE is based on the backhaul link uplink subframe timing at the RN.
Proposal 2: At the RN, the access link uplink subframe boundary is aligned with the backhaul link uplink subframe boundary except for possible adjustment to allow for RN transmit/receive switching.
2.3 The boundary definition after introducing fixed delay
For inband-relay, the number of OFDM symbol in a subframe for traffic channel is reduced due to Rx/Tx or Tx/Rx switching. For instance, the first and the last OFDM symbol are used for switching, switching overhead is 1/7 for normal CP. To improve resource utilization, a fixed delay can be introduced. Note that there is a GP at the end of the subframe after introducing fixed delay, thereby, we propose that the boundary should be defined.
At the RN, normally the access link DL subframe boundary should be aligned with the backhaul link DL subframe boundary plus Tx/Rx switching time. In such case, GP would be located inside of the last OFDM symbol in the current subframe as Figure 3 shows. If a fixed delay is introduced before the first one or two OFDM symbol in PDCCH region sent from RN, GP will be located outside of the last OFDM symbol in the current subframe as shown in the Figure 4. 
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Figure 3: DL access subframe boundary aligned with DL backhaul subframe boundary without fixed delay
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Figure 4: DL access subframe boundary aligned with DL backhaul subframe boundary with fixed delay
Similarly, under Alternative 1 mentioned in previous section: at the RN, the backhaul link UL subframe boundary is aligned with the access link UL subframe boundary, the time resource utilization is as Figure 5 shows. After a fixed delay is introduce, the subframe boundary is GP’s boundary as shown in Figure 6. Therefore, we propose:
Proposal 3: At the RN, a fixed delay can be introduced for DL access link and UL backhaul link transmissions.
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Figure 5: UL access subframe boundary aligned with UL backhaul subframe boundary without fixed delay
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Figure 6: UL access subframe boundary aligned with UL backhaul subframe boundary with fixed delay
3 Summary
In this contribution, we analyzed some timing alignment choices of access and backhaul link subframe boundaries. Based on the analysis we proposed the following:
Proposal 1: The access link uplink subframe timing at the UE is based on the backhaul link uplink subframe timing at the RN.
Proposal 2: At the RN, the access link uplink subframe boundary is aligned with the backhaul link uplink subframe boundary except for possible adjustment to allow for RN transmit/receive switching.
Proposal 3: A fixed delay can be introduced at the RN for DL access link and UL backhaul link transmissions.
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