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1 Introduction
· In order to support inband backhauling of the RN, the following agreements were made regarding the resource partitioning for RN-eNB link [1]:
· eNB → RN and RN → UE links are time division multiplexed in a single frequency band (only one is active at any time)
· RN → eNB and UE → RN links are time division multiplexed in a single frequency band (only one is active at any time)

In last meeting, the text proposal on backhaul resource assignment was agreed [2]. This text proposal defines new physical channels such as R-PDCCH, R-PDSCH and R-PUSCH and describes resources on which R-PDCCH and R-PDSCH are transmitted. Thus, it is possible to outline the subframe structure of backhaul downlink.
On the other hand, the subframe structure of backhaul uplink has not been discussed much. In this contribution, we address the subframe structure of backhaul uplink in conjunction with an uplink-downlink timing relation at the RN.
2 Guard periods in backhaul uplink subframe
Guard periods in the backhaul uplink subframe are necessary for the RN to have RF switching time between transmission and reception. Figure 1 shows an example of the backhaul uplink subframe. Two guard periods are located in the first and last SC-FDMA symbols of the backhaul uplink subframe. The length of each guard period is equal to one SC-FDMA symbol [3]. 
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Figure 1 A subframe structure of backhaul uplink [3]
The overhead of guard periods is about 14%, if two SC-FDMA symbols are used for guard periods among 14 SC-FDMA symbols in the backhaul uplink subframe for the case of normal CP. It seems that the overhead of guard periods is somewhat large. Furthermore, the RN cannot transmit RN SRS (here referred to as R-SRS) in the last SC-FDMA symbol of the backhaul uplink subframe due to the guard period. Thus, it may be required to define a new SC-FDMA symbol for the R-SRS. The R-SRS, however, cannot be transmitted in the full range of uplink system bandwidth because of the collision with the PUSCH of the macro-UE.
3 Uplink-downlink timing relation at relay node
Regarding the backhaul downlink subframe boundary, it was agreed that [2]:
· 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 this agreement, at the RN, the transmission timing of access downlink is determined by the reception timing of backhaul downlink that depends on the propagation delay between the eNB and RN. Figure 2 illustrates an uplink-downlink timing relation at the RN based on this agreement.
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Figure 2 Uplink-downlink timing relation at the RN and eNB
The eNB transmits backhaul downlink signals such as R-PDCCH and R-PDSCH in a downlink subframe. The RN receives backhaul downlink signals by configuring MBSFN subframe in order to avoid self-interference problem. 
The RN starts to transmit access downlink signals to the RN-UE after the RN receives the whole backhaul downlink signals. There is a time gap, denoted T1 in Figure 2, between the end of the reception and the start of the transmission. The time gap T1 is equal to the duration of the second guard period in the backhaul uplink subframe. Reception of access uplink signals from the RN-UE at the RN takes place T2 time earlier than the transmission of access downlink signals. The time T2 means timing advance command that the RN has received from eNB. At the RN, transmission timing of access downlink and reception timing of access uplink depend on the propagation delay between the eNB and RN.
The backhaul uplink subframe boundary is aligned with the access uplink subframe boundary at the RN. Thus, the backhaul uplink subframe also depends on the propagation delay. 
4 A new subframe structure of backhaul uplink

Based on the above uplink-downlink timing relation, we propose a new subframe structure of backhaul uplink as shown in Figure 3.
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Figure 3 A new subframe structure of backhaul uplink
Two guard periods are placed in the front and back of the backhaul uplink subframe. The length of each guard period is equal to half an SC-FDMA symbol. Although the requirement of the RF switching time between transmission and reception at the RN has not been determined yet, it can be estimated from the switch time requirement at eNB for LTE TDD as follows [4]:
· eNB UL reception to DL transmission: less than 20 us is feasible (down to 10 us)
· eNB DL transmission to UL reception: 10-15 us
If the RN has similar requirements on the RF switching time as the eNB for LTE TDD, the guard periods are long enough to cover the RF switching time.
The RN utilizes one more SC-FDMA symbol to transmit backhaul uplink signals compared to the previous structure, since the total length of the guard periods is reduced to one SC-FDMA symbol. In addition, it is possible that the R-SRS reaches the last SC-FDMA symbol in the uplink subframe at eNB. Thus, the R-SRS can be multiplexed with SRS of the macro-UE and can be transmitted in the full range of uplink system bandwidth depending on higher layer configuration.
5 Conclusion

We have discussed the guard period in backhaul uplink subframe and proposed a new subframe structure for backhaul uplink based on the uplink-downlink timing relation. The proposed subframe structure is efficient in the resource utilization and the transmission of the R-SRS. 
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