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1 Introduction

In order to support inband backhauling of the Type 1 RN, it was agreed that backhaul and access links are time division multiplexed [1]. Guard period is necessary for the RN to have RF TX/RX switching time between backhaul link and access link. The timing relationship of backhaul and access links affects not only the amount of guard period but also the number of OFDM/SC-FDMA symbols for backhaul downlink/uplink.
In this contribution, we address downlink and uplink timing alternatives for the RN and their effects on the backhaul efficiency.
2 Downlink timing
Regarding the backhaul downlink subframe boundary, the following was agreed [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 the RN transmit/receive switching.
Two alternatives can be considered from the agreement. The Alternative 1 is that the access downlink is tightly aligned with the backhaul downlink, so that additional adjustment is not allowed. The Alternative 2 is that the access downlink is aligned with the backhaul downlink and the additional adjustment is possible.
2.1 Alternative 1
The transmission timing of access downlink is determined by the reception timing of backhaul downlink. Two guard periods are necessary before and after the reception of backhaul downlink as shown in Figure 1.
If the requirement on the RF switching time of the RN is similar to that of the eNB for LTE TDD, 20us is enough for the RF switching time [3]. Though 40us is sufficient for two guard periods, two OFDM symbols are used because of the tight alignment.
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Figure 1 Downlink timing: Alternative 1
2.2 Alternative 2
Fixed delay T1 is applied to the transmission timing of access downlink as illustrated in Figure 2. Fixed delay T1 accounts for the RF RX-to-TX switching time. Since 20us is enough for the RF switching time, one OFDM symbol is used for two guard periods. Thus, the Alternative 2 utilizes one more OFDM symbol for backhaul downlink compared to the Alternative 1.
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Figure 2 Downlink timing: Alternative 2
Proposal 1:

· For the access downlink timing of the RN, fixed delay T1 shall be applied in order to maximize the number of OFDM symbols for backhaul downlink.
In joint transmission CoMP, the signals from the eNB and RN may not arrive at the same time to the cell edge UE due to the fixed delay T1. However, delay requirement for control signals to support JP CoMP is so tight that JP CoMP may not be feasible between the eNB and RN cells. For other CoMP schemes such as fast cell selection and CS/CB, the misaligned reception timing may not give significant effect.
3 UL timing
The reception timing of access uplink can be aligned either with the transmission timing of access downlink or with the transmission timing of backhaul uplink [4-6]. It is assumed that the Alternative 2 is used for the downlink timing at the RN and the downlink and uplink are tightly aligned at the eNB.
3.1 Option 1: RX timing of access UL is aligned with TX timing of access DL
Figure 3 shows an example of the Option 1. The guard period should cover the propagation delay between the eNB and RN as well as the RF switching time. Thus, the number of SC-FDMA symbol for backhaul uplink is variable depending on the propagation delay. Multiple formats of backhaul uplink subframe may need to be defined to support various inter-site distance between the eNB and RN.
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Figure 3 Uplink timing: Option 1

3.2 Option 2: RX timing of access UL is aligned with TX timing of backhaul UL
The guard period is irrelevant to the propagation delay between the eNB and RN as shown in Figure 4. Thus, it is enough to define single format of backhaul uplink subframe. Though 40us is sufficient for two guard period, two SC-FDMA symbols are used as the Alternative 1 for the downlink timing. Furthermore, the RN cannot transmit RN SRS, which is SRS transmitted from the RN to the eNB, in the last SC-FDMA symbol of the backhaul uplink subframe due to the guard period. Thus, it is required to define a new SC-FDMA symbol for the transmission of RN SRS. This RN SRS, however, cannot be transmitted in the full range of uplink system bandwidth because of the collision with PUSCH of the macro-UE.
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Figure 4 Uplink timing: Option 2
In Option 2, the RN cell radius is subject to the propagation delay. The RN cell radius plus inter-site distance between the eNB and RN cannot exceed 100km [7]. Option 1, however, does not have the restriction as shown in Figure 5.
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Figure 5 Available deployment regions for the Option 1 and 2

The RN can be deployed with the Option 1 for the case where the ISD plus RN cell radius exceeds 100km. A lot of SC-FDMA symbols, however, are required for guard period in backhaul uplink. For example, if the ISD and RN cell radius are 90km and 30km respectively, nine SC-FDMA symbols are needed for guard period. It is FFS whether such a deployment scenario needs to be supported at the expense of guard periods. The Option 2 may be sufficient to support most of practical deployment scenarios.
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 the RN transmit/receive switching.

3.3 Option 2A: Option 2 with fixed delay
Fixed delay T2 is applied to the Option 2 of uplink timing as illustrated in Figure 6. Fixed delay T2 accounts for the RF TX-to-RX switching time. Since 20us is sufficient for the RF switching time, one SC-FDMA symbol is used for two guard periods. Thus, the Option 2A utilizes one more SC-FDMA symbol for backhaul uplink compared to the Option 2. In addition, it is possible for the eNB to receive the RN SRS in the last SC-FDMA symbol of the uplink subframe. Thus, the RN SRS can be multiplexed with SRS of the macro-UE and can be transmitted in the full range of uplink system bandwidth without collision with PUSCH of the macro-UE.
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Figure 6 Uplink timing: Option 2A

Proposal 3:
· For the uplink timing of the RN, fixed delay T2 shall be applied in order to maximize the number of SC-FDMA symbols for backhaul uplink.
4 Conclusion 

We have discussed the downlink and uplink timing options for the RN. Backhaul efficiency is important since backhaul link can be a bottleneck of the system performance [8]. The proposed downlink and uplink timing are more efficient than the other options in the point of backhaul resource utilization. In addition, the proposed uplink timing allows RN SRS multiplexing with SRS of the macro-UE.

Our proposals are as follows:
· For the access downlink timing of the RN, fixed delay T1 shall be applied in order to maximize the number of OFDM symbols for backhaul downlink.
· 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 the RN transmit/receive switching.

· For the uplink timing of the RN, fixed delay T2 shall be applied in order to maximize the number of SC-FDMA symbols for backhaul uplink.
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