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Introduction

Relay backhaul transmission based on MBSFN subframe configuration has been agreed in previous Ran-1 meetings. In [1], aspects of backhaul control signaling are discussed. In this contribution, more discussions are presented on timing alignment aspect of relay (RN) cell to Donor eNB (DeNB) cell and its impact on backhaul control transmission timing. 
RN cell DL timing
The following is agreed in [2] on RN cell DL timing aspect, i.e., 
“•
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”
Based on this, the exact implementation of RN cell DL timing is likely to have two options, i.e.:  
Option 1)
RN cell DL timing is tightly aligned with DeNB cell DL timing (i.e. same absolute timing).
Option 2)

RN cell DL timing is aligned with the reception of DeNB signal (i.e. aligned with the DeNB timing delayed by the propagation delay).
Among the two options, the first may have cost issue which is due to the need of an independent time or position reference, e.g. GPS functionality (or other type of universal positioning signals) within RN node. One other potential issue of Option 1) would be the reception quality of GPS signal in, e.g., indoor cases. 

Thus we prefer Option 2) as way of setting up RN cell DL timing without requiring provision of additional timing or positioning information.
Fine tuning of RN cell DL timing and impact on backhaul transmissions
One example of RN DL timing alignment with reception of DeNB signal is shown in Figure 1. For simplicity, only one DL subframe is plotted, and in both RN and DeNB cells it is assumed that 2 OFDM symbols will be used for PDCCH. In the figure, Tp denotes the propagation delay between DeNB and RN, and GP is the guard period inserted before and after backhaul transmission to make room for RN’s Tx-to-Rx switching or inversely.      
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Figure 1- RN DL timing alignment with the reception of DeNB signal
Further fine tuning is possible by, e.g., introducing some timing-advance (TA) or delay on top of the propagation delay that was discussed in the previous chapter. Examples for such fine tuning are shown in Figure 2 and Figure 3.. Particularly, for the case shown in Figure 2 the RN cell DL timing is advanced by TA relative to the reception timing of the DeNB signal. The TA is set to be equal to the propagation delay within the TA accuracy of Rel-8 UL timing alignment procedure. This allows the RN cell timing to be tightly synchronized with the DeNB cell timing within the TA parameter resolution (about 16xTs or 0.52 us. In Figure 2(a) it is assumed that the propagation delay Tp is greater than the GP needed for RN’s Tx-to-Rx switching (about 10 us). In this case, DeNB is able to begin backhaul transmissions at symbol #2 instead of #3. Due to switching time and TA symbol #13 in the subframe will not be available for backhaul in any case.. Note that this is only possible when DeNB PDCCH symbol number is less than 3 (for example 1 or 2). Figure 2.(b) shows the case where the propagation delay is less than the GP and tight DL cell timing of DeNB and RN. In this case, OS#2 is lost and only 10 OS may be used for the backhaul (OS#3, 4, .., 12).
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(a) TA=TP > GP
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(b) TA=TP << GP
Fig. 2 Advanced RN DL timing with tight DL cell timing of DeNB and RN
Another way is as shown in Figure 3, where the RN cell DL timing is delayed based on reception of DeNB signal, so that at the end of the subframe there is still room for RN to do Rx-to-Tx switching before transmission of symbol #0 in the next subframe. The amount of delay (on top of Tp) in this case should be at least equal to the RN switching time. In this case, symbol #2 is not available due to GP, which doesn’t matter if that symbol is anyhow used for PDCCH in the DeNB, and the total number of OFDM symbols available for backhaul transmission is eleven, and not impacted by DeNB cell PDCCH symbol number.
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Figure 3
Delayed RN DL timing 
Based on the discussions above, using the TA way allows tight DL synchronization within a fraction of a CP between the RN and DeNB, and the cost for that is a reduced backhaul frame efficiency in case Rel-8 PDCCH symbols transmitted by DeNB are more than two. 
Conclusion

In this contribution we present discussions on RN cell DL timing aspect. Based on the discussions, we propose RN cell DL alignment with the reception of DeNB signal, and also show that further fine tuning of RN cell DL timing is possible. Since the number of RN PDCCH symbols will be one or two, it is reasonable to statically configure backhaul control starting time as symbol #3 (i.e., the 4th symbol within TTI), which should be available for all RNs to receive backhaul transmissions from DeNB.
Proposal 1 - 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.
In case DL synchronization between the RN and DeNB within a CP length is required, we have one more proposal as the following. 
Proposal 2 - The DL subframe timing of the RN shall be advanced compared to the DeNB DL subframe timing (which is the backhaul timing) by the propagation delay in case DL synchronization between the RN and DeNB within a CP length is required.
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