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1
Introduction

An inband half-duplex relay node (RN) cannot transmit and receive on the same frequency at the same time. Thus, the switching from Tx to Rx or Rx to Tx requires some guard boundaries for both backhaul and access links. This topic is of great interest during the previous RAN1 meetings [1]-[4].
In this contribution we present our view on type I relay subframe timing alignment for both backhaul and access links, which can be summarized as follows:
· All switchings happen at the RN

· Impacts of can be limited to only backhaul link or access link. However, impacts limited to backhaul link are preferred.

· At most one symbol is lost for subframe switching

2
Relay Subframe Timing Alignment

2.1 Downlink
Figure 1 shows the details of downlink subframe timing alignment, which assumes that two symbols are used for downlink control.
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Figure 1: Downlink Subframe Timing Alignment
A delayed RN timing for backhaul link downlink is preferred. In this case, we can create two guard periods for Rx to Tx and Tx to Rx transitions. 
· The guard period GP1 for transition from Rx to Tx is of duration (1.
· The guard period GP2 for transition from Tx to Rx is of duration (2.
Note that the sum of GP1 and GP2 has duration of up to one OFDM symbol.

The guard periods GP1 and GP2 need not be always the same. Rather, they depend on the switching time requirements from Tx to Rx and vice versa. 

If the switching times from Tx to Rx and Rx to Tx are small, the cyclic prefix (CP) part of an OFDM symbol can be used to create guard periods. In this case, backhaul link and access link channels still assume normal operation, i.e., no symbol is lost.

If the switching times from Tx to Rx and Rx to Tx are large, one OFDM symbol on backhaul DL channels can be used to create guard periods. 

2.2 Uplink
Figure 2 shows the details of uplink subframe timing alignment.
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Figure 2: Uplink Subframe Timing Alignment – Limit impact of switching on backhaul link
It is preferred to put impacts of switching time on backhaul link channels. To create guard periods from Rx to Tx and Tx to Rx transitions, the last symbol of backhaul link uplink subframe is not used (blanked out).

Two guard periods are created:

· The guard period GP3 for transition from Tx to Rx is of duration (3.
· The guard period GP4 for transition from Rx to Tx is of duration (4.
Note that the sum of GP3 and GP4 has duration of one OFDM symbol.

The guard periods GP3 and GP4 need not be always the same. Rather, they depend on the switching time requirements from Tx to Rx and vice versa. 

For backhaul link uplink transmission which happens during the switching, SRS is configured to blank out the last OFDM symbol.

It should be noted that we can also limit impacts of switching times to the access link. This can be shown in Figure 3. In this case, SRS on access link is configured to blank out the last OFDM symbol when the switching happens. 
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Figure 3: Uplink Subframe Timing Alignment – Limit impact of switching on access link
Similarly to downlink, if the switching times from Tx to Rx and Rx to Tx are small, the cyclic prefix (CP) part of an OFDM symbol can be used to create guard periods. In this case, backhaul link and access link channels still assume normal operation and no symbol is lost.

If the switching times from Tx to Rx and Rx to Tx are large, the last SC-FDM symbol on the switching subframe is used to create guard periods. Our preference is to limit impacts of switching to the backhaul link. 

In the case that SRS is needed to be transmitted, consecutive subframes can be scheduled. In the first subframe, the last SC-FDM symbol is used to transmit real SRS; while in the second subframe, the last SC-FDM symbol is not transmitted to create guard periods.

2.3 Downlink and Uplink Subframe Timing Alignment

Figure 4 summarizes relationships between downlink and uplink subframe timings.
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Figure 4: Downlink and Uplink Subframe Timing Alignment
Note that:

· In practice, DL Tx timing and UL Rx timing are not necessarily aligned. However, the UL Rx for Macro-UEs and Backhaul should be aligned in any case to ensure proper PUCCH operation.
· At RN, DL Tx timing and UL Rx timing are not aligned. 
4
Conclusion

Our views on switching times can be summarized as follows:
· If switching time is small, CP part or partial OFDM symbol can be used to create guard periods.

· If switching time is large, one symbol is lost for subframe switching.

· For DL: one OFDM symbol right after TDM control region is lost.
· For UL: the last SC-FDM symbol is lost. SRS can be configured to blank out last SC-FDM symbol.
· Impacts of can be limited to only backhaul link or access link. However, impacts limited to backhaul link are preferred.

It should be noted that RAN4 specs assume transition times in the range of 17 to 20 micro seconds [5], [6], which translates into the typical assumption of a half-symbol guard period for switching. As mentioned earlier, if lower transition times are possible, some of the switching impacts can be absorbed by CP and consequently, less impact on backhaul and/or access link design can be expected. However, the actual transition times are not the focus of this contribution.
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