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1. Introduction
In [1], RAN1 requested RAN4 to evaluate the impact of eNB-relay synchronization on TDD, MBSFN and ICIC as well as asked if Rx/Tx switching times could be less than the normal cyclic prefix. A list of synchronization cases was provided in the appendix of this LS. 

In this document, we present some considerations on both questions. In particular, we analyze the impact of DL Case 1 relay timing since it has been shown to have many advantages in RAN1. Only one symbol is lost due to Rx/Tx switching and existing PDSCH and UE-RS designs can be reused (see e.g. [2]).  

2. Discussion

Q1: What is the expected frame timing synchronization requirement between eNB(s) and relay(s)? Are there specific synchronization requirements in case of TDD, MBSFN, or ICIC? 
To answer this question, we first need to analyze the kind of relays and their deployment scenario. Consider a relay that is deployed purely for coverage extension. Now if such a relay uses a directional antenna for the backhaul link and a different sectorized antenna for the access link, then the coverage regions of the relay and macro do not overlap as seen in Figure 1. In such a case there are no synchronization requirements for TDD, ICIC or MBSFN. (Note that TDD synchronization requirements in TS 36.133 apply only to eNBs with overlapping coverage.)  
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Figure 1 Relay Deployed for Coverage Extension Only
Of course, the above is not the only relay deployment scenario. In particular, if a relay is deployed for capacity increase, then we can expect the coverage of the donor eNB and the relay to overlap as seen in Figure 2.
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Figure 2 Relay Deployed for Capacity Increase
In this case, there will be interference at the cell edge where either a macro UE or a relay UE is situated. However, it should be pointed out that there is no UL-DL jamming as long as the relay uses a sufficiently large guard period. This issue has been extensively discussed in RAN4 in the context of HeNB (see [3] and included references for detailed discussions). There is only DL-DL and UL-UL jamming which is not severe and is in fact less than the interference experienced in an asynchronous FDD network. Moreover, the additional symbol saved by allowing DL Case 1 should compensate for any loss in SNR on a fraction of the symbol. Therefore, we don’t expect the need for a tight synchronization requirement for TDD relays, and DL Case 1 in the RAN1 can be supported. However, the offset between the two cells should not be too large (e.g. larger than half the guard period), so an upper limit on the time alignment should be imposed by RAN4. The exact value of the maximum allowed offset should be considered further in RAN4.  

Similarly, we don’t foresee any issue with MBSFN either as long as the offset is not too large. This is because MBSFN operation uses the extended cyclic prefix and hence larger TDOAs at the UE can be tolerated. A similar scenario exists for advanced ICIC schemes (e.g. range expansion [4]). It is not desirable to have very large offsets (substantial fraction of OFDM symbol), however smaller offsets should be acceptable. The exact offset will depend on the ICIC scheme, if any, adopted in RAN1 and needs further investigation.  
Q2: What are the expected Tx/Rx and Rx/Tx switching periods of a relay node? Would it be possible in the Rel-10 timeframe to have Tx/Rx and Rx/Tx switching periods shorter than the normal cyclic prefix?
A guideline for the Rx/Tx and Tx/Rx switch times are the OFF-ON and ON-OFF transition times for eNBs in [5], where a value of 17 us is allowed for both transitions. While it may be possible to reduce these for relays, it seems unlikely that the switch times can be reduced to below 5us especially in the Rel 10 timeframe. RAN4 will need to further discuss the exact value of the allowed switch time, in conjunction with the synchronization requirement. 
3. Conclusion 

In this document, we considered two cases for relays. The first one is one in which there is no overlapping coverage with the macro (“coverage extension only”) in which there is no need for any synchronization requirements. In the second case where there is overlapping coverage, we showed that DL Case 1 can be supported for TDD/MBSFN/ICIC provided the offset is not too large. The exact value is for further study but is expected to be less than 17us (which is also the expected upper limit on the Rx/Tx and Tx/Rx switch times). We recommend that RAN4 adopt the reply LS proposed in [6] to inform RAN1 about this analysis in order to let them continue their studies on relays. 
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