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Introduction
In order for relays to effectively transmit data to an eNodeB, either simultaneously with UEs or sequentially, it must have accurate timing knowledge.  In normal operation UEs would acquire this timing knowledge through transmission in the RACH or through reception of the SCH.  Depending on how relaying is performed this is either not an option, or has prohibitively high overhead for the relay as it cannot monitor its own UEs when transmitting on the RACH or transmit data to its own UE when listening to the SCH.  
In this contribution we consider three possible solutions to this synchronization problem.  Each has low overhead and complexity.  The preferred option depends on the performance level required as well as supported deployments.  
Problem Description

Let us consider a synchronous system consisting of eNodeB and type 1 relays ‎[1].  Type 1 relays ‎must be continuously transmitting on the DL resources, with the exception of MBSFN subframes..  

MBSFN subframes cannot exist on subframe 0 or 5, this means that type 1 relays will be unable to receive the SCH signals transmitted by the eNodeB in subframe 0 or 5.  This means that the relays cannot use the regular UE methodology for maintaining synchronization with the eNodeB.  This in turn implies that without correction the relay gradually falls out of sync with the eNodeB due to clock drift.  
This loss of synchronization has two effects 


1) Synchronized transmission using both the RN and eNodeB will perform worse.

This type of transmission includes several Interference mitigation schemes, CoMP, as well as MBSFN transmission.

2) The quality of the backhaul link between the RN and the eNodeB is degraded as the CP is effectively shortened due to the timing mismatch.  

Possible Solutions

We see three possible solutions to this problem

1) Synchronization is achieved using the CRS transmitted during eNodeB to RN backhaul transmission.  During this time the RN has indicated to its UEs that this is a MBSFN subframe, allowing the RN to received data on the DL frequency.  By monitoring the CRS transmitted from the eNodeB some synchronization may be possible.  For small BWs the performance of such a scheme needs to be verified as there are only a limited number of pilot tones available.  

2) A new sequence is multiplexed with the regular eNodeB to RN transmission which has sufficient autocorrelation properties in the time domain to enable the desired synchronization.  This transmission could be triggered by detection of an out of sync, or be transmitted periodically.  As this signal is embedded with the backhaul data the overhead is relatively small.  This signal could either be precoded directly along with the data and be used as additional demodulation pilots, or it could be broadcast and read by several RN simultaneously.  This allows for RN to monitor the relative signal strengths of neighbouring cells which can be useful for many techniques involving CoMP, handover or SON.  
3) A sequence is multiplexed with the RN to eNodeB data.  The eNodeB would detect the timing of this sequence and feedback a timing advance/delay to the RN.  Assuming that the relative delay in the UL and DL remains constant (stationary RN only) this information is sufficient to maintain synchronization.  As above this signal could be precoded directly along with the data and used as demodulation pilots or it could be broadcast allowing several eNodeB to read it simultaneously.  This allows for the eNodeB to monitor the relative signal strengths of neighbouring RN which can be useful for many techniques involving CoMP, handover or SON.  
Each of the above solutions has its advantages and disadvantages and are not mutually exclusive.  For instance the CRS may be used for course timing with periodic/aperiodic updates using technique 2 or 3. Or if mobile RN are supported both techniques 2 and 3 could be used. 

Conclusion

In this contribution we examined synchronization issues when RNs are present in the network.  We present three possible methods to achieve/maintain synchronization.  The choice within these three depends on the performance required (is CRS based accurate enough) and on deployments supported (are mobile RN supported.)
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