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1   Introduction
In RAN4 Dublin meeting the synchronization requirement between eNB and RN was widely discussed aiming at the questions in LS from RAN1, but the answer to question 1 is still open[1]. Base on the summary of agreements on relay (in both RAN1 and RAN4) and the analysis of synchronization requirement for BS, this contribution gives some analysis and initial proposals for TDD RN.
2 Analysis
2.1 Relay Node
RN is introduced for cost-effective coverage improvements. At present RAN4 focus on the RN of which the eNB-to-relay link is operating in the same carrier frequency as eNB-to-UE link with the following resource partitioning principles, which are illustrated with figure1 (TDD frame structure): 
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Figure1: Resource partitioning for relay and eNB
-
eNB → RN and RN → UE links are time division multiplexed in a single carrier frequency (only one is active at any time).

-
RN → eNB and UE → RN links are time division multiplexed in a single carrier frequency (only one is active at any time).
As shown in figure1 the RN works as a regular eNB in access link and a special UE in backhaul link. Refer to the WI description there is not expected to be any UE impact from the functionality added by this work item and it is required that all legacy LTE UEs can be served by the relay cell, namely in access link the RN must fulfil the function of a normal eNB. Consequently, it is reasonable to accept the eNB requirements as baseline in the research of RN access link.
Further more, the proposals and assumption for output power requirement of RN are provided in [2]~[5].As the objective of definition of Relays is for the coverage-improvement scenario, the maximum access link output power will not be less than the corresponding requirement of current UE type(23dBm) at least. The output power on backhaul link is dependent on the deployment conditions, such as scenario and type/location of antenna. Further evaluation on this issue may be needed, but a RN of which the maximum output power is similar or more than the relevant requirement of Pico eNB can be foreseen. It is means that the interference caused by RN can not be ignored. 
So the TDD eNB synchronization accuracy requirement should be applied for TDD RN, which guarantees that the introduction of RN will not result in additional inter-cell interference because of downlink and uplink timeslot overlap. The detail of discussion based on current RAN1 RN-eNB frame timing alternatives can be found in [6].
2.2 Synchronization accuracy requirement for TDD system
UTRA TDD system
In UTRA TDD RAN4 agreed to include the cell synchronization accuracy requirement of 3µs for reduction of inter-cell interference. Full discussion of the effects of imperfect synchronisation and a derivation of a sufficient minimum requirement for accuracy can be found in [7], in which following cases of interference are considered: BS-BS, UE-UE, UE-BS and BS-UE.   
E-UTRA TDD system

LTE TDD MeNB adopted the similar methodology to deduce the synchronization requirement, but focused on the interference scenarios of BS-BS and UE-UE [8], which are considered as the critical cases. It is proposed that for small coverage cell the 3µs accuracy should be defined. Additionally, in [9] a relax requirement (10µs) is addressed for large coverage cell involved in the impact of MBSFN. And the boundary of cell coverage is suggested as 3km based on the further analysis of UE-UE interference case and MBSFN application.
TDD Relay 
There are similar interference scenarios that should be considered in definition of RN, which are listed as following:
RN-(donor)eNB: When RN works as an eNB without a proper synchronization accuracy, the PRACH signal receiving of (donor)eNB may be interfered in some cases due to additional delay of RN DwPTS, or the PRACH signal receiving of RN may be interfered by DwPTS of  (donor)eNB because of the unnecessary RN timing advance. This is the same as the BS-BS condition discussed in R8eNB. It should be noticed that the interference due to RN UL backhaul transmission to other eNBs, which may be serious but not particular case for TDD system, should not be involved in this discussion. 
(R)UE-(R)UE: The time of (R)UE starting to transmit PRACH should not be earlier than (R)UE receiving DwPTS from (donor)eNB or RN. Otherwise cross interference occurs between RUE and (R)UE. This scenario is the same as the UE-UE condition discussed in R8 eNB.
RN-RN: This is a complicated scenario for frequently Rx/Tx switch of RN. The interferences between RN are initially analyzed for both RX-TX and TX-RX switching point in [10]. Because RNs work as both eNB and UE, this scenario contains two aspects: when RNs work as eNB, it is the same as BS-BS interference; when RNs work as UE, it is the same as UE-UE interference. The interference in other conditions may not be discussed in this scope.
RN-MUE: When RN works as UE, this scenario is similar to the UE -UE condition discussed in R8 eNB. It should be noticed that the interference due to RN DL access transmission to MUEs, which is just as the interference from eNB to UE served by other eNB, is not priority in synchronization issue.
Therefore from the interference point of view the similar synchronization accuracy requirement should be defined as the MeNB for RN, especially for relative small coverage relay cell. As the complicated frame structure and frequently Rx/Tx switch of RN the necessity of relaxation accuracy for larger relay cell and additional synchronization requirement needs further discussion and maybe depended on the agreements from RAN1(such as frame structure) /RAN4(e.g. RF requirements and applicable scenarios)  and the  consideration of other aspects（e.g. MBSFN and ICIC）. 
3 Conclusion
In this contribution it is suggested that the synchronization accuracy requirement for TDD RN should be aligned with the requirement of MeNB in certain range. The relaxation accuracy for larger relay cell and other specific requirements for RN need further discussions.
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