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1. Introduction 
Type 1 relay included progresses have been recently agreed [1]

 REF _Ref223322562 \n \h 
 \* MERGEFORMAT [2]. For TDD type 1 relay, the remained issues includes such as the possibility of eNB->RN backhaul in UL TS or RN->eNB backhaul in DL TS (or MBSFN), which essentially provides the possibility of RN dual-direction reception [3]  and transmission [4] in separated sub-carriers.
No matter the dual-direction communication is finally agreed, the RN synchronization is an issue to be considered. That is, at the Tx/Rx switching point, how the RN satisfies the synchronization requirement of eNB and relay UE at the same time.
Targeting on type 1 TDD relay, this contribution analyzes the timing synchronization issue, and discusses the candidate solutions to keep the compatibility with LTE specification. In addition, the proposed solution is extended to be applicable for dual-direction communication. For L2 relay, the timing synchronization need further study considering the network coding issue.
2. Problem in the timing synchronization for TDD relay
The eNB and RN may employ two kinds of synchronization, i.e., GPS and AI (Air Interface) synchronization, as shown in Fig. 1 and Fig. 2 respectively. Without losing generality, TDD configuration 1 [5] is used to illuminate the problem.
In Fig. 1, it is assumed that the SFs (sub-frame) 3 and 8 are the RN->eNB and eNB->RN backhaul respectively, and then SF 4 in eNB and 9 in relay UE will suffer from the propagation, as shown in the gray gap in Fig. 1. Note that SF 8 is a “stolen UL” and just used to illuminate the problem.
The RN Tx/Rx switch point at the end of SF 2 and 8 is similar as the current DL/UL SF switch of the UE, which essentially needs a GP to conduct the timing adjustment. However, it’s unsuitable to arrange the GP at the RN Tx/Rx switch point since it doesn’t keep compatibility with R8 spec even if the transmission efficiency loss is omitted.
For dual-direction communication (as identified by the red dotted arrowhead in Fig.1), the problem keeps the same.
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Fig. 1 RN & eNB are under GPS synchronization
For AI synchronization, the interference in SF 9 is moved to SF 4, as shown in the Fig. 2.
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Fig. 2 RN & eNB are under AI synchronization
3. Solutions
Since usually the relay cell is much smaller than the eNB cell, then it’s possible to let the RN employ a shorter GP compared to the macro cell. In this contribution, we assume half of the GP is enough for the relay cell because half of the GP means:

· The RN cell can be at least 10km (Special subframe configuration 8 [7] with extended CP, for configuration 4, the GP definition is still under discussion)

· The RN’s transmitting power is only about 6dB lower than the eNB’s transmitting power.

· The relay cell can cover from the eNB to the edge if located at the middle position of the eNB and the edge of the macro cell.
· The relay cell can cover the middle point between the eNB and the RN if the RN located at the edge of the macro cell.
Therefore, it’s reasonable to allocate the RN a shorter GP – one half of the donor eNB GP length and utilize the saved half GP for RN<->eNB backhaul.
There are two methods to utilize the saved GP gap:

· The RN brings forward the RN UEs’ transmitting time by UL timing adjustment signaling [3]. The RN only change the UL sub-frame timing (including the UL part of the special subframe), and won’t change the DL sub-frame timing so as to keep the backward compatibility with R8 UEs, e.g., the DL synchronization, cell search, etc.
· The RN’s UL and DL SF position keeps untouched, while the middle of the GP will be “stolen” for backhaul transmission

Below we will analyze the two methods for GPS synchronization and AI synchronization respectively.

3.1. Timing adjustment under GPS synchronization
With the proposed frame structure, the saved resource (about half macro GP length in time domain, and located at the end of the relay UE’s UL sub-frames) could be utilized as timing advancing for the RN->eNB transmission, as shown in Fig. 3. The solution is also applicable if the RN dual-direction transmission is permitted.
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Fig. 3 RN->eNB UL timing adjustment under GPS synchronization
If the UE<->RN and the eNB<->RN employs different bandwidth (e.g., RN dual-direction reception), the relay UE -> RN bandwidth during the saved (idle) gap could be used by the eNB -> RN backhaul transmission, as shown in Fig. 4. The essential effect is to clip the eNB->RN sub-frame by half macro GP length, and utilize the saved resource to transmit the clipped part. Thus, the “logical sub-frame” is established between the eNB and the RN, which is transparent for the UEs and keep the compatibility with LTE specification.
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Fig. 4 eNB->RN DL backhaul under GPS synchronization in outband format
If the eNB<->RN and the RN<->relay UE occupy the same bandwidth, then the description scheme in Fig. 4 could be modified as Fig. 5.
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Fig. 5 eNB->RN DL backhaul under GPS synchronization in inband format

3.2. Timing adjustment under AI synchronization
As shown in Fig. 2, the main issue is RN->eNB backhaul under AI synchronization. If the UE<->RN and the eNB<->RN employs different bandwidth, the RN->eNB backhaul can reuse the bandwidth of relay UE->RN, as shown in Fig. 6.
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Fig. 6 eNB->RN DL “virtual sub-frame” scheme under AI syncrhronization
If the eNB<->RN and the RN<->relay UE occupy the same bandwidth, then only half of the GP length interference can be rescued in SF4 (Fig. 2). If 2 times of the propagation delay between eNB and the RN is smaller than one half of eNB’s GP, then the proposed solution does work. Otherwise, AI synchronization isn’t suggested for deployment unless some other candidate schemes are proposed.
It should be noted that all the above analysis is assuming the RN Tx/Rx switch point is between eNB and relay UE. While the solution is still applicable if the switch point is between RN->eNB and eNB->RN (as the backhaul pair in [4]).
4. Conclusions
This solution analyzes the timing synchronization problem resulting from the introduction of TDD type 1 relay. Targeting the potential TDD relay frame structures (DL/UL “stolen”, backhaul pairing, etc.), the contribution proposes the solutions for both GPS and AI synchronization. We suggest the following principles be employed:
The GP of RN cell is about one half (or even smaller) of the GP in the macro cell. The saved time-frequency resource could be used for eNB<->RN backhaul transmission.

Since the TDD LTE-A frame structure configuration hasn’t been finally agreed, it’s hard to decide how to use the saved time-frequency resource at current stage. While below solutions may be considered for future discussion:
· UL timing for the RN UEs is brought forward and the DL timing is untouched. For R8 UE, this kind of frame structure can be virtually implemented by timing advancing signaling [3].
The saved resource should be utilized for RN’s UL timing advancing. If the eNB<->RN and RN<-> UE work in the different bandwidth, the saved gap can be used to establish the “logical sub-frame” by reusing the RN<->relay UE bandwidth for RN<->eNB backhaul.
· The middle of the GP is hollowed for backhaul transmission

If the eNB<->RN and RN<-> UE work in the different bandwidth, the hollowed gap could be used for eNB<->RN backhaul, which also forms a “logical sub-frame”. The RTT time should be carefully designed when use this kinds of scheme since part of the backhaul package has been brought forward.
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