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1 Introduction
Similar to UEs，RN needs to be synchronized with eNB in time and frequency. For UEs, synchronization signals such as PSS/SSS or RS (e.g. CRS, CSI-RS, DM-RS…) can be used for synchronization. Alternatively GPS provides another source of timing reference [3][4][5] which may have limited application due to the requirement for the visibility to the satellite. GPS also increases the system CAPEX. It is noted that the number of RS might not be enough for RN to track timing and frequency accurately, especially for a small bandwidth or mobile relays. 
It is agreed that MBSFN subframes are used for the downlink backhaul transmission, and according to the current specification, FDD {#0, #4, #5, #9} subframes and TDD {#0, #1, #5, #6} subframes cannot be configured as MBSFN subframes. Therefore RN cannot receive PSS/SSS from eNB during those subframes as shown in Figure 1 for FDD. 
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Figure 1: Synchronization signal in FDD
2 Discussion

2.1 Synchronization mechanism in LTE system
Cell search is a procedure by which a UE acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell. Upon UEs finishing the cell search procedure, synchronization signal is to be used for tracking. In Table 1, the time domain mapping of PSS and SSS is summarized. 

Table 1: PSS and SSS mapping in time domain
	Structure/signal
	PSS
	SSS

	FDD
	Last OFDM symbol in #0 slot and #10 slot（#0 SF and #5 SF）
	Second last OFDM symbol in #0 slot and #10 slot（#0 SF and #5 SF）

	TDD
	Third OFDM symbol in #1 SF and #6 SF
	Last OFDM symbol in #1 slot and #11 slot（#0 SF and #5 SF）


2.2 R-SS for Synchronization in backhaul link

One possible solution is to introduce a new RN synchronization signal “R-SS” in the DL backhaul subframe [3][4].
Time drifting between transmitter and receiver depends on the clock precision on both sides. And receiver will lose synchronization signal when the deviation is beyond certain level. It is reasonable to assume that RN’s clock is more precise than UE’s clock. If the precisions of RN’s clock and eNB’s clock are comparable, RN only needs to perform tracking every few hundred milliseconds or a few seconds..
Since RN has already distinguished FDD or TDD during initial synchronization, the index of OFDM symbol occupied by R-SS can be reused for both FDD and TDD. For instance, R-SS as seen in Figure 2 is mapped to the last OFDM symbol of the first slot in backhaul subframe.


[image: image2.emf]…… ……

eNB

…… ……

#0 SF  MBSFN

M_UE

…… ……

RN

……

M

……

R_UE

SSS PSS R-SS


Figure 2: R-SS for Synchronization in backhaul link
Several aspects need further consideration, e.g.
· R-SS mapping in frequency domain

· Whether six or less than six PRBs are used
· Whether the PRBs occupied by R-SS can be scheduled for macro UEs

· R-SS periodicity
· Subframe occupied by R-SS should be a backhaul subframe

· Taking into account of clock precision of a RN and other factors
· Sequence design of R-SS
· Whether the current sequence is used or not
· Other sequences
2.3 PSS/SSS multiplexing with macro UE 

To minimize the standards impact, another backhaul link synchronization mechanism is presented. 

In FDD, it is allowed to set the sequence number of subframe on the direct link different from that on the access link. For example, a fixed “shift” of access subframe sequence number would avoid confliction between access subframe #0, 4, 5, 9 and direct subframe #0 and #5 which contains PSS/SSS. Therefore RN could receive PSS/SSS similar to macro UEs in subframe #0 and #5 of direct link, if at the same time the access subframes are configured as MBSFN subframes. The period might be every few hundred milliseconds or seconds. As shown in Figure 3, access subframes #1 and #6 can be configured as MBSFN subframes for the RN to sync up with eNB.
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Figure 3 Subframe sequence number shifting for PSS/SSS reception at RN
Because of no dedicate signal such as R-SS introduced, this subframe sequence number “shift” between access link and direct link would not impact LTE specification. Cell selection/reselection and handover could be performed as in Rel-8. In addition, PBCH from eNB could also be received is the similar fashion. However, considering DL/UL interference, such scheme might not be applicable to TDD.
Several aspects need further consideration, e.g.
· The amount of shifting in number of subframes
· At least six cases are available 
· Different “shifts” could be performed at different RNs

· Restriction on backhaul link resource allocation
· Subframe allocation is limited because certain subframe(s) should be configured as MBSFN subframe for synchronization with eNB 
· How frequent RN needs to listen to PSS/SSS from eNB for synchronization purpose
· PBCH reception by RN
· Whether the PBCH is needed for RN 
· If not, the possible design of R-PBCH
· Application in TDD
· FFS

3 Summary
In this contribution, air-interface synchronization for backhaul link was discussed, with some potential solutions including introduction of new R-SS and subframe sequence number “shift”. Areas for further consideration were also listed.
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