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1. Introduction
In RAN1 #73, the feasibility and benefits of radio-interface based synchronization mechanism was discussed with following agreements.

Agreements:

· Synchronization for both TDD and FDD systems needs to be considered
· Network listening based on signals in current air interface standards is the baseline for this study; any new technique should offer significant advantage compared to the baseline
· Send an LS to RAN3 to inquire whether current standardised support for network listening can be applied to FDD 

· In small cell SI, the study on inter-cell synchronization focuses on the following cases, with non-ideal backhaul on all interfaces
· Synchronization between a small cell and the overlaid macro cell

· Synchronization between small cells in the same cluster

· Synchronization between small cell clusters

· Further investigate  the radio-interface based synchronization solutions (e.g. network listening, UE assisted synchronization)

· Further study the solutions of radio-interface based synchronization on
· Achievable synchronization accuracy

· Resource overhead

· Applicability/compatibility with the ongoing studies 

· Cost/complexity of eNBs and UEs

· Standard impacts

· The target synchronization accuracy for the purpose of the study should be <=3µs.
· The value is used to guide the study. It is not intended to impact any requirement discussion in RAN4.

 In this contribution, air interface synchronization is further studied for small cells and our views are shown.
2. Discussion 
2.1     Existing air interface synchronization mechanisms
The existing radio interface synchronization mechanisms are based on network listening approach. Two schemes have been captured in the TR for TDD Home eNB [1], i.e. network listening in MBSFN Subframes and in TDD special subframes.
In the MBSFN subframe approach, the target cell stops transmitting in a subframe to perform synchronization with the source cell. This method allows multiple hops (up to 4) in the synchronization path. 
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Figure 1: Network listening using MBSFN Subframes

In the TDD special subframe based network listening scheme, the target cell and the source cell utilize different special subframe configurations, with more OFDM symbols configured in DwPTS by the source cell than the target cell. The target cell can then utilize the GP to track common reference signal (CRS) in DwPTS of the source cell without additionally impact on its normal transmission. This method allows 1 or 2 hops in the synchronization path.
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Figure 2: Network listening using TDD special subframes
2.2    Consideration on network listening mechanisms for small cells in Rel-12
Network listening mechanisms require an eNB to receive the DL signal from a neighbor eNB, hence may increase the eNB cost by additional receiver. In co-channel deployment, additional receiver on UL carrier should be implemented in FDD eNB. In inter band deployment, for example small cell scenario #2a with macro cell as timing reference, additional receiver on the macro frequency band should be implemented in small cell eNB. Network listening mechanisms have system overhead since the subframes used for synchronization cannot be used in the target cell.

Observation 1:

Network listening mechanisms can require additional eNB cost as well as system overhead.
For small cell enhancements in Rel-12, the network listening mechanisms should consider other techniques as being specified or studied in Rel-12, e.g. NCT, TDD eIMTA, Small cell ON/OFF etc.
· NCT
The current network listening mechanisms utilize CRS for timing tracking. However, only TRS (CRS port #0) is transmitted with a 5ms periodicity in NCT according to the current conclusions. If both the source and target eNB adopt NCT, then the subframes used for TRS transmission by the source and target eNB shall not be aligned in time, as otherwise the target eNB cannot receive the TRS from the source eNB to perform time synchronization. On the other hand, if the subframes used for TRS transmission on NCT is not fixed, then it may impact the UE performance during initial access, as the UE is not aware of the subframes for TRS. Further studies are needed to support network listening on NCT.
· TDD eIMTA

In small cells enabled with TDD eIMTA, only subframes {#0, #1, #5, #6} are fixed as downlink subframe and these subframes cannot be configured as MBSFN subframes. Thus network listening can only be performed in flexible subframes or in GP of special subframe. In the former case, network coordination on subframes for network listening is required so that the target cell can configure the subframe as UL in order to avoid the impact to the UEs. In the latter case, longer GP should be configured in the target cell for network listening. However, according to current specification, GP in all radio frames should be longer in target cells irrespective whether network listening is needed in the radio frame. Thus the system overhead is increased. As an optimization, it is proposed to consider special subframe reconfiguration across radio frames so that more downlink resources can be provided in radio frames not required for network listening.
· Small cell ON/OFF
Small cell ON/OFF is studied in Rel-12 as a potential solution for interference avoidance and network energy saving where the ON/OFF switching may be dynamic or semi-static. Then it should be discussed how to perform network listening if the source cell is switched to OFF state. One alternative is that only the small cells in ON state can be used as the source cell, such that small cell serving as timing reference in a small cell cluster should not be shut down when other timing reference is not available. As another alternative, if cell discovery signal is always transmitted by a small cell irrespective of the ON/OFF switching, then the timing synchronization based on discovery signal can be considered such that any of the small cells can serve as timing reference.
Observation 2:
Further enhancements for network listening scheme should be considered to meet the requirement of other techniques in Rel-12, e.g. NCT, TDD eIMTA, small cell ON/OFF, etc.
2.3    UE-assisted synchronization mechanisms
UE-assisted synchronization mechanisms were proposed in RAN1#73 [2], where the target cell synchronizes with the source cell via UE assistance. This method may not require additional cost for the small cell eNB. And the system overhead may be lower than network listening since it does not cost the whole subframe in the cell. However, the application for this mechanism is limited since it works only when the target and source cell have overlapped coverage and there is RRC connected UE in the overlapped area. Therefore it may only be used as a complementary mechanism to the network listening schemes.
One example of UE-assisted synchronization scheme is given as the following. According to network triggering, UE transmits PRACH to the target and source cell, using the received downlink timing reference from the two cells respectively. Then the two cells can individually estimate the propagation delay to the UE and can further exchange the information via backhaul. In addition, the UE can report the received DL timing difference to the target cell. The target cell then calculates the timing offset from the source cell and adjusts its timing accordingly. Given the required UE behaviors have already been supported in the current specification, the complexity at the UE side to support this method can be marginal. 
Observation 3:
The application of UE assisted synchronization mechanism is limited such that it may only be used as a complementary method. 
3. Conclusions

In this contribution, air interface based synchronization mechanisms are discussed and we have the following observations. 
Observation 1:

Network listening mechanisms can require additional eNB cost as well as system overhead.
Observation 2:
Further enhancements for network listening scheme should be considered to meet the requirement of other techniques in Rel-12, e.g. NCT, TDD eIMTA, small cell ON/OFF, etc.

Observation 3:
The application of UE assisted synchronization mechanism is limited such that it may only be used as a complementary method. 
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