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1. Introduction
Study on “Radio Interface Based Synchronization” (a.k.a. RIBS) has been completed in the study item of small cell enhancements-physical layer. 
During the studies, the following cases were evaluated for RIBs by network listening
· Case 1: Only one small cell within each cluster directly acquires the reference timing from Macro layer or GPS. This small cell can be the one which has the maximum received power of macro cells, or can be randomly selected. 
· Case 2: No limitation of the number of small cells to directly acquire the reference timing from Macro cell layer or GPS.
· The Macro cell layer is synchronized or unsynchronized 
It was concluded that RIBS by network listening is feasible based on the evaluated cases and further standardization work is needed.  This contribution emphasizes on the necessity of specify RIBS in Rel-12.
2. Motivation of sychronization
The synchronization of the small cell layer and between small cells and the macro layer at least can achieve the following benefits:
· To avoiding inter-cell UL/DL interference: Inter-cell UL/DL interference arise when TDD downlink and uplink timeslots overlap caused by non-cooperative timeslot assignment or timeslot shifted in time due to timing error and propagation delays. 
· Inter-cell interference cancellation: ICIC has been considered as an efficient technique to achieve trade-off between system capacity and cell-edge capacity in co-channel scenario, one option of which is to allocate orthogonal sub-carriers for the cell edge of neighbouring cells, while reuse full band in the cell centre. In this case, the timing error of UE received signals from neighbouring cells should not exceed the OFDM cyclic prefix (CP), otherwise, power leakage from the neighbour cell subcarriers will cause serious interference to the serving cell subcarriers, and then destroy orthogonality of the subcarriers from serving cell and neighbouring cell. Inter-cell synchronization helps to reduce above impacts.
· CoMP: Synchronization of the small cells is also beneficial to the implementation of several existing features to the Rel-12 small cell scenarios, e.g., coordination multiple-point transmission or reception (CoMP) needs high timeslot synchronization accuracy between different transmission points in order to guarantee the performance gain from joint data processing. 
· Discovery RS acquisition: In dense small cell deployment, few UEs are in the coverage of a small cell, the network is beneficial to turn some small cells into dormant mode for the purpose of energy saving, i.e., time-domain muting of small cells when no traffic is occurred. In this case, efficient cell discovery mechanism is necessary in order to active some dormant small cells when needed. Delivery of synchronized discovery RS is helpful to assist UE to detect discovery RS in a time-synchronized manner, otherwise UE may need to exhaustedly listen to the discovery RS continuously, which will increase UE power consumption severely. Supporting inter-cell synchronization for small cells also helps to acquire the synchronized discovery RS.

Furthermore, Rel-12 NAICS is beneficial from network synchronization in terms of inter-cell interference cancellation. MBMS also requires network to be synchronized. Therefore, 
Proposal 1: Synchronization for both TDD and FDD systems needs to be considered to fully utilize new designs for future proof.
Synchronization by GPS/GNSS or synchronization over backhaul network is not always available for small cell deployments, e.g. indoor deployment, hotspots with high buildings around. The additional cost brought by these two mechanisms is also concerned especially for small cells. Therefore it is beneficial to introduce a radio-interface based synchronization mechanism.
Proposal 2: Radio interface based synchronization (RIBS) is needed.
3. Further enhancement of RIBS
To support network listening in small cell scenarios, the potential standards impacts has been identified as follows [1]
· The indication of the synchronization stratum level
· The maximum supported hop number, e.g., 4-6 hops
· Improvement on the achievable synchronization accuracy by improving the channel condition of received network listening RS at the target cells 

· Mechanisms to reduce the resource overhead for network listening 

· Applicability/compatibility of synchronization approaches with other ongoing studies
· Mechanisms to facilitate inter-operator synchronization
In addition, the scenario when the macro cell layer cannot provide synchronized reference sources needs also to be considered. Network listening should be applicable when small cell on/off and/or eIMTA is used.
4. Inter-operator RIBS

Contiguous TDD spectrum allocation among different operators is available and can be more popular in the higher frequency bands. Synchronization becomes important among the cells of different TDD operators deployed in the same band and same region. 
3GPP has not defined any inter-operator interface into order to facilitate inter-operator synchronization. Radio interface based synchronization simplifies the deployment of multiple operators’ scenario. It requires no direct or in-direct connection links between two operators. 
Proposal 3: Rel-12 RIBS should support both intra-operator and inter-operator scenarios
5. Conclusion
We hereby recommend the Rel-12 studies should consider RIBS included. Specifically, we propose to 
Proposal 1: Synchronization for both TDD and FDD systems needs to be considered to fully utilize new designs for future proof.
Proposal 2: Radio interface based synchronization (RIBS) is needed.

Proposal 3: Rel-12 RIBS should support both intra-operator and inter-operator scenarios
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