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1. Introduction
In RAN#62, a new work item “Small cell enhancements - Physical layer aspects” was approved [1]. The scope includes specifying the radio interface based inter-cell synchronization, as the following.
· Efficient radio interface based inter-cell synchronization, i.e. network listening, in single-carrier or multi-carrier operation, with specifying the down-selected solutions  

· Be able to support multiple stratum level beyond 3 hops, e.g. 4 to 6 hops. The number of hops configured in the network is dependent on scenarios.
· Improve the achievable synchronization accuracy based on existing RSs, e.g. by improving the hearability of received RS for network listening at the target cells
· It should be applicable to small cell on/off and eIMTA, and inter-operator TDD deployment in the same band

In this contribution, we discuss the possibility for improving the hearability of network listening and the applicability to small cell ON/OFF and eIMTA.
2. Discussion
2.1. Imrpvoving of hearability for network listening

In previous meetings, some solutions were proposed to enhance the performance of radio interface based synchronization for small cells, e.g. target cell subframe muting. In this section, we evaluate the performance of air interface based synchronization for small cells when subframe muting mechnism is applied. 
In the system level simulation, subframe muting mechanism is applied and the other evaluation assumptions can refer to [2]. In each cluster only one cell which is assumed to have achieved time synchronization is selected as the source cell, and the rest are considered as target cells. When synchronization process is triggered, all target cells stop transmiting data and listen to the source cell. By this approach, interference from target cells can be mitigated remarkably and performance of cell synchronization is improved. According to the source cell selection method, three cases are considered and the evaluation results are shown in Figure 1 respectively.
· Source cell locates at the building margin:

One cell located at the building margin is selected as the source cell. This case is the most unfair situation for cell synchronizing as the SINR between a target cell at the other side of the building and the source cell can be lower compared to other source cell selection method.
· Source cell locates randomly in the building:

The source cell is located randomly in the building, which means any cell in the cluster can be selected as a source cell.
· Source cell locates at the optimal position in the building:

The source cell located at the optimal position, i.e. in the middle of the building, is selected as the source cell. This case may be the best situation for cell synchronizing as the source cell can provide good SINR to every target cells relatively.
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Figure1: SINR distribution between each small cell and its source small cell

As shown in Figure1, when the source cell is located on the optimal position, the best SINR distribution between each small cell and its source small cell can be achieved. While the SINR distribution in the margin case is the worst among the three cases since the cells located at the opposite side of the source cell may receive relatively poor synchronization signal. On the other hand, even in the worst case, the SINR distribution is higher than 0 dB. According to the link level evaluation for radio interface based synchronization for small cells [2], small cells can achieve a synchronization accuracy within 0.1us when the SINR is higher than -12dB. As a matter of fact, when subframe muting mechanism is applied, there is no problem for all target cells to achieve the required synchronization accuracy using one subframe per 10 seconds. In the scheme where one cell per small cell cluster is used as syncrhonization source and all other cells listen to the same subframe per 10s, only one hop is needed. In addition, the same subframe can be used for synchronization for all small cell clusters. Therefore, the overhead for subframe muting is 0.01% which is quite low. 

The network can configure MBSFN subframes and use one of them in every 10s for subframe muting and synchornization. The subframes used in the network can be configured by OAM. It should be discussed which reference signal are used for synchronization. However, given the good SINR condition when subframe muting is applied, the performance can always be guaranteed. Therefore, it is not necessary to design physical signal specifically for radio-interface synchronization.
Proposal 1: Subframe muting should be supported in radio interface based synchronization to improve the synchronization performance.
2.2. Consideration on network listening mechanisms with small cell ON/OFF
Small cell ON/OFF is studied in Rel-12 as a potential solution for interference avoidance and network energy saving. 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. This method goes against the purpose of small cell ON/OFF as in the source cell must be in ON state even when there is no data to transmit. As a more appropriate 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. 
Proposal 2: Cell discovery signal should be always transmitted by a small cell irrespective of the ON/OFF switching, such that the timing synchronization based on discovery signal can be considered.
2.3. Consideration on network listening mechanisms with TDD eIMTA
In small cells enabled with TDD eIMTA and UL-DL configuration #0 is used in SIB-1, 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. For the first case, one solution is to allow some DL transmission of the synchronization signals on a subframe where it is declared as uplink subframe to the UE as discussed in contribution [2]. There is no problem when the source cell is enabled with TDD eIMTA. However, if the source cell is not enabled with TDD eIMTA and uses the same SIB-1 configuration as the target cell, the target cell cannot achieve time synchronization from the source cell. This case is likely to happen, e.g. when macro cells are used as source cells and TDD eIMTA is not likely to be enabled in macro cells. Therefore, the second approach, i.e. synchronization based on GP is more preferred to relax the limitation on network deployment. In this approach, longer GP should be configured in the target cell for network listening, which leads to larger overhead in all radio frames since the length of GP is not reconfigurable across radio frames. Given that synchronization is only required once in a relative long period (e.g. every 10s), it shall be considered to reduce the overhead due to large GP, e.g. by reconfiguration of GP length across radio frames. 

Proposal 3: Network listening using GP in special subrame shall be supported in cells enabled with TDD eIMTA in order to avoid the limitation on network deployment. GP reconfiguration across radio frames shall be considered to reduce the overhead.
3. Conclusion
In this contribution, we discuss the possibility for improving the hearability of network listening and the applicability to small cell ON/OFF and eIMTA, with the following proposals:
 Proposal 1: Subframe muting should be supported in radio interface based synchronization to improve the synchronization performance.
Proposal 2:  Cell discovery signal should be always transmitted by a small cell irrespective of the ON/OFF switching, such that the timing synchronization based on discovery signal can be considered.

Proposal 3: Network listening using GP in special subrame shall be supported in cells enabled with TDD eIMTA in order to avoid the limitation on network deployment. GP reconfiguration across radio frames shall be considered to reduce the overhead.
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