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Introduction
It is well known that TDD systems needs inter-cell synchronization on the same frequency or different frequencies within the same band; in addition, for both TDD and FDD, it would be essential to consider the synchronization mechanisms between cells to bring benefit to the existing features (e.g. (f)eICIC, CoMP as well as carrier aggregation) and some potential techniques for small cell enhancements (e.g. efficient small cell discovery and dual connectivity especially with single radio UL). For some other techniques such as advanced receiver at UE, a synchronized network is beneficial for the receiver performance.
In small cell SI, the study on inter-cell synchronization focuses on the following cases, with non-ideal backhaul on all interfaces [1][2]
· Synchronization between a small cell and the overlaid macro cell
· Synchronization between small cells in the same cluster
· Synchronization between small cell clusters
This contribution mainly provides the views on the motivation of network assistance should be provided for UE to search the detection timing of small cell discovery signals. Then, under this assumption, some possible mechanisms to derive the detection timing of small cell discovery signals are proposed in this contribution.
Detection timing of small cell discovery signals
Motivation
Efficient small cell discovery procedures can be achieved by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS, which have been studied and captured in the TR [2]. The existing PSS/SSS was designed to support both synchronous and asynchronous network, cell search procedure is performed to achieve time/frequency synchronization. In current cell search, the UE complexity for timing search is chip level search, which can be significant in the case of that multiple small cells transmit discovery signal asynchronously, which will result in a larger search window for effectively detecting discovery signals of multiple small cells. Therefore, if an eNB could informs an RRC_CONNECTED UE some rough timing of the cluster, then, UE can restrict its search window accordingly so as to reduce the effort on cell detection, especially in the case of synchronized transmission of discovery signals from small cells within the same cluster. Besides, it can maximize the detection performance gain of PSS/SSS-interference canceller, i.e., accurate cancellation based on synchronization and efficient interference mitigation among discovery signals. This will further lead to the reduction of UE discovery signal search time, and the small cell on/off transition time, which will improve the performance of small cell on/off mechanism. 

CSI-RS based discovery signal was mentioned as a potential candidate for efficient small cell discovery. It has been widely studied that CSI-RS is beneficial to improve the detection performances due to large reuse in time/frequency domain assuming the ideal received timing assumption or the practical timing assumption up to ±3us search window. However, fundamentally, as discussed in [3], it is very difficult to assume the perfect synchronization among eNBs all the time. Therefore, without network assistance, UE should detect the CSI-RS with large effort on timing search, and the detection performance could be significantly degraded if the search window is too large.

Based on above analysis, it is benefit to provide some rough information of small cell discovery signals with network assistance for UE to search the small cell discovery signals, which can reduce discovery signal search time and complexity for the UE.

Observation 1: It is benefit to provide some rough information of small cell discovery signals with network assistance for UE to search the small cell discovery signals.

Detection timing of small cell discovery signals
In this section, based on the synchronization mechanism between macro cell and small cells, we consider the following possible solutions to derive the detection timing of small cell discovery signals
In current small cell scenario deployments for evaluation, the radius for small cell dropping in a cluster is 50m, and the radius for UE dropping in a cluster is 70m, which means the maximum distance between small cell and a UE is 120m. Thus, the corresponding propagation delay between small cell and UE is very small (approximately 13Ts). Meanwhile, the distance between two small cells within the same cluster is 100m, which means the variance of time of arrival of discovery signals from different small cells is within the range of CP. As a result, it’s possible to omit the propagation delay between small cell and UE or between different small cells in a cluster, when deriving the timing for discovery signal, the CP will guarantee the discovery signal can be received in a time instance or in a short search window.
Two mechanisms to derive the timing of macro cell and small cell need to be considered. One is based on the assumption that macro cell and small cells could achieve synchronization with the common synchronization source (such as GPS/GNSS), which means they have similar or the same DL transmit timing. Another is based on the assumption that small cells within a cluster could achieve synchronization with the same macro cell through radio-interface, which means the small cells and UEs under the small cells’ coverage have similar DL reception timing.
Observation 2: Two possible detection timing of small cell discovery signals are as follows:
· Case 1: macro cell and small cells have similar or the same DL transmit timing,
· Case 2: small cells and UEs have the similar DL reception timing.

The first synchronization mechanism is shown in Figure 1, the macro cell and small cells achieve synchronization through a common source. Here, the synchronization source could be GPS/GNSS, or an external source, which has established synchronization with GPS/GNSS. 


        
Figure 1: Illustration of the detection timing of small cell discovery signals based on synchronization mechanism through GPS/GNSS
Based on this synchronization mechanism, it is possible for the small cell to align its DL transmission timing with that of macro cell according to the timing derived from the common synchronization source. Therefore, if the macro cell could provide some rough timing information about the small cell discovery signal to RRC-CONNECTED UE, the UE can perform the discovery signal detection procedure, to avoid larger effort on timing search. The rough timing may be derived based on the macro eNB reception timing, an active timing advance value TA for the macro cell and a timing offset △T. The timing offset △T mainly reflects the variance of transmit timing between macro cell and small cells. Then, UE could detect the small cell discovery signals based on the rough timing information.
Option 1:The UE derives detection timing for discovery signal based on macro cell reception timing, TA for the macro cell and a timing offset △T  .

Actually, synchronization provided by GNSS or over backhaul network is not always available for small cell deployments, e.g. indoor deployment, hotspots with high buildings around. Therefore, in this case, a second synchronization mechanism, i.e. radio-interface based synchronization by network listening can be regarded as a potential technique to achieve the synchronization between macro cell and small cells [2].
In the network listening mechanism, the small cell monitors the network listening RS, such as CRS, CSI-RS, PRS of the source cell directly to maintain synchronization with the source cell, as shown in Figure 2. Therefore, small cell could obtain the DL reception timing by deriving the synchronization reference from the source cell. 



       
Figure 2: Illustration of the detection timing of small cell discovery signals based on synchronization mechanism through network listening

Base on this synchronization mechanism, it is also possible for small cell to align its DL transmission timing with DL reception timing as a timing reference, which means small cell could either transmit discovery signal using DL reception timing or DL reception timing with an adjustment △T.
Accordingly, UE can perform the corresponding discovery signal detection, , based on the macro eNB reception timing and timing adjustment △T.
Option 2: The UE derive detection timing for discovery signal based on macro cell  reception timing and an timing adjustment△T. 
[bookmark: _GoBack]From the small cell discovery study [2], it is known that the UE can reliably detect the PSS/SSS of the strongest cell in a small cell cluster even with only one subframe. Since all small cells within the same cluster are typically synchronized, this implies that the UE can also use the timing of any detected PSS/SSS as the timing reference for detecting the discovery signals of cells in the same small cell cluster. This option works for both Case 1 and Case 2. Network assistance can be provided to the UE by indicating the set of PCIs of PSS/SSS that share the same timing as the set of discovery signals to be detected.


Option 3: The UE derives detection timing for discovery signal based on PSS/SSS of any cell in the same small cell cluster.
As mentioned above, there are several possible solutions to derive the detection timing of small cell discovery signals for UE. The network should configure some network signaling, such as RRC signaling, to inform the RRC-CONNECTED UE which mechanism should be chosen to derive the detection timing of small cell discovery signal. Besides, the network should configure the configuration of rough timing information to UE informed by macro cell. 
Conclusion
This contribution mainly discusses the motivation that network assistance should be provided for UE to search the detection timing of small cell discovery signals. The following are observed,
Observation 1: It is benefit to provide some rough information of small cell discovery signals with network assistance for UE to search the small cell discovery signals.

Observation 2: Two possible detection timing of small cell discovery signals are as follows:
· Case 1: macro cell and small cells have similar or the same DL transmit timing,
· Case 2: small cells and UEs have similar DL reception timing.

Then, based on the assumption that network could provide some rough information of discovery, this contribution proposes the possible mechanisms to derive the detection timing of small cell discovery signals for RRC-CONNECTED UE as following: 

Option 1:The UE derives detection timing for discovery signal based on macro cell reception timing, TA for the macro cell and an timing offset △T  .
Option 2: The UE derives detection timing for discovery signal based on macro cell  reception timing and an timing adjustment△T. 
Option 3: The UE derives detection timing for discovery signal based on PSS/SSS of any cell in the same small cell cluster.
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