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Discussion and Decision
1. Introduction
Based on the discussions in RAN plenary #62, a new work item (WI) Small cell enhancement – physical layer aspects has been agreed targeting at completion as a Rel-12 feature. One of objectives is to specify the solution of radio interface based synchronization for small cell, and the previous study shown in TR36.872 shall be taken into account. 
· 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 will present our design views regarding the issues on radio-interface based synchronization stated in the WI description. 
2. Issue regarding the improvement of achievable synchronization accuracy based on existing RSs:  
The legacy RIB (Radio-Interface Based) synchronization methods, e.g. as specified in [1], were based on the Rel-8 LTE reference signal (RS) structure for synchronization, i.e., with PSS/SSS acquisition and CRS tracking. The original consideration and benefit by utilizing such structure were intent to reuse the UE synchronization mechanism with reduced process. Thanks to the well-balanced CRS distribution in the time-domain as well as in the frequency-domain, sufficient synchronization accuracy is achieved by the RIB application with minimum overhead consumption for synchronization maintenance. In [2], the demonstrated results of performance testing on single-hop RIB synchronization based on the legacy PSS/SSS/CRS approach have shown that synchronization accuracy of less than 1µs can be achieved for the MBSFN subframe based scheme and about 0.189µs accuracy for TDD special subframe based scheme. For the application of multiple-hop RIB synchronization especially in the dense small cell scenario, the SINR condition in each hop is the key to meet the overall targeted RIB synchronization accuracy [4]. By utilizing the interference mitigation scheme through coordination, e.g. specifying a coordinated muting/silencing pattern among cells [1] or mounting a receiver with the RS cancelling capability for network licensing, e.g. a receiver supporting CRS IC [3], the SINR condition in each hop can be enhanced leading to an improvement in the achieved RIB synchronization accuracy.  

Based on our understanding of the WI description, the improvement of RIB synchronization accuracy could also be considered with other existing RSs, besides CRS, by improving the RS hearability at target cells. The potential RS candidate could be either CSI-RS or Position-RS (PRS). Compared with PRS, the CSI-RS is more flexible to apply the coordinated muting scheme among cells for SINR enhancement, which is a benefit for the improvement of synchronization accuracy as stated above. And potentially the RIB synchronization can also be jointly considered with the design of discovery signal utilized in the small cell ON/OFF operation. However, the performance gain from RIB synchronization based on other existing RS, e.g. CSI-RS or PRS, is still unclear. Compared with the legacy CRS-based approach, the performance gain need to be justified first, where the applied RS needs to provide at least the same level of synchronization accuracy as CRS does. 
Observation-1: In [2], the demonstration results for RIBS using the legacy PSS/SSS/CRS-based approach show a good performance for single-hop synchronization.
Proposal-1: Specify a coordinated subframe muting/silencing pattern among cells to improve the achievable RIB synchronization accuracy.
Proposal-2: If the RIB synchronization uses other existing RSs than CRS, the performance gain needs to be verified.
3. Issue regarding the support of multiple stratum level beyond 3 hops:
As presented in [1], the MBSFN subframe based scheme support maximum of 4 hops and the TDD special subframe based scheme could support up to 2 hops. Practically, considering the issues of propagation delays, accumulative impact of estimated synchronization error and the time drift due to the frequency estimation error [5], the maximum number of hops is normally limited to 3 hops. For larger number of hops, the timing of the last stratum may vary more from the first stratum BS’s timing. Also, as seen from the simulation results shown in our previous contribution [4], the single-hop is basically enough for the small cell scenario with an overlaid Macro as synchronization source cell. To support the multiple stratum level beyond 3 hops, motivation needs to be justified first, and the application scenario where the multiple stratum level beyond 3 hops is configured also needs to be clarified.

Proposal-3: To support multiple stratum level beyond 3 hops, motivation need to be justified first, and the application scenario also need to be clarified. 
4. Issue regarding the indication of stratum level and synchronization status: 
In general, a small cell needs to know the stratum information and synchronization status of neighbour cells in order to select the synchronization source and then correspondingly decide its own stratum number. There were two solutions described in [1], one is the stratum indication by using (S1-) backhaul signalling and the other one is the stratum indication by blind detection. For both solutions, the stratum information can be configured by O&M. 
The stratum indication via (S1-) backhaul signaling has already been supported in the specification for the  number of hops up-to 3 and specified in [7] in section 9.2.3.24. Considering the dense small cell deployment assumed in Rel-12 small cell scenario [6], it generally may require significant number of S1-connection from small cells which might cause scalability issue to MME. In addition, one of the targets of network listening is to support the scenario when multiple operators deploy small cells in the same band and same region. In this scenario, the stratum indication via S1 mandates the operators to open the MME to accept the signalling originated from another operator. 

The blind detection solution does not require backhaul signaling involved. The relationship of each stratum and its muting place within muting pattern can be specified and embedded inside the small cell eNB. On the booting stage, the small cell eNB conducts the blind detection for all possible stratums and constructs the mapping table to recognize the stratum info of its surrounding cells, and basing on some strategy it decides its synchronization source, thus also determines its own stratum and muting place [1]. Besides, the stratum indication via blind detection solution could also be beneficial for the multiple-operator operation as described above. 
Observation-2: The stratum indication via blind detection does not require backhaul signalling involved, which is more feasible for inter-operator scenario.
5. Summary
Based on the discussion in above, we have the following observation and proposals:

Observation-1: In [2], the demonstration results, RIBS using on the legacy PSS/SSS/CRS-based approach shows a good performance for single-hop synchronization.
Proposal-1: Specify a coordinated subframe muting/silencing pattern among cells to improve the achievable RIB synchronization accuracy.

Proposal-2: If the RIB synchronization uses other existing RSs than CRS, the performance gain needs to be verified.
Proposal-3: To support multiple stratum level beyond 3 hops, motivation need to be justified first, and the application scenario also need to be clarified. 
Observation-2: The stratum indication via blind detection does not require backhaul signalling involved, which is more feasible for inter-operator scenario.
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