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Discussion
1. Introduction
In this contribution, we discuss the problem which would happen when to apply the existing network listening to small cell scenario and suggest the method to solve it.
2. Discussion
For radio interface based synchronization (RIBS) in Work Item Description [1], it states that
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. of 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.
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Figure 1. Small cell deployment scenario 2b

As mentioned above, for small cell scenario 2b as illustrated in Figure 1 in TR 36.872 [2], the network can support multiple stratum level of 4 to 6 hops. It is assumed that the small cells are synchronized with the macro cell which is the GPS source. If larger stratum level, which is defined as the smallest number of hops between the small cell and the GPS source, is assumed for network listening [3], then the requirement of synchronization accuracy per hop becomes tighter and the SINR threshold for RIBS-reference signal (RS) received from previous hop becomes higher. For example, if the network supports only one hop for network synchronization, to meet 3 us timing accuracy, per hop synchronization accuracy is expected to be 3 us whereas network synchronization over two hops would require 1.5 us timing accuracy per hop and need higher SINR threshold of RIBS-RS than the case the network supports only one hop. Since the maximum stratum level the network can support may determine synchronization accuracy per hop and SINR threshold for RIBS-RS received from previous hop, it is important for small cells to know the maximum stratum level supported by the network. If the small cells do not know, when the small cell received RIBS-RS from the small cell of previous hop, it cannot decide whether their synchronization status is ‘synchronous’ or not. For example, it is assumed that the maximum stratum level network supports is 4. In Figure 2, (a) is the case the maximum stratum level is provided to each small cell 1 to 4 whereas (b) is the case each small cell does not know it. Since each small cell know the maximum stratum level in (a), its SINR threshold of RIBS-RS changed from -15dB to -10dB. In (b), each cell did not change because it is not aware of the maximum stratum level. For small cell 3, synchronization status is decided ‘asynchronous’ and ‘synchronous’ based on SINR threshold in (a) and (b) respectively. For (b), because small cell 3 makes a wrong decision for synchronization status, small cell 4 also does. Therefore, macro cell and small cell 4 are not synchronized because the requirement of synchronization accuracy is not satisfied.
Observation 1: The small cells should be aware of the maximum stratum level the network can support so that they can determine whether their synchronization status is ‘synchronous’ or not.
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Figure 2. Synchronization between macro cell and small cells using radio interface
Because the small cell deployment may be different, multiple stratum level the network can support may be distinct. Therefore, in order to distinguish these situations, the maximum stratum level needs to be used.
Observation 2: The maximum stratum level needs to be used in order to distinguish different small cell deployments.

With two observations above, the following proposal is suggested:
Proposal: It is proposed to consider the maximum stratum level to perform efficient RIBS.
3. Conclusion
In this contribution, when the existing network listening was applied to small cell scenario, the problem which may be occurred and the solution of it were discussed. The following proposal is suggested to RAN3:
Proposal: It is proposed to consider the maximum stratum level to perform efficient RIBS.
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