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Discussion and decision
1 Introduction
As captured in the scenarios and requirements for small cell enhancement [1], for specific operations e.g. interference coordination, carrier aggregation and inter-eNB CoMP, small cell enhancement can benefit from synchronized deployments with respect to small cell search/measurements and interference/resource management. 
In this contribution, radio-interface based synchronization solutions are discussed in the context of small cell enhancements based on the following criteria:

· Achievable synchronization accuracy

· Resource overhead

· Applicability/compatibility with the ongoing studies 

· Cost/complexity of eNBs and UEs

· Standard impacts
2 eNB synchronization
Diverse techniques for eNB synchronization can be considered including implementation based and standardization based ones. 
For example, GPS, IEEE 1588v2, and network listening are identified as techniques for eNB synchronization in the previous release for TDD HeNB. As described in [2], GPS provides the most accurate synchronization accuracy (on the order of 100ns) while GPS receivers do not work in e.g. indoor scenarios. IEEE 1588 v2 can provide sub-microsecond level accuracy under good backhaul conditions. However, such good backhaul conditions may not always be possible. In particular backhauls over cable and DSL modems have significant jitter and delay variations. An eNB can derive its timing from a synchronized eNB (which in turn may be GPS-synchronized) by using network listening. Network listening can be used in scenarios where GPS and IEEE 1588 v2 do not work. Some relevant requirements for timing synchronization can be found in current existing RAN4 specification (TS 36.133, TS 36.104) [3] [4].
2.1 Network listening
As for network listening, there should be at least one cell (reference cell) in each cluster which is synchronised by an external reference (e.g. GPS receiver). Each cell within a cluster listens for the cell synchronisation signalling (e.g. PSS/SSS, CRS, PRS, discovery signal) from the reference cell. The synchronisation operation can be applied at the eNB based on the received cell synchronisation signalling. Figure 1 shows the concept of a network listening based synchronization scheme in case of TDD HeNB [2]. From a RAN1 perspective, this synchronization operation could be achieved by implementation itself. In addition, some specification supports, e.g. measurement, may help to facilitate synchronization operation and accuracy. The techniques specified in TR 36.922 [2] can be straightforwardly extended for small cell synchronization to meet the same accuracy requirements given in existing specifications [3] [4].
Proposal 1: Network listening as specified in TR 36.922 should be extended to radio-interface based synchronization for small cells. 
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Figure 1: Network listening synchronization scheme (Figure 6.1.2.3-1 in TR 36.922[2])

As a general requirement, if any standardization based method is needed for small cell synchronization, it should be not limited to a specific scenario but applicable to most scenarios. As indicated in [5], there is no distinction between TDD and FDD in specification for the S1 interface which carries the signalling messages to indicate the stratum level and synchronization status for backhaul signalling. Therefore, the small cell enhancement study item should conclude that backhaul signalling mechanisms to support network listening are applicable to all small cell scenarios and topologies, including the S1 and X2 interface.
Proposal 2: Backhaul signalling mechanisms to support radio-interface based synchronization are applicable to all small cell scenarios and topologies, including the S1 and X2 interface.
2.2 Deployment scenario considerations
An important practical consideration for network synchronization is the selection of source timing (e.g. GPS/macro layer reference timing) and/or stratum layer in the case of multi-hop synchronization. As discussed in [6], for the purpose of evaluations two methods for each small cell to select a source cell are considered:
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.
Figure 2 illustrates heterogeneous network deployments employing Case 1 or Case 2 for synchronization.
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Figure 2: Source cell selection for radio-based synchronization
One potential advantage of Case 1 is potentially less hardware complexity in non-co-channel deployments  as fewer small cell nodes would need to be equipped with dual-frequency receivers for macro-layer listening. However, Case 2 provides more deployment flexibility and redundancy, potentially reducing the number of required hops and improving overall performance. The priority or relevance of a given scenario may be challenging to determine due to multiple factors such as operator preference and deployment characteristics. As a consequence, proposed solutions for radio-interface based synchronization should be generally applicable and not restrict already available implementation-based solutions or impact legacy operation.
Proposal 3: Proposed solutions for radio-interface based synchronization should be generally applicable and not restrict already available implementation-based solutions or impact legacy operation.
3 Conclusion
Based on above discussion, the following proposals for standardization support of small cell radio-interface based synchronization are given: 
Proposal 1: Network listening as specified in TR 36.922 should be extended to radio-interface based synchronization for small cells. 
Proposal 2: Backhaul signalling mechanisms to support radio-interface based synchronization are applicable to all small cell scenarios and topologies, including the S1 and X2 interface.
Proposal 3: Proposed solutions for radio-interface based synchronization should be generally applicable and not restrict already available implementation-based solutions or impact legacy operation.
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