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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. This would be the motivation of time synchronized deployments of small cell clusters. 
In this contribution, radio-interface based synchronization schemes, e.g. network listening, are discussed in the context of small cell enhancements.

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.
As long as a cell is not synchronised, the cell may interfere with neighbouring cells, especially for TDD, and CA/CoMP/eICIC may not work well. Depending on the scenario, the above identified synchronization techniques could be applied to small cell enhancements for time synchronization of the small cell layer and between small cells and the macro layer. 
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.
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Figure 1: Network listening synchronization scheme (Figure 6.1.2.3-1 in TR 36.922[2])

Observation: Multiple synchronization methods can be combined in order to facilitate synchronization operation and accuracy.
In small cell scenario, if the reference cell and the cell to be synchronized operate with the same frequency, traffic interruption or latency may occur during the synchronization phase. Otherwise, the cell to be synchronized would require additional receiving unit for the reference cell carrier frequency.
3 Requirements
Some relevant requirements for timing synchronization can be found in current existing RAN4 specification (TS 36.133, TS 36.104): 

Cell phase synchronization accuracy (TS 36.133)
For TDD, cell phase synchronization accuracy is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas. It is specified for Wide Area eNB as well as HeNB. For HeNB, for example, the cell phase synchronization accuracy measured at BS antenna connectors is required to be better than the requirement specified in Table 1 below.
Table 1:  Cell phase synchronization requirement for HeNB (TDD) (Table 7.4.2-2 in TS 36.133[3])
	Source Cell Type
	Propagation Distance
	Requirement 

	Small cell
	( 500 m
	( 3 (s

	Large cell
	> 500 m
	(1.33 + Tpropagation (s


Note 1: Tpropagation is the propagation delay between the HeNB and the cell selected as the network listening synchronization source. In terms of the network listening synchronization source selection, the best accurate synchronization source to GNSS should be selected.

Note 2: If the HeNB obtains synchronization without using network listening, the small cell requirement applies.
In order to apply this requirement to small cell synchronization, it may need to reflect some additional small cell scenarios, e.g. separate frequency deployment. 

Timing alignment error (TAE) (TS 36.104)
The RF signals present at the eNB transmitter antenna port(s) experience certain timing differences. For a specific set of signals/transmitter configuration/transmission mode, time alignment error (TAE) is defined as the largest timing difference between any two signals. According to TS 36.104 [4], for example, the minimum requirement of TAE for CA is as below:

· For intra-band contiguous carrier aggregation, TAE shall not exceed 130 ns.

· For intra-band non-contiguous carrier aggregation, TAE shall not exceed 260 ns.

· For inter-band carrier aggregation, TAE shall not exceed 1.3 μs.
For small cell enhancements, TAE requirement may also need to take into account potential future inter-eNB CA functionality. 
Observation: Synchronization of the small cell layer and between small cells and the macro layer would introduce corresponding RAN4 requirements, e.g. taking into account co-channel and separate frequency deployment scenario.

4 Conclusion
Based on above discussion, following initial observations for small cell synchronization are taken: 
Observation: Multiple synchronization methods can be combined in order to facilitate synchronization operation and accuracy.
Observation: Synchronization of the small cell layer and between small cells and the macro layer would introduce corresponding RAN4 requirements, e.g. taking into account co-channel and separate frequency deployment scenario.

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.
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