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1 Introduction
When GPS based network synchronization is not available or IEEE 1588v2 synchronization protocol may not be sufficient due to backhaul latency and others, radio interface based network synchronization can be considered. This contribution discusses synchronization accuracy aspects when radio interface based network synchronization is used with consideration of use cases where network synchronization is needed. 
2 Discussion on synchronization accuracy
In TS 36.922[1], network listening based network synchronization for TDD HeNB is specified. Notably it mentions that open loop network listening where synchronizing HeNB is automatically offset by the propagation delay compared to the donor (H)eNB is essential for TDD HeNBs. It states that 
The synchronization requirement for a HeNB is defined as the difference in radio frame start timing, measured at the transmit antenna connectors, between the HeNB and any other HeNB or eNB which has overlapping coverage. The synchronization requirement shall be set to 3 us in all cases, except when the HeNB gets its synchronization when performing network listening off cells with propagation distance greater than 500m.
In terms of synchronization accuracy requirement in small cell scenarios, we still think that this principle can be maintained where the synchronization requirement may be revisited. In other words, radio frame start timing difference between any two small cells which have overlapping coverage should be maintained within a synchronization accuracy requirement where synchronization requirement should be specified according to propagation delay differences between two eNBs. If transmission timing difference between two eNBs exceeds the requirement, two cells are not synchronized. 
In small cell scenarios, there is a case where two eNBs which have overlapped coverage have different donor (H)eNBs such that two eNBs may not meet the baseline synchronization requirement (3us) each other due to accumulated synchronization error. 
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Figure 1. Example of network listening based synchronization
For example, if network listening approach is used in a small cell cluster consisting of 8 cells with 1 clock source as shown in Figure 1, a potential synchronization tree can be formed as shown in the above figure (Cell2, Cell3, Cell4 synchronize themselves against Cell1, Cell5 and Cell7 use Cell2 for network synchronization, and so on).  Since each cell has potentially many candidate donor eNBs, a mechanism to determine which eNB will be selected as a donor eNB among candidate eNBs needs to be addressed. 

Since in a small cell scenario, a small cell has potentially many neighbour eNBs which have overlapped coverage, how to determine the state of synchronous or asynchronous of each cell with network listening based synchronization should be addressed. In terms of network listening based synchronization process, two steps can be considered. At the first step, a target eNB will perform time (and frequency) tracking/adjustment against a donor eNB (e.g., Cell2 against Cell1) to meet the synchronization accuracy (e.g., 1.33us + propagation delay between the target and donor eNBs). The cell can assume that time (and frequency) tracking/alignment has been completed. One approach is to determine that a cell is synchronized when the eNB completes the first step. In the second step, the target eNB may check the synchronization status with other eNBs which have overlapped coverage. Another approach of synchronization status decision is to determine that an eNB is synchronized only if it completes the first step and it is synchronized with any eNB with overlapped coverage. Whether this approach should be used in small cell scenarios needs some further discussion with considerations of use cases of network synchronization. For example, if network synchronization is needed to support ICIC, synchronization should be performed with all neighbour nodes. 

If second approach is necessary, a mechanism to determine whether two eNBs can be assumed as synchronized or not would be needed. Also, a mechanism to identify eNBs which have overlapped coverage with one eNB also needs to be clarified. 
Assuming ( is the maximum synchronization error (including implementation margin and clock drift) per each hop, synchronization error at one eNB would be ( * h (h is stratum level). Thus, maximum transmission timing difference between two eNBs with overlapped coverage would be ( * h1 + ( * h2 + |(Prop1 - (Prop2| between eNB1 and eNB2. Depending on maximum synchronization error allowed in each hop, the achievable synchronization accuracy would be affected.  Furthermore, synchronization error between two eNBs which share the same ancestor in the synchronization tree can be further reduced. For example, Cell6 and Cell7 share the Cell2 as the ancestor. Thus, synchronization error between two would be 3 * ( + prop delay (from Cell2) rather than 5 * ( + prop delay (from Cell1). This implies that sharing the same donor/source eNB among eNBs which have overlapped coverage can be recommended to improve the synchronization accuracy. 
Proposal1: How to determine “synchronous” vs. “asynchronous” status of a cell should be clarified.
Observation1: Sharing donor eNBs among eNBs with overlapped coverage helps synchronization accuracy. 
3 Discussion on use-case
As discussed above, it is desirable to share the same set of donor eNBs for eNBs having overlapped coverage as much as possible to minimize the synchronization error. In small cell scenario #1 and #2A/#2B, thus, it is natural to consider macro-assistance in small cell layer synchronization. In scenario #1, with co-channel scenario, a small cell within macro coverage can listen on macro layer to acquire network synchronization. For scenario #2A/#2B, a mechanism to allow small cell to listen on macro-layer frequency would be necessary.
For scenario #3, where sparse indoor small cell deployment is assumed, network listening among small cells would be needed. In this case, maximizing sharing donor eNBs would help synchronization accuracy. For example, if a cluster master eNB can become the donor eNB for all eNBs within a cluster, then eNBs within the cluster can be synchronized each other with accuracy of 2 * ( + max propagation delay within a cluster. To handle cell on/off function, it can be further considered that one or more clock sources used for network synchronization may not perform cell on/off. Or, at least, periodic transmission of synchronization signals from those cells would be necessary.
Major use cases where network synchronization would be needed include ICIC and TDD. Whether network synchronization is needed for dual connectivity and cell on/off is still FFS. In terms of cell on/off, synchronized network may help UE measurement and cell detection. Yet, the benefit needs further study.  In terms of dual connectivity, network synchronization can offer an efficient UE uplink transmissions and also support single uplink transmission capable UEs. For single UL transmission capable UEs, a TDM-type uplink sharing between two connections is necessary. Thus, subframe-alignment between two target eNBs can be beneficial. Otherwise, a gap should absorb the timing difference. Even with dual uplink transmission capable UEs, subframe boundary alignment between two connections would be also beneficial in terms of handling power-limited cases (e.g., the case where partial overlap between uplink signals to different eNBs can be avoided). 
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Figure 2. Timing advance for small cell in dual connectivity scenario

For example, if a UE can align uplink transmissions to macro and small cell layer based on TA received from macro cell as shown in Figure 2 (a), power limited cases in partial subframe overlap scenario would not occur thus simplify the scheduling/coordination among two eNBs and uplink power control of UEs. 

4 Conclusion

This contribution discussed on achievable synchronization accuracy and considerations to enhance the synchronization accuracy.  To improve synchronization accuracy, it is recommended that eNBs having overlapped coverage use the same donor eNBs as much as possible. Furthermore, we discussed a mechanism to determine “synchronous” state of an eNB and presented a few use cases of network synchronization. 
Proposal1: How to determine “synchronous” vs. “asynchronous” status of a cell should be clarified.
Observation1: Sharing donor eNBs among eNBs with overlapped coverage helps synchronization accuracy. 
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