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1
Introduction
Synchronization requirements for TDD HeNBs have been analyzed in previous contributions [1],[2],[3]. In the previous RAN4 meeting a way forward for the requirements was agreed in [4]. In [4], the requirements for HeNBs with propagation distances smaller than 500m were agreed upon, however, the requirements for cells with propagation distances larger than 500m when network listening is used were left for further study.
In this contribution, we briefly revisit previous work on network listening and analysis of sync error impact. Based on these, we propose the synchronization error requirement for cells with propagation distances larger than 500m. 
2
Discussion
2.1
Synchronization Schemes and Scenarios
GPS, IEEE1588 v2 and Network listening are the three synchronization schemes that have been considered for TDD HeNBs. A brief analysis of these schemes is given in [2]. Network listening is a very attractive scheme for its reliability and versatility. Network listening can be performed in open loop or close loop fashion. Also in [2], the advantages of open loop vs. closed loop are explained and it is concluded that open loop network listening is essential for TD-LTE HeNBs.
HeNBs have been mostly considered in the context of urban indoor deployments and the requirements in [4] reflect this. However, HeNBs could also be used for improved coverage in suburban or rural areas. In these cases the cell radii of cells to which the HeNB listens  could be up to 10km. For this scenario different synchronization requirements need to be specified if open loop network listening is used. Due to the large propagation time, different requirements other than the ones used for 500m cells need to be specified. In the next section we derive the requirements based on interference scenarios and propagation delay.
2.2
Requirements for large cells
The synchronization requirements that are set in [3] for small cells are mostly based on propagation delay and delay spread. When synchronization is acquired using open loop network listening, the synchronizing HeNB is automatically offset by the propagation delay compared to the donor eNB or HeNB. In the case of large cells the propagation delay can be in the order of tens of microseconds. Some requirements that take this fact into account are necessary.
Based on the above we propose that the synchronization requirement when synchronization is acquired via network listening off cells with propagation distance greater than 500m be set to 35 μs. 35μs would allow for a propagation delay coresponding to about 10km (33.3μs) and a delay spread and implementation margin of about 1.67μs, which is almost the same as the one used for 500m cells. This requirement should suffice for most practical scenarios.
A relatively loose requirement like 35μs might raise concerns for TDD systems where synchronization is essential to avoid problems caused by interference. In [1], it was shown that UL-DL jamming can be avoided by the HeNB providing a timing advance command that is larger than twice the propagation delay. It was shown that a downlink time difference of up to 35 μs (half the guard period) which can be tolerated in this case. Furthermore in [3] the impact of synchronization error on DL-DL and UL-UL jamming is analyzed and it is shown that TD-LTE performance is no worse than the case of a fully asynchronous FDD system, irespective of the synchronization error. With these considerations we can conclude that a 35μs synchronization requirement is practical and has no impact on the system pefromance.
3
Conclusions
In this contribution we proposed the synchronization requirement for cells with propagation distances larger than 500m. It was shown that a 35μs is practical when network listening is used and that this requirement does not impact the performance of the system. 
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 μs in all cases, except when the HeNB gets its synchronization when performing network listening off cells with propagation distance greater than 500m. This requirement shall apply independent of the synchronization technique used (GPS, IEEE 1588 v2, Network Listening).  In scenarios where synchronization is obtained via network listening off cells with propagation distance greater than 500m, the synchronization requirement shall be 35 μs.
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