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1 Introduction

In RAN #62 meeting, it was agreed to support [1]

· 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
· It should be applicable to small cell on/off and eIMTA, and inter-operator TDD deployment in the same band
This contribution discusses how to apply the network listening when small cell on/off or eIMTA is used.
2 Discussion

2.1 Applicability/compatibility with small cell on/off
Cell on/off with large time scale has been studied in RAN3 Energy Saving SI/WI. Efficient operation with reduced transition time of small cell on/off is to be standardized in the WI of small cell enhancements. How to perform network listening when small cell on/off is applied is discussed in the following with two options listed.
· Option 1: Network listening RS is not transmitted when the source cell turns off, the corresponding target cells should perform source cell reselection
With this option, network listening RS is not transmitted when the source cell turns off, and the corresponding target cells need to reselect the source cells. The change of the source cell may lead to the change of the stratum level of the target cell, and cells listening to such target cell will also need to perform the reselection. In addition, during the reselection process, the target cell may have to stop its transmission if the time synchronization cannot be assured. From these points of view, it would be better to apply option 1 when the small cell is off with a long period, otherwise the frequent reselection would cause network instability and also lead to large unnecessary resource waste. 
· Option 2: Network listening RS is transmitted when small cell turns off
With this option, the network listening RS will be sent regardless of small cell on or off, so that the network synchronization can be stably maintained even when the small cells turn on and off frequently. Option 2 is considered to be beneficial for the case with frequent cell on/off. This option can also be considered for the cells which provide direct and indirect synchronization reference for many cells.
Proposal 1: When cell on/off is applied, depending on the time scale of the on/off and the number of cells that directly and indirectly listen to a cell, the cell should continue to transmit network listening RS, or the cell  stops the transmission and the corresponding target cells should perform source cell reselection.
2.2 Applicability/compatibility with eIMTA
TDD UL-DL configuration 0 contains only 4 DL subframes of {0, 1, 5, 6}. None of them can be configured as MBSFN subframes and thus the target cell cannot use such subframes to perform network listening.

Similar situation occurs when TDD eIMTA is used in small cell scenarios, as TDD UL-DL configuration 0 is one of the typical configurations signalled in SIB1. In such case, only the subframes {0, 1, 5, 6} can be seen as DL subframes for legacy UEs, and these subframes are the only fixed DL subframes for new UEs. There are several methods to support network listening for these scenarios.
· Method1: network listening in special subframes with longer GP

With this method, network listening is performed in the special subframes with a longer GP configured. As the periodicity of network listening is normally with a long period, e.g., in the level of second, it is beneficial to configure the longer GP only in the special subframes used for network listening. The special subframes not used for network listening can be configured with shorter GP and used for data transmission. To maintain backward compatibility, i.e., to ensure the correct measurement of legacy UEs, the SIB1 configured GP is the one with longer GP, while the data transmission in special subframes with shorter GP is targeted to new UEs.
· Method2: network listening in UL subframes
This method allows some DL transmission of the synchronization signals on a subframe where it is declared as U subframe to the UE. In these subframes, some small cells can transmit signals for other small cells to synchronize, while other small cells can turn off their DL transmission to perform network listening. [4] 
This method is considered to be beneficial as it may not affect UEs. However, if the UEs are not aware of the usage of such UL subframes, the UEs would continue to transmit signals and could cause serious interference to network listening. On the other hand, legacy UEs cannot be aware of such usage anyway.
· Method3: network listening in special subframes and MBSFN subframes
GP in special subframes and non-unicast area in MBSFN subframes can both be the resource that is not used for data transmission to the UEs in the target cells. Therefore both kinds of resource can be used for network listening. The detailed design for network listening in both kinds of resource is FFS and common design is preferred.

For FDD system, only MBSFN subframes are available for network listening while it is up to network to choose the exact MBSFN subframes. For TDD system, the additional type of resource, i.e., special subframe, is available and it is up to network to choose the exact subframes for network listening, which is similar as the resource of SRS that is configurable in special subframes  and UL subframes. For example, if TDD UL-DL configuration 0 is configured, network listening can be performed in special subframes. With other TDD UL-DL configurations, network listening can be performed in special subframes or MBSFN subframes or both.

Proposal 2: Network listening can be performed in MBSFN subframes as well as in special subframes with longer GP configured, and the exact subframes for network listening should be decided by the network. 

3 Conclusion

In this contribution, it was discussed how to apply the network listening when small cell on/off or eIMTA is used. According to the above analysis, it is proposed that.
· For small cell on/off:
· Proposal 1: When cell on/off is applied, depending on the time scale of the on/off and the number of cells that directly and indirectly listen to a cell, the cell should continue to transmit network listening RS, or the cell  stops the transmission and the corresponding target cells should perform source cell reselection.
· For eIMTA:

· Proposal 2: Network listening can be performed in MBSFN subframes as well as in special subframes with longer GP configured, and the exact subframes for network listening should be decided by the network.
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