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1. Introduction
In RAN1#76bis, radio-interface based synchronization in small cell enhancement was extensively discussed, with the following agreements:
· Specify listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD
· Other specification impacts are FFS

· Network listening between the cells of different operators operating in the same TDD band is beneficial in some scenarios and should not be precluded
· Whether standard impact is needed is FFS
· PRS and/or CRS is used as the listening RS for RIBS
· FFS: Down-select of listening RS

· Subframe-level muting is supported for RIBS

· FFS: In RAN1, UE impact of detailed subframe-level muting

This contribution discusses the above FFS part of RIBS.
2. Discussion
2.1. Muting pattern used for RIBS
In RAN1#76bis meeting, it was agreed to support subframe level muting to improve the hearability for the scenario of small cells listening to small cells. In order to apply subframe level muting, the eNBs should inform the subframes used for transmitting RIBS-RS to the target cells, in order to let the target cells to listen the RIBS-RS in the declared subframe by muting their transmissions. As agreed in the last meeting, listening RS(s) including RS pattern, and subframe periodicity, and offset should be specified. Therefore the eNBs receiving the above information can mute their transmissions on the subframes used for RIBS-RS in one or multiple stratum levels, which is dependent on the eNB implementation. 
When the source cell transmits RIBS-RS, the target cells should mute all the transmission and listen to the reference signal to achieve synchronization in the same subframe. Given that RIBS-RS may be transmitted combined with target cells muting in any subframe, the impact to UE should be considered. In contribution [1], the system simulation showed that if only one subframe every ten seconds is used for network listening, when subframe level muting is considered, the required synchronization accuracy can be achieved easily. The overhead brought by subframe level muting is only 0.01% which is quite low. In this evaluation, it is assumed that one small cell cluster transmits RIBS-RS, and other small cells in the same cluster listen to the RIBS-RS and mute their transmissions in these subframes hence there is only one hop for RIBS. Even if 3 hops is considered, and a target eNB mutes its transmission on the subframes used for RIBS-RS in all the stratum levels the overhead is only 0.03%. This indicates that the overhead caused by subframe level muting can be ignored. 
On the other hand, when subframe muting is introduced, UE cannot receive DL signals in the muted subframes which are not known to the UE. Considering the long periodicity for network listening, and if the muting subframe is distributed in time domain, the impact for the UE measurement shall be negligible such that no impact on UE behavior is required.
Proposal 1: Subframe level muting can be applied on the subframes where RIBS-RS is transmitted, on one or multiple stratum levels. The subframe level muting is eNB implementation issue and does not require specification work.
2.2. Reference signal used for RIBS
According to the agreements in last meeting, PRS and/or CRS can be used as network listening reference signals. As evaluated in [1], when subframe level muting is used, the RIBS accuracy can be fulfilled since the SINR for network listening is higher than 0dB in SCE scenario 2b. This means that any of the cells can maintain synchronization to the source cell with listening CRS in only one subframe. Although using PRS+CRS can achieve better synchronization performance [2], it is not well motivated to mandate using PRS+CRS. 
On the other hand, it shall be considered to use RIBS together with small cell on/off. As it has been agreed that only DRS is transmitted by OFF cells, DRS can be used as RIBS reference signal such that the network listening relationship is not dependant on the small cell on/off status. Since PRS has been excluded but CRS is likely to be included in the DRS burst, it is therefore proposed to use the CRS in the DRS burst as RIBS reference signal. As a unified solution, CRS can also be used for RIBS reference signal if the source cell does not operate small cell on/off. 
Proposal 2: CRS is used as RIBS reference signal.
2.3. Maximum stratum level for RIBS
During the study item phase, it was discussed whether to extend the max stratum level beyond 3. System and link simulation showed that there are some cells which cannot achieve synchronization if only 3 stratum levels are considered [3]-[5], which motivated the extension of stratum level. However, it should be noted that these evaluations did not consider subframe level muting, which can improve the hearability and was just agreed in the work item. In contribution [1], system simulation results for scenario 2b with subframe level muting show that even in dense deployments, i.e. 10 small cells per cluster, one small cell per cluster can be used as synchronization source so that other small cells listens the source cell for RIBS. In this scenario only two stratum levels exist. Even if we consider that the source cell per cluster gets sync from macro eNB, three stratum levels are sufficient. Therefore it is not motivated to extend the stratum level given that subframe level muting is supported. On the other hand, if the maximum stratum level is extended to 6 for example, the synchronization accuracy at the last level may not be good considering the accumulation of sync error for each sync hop. In addition, the overhead for subframe level muting will be higher since it is likely that each small cell mutes its transmission on the subframes for RIBS-RS for all the stratum levels. Therefore we propose that the maximum stratum level for RIBS is not extended compared to existing specification. 
Proposal 3: The maximum stratum level for RIBS is not extended compared to existing specification.
3. Conclusion
In this contribution, we discuss the remaining details of RIBS for small cell, with the following proposals:
Proposal 1: Subframe level muting can be applied on the subframes where RIBS-RS is transmitted, on one or multiple stratum levels. The subframe level muting is eNB implementation issue and does not require specification work.
 Proposal 2: CRS is used as RIBS reference signal.
Proposal 3: The maximum stratum level for RIBS is not extended compared to existing specification.
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