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1 Introduction
In RAN#62 meeting, physical layer aspects of small cell enhancements for E-UTRA and E-UTRAN was approved for Rel-12 work item [1]. More specifically, small cell WI has the following scope for radio-interface based network synchronization. 
· 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. 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 potential enhancements or specification impacts to support network listening in small cell scenarios to satisfy the identified requirement per WID (e.g., support higher stratum level beyond 3 hops, eIMTA, and inter-operator deployment scenarios). 
2 Limitations of coordinated muting specified in TR 36.922
For network listening technique, TR 36.922[2] covers a set of feasible solutions including coordinated muting via MBSFN configuration or guard period. In our view, the solutions described in TR 36.922 can be a starting point to determine necessary enhancements and specification work.  TR 36.922 mainly targets to specify requirements and solutions for network listening used for TDD HeNB. Overall, the followings are the aspects considered for enhancement on network listening technique applicable for small cell scenarios. 
· Limited stratum level: according to evaluations, if network listening is used in a small cell layer using clock source which is also a small cell, the required stratum level to synchronize small cells within a cluster can be up to 6 hops. Since the target of HeNB network listening is up to 3 hops, the extension of stratum level and the necessary enhancements to support large stratum level need to be examined. 

· No explicit signaling of coordinated muting pattern: even though TR 36.922 reviews potential techniques of coordinated muting, there is no signaling specified to support coordinated muting. Particularly, with consideration of inter-operator scenario or eIMTA, explicit signaling of coordinated muting and transmission pattern of RIBS-RS (RS used for RIBS) needs to be considered.
· No handling of FDD: since it is designed for TDD HeNB, FDD small cells are not considered in TR 36.922. Thus, considerations on FDD small cells are also needed. Particularly, when an eNB does not have additional receiver for receiving RIBS-RS, handling of frequency switching delay may need to be considered when determining coordinated muting pattern. 
· No handling of inter-operator in the same band: even with TDD eNB, if there is a need to synchronize among inter-operator deployed small cells, network synchronization may need to be performed in adjacent frequencies rather than in the same frequency. 

· No handling of dynamic DL/UL switch or cell on/off: techniques mentioned in TR 36.922 have not considered dynamic DL/UL switch or cell on/off where source eNB may not transmit RIBS-RS due to switch of DL to UL or cell off. Thus, when a small cell becomes a source eNB, a mechanism to ensure transmission of RIBS-RS regardless of states or DL/UL switch would be needed.
· No handling of source eNB and target eNB operate in different frequencies: such as network synchronization via overlaid macro which operates in different frequency or FDD, there are cases where source eNB and target eNB operate in different frequencies. 

3 Enhancements of coordinated muting

Based on discussions in Section 2 about the limitation of TDD HeNB network listening technique, some enhancement techniques are proposed. 
3.1 Reducing overhead in coordinated muting

TR 36.922 proposed two main techniques to realize coordinated muting, namely based on MBSFN and guard period configuration. Using MBSFN configuration approach, the overhead is expected to be 1 subframe in maximum MBSFN subframe configuration (e.g., 320 msec) for one stratum level. If muting is applied to all RIBS-RS transmission for all stratum levels, the overhead becomes larger (e.g., 6 subframes per 320 msec to support up to 6 hops) which is about 2% downlink subframe loss. If coordinated muting needs to be applied for cross-clusters, the overhead may further increase. Considering that network listening update is expected rather infrequently (e.g., every 10 seconds), 2% downlink subframe loss may not be desirable. Furthermore, MBSFN-based solution may not work well with eIMTA or cell on/off where each eNB may assign uplink heavy UL/DL configuration in SIB and then dynamically adapts UL or DL direction or eNB may turn off downlink transmission. Thus, even though the target eNB configures MBSFN, source eNB may not transmit RIBS-RS. Moreover, if a source eNB configures TDD DL/UL configuration 0 where no MBSFN-capable subframe is available, other nodes cannot perform coordinated muting and thus channel condition for RIBS-RS cannot be improved. To address various scenarios, in our view, it is natural to consider utilizing uplink subframes for network listening where muting can be achieved by not scheduling any PUSCH/PUCCH in that subframe and the source eNBs will transmit RIBS-RS in the subframe.  If that subframe is configured as uplink subframe for a source eNB, it can switch to DL and transmit RIBS-RS. If eNBs utilize uplink subframe for network listening, there would be no or minimal downlink subframe loss. To allow DL/UL switching time if uplink subframe is used for RIBS-RS transmission, it can be assumed that the last OFDM symbol is reserved for DL/UL switching. 
Another approach is to utilize guard period where transmitter configures short GP whereas receiver configures long GP. This approach however leads significant spectral efficiency loss and cannot address the case where source eNBs require long GP. Thus, if guard period based approach is used, reconfiguration of GP or UE-specific GP configuration may be needed.
Proposal 1. To reduce overhead of network listening and make it work in diverse scenarios, utilizing uplink subframes for network listening should be considered. 

3.2 Network listening via overlaid macro
In a small cell scenario such as scenario 2A/2B, it is expected that there is overlaid macro layer for small cells. With overlaid macro, it is beneficial to utilize macro layer for network listening to allow one or two-hops network synchronization. However, if the macro layer is not synchronized (e.g., FDD cells), network synchronization among small cells within a cluster would be challenging as small cells in a cluster can use different macro eNBs as clock sources. Since it is possible that one small cell cluster can reside between two unsynchronized macro cells’ coverage, in that case, it would be desirable to perform network synchronization in a small cell layer. However, still frequency tracking using macro layer would be beneficial rather than using small cell layer since macro layer provides better frequency source. Thus, signalling enhancements to indicate the carrier frequency which the target eNB can perform network listening on for time and/or frequency synchronization can be considered. For example, for frequency synchronization, the carrier frequency of macro layer is indicated whereas for time synchronization, the carrier frequency of small cell layer can be signalled.   
Another issue using overlaid macro is to handle different operating frequency between source eNB and target eNB where target eNB may need to switch its frequency to receive RIBS-RS from source eNB if additional receiver is not assumed. In that case, it is not desirable to use downlink subframes for this purpose (it may require more than one subframe) due to spectral efficiency loss. Thus, either target eNB selects TDD DL/UL configurations with more uplink subframes than source eNB and thus uplink subframes can be used for RIBS listening, or source eNB transmits RIBS-RS in uplink subframes if needed. To support this, some coordination between source and target eNBs may be needed such as signalling of subframes used for network listening. 
Proposal 2. To handle the case where overlaid macro layer is not synchronized, singling enhancement such as indication of carrier frequency to perform network listening should be considered. 

3.3 Network listening via multi-hop
If larger stratum level is assumed for network listening, then target synchronization error per hop becomes tighter. For example, if the network supports only one hop for network synchronization, to meet 3 us timing accuracy, per-hop accuracy is expected to be 3 us whereas network synchronization over two hops would require 1.5 us timing accuracy per hop. Considering a case where neighbouring cells may have different clock sources, the requirement becomes even tighter (such as 1.5 us for one-hop and 0.75us for two hops network synchronization). Since the maximum hop counts may determine per-hop accuracy target, it is important to limit the maximum hop count supported by the network. 

In terms of source cell selection when a target eNB listens to multiple source eNBs, both stratum level of source eNB and received SINR of RIBS-RS should be considered. In some cases, with low stratum level with very low SINR may result poor synchronization accuracy. Also, if this target eNB becomes a source eNB for another target eNB, the requirement of synchronization accuracy may not be satisfied. Thus, to meet the synchronization requirement over multi-hop, per-hop synchronization accuracy should be maintained to a certain level. Moreover, this target accuracy per hop should be mapped to target SINR of RIBS-RS where each target eNB accepts RIBS-RS transmission from a source eNB when the target SINR is satisfied. 
Since it is also feasible that the maximum stratum level cannot be predetermined, target accuracy per hop may be determined regardless of the maximum stratum level. One approach is to assign tighter per-hop accuracy with increased stratum level (e.g., [total allowed synchronization error]/22 for stratum level 1, [total allowed synchronization error]/23 for stratum level 2, ..., [total allowed synchronization error]/2r for stratum level r and so on). This approach may penalizes target eNBs with large stratum levels as it needs to acquire RIBS-RS with higher SINR threshold, however, it can work regardless of the maximum stratum level and allows more opportunities for eNBs to be synchronized with low stratum levels. 
Proposal 3. Extensible design of per-hop synchronization accuracy should be considered to address various scenarios with different maximum stratum levels. 
3.4 Failure of network synchronization
When a target eNB may not be able to find a source eNB to meet the requirement, it may declare itself as asynchronous eNB. There could be multiple reasons of this asynchronous eNB case however. One reason is that this eNB may not find any source eNB with SINR better than a threshold (in other words, if threshold is relaxed, this eNB can be synchronized). Another reason is that this eNB acquires network listening; however, stratum level already exceeds the maximum. Third reason is that this eNB is not reachable by any source eNB (i.e., isolated). When there are un-synchronized eNBs identified, some handling of those eNBs may be necessary. Thus, for better handling of those eNBs, it would be desirable to indicate the reason of failure in network listening along with asynchronous status. Another possible consideration is to introduce semi-synchronous state between synchronous and asynchronous which indicates that this eNB is roughly synchronized and requirement may not be satisfied, and thus it is not desired to be used as a source eNB. 

Proposal 4. Signalling enhancement on handling of asynchronous eNBs should be considered. 
4 Conclusions

This contribution discusses some limitations of solutions of network listening described in TR 36.922 applied for small cell scenarios and some potential enhancements for further considerations.  We propose the followings:
· Proposal 1. To reduce overhead of network listening and make it work in diverse scenarios, utilizing uplink subframes for network listening should be considered. 

· Proposal 2. To handle the case where overlaid macro layer is not synchronized, singling enhancement such as indication of carrier frequency to perform network listening should be considered. 

· Proposal 3. Extensible design of per-hop synchronization accuracy should be considered to address various scenarios with different maximum stratum levels. 

· Proposal 4. Signalling enhancement on handling of asynchronous eNBs should be considered. 
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