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1 Introduction
In RAN1#76bis, the followings were agreed for radio-interface based network listening. 
· Specify listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD
· Other specification impacts are 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
Based on the agreements, this contribution discusses how to support subframe-level muting and potential backhaul signaling enhancements to support network listening for intra-operator scenarios (e.g., support higher stratum level beyond 3 hops, eIMTA, and cell on/off). 

2 Subframe-level muting
As we discussed in our pervious contribution [1], to support cell on/off operation and also eIMTA operation, each source cell needs to inform the pattern of RIBS-RS transmission subframes. Whether muting pattern needs to be exchanged or not, we consider transmission pattern can be used to determine the muting pattern. In terms of determining muting subframe for each eNB, two choices can be considered. Assuming the stratum level of the eNB is k, one option is to perform muting at subframes for stratum level k-1 and k+1, and the other option is to perform muting at subframes for all stratum levels except for k or except for transmission subframes of RIBS-RS. To enhance the synchronization accuracy, if a threshold is used per hop for network listening (e.g., network listening is achieved only when a target cell hears RIBS-RS with SINR exceeds the threshold), it is likely that the eNB may also interfere transmission of other stratum levels other than k-1 and k+1. Thus, to enhance the hearability, muting in all subframes used for network listening needs to be considered to avoid potential inter-cell interference. However, muting is not necessary if the source cell and target cell operate in a different frequency. For example, if a small cell synchronizes against macro cell in a different frequency, the small cell may not have to perform muting as it would not impact on macro cell transmission. 
TR 36.922 [2] 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 where each eNB may assign uplink heavy UL/DL configuration in SIB and then dynamically adapts UL. Thus, even though the target eNB configures MBSFN, source eNB may not transmit RIBS-RS as the subframe may be changed to uplink subframe. 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. 
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. Given that network listening may be utilized mostly in small cell scenarios where long DwPTS can be utilized, the overhead of configuring the shortest DwPTS special subframe configuration is considerably high (around 10% overhead assuming special subframe configuration 0 is used instead of configuration 4). 
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. 

Proposal 1. To reduce overhead of network listening and make it work in diverse scenarios, utilizing uplink subframes for network listening should be considered.
If MBSFN based approach or guard period based approach is used for subframe-level muting, further clarification on subframe-level muting is needed. When MBSFN based approach is used, it should be clarified that PDCCH in the first two OFDM symbols (i.e., non MBSFN region) can be present regardless of subframe-level muting along with CRS. In that sense, muting is achieved only in MBSFN region. If guard period approach is used, it should be also assumed that there is no impact on UE in terms of special subframe handling such that a UE can expect DwPTS and UpPTS as per configuration of special subframe. In this sense, if guard period is used, it is not subframe-level muting. Rather, if guard period based approach is used, each eNB is somewhat required to use the shortest DwPTS special subframe configuration where the source cell transmits RIBS-RS in guard period periodically. 
2.1 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 can be considered. 

2.2 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. 

2.3 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 yet 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. 
3 Conclusions

This contribution discusses potential enhancements of network listening, particularly focused on intra-operator deployed scenarios 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 can 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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