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1 Introduction
In RAN1#76bis, the followings were agreed for radio-interface based network listening. 

Agreements:
· 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
· 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

This contribution discusses potential enhancements or specification impacts to support network listening in small cell scenarios particularly focused on inter-operator scenarios.

2 Requirements
Due to the lack of backhaul interface among inter-operator deployed eNBs, the network listening should work without assuming any backhaul signaling support. Thus, radio-interface solution with blind detection is preferred for inter-operator scenarios. If blind decoding is used, however, how to convey information such as stratum level becomes an issue. Pre-coordination based mechanism among operators can be used for the purpose, but it does not provide flexible solution. For example, if the stratum level is associated with the cell ID, the cell ID should be changed when stratum level changes and it will lead inefficient operation when the cell serves UEs. However, without using pre-coordination based mechanism, there is no straightforward way to convey stratum level in the current signal such as in CRS or PSS/SSS which can be used for network listening. Therefore, a separate signal RIBS-RS or message based approach (such as additional content in SIB) should be considered for network listening among inter-operator eNBs which would be transparent to UEs.
When this new RS or additional information is designed, similar to backhaul signaling, the RS or additional information may need to carry stratum level and synchronization states at least. Furthermore, transmission pattern of RIBS-RS would be also exchanged unless it is prefixed. 
Proposal 1. New RIBS-RS or message such as SIB should carry at least stratum level.  
3 New RIBS-RS design

To carry the information, at least stratum level, existing RS cannot be used for RIBS-RS due to the potential impact on UEs. Thus, it is natural to introduce a new signal based on existing RS design. Due to its density, PSS/SSS, CRS or PRS can be good candidates for the new RIBS-RS which needs to be slightly tailored to carry some essential information to support network listening. 
Some possible changes are as follows.
· Cell ID: RS scrambling ID can be determined based on stratum level instead of cell ID. For example, stratum level can be used for RIBS-RS scrambling such that stratum level 1 uses cell ID=504 and stratum level 2 uses cell ID=505 and so on.
· The gap between PSS/SSS: The gap between PSS and SSS can represent the stratum level. For example, stratum level 1 uses one OFDM symbol gap between PSS and SSS (e.g., OFDM symbol 5/6 in first slot), stratum level 2 uses two OFDM symbol gap between PSS and SSS (e.g., OFDM symbol 3/5 in first slot) and so on.
· V-shift: if CRS or PRS based RIBS-RS is designed, V-shift can be used to imply stratum level. If this is used, up to stratum level 6 can be conveyed. If stratum level information is carried by other signals such PSS/SSS, V-shift can be used to minimize collision among multiple cells in the same stratum level.
To minimize the impact on UEs by introducing a new RS, techniques proposed for coordinated muting can be considered. However, as discussed in our companion contribution [2], MBSFN configuration based solution has some limitations in terms of applicability. Particularly, MBSFN configuration based solution is not easily feasible due to the lack of backhaul signaling and the lack of knowledge on SFN information among inter-operator deployed eNBs. Thus, GP-based solution and uplink-subframe based solutions can be further considered. Even with GP-based solution, it is however notable that the source cells may need to configure a long GP to transmit new RIBS-RS without impact the UEs and performing muting for other source cells in different stratum levels.  
When coordinated muting/transmission pattern is used, a predetermined transmission/muting pattern can be coordinated via O&M as shown in Figure 1 first diagram. Without knowing SFN among cells, the application of muting/transmission pattern can start by a clock source where the successive transmission/muting for different stratum levels can follow the predetermined pattern starting from the clock source transmission. Thus, it is necessary to be able to detect RIBS-RS transmission from a clock source. This can be achieved by introducing a new RIBS-RS different from existing RS. 
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Figure 1. Example of RIBS transmission/muting pattern
Proposal 2. Network listening over inter-operator deployed eNBs should work without assuming SFN alignment.  
In inter-operator network listening scenario, configuring the maximum stratum level via backhaul signaling is not feasible. Thus, the maximum stratum level is either predetermined or network listening design should work regardless of the maximum stratum level. In our view, it will be difficult to assign the maximum stratum level in advance and predetermine the desired SINR per hop in inter-operator scenarios. Thus, a flexible design of network listening working with various stratum levels should be considered [2]. 

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

If this approach is utilized, target source cells listening on high stratum level would require tighter SINR threshold to meet the synchronization accuracy requirement per hop which will be tightened. To enhance the performance of high stratum level, we can also consider transmitting more RIBS-RS with the increased stratum level as shown in the Figure 2.  In other words, more RIBS-RS can be received per stratum level so that hearability can be further enhanced. 
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Figure 2. Example of RIBS-RS repetition per stratum level
Proposal 4. Mechanisms to enhance network listening performance with high stratum level needs to be further investigated. 

4 SIB-based approach
As an alternative of new RIBS-RS design, SIB-x can be used to carry the information needed for network listening among inter-operator carriers. For example, stratum level and synchronous state may be broadcasted by a source cell via SIB-x which can be read by target cells of different operator. For better detection, SIB-x may be transmitted in a prefixed pattern. To enable subframe-level muting and support dynamic cell on/off, etc., further indication of transmission pattern of RIBS-RS can be considered. For RIBS-RS, existing CRS or PRS can be utilized. Compared to new RIBS-RS approach mentioned in previous Section, this approach also requires considerable specification impact to define new SIB or additional SIB content, periodicity of SIB transmission, scheduling mechanism, etc. 
Thus, for the minimal modification to the current specification and less increment in the eNB complexity, it is desirable to limit the amount of information to be added to SIB to the appropriate level so that it can be added to SIB1 or PBCH. 
Inter-operator network listening may not be needed, at least one clock source/source cell from the same operator is present in one eNB’s vicinity. In other words, inter-operator network listening would be needed when one eNB cannot find any other cell by intra-operator network listening or may not be able to synchronize by intra-operator listening. This means that if at least one eNB can be synchronized by another eNB of different operator, the eNB can be a source cell which can be used for intra-operator network listening. In this regards, indication of clock source can be more useful if added to SIB. An eNB which receives SIB from clock source can be synchronized to it and become source cell itself. The synchronization can be propagated in its operator band using intra-operator network listening schemes discussed in [2].  However, it should be noted that this also has its limitation in that only clock source can be shared between different operators.
Proposal 5. Indication of clock source in SIB-x can be used to support limited operation of synchronization between different operators.

5 Conclusions

This contribution discusses potential enhancements to support network listening among inter-operator deployed eNBs. We propose the followings:
Proposal 1. New RIBS-RS or message such as SIB should carry at least stratum level.  
Proposal 2. Network listening over inter-operator deployed eNBs should work without assuming SFN alignment.  
Proposal 3. Extensible design of per-hop synchronization accuracy should be considered to address various scenarios with different maximum stratum levels. 
Proposal 4. Mechanisms to enhance network listening performance with high stratum level needs to be further investigated. 
Proposal 5. Indication of clock source in SIB-x can be used to support limited operation of synchronization between different operators.
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