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Discussion and Decision
1. Introduction
Based on the discussions in RAN plenary #61, open items for further RAN1 studies regarding physical layer aspects of small cell enhancement are captured in RP-131373. Related to the radio-interface based synchronization issue, it stated that RAN1 should further assess the radio interface based inter-cell synchronization, focusing on network listening, to achieve synchronization between a small cell and the overlaid macro cell, synchronization between small cells in the same cluster and synchronization between small cell clusters. 
In this contribution, our focus is on the necessity and proposals of the standardization solutions regarding the radio-interface based synchronization with network listening mode.
2. Discussion  
Synchronized application of small cells is essential for TD-LTE systems, and it is beneficial also for FDD-LTE systems if advanced features are utilized, such as eICIC, CoMP, eMBMS, or advanced IC receiver application. Generally, the synchronization of small cells can be achieved with satellite solution (e.g. GPS or GNSS), network backhaul solution (e.g. NTP, SyncE, or PTP which also called IEEE1588), or over-the-air/radio-interface based solution (e.g. Network Listening Mode). For each of the synchronization solutions, there are pros and cons in terms of frequency/phase synchronization accuracy, hardware cost and/or applicability. 
In LTE network, the radio-interface based synchronization solution has been proposed as an option when other synchronization techniques are costly or deemed unavailable due to, for example, no satellite coverage (e.g., no GPS/GNSS coverage) or poor network backhauling (e.g. with bad network backhaul link of routers/switches). In [1], two network listening mode techniques for TDD HeNB synchronization are specified. One is MBSFN subframe based network listening and the other is TDD special subframe based network listening. Those two techniques have been thoroughly investigated in the previous LTE releases, and therefore, we consider that the above agreed and specified network listening mode schemes should be the baseline for small cell radio-based synchronization study. 
Also according the discussion in RAN plenary #61, the UE-assisted approach has been ruled out and the network listening mode is the only main focus. So we propose that any further radio-interface based synchronization study should focus on the applicability of existing network listening mechanisms when applying it to the agreed Rel-12 small cell scenarios and other ongoing studies.

Proposal-1: Any further radio-interface based synchronization study should focus on the applicability of existing network listening mechanisms when applying it to the agreed Rel-12 small cell scenarios and other ongoing studies.
3. Indication of Stratum Level and Synchronization Status
For the network listening mode application specified in [1], the indication of stratum level and synchronization status can be fulfilled either explicitly via network backhaul signaling or in an implicit blind detection way via OAM signaling. 
It is commonly understood that the above specified signaling methods were targeting the TDD HeNB application. And based on our understanding, we do not see the big challenges why the specified indication signaling in [1] could not be applied in the small cell scenarios. And even under the dense small cell deployment, the introduced backhaul signaling overhead could also be controlled under a reasonable level. If not shown strictly necessary, the physical layer solution for stratum and status recognition, such as the application for inter-operator synchronization, should definitely be avoided.

Proposal-2: Physical layer solution for stratum and status recognition should definitely be avoided if not shown strictly necessary. 

4. Achievable Synchronization Accuracy and Resource Overhead 
Legacy LTE reference signal structure for synchronization, with PSS/SSS acquisition and CRS tracking, has been well designed and verified under the UE moving environment. So in the low mobility or stationary case, such as the application of network listening mode in small cell deployment, the synchronization uncertainty could be further limited within a small range by efficiently configured measurement interval and the averaging of measurement samples over multiple frames. 
The agreed target synchronization accuracy was ≤ 3µs in this study. If a sophisticated scheme like CoMP has to be applied in the small cell scenario, which of course requires more strict synchronization accuracy as well as better backhaul quality, we think it is more sensible and beneficial to utilize the network backhaul solution instead of radio-interface based solution with network listening mode.  
The resource overhead caused by network listening mode is minimal under normal conditions, as discussed in more detail e.g. in [4]. In general, the resource overhead consumed for time synchronization relate to the frequency error requirement. As shown in [1] in Table 6.1.2.3-1, the more strict frequency error requirement, the longer maximum synchronization maintenance period can be, and less resource overhead is consumed on synchronization maintenance. And as recommended in [1], the frequency error minimum requirement for HeNB is 0.25 ppm. This means that 5s synchronization maintenance period, resulting in minimal resource overhead, is sufficient at 2.6 GHz. For the dense small cell deployment, low SINR, due to the close-by distributed small cells, will impact the synchronization accuracy. However, through inter-cell coordination scheme, e.g. the coordinated muting/silence among small cells as stated in [1], the SINR condition could be improved and results in the enhanced synchronization accuracy. The corresponding academic investigation has been presented in [2] for LTE network. Of course, the application of such coordination scheme will not come for free, where more resource overhead is consumed by such solution. So there is always a trade-off between resource overhead and coordinated muting. Since network listening is an optional solution instead of GPS and IEEE1588, we considered such limited resource overhead consumption is tolerable.
Advanced receiver with IC capability, e.g. PSS/SSS-IC, CRS-IC, is an alternative solution for improved SINR with enhanced synchronization accuracy. E.g. with PSS/SSS-IC, the known signal is broadcasted at full power, and channel is estimated before IC is performed. With such IC solution, the cost and complexity is somewhat added at receiver side, but on the other hand the resource overhead could be saved.

Observation-1:  The existing DL signals already provide sufficient accuracy for network listening and the resource overhead is minimal under normal conditions.
Observation-2: For the more advanced schemes, such as CoMP, which requires strict synchronization accuracy, it is more sensible and beneficial to utilize the network backhaul solution instead of radio-interface based solution.
Observation-3: Achievable synchronization accuracy can be obtained through inter-cell coordination schemes with acceptable resource overhead consumption even in dense small cell deployments.

Observation-4: Advanced receiver with IC capability is an alternative solution to achieve the synchronization accuracy with lower resource overhead consumption.
5. Applicability to other activities:
In TR 36.872 [3], it was stated that the ongoing studies of NCT, small cell ON/OFF, and eIMTA shall be considered with the applicability/compatibility of synchronization approaches, namely here the network listening approach. 
According to the outcome and decision from RAN plenary #61, the WI regarding NCT has been stopped in RAN1. Therefore, the NCT regarding the synchronization issue no longer need to be considered at here anymore. 

The small cell ON/OFF is still under discussion in RAN1. Based on our understanding, the issues potentially impacting the network listening approach are either the disappearing of stratum level of Master cell during the eNB dormant/OFF state or the small cell scenario with disappearing of overlaid Macro cell, e.g. small cell Scenario-3. Considering the small cell Scenario-1/2a/2b, during the disappearing of stratum level of a certain Pico cell, there is always the overlaid Macro cell present as the synchronization-source, and those Slave cells within the Macro coverage could always take the Macro as Master cell and listen to it. Of course, the SINR condition for synchronization accuracy will be somehow impacted. But, as stated in the above section, the SINR condition can be improved with inter-cell coordination scheme or advanced IC receiver solution to achieve the required synchronization accuracy. Considering the small cell Scenario-3 without overlaid Macro cell, current assumption is based on the ideal backhaul within small cell cluster, so the required synchronization accuracy could be sensibly achieved through backhaul solution, e.g. IEEE1588. In the context of small cell ON/OFF, a discovery signal transmission during small cell dormancy is also currently considered for the purpose of efficient small cell proximity detection. Depending on the discussions and decisions of discovery signal, it may alleviate the synchronization problem related to small cell ON/OFF operation.
eIMTA is another ongoing topic which is under discussion in RAN1 Rel-12, mainly focusing on the TD-LTE application, where generally different cells can have different TDD configurations. As specified in [1], the TDD special subframe based network listening scheme is naturally applicable for the TD-LTE network. With the introduction of eIMTA feature, there are no modifications made to PSS/SSS transmissions. Also at least the first special subframe remains unchanged, which means that the TDD special subframe based network listening scheme could still be applied. Further, the flexibility of TDD subframe configurations is further enhanced, meaning additional flexibility for eNB to arrange network listening subframes.

Observation-5: The specified network listening approach in [1] seems applicable to / compatible with the ongoing studies, such as small cell ON/OFF and eIMTA.
4. Summary
Based on the discussion in above, we observe:

Observation: We do not identify any reasons that would justify radio-interface physical layer changes for radio-interface based synchronization.
And we have the summarized proposals and observations in below: 
Proposal-1: Any further radio-interface based synchronization study should focus on the applicability of existing network listening mechanisms when applying it to the agreed Rel-12 small cell scenarios and other ongoing studies.
Proposal-2: Physical layer solution for stratum and status recognition should definitely be avoided if not shown strictly necessary. 

Observation-1:  The existing DL signals could already provide sufficient accuracy for network listening and the resource overhead is minimized under normal conditions.
Observation-2: For the more advanced scheme application, such as CoMP, which requires more strict synchronization accuracy, it is more sensible and beneficial to utilize the network backhaul solution instead of radio-interface based solution.
Observation-3: Achievable synchronization accuracy can be obtained through inter-cell coordination schemes with acceptable resource overhead consumption even in dense small cell deployments.

Observation-4: Advanced receiver with IC capability is an alternative solution to achieve the synchronization accuracy with lower resource overhead consumption.
Observation-5: The specified network listening approach in [1] seems applicable to / compatible with the ongoing studies, such as small cell ON/OFF and eIMTA.
5. References

[1] TR 36.922, “TDD Hone eNode B (HeNB) Radio Frequency (RF) requirements analysis,” v11.0.0, 2012-09
[2] https://aaltodoc.aalto.fi/bitstream/handle/123456789/8915/master_kaushik_ganesan_vishnu_prasad_2013.pdf?sequence=1
[3] TR36.872, “Small cell enhancement for E-UTRA and E-UTRAN – Physical Layer aspects (Release 12)”, v12.0.0, 2013-09
[4] R1-133435, “On Radio-interface based synchronization mechanisms”, Ericsson, ST-Ericsson.
1

