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1 Introduction

This contribution provides a text proposal of 36.872 on feasibility and benefits of radio-interface based synchronization mechanisms, which is a potential technique to ensure efficient operation in small cell enhancements study. The text proposal includes

· Introduction of radio-interface based synchronization mechanisms

· Insufficiency of current air interface standards (network listening)
· Issues of UE-assisted method

· Further study on radio-interface based synchronization mechanisms 
-------------------------------------------Start text proposal----------------------------------------------------------
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7.3
Feasibility and benefits of radio-interface based synchronization mechanisms

It is well known that TDD system needs inter-cell synchronization on the same frequency or different frequencies within the same band; in addition, for both TDD and FDD, it would be essential to consider the synchronization mechanisms between cells to bring benefit to the existing features (e.g. (f)eICIC, CoMP as well as carrier aggregation) and some potential techniques for small cell enhancements (e.g. efficient small cell discovery). For some other techniques such as advanced receiver at UE, a synchronized network is beneficial for the receiver performance. It is thus observed that
Synchronization for both TDD and FDD systems needs to be considered.
Synchronization by GNSS or synchronization over backhaul network is not always available for small cell deployments, e.g. indoor deployment, hotspots with high buildings around. The additional cost brought by these two mechanisms is also of concern, especially for small cells. Therefore it is beneficial to have a radio-interface based synchronization mechanism when GNSS or backhaul based synchronization are unavailable.
In small cell SI, the study on inter-cell synchronization focuses on the following cases, with non-ideal backhaul on all interfaces
· Synchronization between a small cell and the overlaid macro cell

· Synchronization between small cells in the same cluster

· Synchronization between small cell clusters
The target synchronization accuracy for the purpose of the study was <=3µs. Whether and how the propagation delay between the source cell and the target cell is considered in this target accuracy has not been fully discussed in RAN1.
· The value is used to guide the study. It is not intended to impact any requirement discussion in RAN4.
Certain features, e.g., CoMP, (F)eICIC and eMBMS, have more restrictive synchronization requirements. This necessitates mechanisms satisfying the 3us accuracy target, to have a stricter accuracy requirement, with joint tradeoff consideration of other design aspects. Therefore within the candidate schemes satisfying the 3us accuracy target, the mechanism that can meet stricter accuracy requirement is preferred, with joint tradeoff consideration of other design aspects.
In the following, further investigation on the radio-interface based synchronization solutions (e.g. network listening, UE assisted synchronization) is discussed. Network listening based on signals in current air interface standards is the baseline for this study; any new technique should offer significant advantage compared to the baseline. 
For convenience, a cell providing synchronization for another cell is defined as a source cell and a cell acquiring synchronization from another cell is defined as a target cell. Note that there could be multiple source cells within a small cell cluster. For the case where not all the target cells can acquire the synchronization from the same source cell in a cell cluster, multi-hop synchronization is needed.
Further study on the solutions of radio-interface based synchronization includes
· Achievable synchronization accuracy

· Resource overhead

· Applicability/compatibility with the ongoing studies 

· Cost/complexity of eNBs and UEs

· Standard impacts

7.3.1
Network listening

7.3.1.1
Introduction of network listening

The target cell monitors the network listening RS (e.g, CRS, CSI-RS and PRS) of the source cell directly to maintain synchronization with the source cell. One example is shown in Figure 7-1.When the target cell monitors the source cell, the target cell mutes its own transmission at least when the target cell and the source cell are in the same frequency.
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Figure 7-1: Network listening synchronization mechanism
7.3.1.2
Review of the standard work of network listening schemes

Network listening for Home eNodeB synchronization was discussed in the work item of “LTE TDD Home eNodeB RF Requirements” led by RAN4, a technical report [6] was endorsed to capture the related discussion.

It was clarified by RAN4 that
· The synchronization schemes captured in the technical report [6] are aimed to Home eNodeB scenario and for other scenarios these schemes have not been investigated.    

· Following the TR, RAN4 has requested RAN3 to introduce some signalling to indicate the stratum level and synchronization status for backhaul signalling mechanism. 

· One more point specified is the synchronization accuracy requirement for TDD HeNB. Although some of the synchronization schemes have been studied in RAN4, whether these schemes could meet the synchronization accuracy requirement have not been fully evaluated.
It was clarified by RAN3 that there is no distinction between TDD and FDD in specification for the S1 interface which carries the signalling messages for network synchronization.
7.3.1.3 Achievable synchronization accuracy

The achievable time synchronization accuracy can be impacted by many factors, including 

· Channel condition of received network listening RS at the target cell;

· High interference in dense small cell deployment may degrade the hearability of the received network listening RS when cells with relatively lower received power must be used for synchronization due to hop number constraints. In such a case, interference management, e.g., by PDSCH-RE-muting to the network listening RS, by SFN transmission of the network listening RS etc. may improve performance in cases where interference is the main limitation. In some cases, increasing the listening period may also improve performance. 
· The RS being used for synchronization, e.g., PRS and CRS may have different processing gains and experience different levels of interference;  
· Propagation delay between source cell and target cell;

· The number of hops in small cell clusters;

· The synchronization accuracy can decrease as the number of hops increases. So the number of maximum hops may have to be limited. 

· Limiting the number of maximum hops would further decrease the channel condition of received network listening RS at some target cells.

· Time drift between the network listening slots caused by frequency synchronization error 

If non-radio interface based solutions cannot always be used for frequency synchronization in small cell deployments, the radio interface based frequency synchronization needs also to be considered. Generally, the radio interface based frequency synchronization is more sensitive to the channel condition of the received network listening RS at the target cell than the radio interface based time synchronization is.
7.3.1.4 Network listening period configuration

In the network listening period when a target cell monitors the source cell, the target cell would stop the DL transmission to its own UEs at least when the target cell and the source cell are in the same frequency. For legacy UEs, the network listening period can be configured in MBSFN subframes, or configured in the GP (Guard Period) in TDD system [6]. 
For initial acquisition and/or during off periods when the source cell is available, the target cell may use larger listening periods in order to reduce synchronization errors. 
It is observed that MBSFN subframes cannot be configured if TDD UL-DL configuration 0 is configured.

It is observed that the maximum stratum level is limited to 2 if GP is used for network listening. [6]

7.3.1.5 Resource overhead

In the network listening periods, if the target cell stops the transmission to its own UEs, the occurrence of the network listening periods brings overhead to the system. Consequently, it is desirable to reduce the overhead. One method is to prolong the detection interval of network listening. As an example, the detection interval is considered to be in the level of seconds. It could be considered to allow the eNB to choose proper detection interval. For example, the eNBs with better clock stability can use a longer interval.
7.3.1.6 Applicability/compatibility with the ongoing studies 

Applicability/compatibility of synchronization approaches with other ongoing studies need to be considered. Depending on their detailed design, the ongoing studies to be considered may include NCT, small cell on/off and eIMTA.
7.3.1.7 Support of inter-operator synchronization 

Contiguous TDD spectrum allocation among different operators is available and can be more popular in the higher frequency bands. Synchronization becomes important among the cells of different TDD operators deployed in the same band and same region, since the unsynchronized network will incur significant mutual interference and degrade the network performance of both sides, e.g., when the transmit powers on the uplink and downlink are very different. In case that the operators negotiate or exchange information about their common/reference timing, inter-operator synchronization may be achieved by appropriate synchronization requirements in RAN4.

Possible air-interface based approach considered to achieve inter-operator synchronization:
Mutual network listening - With this approach, communication between the cells of different operators is needed, such as the stratum level indication, RS configuration and etc.

7.3.1.8 Cost and complexity
With network listening, an additional receiver is needed at least for the FDD eNB. An additional receiver in the baseband may also be needed for the TDD eNB. There is no additional UE complexity needed for network listening.

7.3.1.9 Standards impacts 

To support network listening in small cell scenarios, the potential standards impacts include
· The indication of the synchronization stratum level
· The maximum supported hop number

· Improvement on the achievable synchronization accuracy by improving the channel condition of received network listening RS at the target cells 

· Mechanisms to reduce the resource overhead for network listening 

· Applicability/compatibility of synchronization approaches with other ongoing studies
· Mechanisms to facilitate inter-operator synchronization
7.3.2
UE-assisted synchronization
The synchronization between the source cell and the target cell can be achieved by some information provided by or obtained from UEs.
The indication of stratum level is also needed when UE-assisted synchronization is applied.

It is observed that the availability and selection of the UEs to assist synchronization may impact the performance of the synchronization.
7.3.2.1 Achievable synchronization accuracy

The achievable synchronization accuracy can be impacted by multiple factors, including

· Availability of UEs

· Channel condition of the received signals at the selected UE side in the downlink, or at the eNB side in the uplink

· The propagation delay difference between the source cell and the target cell at the UE side

· Compensation of the propagation delay can be considered.

· The time drift between measurements caused by frequency synchronization error

 7.3.2.2 Resource overhead

The resource overhead may include DL resource for triggering UE action, UL resource for UEs to provide information or signal, backhaul resource between source cell and target cell to exchange information etc.

7.3.2.3 Applicability/compatibility with the ongoing studies

Applicability/compatibility of synchronization approaches with other ongoing studies need to be considered. Depending on their detailed design, the ongoing studies to be considered may include NCT, small cell on/off and eIMTA.
7.3.2.4 Support of inter-operator synchronization 

It is difficult for a UE to access the network of another operator. With UE-assisted synchronization, inter-operator synchronization may be achieved by appropriate synchronization requirements in RAN4, in case that the operators negotiate or exchange information about their common/reference timing, as discussed in 7.3.1.7.

7.3.2.5 Standards impacts 

To support UE-assisted synchronization, the potential standards impacts include
· Mechanisms of UE-assisted synchronization for
· UEs to provide information to the network or transmit uplink signals for network to detect 

· eNBs to exchange information and for the target cell to adjust its timing

· Possible measurements on UE and eNB sides including the propagation delays between the UE and both eNBs
· The indication of the synchronization stratum level
· The maximum supported hop number
· Applicability/compatibility of synchronization approaches with other ongoing studies
· Mechanisms to facilitate inter-operator synchronization
7.3.3
Summary
It is beneficial to support radio-interface based synchronization for cases when other methods such as GNSS or synchronization over backhaul are not available. Two solutions are considered, network listening and UE-assisted synchronization.

Both solutions have the following potential standards impacts:

· The indication of the synchronization stratum level
· The maximum supported hop number

· Applicability/compatibility of synchronization approaches with other ongoing studies
To support network listening in small cell deployments, at least the following potential standards impacts need to be considered:

· Improvement on the achievable synchronization accuracy by improving the herability channel condition of received network listening RS at the target cells

· Mechanisms to reduce the resource overhead for network listening

To support UE-assisted synchronization, at least the following potential standards impacts need to be considered:

· Mechanisms of UE-assisted synchronization
· UEs provide information to the network or transmit uplink signals for network to detect

· eNBs exchange information and the target cell adjusts its timing

· Possible measurements on UE and eNB sides including the propagation delays between the UE and both eNBs
For the deployment among the cells of different TDD operators deployed in the same band and same region, mechanisms to facilitate inter-operator synchronization should be considered.

