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1 Introduction

In RAN1 #74, there were a lot of discussions on radio-interface based network synchronization evaluations and mechanisms [1-10]. Updated TR 36.872 [11] captures the agreements on these analysis and potential standards impacts. According to the open issues agreed in the updated small cell SI status report in RAN #61[12], the following studies of air-interface based network synchronization will focus on the network listening mechanism and the corresponding enhancements in small cell scenarios.
In this contribution, the standards impacts of network listening mechanism listed in the TR 36.872 [11] are analyzed in more details and the considerations on corresponding enhancements are discussed. The evaluation methodology and assumptions of network listening is discussed in a companion paper [13].
2 Discussions
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. 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 [11]. For UEs, the network listening period can be configured in MBSFN subframes or in the GP (Guard Period) in TDD system [14]. 
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Figure 1: Network listening synchronization mechanism
To support network listening in small cell scenarios, the potential standards impacts include [11]:
· 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
2.1 The indication of the synchronization stratum level
In network listening, the target cell identifies the synchronization stratum of the surrounding cells and chooses its source cell with the lowest stratum level. Then it will detect the network listening RS of the source cell for synchronization. Therefore, it is necessary to indicate the synchronization stratum level and the resource of the network listening RS of the source cell to the target cell so as to perform network listening synchronization.
There are two possible methods to support the indication of stratum level:
Method1: by backhaul signaling
With this method, the target cell asks the MME of the stratum of the potential source cells. The MME would forward this request to the source cells and transfer the reply from the source cells back to the target cell. This method has been specified in RAN3. 

The main drawback is that when the target cell and the potential source cells belong to different operators, it is difficult to exchange stratum level information efficiently due to the lack of direct backhaul among operators.
Method2: by explicit or implicit physical layer signaling
With this method, the stratum level of the source cell can either be conveyed in physical layer signaling explicitly, or be signaled implicitly by associating with some predefined rules. For example, network listening RS resource allocation can be associated with the stratum level with predefined rules. In this way, the stratum levels can be detected when the network listening RS is detected. Consequently, even the cells belonging to different operators could obtain the stratum level by detecting the physical layer signaling.
After obtaining the stratum levels and identifying the source cell, it is necessary to make network listening RS resource available for the target cell to perform synchronization.
There are three methods to support the indication of the network listening RS resource:

Method1: no indication of network listening RS resource
Without the information of network listening RS resource, the selection of network listening subframe to listen to the source cell is solely target cell’s implementation issue. It may often happen that the source cell does not transmit any network listening RS in those subframes, e.g. those subframes are configured as MBMS subframes or those subframes are in the off period. Thus the slave cell has to reselect the network listening subframes.  Since the slave cell stops its transmission in those network listening subframes, the frequent reselection would cause large unnecessary resource waste and decrease the total network throughput. This happens often in inter-vendor scenarios while the source cell is located at least in co-channel or adjacent channels.

Method2: by backhaul signaling
With this method, the resource of network listening RS is exchanged through backhaul signaling. As analyzed above, same drawback exists when target cell and the potential source cells belong to different operators, since it is difficult to exchange network listening RS resource information efficiently due to the lack of direct backhaul among operators.

Method3: to specify one predefined relationship between stratum level and the occurrence of network listening RS
With this method, once identifying the stratum level of the source cell, the target cell can easily obtain the network listening RS resource through the predefined relationship between stratum level and the occurrence of network listening RS. If stratum level is not known when the target cell tries to detect the network listening RS, blind detection can be used with the knowledge of the predefined relationship. One example of the predefined relationship is as [14]: all the cells are pre-configured with the same muting places (e.g. certain MBSFN subframes) for a given value of stratum, while configured with different muting places for other values of stratum.  Target cell does blind detection for the existence of network listening RS on muting place for all possible strata, decides the strata of its surrounding base stations and its synchronization source cell, thus also decides its own stratum and muting place. This method enables the target cell to find network listening RS of the source cell in a convenient way.
Proposal 1:

· Specification work is needed to support the indication of stratum level and network listening RS resource.
· It is preferable to indicate the stratum level by explicit or implicit physical layer signaling
· It is preferable to specify one predefined relationship between synchronization stratum level and the occurrence of network listening RS.
2.2 The maximum supported hop number
According to the previous evaluations [15], it is necessary to support more than two hops for small cell deployments. However if the target cell is configured to listen to the CRS of the source cell in GP, the maximum hop number is limited to two. A possible solution is to adopt flexible GP configuration to support more hops for network listening. In addition, flexible GP is beneficial for resource utilization because it does not enforce all the special subframes to be configured with an unnecessarily long guard period [3].
Proposal 2-1:

· Introduce flexible GP configuration for TDD system to increase the supported hop number.
On the other hand, the synchronization accuracy can decrease as the number of hops increases [16]. So the number of maximum hops has to be limited. The appropriate hop number is FFS.
Proposal 2-2:

· Define the maximum hop number of network listening.

· The maximum hop number should be larger than two. The exact value is FFS
2.3 Improvement of synchronization detection accuracy and resource overheadreduction
As observed in previous contribution [1], synchronization detection accuracy needs to be improved to meet the synchronization target in small cell deployment. Moreover, enhancing the synchronization accuracy of single detection enables to prolong the detection interval so that fewer network listening subframes need to be muted in the target cell and the resource overhead would be greatly reduced. It is also shown in [1] that a better received SINR can result in better detection performance. Therefore, in order to improve the synchronization detection accuracy and reduce the corresponding resource overhead, it is necessary to improve the received SINR of the source cell network listening RS.
There are multiple methods to improve the received SINR of the source cell network listening RS.
Method1: PDSCH-RE-muting to the network listening RS;
With this method, each cell would mute its PDSCH RE when the PDSCH RE collides with the network listening RS RE of the other cells. The SINR of the network listening RS at the target cell would be increased due to less interference.
Method2: SFN transmission of the network listening RS
With this method, the cells with same stratum level would transmit the same network listening RS at the same position, i.e, by SFN transmission of network listening RS. The SINR would be increased since some of the interference transfers to useful signal.
Method3: Transmit network listening RS in consecutive subframes
With this method, the network listening RS is repeated in consecutive subframes so that the target cell could detect multiple times and the effective SINR would be increased. The resource overhead might increase since the target cell needs to mute its transmission in those consecutive subframes.
To enhance the achievable synchronization detection accuracy, it is proposed that

· Confirm by evaluation the solutions to improve synchronization detection accuracy. Candidate solutions include:

· PDSCH-RE-muting to the network listening RS
· SFN transmission of the network listening RS
· Transmit network listening RS in consecutive subframes
Joint use of the above solutions can also be considered.
2.4 Applicability/compatibility of synchronization approaches with other ongoing studies
eIMTA: 
When TDD eIMTA is used in small cell scenarios, it defines only subframes {0, 1, 5, 6} as fixed subframes, which cannot be configured as MBSFN subframes. Thus the network listening subframes could be configured either in flexible subframes or in GP in special subframes. In the former case, the stratum level and network listening RS resource position needs to be taken into account when reconfiguring the flexible subframes. In the latter case, flexible GP needs to be introduced to increase the supported hop number.
Small cell on/off: 
Small cell on/off is heatedly discussed in small cell enhancements [11]. The network listening RS should be sent regardless of small cell on or off, so that the network synchronization relationship maintains in stable status even when the small cells are turned off for interference coordination.
2.5 Inter-operator synchronization

Synchronization becomes important among different TDD operators deployed in the same band and same region, since the unsynchronized network will incur significant mutual interference and largely degrade the network performance of both sides.

One solution is to adopt possibly more strict synchronization requirement within each operator, e.g, to require absolute synchronization to an assigned timing reference rather than the relative synchronization between overlapped cells. The complexity for the standard and implantation can be increased much by this solution.

Another solution is to enable the cells from different operators to hear each other with air interface. In order to achieve this purpose, it is essential that the indication of stratum level and network listening RS resource should be friendly shared or predefined among different operators.
Therefore, the solution of stratum level and network listening RS resource indication should take into account the inter-operator synchronization requirement.

3 Conclusion

In this contribution, the standards impacts of network listening mechanism listed in the TR 36.872 [11] are analyzed in more details and the considerations on corresponding enhancements are discussed.
To enhance the achievable synchronization detection accuracy, it is proposed that

· Confirm by evaluation the solutions to improve synchronization detection accuracy.
· PDSCH-RE-muting to the network listening RS
· SFN transmission of the network listening RS
· Transmit network listening RS in consecutive subframes
Joint use of the above solutions can also be considered.
Solutions are needed in the following aspects to support network listening.

Proposal 1:

· Specification work is needed to support the indication of stratum level and network listening RS resource.
· It is preferable to indicate the stratum level by explicit or implicit physical layer signaling
· It is preferable to specify one predefined relationship between synchronization stratum level and the occurrence of network listening RS.
Proposal 2:

· Introduce flexible GP configuration for TDD system to increase the supported hop number.
· Define the maximum hop number of network listening.

· The maximum hop number should be larger than two. The exact value is FFS
Proposal 3:

· The network listening solution needs to:

· be applied and compatible with eIMTA and small cell on/off
· facilitate inter-operator synchronization
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