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1   Introduction
In RAN1#73 meeting, RAN1 sent an LS to RAN3 about the support of radio-interface based synchronization mechanisms[1]. It is said that RAN1 is currently conducting studies under the “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” Study Item. The Study Item objectives include the following: 
“… feasibility and benefits of radio-interface based synchronization mechanisms shall be addressed.”  

Finally, RAN1 asks RAN3 to answer whether current standardised support for network listening can be applied to FDD.
In this contribution, we briefly introduce the network synchronization techniques and relevant control information delivered in current technical report. The problems for SCE application scenarios are identified and the tentative solutions for these problems are also provided.  
2   Discussion
Background on Network Synchronization
There are three network synchronization techniques that have been identified in [2] for TDD Home eNB: 
GPS. If a HeNB contains a GPS receiver and can acquire the GPS synchronization signals, then GPS provides the most accurate synchronization accuracy (on the order of 100ns). However, GPS receivers do not always work in some important scenarios (e.g. indoors.)
IEEE 1588 v2. Under good backhaul conditions (e.g. operator controlled fiber / Ethernet), IEEE 1588 v2 can provide sub-microsecond level accuracy. However, such good backhaul conditions may not always be possible. In particular backhauls over cable and DSL modems have significant jitter and delay variations. Note that the upstream packet delay δ1 is often not equal to the downstream delay δ2 creating an error of (δ1 – δ2)/2. This resulting error may be up to many milliseconds, rendering IEEE 1588v2 restricted for the application of TD-LTE synchronization.
Network Listening. Network listening can be used in scenarios where GPS and IEEE 1588 v2 do not work. For this reason, network listening is an essential synchronization scheme for TD-LTE HeNBs in those scenarios.
Due to the limitation of the GPS and  IEEE 1588 v2 techniques as mentioned above, we will focus on the approach of network listening.  

Overview on existing network listening schemes 
The technique of "synchronization using network listening" means that a HeNB derives its timing from a synchronized eNB or HeNB (which in turn may be GNSS-synchronized) which have been identified in [2] for TDD Home eNB:
As shown in Figure 1(a), the HeNB can derive its timing from a synchronized eNB, such single hop synchronization for HeNB is the most common case under good macro coverage based on analysis in RAN4.
But when a HeNB can not acquire synchronization from a primary synchronization source ,as shown in Figure 1(b), the HeNB can derive its timing from another synchronized HeNB, then multiple hops could be supported.
In the case of multihop synchronization, the concept of synchronization stratum can be introduced. The synchronization stratum of a particular HeNB is defined as the smallest number of hops between the HeNB and the GPS source. It should be noted that the synchronization stratum of a particular HeNB is one greater than its donor (H)eNB, i.e., the (H)eNB that it is tracking. In the figure below, sync eNB has stratum 0, HeNB1 has stratum 1 and HeNB2 has stratum 2.
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Fig.1 Synchronization using Network listening
The HeNB may periodically track one or more signals from the donor cell to maintain its synchronization. Two fully backward compatible schemes for tracking the Common Reference Signal (CRS) have been proposed in [2], one is using MBSFN subframes and the other is using the guard period between DL and UL transmission. 
MBSFN Subframe based Network Listening: The proposed scheme uses MBSFN subframes for tracking synchronization. An HeNB stops transmitting for a subframe to track synchronization. To minimize the impact on UEs, the HeNBs declare this subframe to be an MBSFN subframe. This method allows for multiple hops in the synchronization path. Also, all the nodes can track in a coordinated fashion (all declaring MBSFN subframes at the same time), thus minimizing interference. 
TDD Special Subframe based Network Listening: In this solution, Home eNB and macro layer eNBs utilize different special subframe configuration, macro layer configure with more OFDM symbols in DwPTS, and Home eNB with less OFDM symbols in DwPTS, so Home eNB can utilize the GP to track macro layer eNB common reference signal (CRS) in DwPTS without additionally impact on its normal transmission, and CRS tracing can be done every radio frame to generate a statistic tuning value, which ensure more robust synchronization. Meanwhile considered HeNB is mainly used for providing high data rate service, the DL resource is relative not stringent to provide such overhead for robust synchronization.
The TDD Special Subframe based Network Listening solution can only be used for TDD, while MBSFN Subframe based Network Listening technique is the solution can be used for both TDD and FDD.
Because MBSFN subframe based network listening solution allows for multiple hops in the synchronization path, and the stratum number of a (H)eNB is self-configured (the HeNB tries to track the node with lowest available stratum), the (H)eNB needs to know the stratum number and synchronization status of its donor (H)eNB.
According to current TS36.413 [3], the Time Synchronization Info IE that is used for signalling stratum level and synchronization status can work for the MBSFN subframe based network listening solution. 
	IE/Group Name
	Presence
	Range
	IE type and reference

	Synchronization Info
	
	
	

	>Stratum Level
	M
	
	INTEGER (0..3, …)

	>Synchronization status
	M
	
	ENUMERATED(Synchronous, Asynchronous, …)


Observation1: The existing MBSFN subframe based network listening mechanism can be used for both FDD and TDD.
Network listening for SCE scenario
On the “Small Cell Enhancements for E-UTRA and E-UTRAN” SI, the following deployment scenarios are considered in [4]. 
Scenario #1: Macro and small cells on the same carrier frequency (intra-frequency) are connected via non-ideal backhaul.

Scenario #2: a) Macro and small cells on different carrier frequencies (inter-frequency) are connected via non-ideal backhaul include outdoor deployment deployments.
b) Macro and small cells on different carrier frequencies (inter-frequency) are connected via non-ideal backhaul include indoor deployment deployments.

Scenario #3: Only small cells on one or more carrier frequencies are connected via non-ideal backhaul include indoor       deployment deployments. 
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Fig.2 Synchronization in SCE scenario1&2
In scenario 1&2, all the small cells are deployed in the presence of an overlaid macro network, so the small cells can derive its timing from a synchronized macro, such single hop synchronization for small cell can work well under good macro coverage.
Observation2: The existing MBSFN subframe based network listening mechanism can be used for SCE scenarios 1&2.
 In scenario 3, Macro cell coverage is absent and indoor deployment scenario is also considered. As it is shown in fig.3, we need to focus on the cases of synchronization between small cells in the same cluster and synchronization between small cell clusters.
In the case of synchronization between small cells in the same cluster, since macro cell coverage is absent, the small cell may not acquire synchronization from a primary synchronization source, as it is shown in Figure 3, small cell3 obtains synchronization with the following tracking route: cell4 ( cell1 ( cell3, then, small cell1 turns off, small cell3 couldn’t receive any CRS from cell1, it has to find another cell to be the synchronization source node. It is assumed that small cell6 is the best donor cell, but if small cell3 doesn’t know the PCI of small cell6, it has to search for PSS/SSS firstly. It’s well known that the small cell couldn’t transmit signal or data in the subframe when the small cell detects PSS/SSS of other cells, therefore, the normal service will be interrupted. In order to solve this problem, three optional solutions are considered as follows:
Optional 1 :Small cell3 should store more than one synchronization source node’s relevant information, such as PCI.
If the donor cell(cell1) turns off, the small cell3 can try to track another CRS which is stored before, it means that small cell3 could obtain synchronization with the tracking route (cell4( cell6 (cell3) quickly without doing PSS/SSS research.
Optional 2 :Small cell3 re-configures UE DRX pattern
 Small cell3 could configure all the UE in sleep mode during the pattern that the subframe used to search PSS/SSS from other cells and doesn’t transmit PSS/SSS for itself.
Optional 3.Small cell acquires the synchronization info with dedicated signal,such as discovery signal.
It is assumed that small cell(e.g. small cell1) should always transmit periodic discovery signal even on the dormant mode. Then other cell (e.g. small cell3)  could still track on it. 
Observation3: The existing MBSFN subframe based network listening mechanism can be used for synchronization between small cells in the same cluster in SCE scenarios 3.
In the case of synchronization between small cell clusters, as it is shown in fig.3, because small cell2 and small cell3 are located in different indoor clusters, the penetration loss may be too large for them to receive the PSS/SSS/CRS from each other, which means that small cell2 and small cell3 couldn’t acquire the synchronization signals from each other directly although they are not far away in distance. Based the same reason, UE in small cell3 coverage couldn’t receive strong signal from small cell2 and UE in small cell2 coverage couldn’t receive strong signal from small cell3 either, so small cell2 and small cell3 needn’t employ (f)eICIC technique for each other. Due to the motivation of synchronization between different cells is 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.dual connectivity especially with single radio UL), it seems that the synchronization between small cell2 and small cell3 is not necessary. On the other hand, if we need to make different clusters to be synchronized for some new techniques in future,we can just put a GPS receiver in the small cell near the window for every cluster to be the primary synchronization source node. 
Observation4: It’s unnecessary for small cells between two different indoor clusters to be synchronized for current techniques , further, it would be up to manufacturer implementation whether put a GPS receiver in some small cell near the window to bring benefit to some new techniques in future.
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Fig.3 synchronization in SCE scenario 3
3   Conclusion
The overview of the existing network listening schemes in current technical report and relevant control information delivered in current standardised  are provided. The potential problems on SCE application scenarios are analyzed and identified. The tentative solutions for these problems are also proposed in this contribution. The observations and proposal are outlined below for further study.
Observation1: The existing MBSFN subframe based network listening mechanism can be used for both FDD and TDD.
Observation2: The existing MBSFN subframe based network listening mechanism can be used for SCE scenarios 1&2.
Observation3: The existing MBSFN subframe based network listening mechanism can be used for synchronization between small cells in the same cluster in SCE scenarios 3.
Observation4: It’s unnecessary for small cells between two different indoor clusters to be synchronized for current techniques , further, it would be up to manufacturer implementation whether put a GPS receiver in some small cell near the window to bring benefit to some new techniques in future.
Proposal1：The current standardised support for network listening can be applied to both TDD and FDD.
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