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1
Introduction
Network synchronization has been studied extensively for the TDD HeNB and various techniques have been described in [1] for TDD HeNB. In TR36.932 for the scenarios and requirements for small cell enhancements for E-UTRA and E-UTRAN, time synchronization of small cells is discussed. It suggests that new means to achieve synchronization shall be considered. 

In this paper, we present our view on the network synchronization by network listening. 
2
Background on Network Synchronization
2.1
Network Synchronization Techniques for TDD HeNB
The following three network synchronization techniques have been identified in [1] 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.) and also adds additional cost to the small cell. 
· 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 possible limitations of the first two techniques, we will focus on the third approach of network listening.  
2.2
Network Listening Design for TDD HeNB
As shown in Figure 1, with network listening, the HeNB can derive its timing from:

· a synchronized eNB 
· or another synchronized HeNB 
Both single hope and multiple hop synchronization can be supported with the concept of stratum [1]:

· Single-hop synchronization: HeNB can utilize a synchronization or reference signal from another synchronized eNB to derive its timing. Such single hop synchronization for HeNB is the most common case under good macro coverage based on analysis in RAN4. 
· Multi-hop synchronization: when a HeNB can not acquire synchronization from a primary synchronization source (an eNB or HeNB with GNSS synchronization) then multiple hops could be supported with the concept of synchronization stratum:

· 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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Figure 1. Synchronization using Network listening
3
Network Listening for Small Cells
In Rel 12, as shown in Figure 2, the following deployment scenarios are considered, which include both outdoor and indoor deployment deployments with and without Macro cells in the same carrier frequency [2]. 
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Figure 2 Rel 12 Small Cell Scenarios

The synchronization requirements for small cells, depending on the deployment scenarios, are the following:
· For TDD deployment of small cells, the synchronization requirements and techniques are necessary to mitigate the UL/DL interference for eNB-to-eNB and UE-to-UE interference. Although in eIMTA systems allow possible different transmission directions across different cells, the time synchronization is still essential to all some subframes to have aligned transmission directions. 

· For FDD deployment of small cells, synchronization requirements are also desirable for advanced features such as FeICIC, CoMP, NAIC, etc. 
For small cells, we should try to reuse the techniques specified in [1] for both FDD and TDD. 
Two new design aspects need to be considered that are not addressed in [1]:

· eIMTA: different cells can have different TDD configurations and the traditional technique of using MBSFN may have issues. One solution for network listening is to allow some DL transmission of the sychronization signals on a subframe where it is declared as U subframe to the UE:
· Since the subframe of a serving cell is declared as U to the UEs, UE will not look for DL signals from this cell. 
· In these subframes, some small cells can transmit signals for other small cells to synchronize, while other small cells can turn off their DL transmission to perform network listening. 
· Cell dormancy: different small cells may go to dormancy at different times to save power and reduce interference. 

· For Scenarios 1, 2a, 2b, there is no issue as Macro cell can serve as reference for small cells.

· For scenarios 3, where the small cells are deployed in indoor clusters, similar techniques as in [1] still apply and can also be handled by appropriate extension of the specification if needed, without introducing new techniques beyond those already described in [1].  
4
Conclusion

In this contribution, we presented our view on network synchronization by network listening. We propose to:

· Adopt the network listening techniques specified in TR36.922 for small cell synchronization. 
· Consider new synchronization techniques such as allowing DL transmission on U subframe for network listening in eIMTA scenario. 
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