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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 [2] 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 RAN1#73, it was decided to send an LS to RAN3 to clarify the following aspects:

It is RAN1’s understanding that some specification support has been available in RAN3 for certain over-the-air time and frequency synchronization methods (network listening) for TDD [2]. 

RAN1 asks RAN3 to answer whether current standardised support for network listening can be applied to FDD.
The response LS from RAN3 [6] stated the following: 

From RAN3 point of view, there is no distinction between TDD and FDD in specification for the S1 interface which carries the signalling messages for network synchronization.
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
Regarding network listening for small cells, the following aspects can be considered:
· In the small cell enhancement study item, the main focus is on open cells, as opposed to closed femtos; therefore it is important to enable the backhaul messaging in support of eNB network listening in all interfaces applicable to open small cell operation, including X2

· Interaction with other Rel-12 features should be considered, such as

· eIMTA

· Small cell On/Off

Some potential techniques for over-the-air synchronization in the presence of eIMTA and small cell On/Off have been discussed in [4]. 
3.1
Targeted Network Listening Requirements for Small Cells
The target requirements for eNB synchronization, both for FDD and TDD, should be those specified in [3] for TDD HeNB, copied below.
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Conclusion

In this contribution, we presented our view on network synchronization by network listening. 
We propose to capture in the small cell study item conclusions the following: 
· Adopt the network listening techniques specified in TR36.922 for small cell synchronization. 
· It is important to enable backhaul messaging in support of eNB network listening in all interfaces applicable to open small cell operation, including X2. 

· Interaction with other Rel-12 features should be considered such as

·   eIMTA

·   Small cell On/Off

· The target requirements for eNB synchronization, both for FDD and TDD should be those specified in [3] for TDD HeNB
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For Home BS, the cell phase synchronization accuracy measured at BS antenna connectors shall be better than the requirement specified in table 7.4.2-2.


Table 7.4.2-2  Cell phase synchronization requirement for Home BS (TDD)


Source Cell Type�
Propagation Distance�
Requirement �
�
Small cell�
( 500 m�
( 3 (s�
�
Large cell�
> 500 m�
(1.33 + Tpropagation (s�
�



Note 1: 	Tpropagation is the propagation delay between the Home BS and the cell selected as the network listening synchronization source. In terms of the network listening synchronization source selection, the best accurate synchronization source to GNSS should be selected.


Note 2: 	If the Home BS obtains synchronization without using network listening, the small cell requirement applies.
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