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1. Introduction 

It has been demonstrated in [1][2][3] that the inter-cell interference of eNB to eNB, Home eNB (HeNB) to HeNB, and UE to UE in TDD systems are all related to the cell synchronization. To avoid the interferences, it is necessary to impose strict requirement on synchronization. Compared with macro eNB, it is more difficult for HeNB to get synchronized because, quite often, HeNB is unable to receive GPS signals. To remedy, HeNB can listen to the synchronization signal transmitted by macro eNB. However, synchronization signals from macro eNBs arrive at different time instances due to multipath effect and propagation delay. This complicates the setting of the timing of HeNB. An incorrect setting of timing may result in the undesirable consequence that RAN4 synchronization requirement cannot be met. In this paper, some details on how HeNB should determine its transmission timing according to the received synchronization signals is provided. 
2. Problem Statement

LTE downlink OFDMA network requires synchronized transmission by each eNB to maintain orthogonality between sub-carriers. The OFDM symbol timing transmitted by each eNB shall be well aligned. Otherwise, undesired inter-carrier interference (ICI) occurs, which may damage frequency/interference planning by network operators. In general, timing synchronization can be performed by GPS, and backhaul signaling may also help. 

However, HeNB may not be able to receive GPS signals and obtain timing reference. The consequence is that HeNB may interfere the UEs served by macro eNBs; macro eNBs may also interfere the UEs served by HeNB. The interference due to unsynchronized transmission cannot be avoided by normal interference management techniques, e.g. coordinated scheduling. As stated previously, backhaul may be helpful in getting the links synchronized. However, backhaul connection of HeNB may not be always reliable for obtaining timing reference. HeNB backhaul is expected to be low-cost xDSL or DOCSIS link, which is not as reliable as eNBs. The round trip delay may be time variant and precise timing refinement may not be available. 
The interference problem will be significant when the HeNB coverage is overlapped with the coverage of macro eNB. The interference due to unsynchronized transmission can be ignored if the HeNB cell is an isolated one. Thus, to consider the interference issue resulting from unsynchronized transmission, we may assume a HeNB can receive the eNB synchronization signals. However, synchronization signals from macro eNBs arrive at different time instances due to multipath effect and propagation delay. This complicates the setting of the timing of HeNB. An incorrect setting of timing may result in the undesirable consequence that RAN4 synchronization requirement cannot be met. Thus, some details on how HeNB should determine its transmission timing according to the received synchronization signals are imperative (see Figure 1).
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Figure 1

3. Analysis of Timing Requirement

Analysis on whether RAN4 requirements can be met by HeNB synchronization signal scanning approach through mathematical analysis is carried out below. Consider Figure 2. Assume multiple macro eNBs in an OFDMA network, where the eNB1 is the macro eNB which has the shortest propagation delay when transmitting its signal to HeNB, and eNB2 is an arbitrary macro eNB with the propagation delay longer than eNB1 when transmitting its signal to the HeNB. Assume also that the downlink transmission time for eNB1 and eNB2 have been synchronized, where ‘synchronized’ means their arrival time (to UE) difference is smaller than 3μs. Specifically, Tdiff(eNB1,eNB2)=|t1+τ-t2|≦Tsync = 3μs, where Tdiff(A,B) is defined as the arrival time difference between the signal transmitted by A and B from UE perspective, and Tsync is defined as the maximum allowable OFDM signal arrival time difference among two different sources for satisfying network synchronization condition. Define t1 as the propagation time of the synchronization signal transmitted by eNB1 to the HeNB, and t2 is the propagation time for eNB2 transmit signal to the UE. Assume the distance between the interfered UE and the HeNB is not larger than 150 meters, where note that a HeNB coverage is generally less than 50 meters. Define alsoτ, τ1 and τ2 as shown in Figure 2, where |τ|≧|τ1| and |τ| ≧ |τ2|. 
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Figure 2

3.1. Scenario I

Assume eNB1, eNB2, HeNB and the UE are on the same line as shown in Figure 3, where T0 is the absolute time for eNB to transmit synchronization signal. It can be observed that the network synchronization can be achieved if the HeNB transmission timing is set as t1. Specifically,
 Tdiff(eNB1,eNB2)=|t1+τ-t2|≦Tsync implies Tdiff(eNB1,HeNB)=Tdiff(eNB1,eNB2)≦Tsync 
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Figure 3

3.2. Scenario II

Consider Figure 2. Suppose that the UE interfered by HeNB is randomly located within a certain range from HeNB. Assume the UE may be interfered by HeNB at a distance (e.g. 150 meters) much larger than HeNB general coverage (e.g. 50 meters). Our objective is to prove the synchronization conditions 

Tdiff(eNB1,HeNB) ≦Tsync  and  Tdiff(eNB2,HeNB) ≦Tsync
can be met under the following assumptions:

1. HeNB configures downlink transmission timing to be the same as t1
2. Downlink transmissions of eNB1 and eNB2 have been synchronized, i.e. Tdiff(eNB1, eNB2) ≦Tsync
3. Tsync is smaller than OFDM guard interval duration Tg (e.g. Tsync =3μs)
The proof is provided in Annex.
4. Conclusions
The condition of network synchronization can always be achieved (Tdiff(eNB1,HeNB) ≦Tsync and Tdiff(eNB2,HeNB) ≦Tsync) by setting downlink transmission timing of HeNB same as t1.
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6. Annex

6.1. Proof of Tdiff(eNB1,HeNB)≦Tsync
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6.2. Proof of Tdiff(eNB2,HeNB)≦Tsync
[image: image5.png]Tip(eNBy, Home eNB)= |1, + 7— 1|

if (1;+7-1,>0)

Tai(eNB,, Home eNB) = ¢, + 7~ 1,
Shtntr—6L(C0<y <6+
=t
<2t("t>1)
=2 x (Home eNB coverage)/(Propagation Speed)
<2x 150 /(3x10%) = 10 sec = lus

. Tay(eNBy, Home eNB) < 1us < T,

if(t;+ 71— 1,<0)
Tug(eNB,, Home eNB) =1, - t,— 7
=h—t-1+ (-1
C =t -1 STy && Stz
*. Tuy(eNB,, Home eNB) < 7},




