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1. Introduction 

Inter-cell interference of eNodeB (eNB) to eNB, Home eNB (HeNB) to HeNB, and UE to UE in TDD systems are all related to the cell synchronization. Maintaining cell synchronization is critical to guarantee the performance of TDD systems. Compared with macro eNB (MeNB), 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 MeNB, called network listening method. A number of contribution have been proposed to discuss the synchronization requirement of HeNB in TDD systems when the network listening method is adopted, e.g. [1][2][3] and references therein. In this contribution, we would like to point out that synchronization timing, or more specifically the transmit timing of HeNB with respect to MeNB, should also be noted for FDD HeNB.  

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, more specifically the arrival time difference of signals from several eNBs should be less than the cyclic prefix (CP) time duration. Otherwise, inter-carrier interference (ICI) occurs, which damages frequency/interference planning by network operators. 
In this contribution, we consider a scenario that a UE served by an MeNB may be interfered (by ICI) because unsynchronized transmission of the serving MeNB and a nearby HeNB operating in the same band as the MeNB. The scenario applies to both TDD and FDD systems. The interference due to unsynchronized transmission cannot be avoided by normal interference management techniques, e.g. coordinated scheduling. We assume that the HeNB can receive the synchronization signal from MeNB, because otherwise the interference to UE due to unsynchronized transmission can be ignored. 
3. Analysis of HeNB Synchronization Requirement

In this section, we discuss how synchronization requirement of HeNB should be set to avoid the ICI resulting from unsynchronized transmission. Analysis on the synchronization requirement of HeNB is provided below. Note that the analysis applies regardless whether the system is TDD or FDD. We consider the interference from HeNB to an UE served by MeNB. The scenario is illustrated in Figure 1. In the figure, eNB1 is the MeNB with the shortest propagation delay when transmitting its signal to HeNB, and eNB2 is an arbitrary MeNB with the propagation delay longer than eNB1 when transmitting its signal to HeNB. Define t1 as the time delay for HeNB to receive the signal transmitted by eNB1, i.e. t1 is equal to propagation delay plus channel delay spread from eNB1 to HeNB, and t2 is the “propagation time plus delay spread” from eNB2 to UE. Assume also that the downlink transmission times for eNB1 and eNB2 have been synchronized, where ‘synchronized’ means their arrival time difference (to UE) is smaller than a threshold Tsync, e.g. 3μs. Specifically, Tdiff(eNB1,eNB2) = |t1+τ1-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 signal arrival time difference among two different sources for satisfying network synchronization condition. Here Tsync is set as 3μs because Tsync (with the value of 3μs) plus the channel delay spread is roughly equal to the CP duration. Assume the distance between the interfered UE and 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 1
3.1. Scenario I

Here we consider a special case that eNB1, eNB2, HeNB and UE are on the same line as shown in Figure 2, where T0 is the absolute time for MeNB to transmit signal. It can be easily shown that the network synchronization can be achieved if HeNB synchronization requirement is set as t1, i.e. transmit the signal at the absolute time of T0 + t1. Specifically,
 Tdiff(eNB1,eNB2) = |t1+τ-t2| ≦ Tsync implies Tdiff(eNB2,HeNB) = Tdiff(eNB1,eNB2) ≦ Tsync,
where Tsync puls channel delay spread is less than the CP duration. 
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Figure 2
3.2. Scenario II

Here we consider a more general setting as shown in Figure 1. Suppose that the UE interfered by HeNB is randomly located within a certain range from HeNB. Our objective is to prove that 

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

1. HeNB synchronization requirement is set as t1
2. Downlink transmissions of eNB1 and eNB2 have been synchronized, i.e. Tdiff(eNB1, eNB2) ≦Tsync
Note that, to avoid the occurrence of ICI, Tsync plus channel delay spread should be smaller than CP duration.
The proof is provided in Annex.
4. Conclusions
From the above analysis, in both TDD and FDD systems, the condition of network synchronization can always be achieved (that is, Tdiff(eNB1,HeNB) ≦Tsync and Tdiff(eNB2,HeNB) ≦Tsync, with Tsync plus channel delay spread less than CP duration) by setting the synchronization requirement of HeNB as the “propagation delay plus delay spread” between HeNB and its closest MeNB. 
5. References

[1] R4-091786, “Discussion on synchronization requirements for TDD HeNB,” CMCC, RAN4 #51.
[2] R4-092598, “Text proposal on synchronization requirements of TD-LTE HeNB,” CMCC, RAN4#51bis.

[3] R4-092483, “Analysis of Uplink Timing for TDD HeNB,” Qualcomm Europe, RAN4#51bis.

6. Annex

6.1. Proof of Tdiff(eNB1,HeNB)≦Tsync
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6.2. Proof of Tdiff(eNB2,HeNB)≦Tsync
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