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Time synchronization for Femtocells 
Guang Han, Stavros Tzavidas, Hua Xu 
Motorola
Introduction
· Femtocells are small base stations deployed indoors to improve network coverage and capacity. For TDD system, one big challenge is to ensure time synchronization between Femtocells and macro cells. Without accurate frame alignment, Femtocells could generate large interference to the macro network. Since Femtocells are deployed indoors, GPS may not be a feasible synchronization solution due to its poor indoor coverage. Although IEEE 1588 is proposed to provide synchronization through the backhaul connection, it is required to upgrade relevant devices (E.g. cable modem, CMTS, crystal oscillator) to achieve the claimed timing accuracy. Such requirements could incur large cost.  
· In this contribution, we propose an approach to achieve Femtocell time synchronization. 
Time synchronization accuracy 

[image: image1]
· After timing offset correction at the Femto BS, the timing difference between the Macro BS and the Femto BS will be equal to the propagation delay. However, since a Femto BS can only interfere users nearby (E.g. within 30 meters), the Femto BS frame and the Macro BS frame are almost synchronized from the interfered user’s viewpoint (The timing difference is upper bounded by 0.2 microsecond as shown in the figure above).  

· Multipath and shadowing may introduce additional timing error. For example, d2 (resp. d3) could increase since no line-of-sight path exists between macro BS and femto BS ( resp. femto BS and user), whereas d1 remains the same as there exists line-of-sight path between macro BS and MS. However, the total timing error is not likely to be exceedingly large (E.g. more than 5 microseconds). 

· Please note that compensating propagation delay actually won’t help reducing timing error between Femto BS frame and Macro BS frame since |d3-d1| is usually larger than |d2+d3-d1|. 

Coordination between Femto BS and MS 

Since a Femto BS can not listen and transmit simultaneously in the same frequency, its MS will not be able to receive any information in the frame that it synchronizes with a nearby macro BS.  Note that a good quality crystal oscillator (E.g. TCXO) may drift 1 microsecond every 5 seconds. In order to ensure high timing accuracy, a Femto BS needs to perform the synchronization quite frequently, which will adversely impact the performance and stability of the system. 

To minimize this negative impact, we propose that a Femto BS shall perform synchronization only during a common unavailability interval where all its users are unavailable.
Proposed Text Changes
[add the following subsection in Section 17 “Support for Femtocell” on page 104 of 802.16m-08/003r4]

17.x Synchronization
A Femto BS shall periodically listen to the preamble of its neighboring macro BS to achieve time synchronization. It shall perform synchronization only during a common unavailability interval where all its users are unavailable; 
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BS1 and BS2 frames will reach the user at about the same time  
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Femto BS frame is sent out d2/c later than Macro BS frame
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