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1 Introduction
  The femtocell is expected to be deployed with very limited coverage to serve specific small area of MSs. Its usage scenario may be very similar as LAN but the service continuity can be guaranteed by outdoor macro-cell coverage. The main differences between femto-BS and normal macro-/micro-/pico-BSs may be the capability of backhaul communication and the deployment strategies.
  Actually, the problems faced by femto-BS had also been encountered when people developed the relay technologies in IEEE 802.16 Relay TG. Because the relay stations may also be deployed within the building and be unable to receive the GPS signals for network synchronization. On the other hand, the nomadic relay also has problem on network management since it may be temporarily moved to different places. Of course the problem for femto-BS may be more difficult, since the MS may move the femto-BS’s position at his will. But in general, some of the problems resolved by Relay task groups may be good references when people discussing the femto-BS problems.
  This contribution aims to start from the network synchronization problem for femto-BS, which is resulted by lack of GPS signal for synchronization.

2 Network Synchronization for Femto-BS
  There might be several different ways to resolve the network synchronization problem for Femto-BS, but the feasibility for each way depends on its hardware and backhauling capability. The possible solutions are preliminarily categorized as network based, air-interface based and mixed solution. The following will try to discuss the feasibility on each of them.

· Network Based Solution

The backhaul network controller (e.g. ASN gateway) may be able to send signals to provide timing reference for the femto-BS, so as to help femto-BS to obtain the frame boundary timing of the network and synchronize its own frame boundary to other BSs. 

Theoretically this may work, but it is not applied even to the macro-BS which may be backhaul connected by optical fiber. The possible reason is the requirements on network synchronization. Because in OFDMA system the ICI (Inter-Carrier Interference) will be incurred once the arrival time difference between the OFDMA signals transmitted from different BSs is larger than guard interval. In order to leave enough room for the multipath propagation delay, the tolerable inaccuracy on network synchronization between BSs will be even much smaller. Therefore, micro second or lower level of network synchronization inaccuracy will be required in OFDMA systems like IEEE 802.16m or others.
For femto-BS, people expect this kind of BS will be deployed within consumers’ home or some other place determined by user himself. Therefore, the T1 or T3 level backhaul connection is almost impossible for femto-BS. Currently people expect the possible backhaul connection is through ADSL though broadband service provider. But even the ADSL will face to the transmission rate degradation problem due to the quality or the transmission distance over the subscriber loop. So the round trip delay for delivering the reference timing signal will be a random variable and the timing accuracy is hard to control and achieve the tough requirements by OFDMA systems. In conclusion, the network based solution for resolving the network synchronization problem for femto-BS seems not so feasible in real systems.
· Air-Interface Based Solution

Consider an DL example of network deployment with normal BSs and femto-BS as shown in Figure 1, where the femtocell is overlapped and between the two regular cells. The blue area is the coverage served by femto-BS, which is much smaller than regular cells because of much lower transmit power by femto-BS. The coverage around the blue are is the area where the MS served by regular cells but will also received the signals from femto-BS over a certain level. Therefore, those signals transmitted from femto-BS will result in the inter-carrier interference (ICI) to the MS in red area if the femto-BS is not well synchronized with the normal BSs. The objective to design network synchronization mechanism for femto-BS should at least aims to resolve the potential ICI to the MSs in red area. For the area far away from blue area will not receive significant signal strength from this femto-BS, so the ICI problems may be relative insignificant.
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Figure 1 Example of network deployment with femto-BS
Since the network synchronization among normal BSs shall be always achieved in IEEE 802.16m networks or other OFDMA networks in licensed bands, the proposed idea is to utilize this assumption to help femto-BS to achieve certain level synchronization which may be just good enough to resolve the ICI problem in red area.
In Figure 2, the proposed idea is to request femto-BS to receive the preamble transmitted from normal BSs. So that the femto-BS will receive the preamble from BS1 at specific time instance (e.g. T1), and the preamble from BS2 will also arrive at the same time in this example to simplify the problem first.


[image: image2.emf]BS2BS

1

Femto-BS

Preamble

Preamble

Frames transmitted from BS

1

BS

1

frames received by femto BS 

Propagation delay (τ

1

)

from BS

1

to femto BS

Preamble (or SCH)

Time for femto-BS receive 

the preamble from BS

1 

(T

1

)


Figure 2 Proposed to request femto-BS to scan the preambles transmitted from normal BSs
Assume the femto-BS will transmit certain time Tahead ahead of T1, then a MS in between the femto-BS and BS1 will received the preambles like the situation shown in Figure 3.
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Figure 3 Analysis on the arrival time of the signals from BS1, BS2 and femto-BS
Figure 3 shows that the signals transmitted from femto-BS will arrive in between the signals arrive from BS1 and BS2 respectively. Since the network synchronization will guarantee the arrival time difference between the signals transmitted from BS1 and BS2 will be smaller than the guard interval of the OFDMA signals. The arrival time difference between the signals transmitted from BS1 and femto-BS and between the signals transmitted from BS2 and femto-BS will also be smaller than the guard interval.

 However, the distance from femto-BS to each normal BSs will be different, and their coverage will also be different due to the network planning. Another example is shown in Figure 4 for another extreme example.
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Figure 4 Another example with different preamble arrival time and propagation delay scanned by femto-BS

In Figure 4, the scanning result by the femto-BS shows the arrival time and the propagation delay of the preambles transmitted from other normal BSs are different. For this case, the simplest method is to choose the arrival time and the propagation delay associated with the nearest normal BS scanned by femto-BS (i.e. the earliest arrival time and/or shortest propagation delay) for adjusting the Tahead. More accurate calculation can base on the T and τ corresponds to different cells with/without the weighting factor function of the scanned preamble strength. If the femto-BS cannot detect any preamble signals transmitted from any other cells, the femtocell can be treated as an isolated cell among the network and it may not have to synchronize with the other BSs.
The detail algorithm to calculate the parameter Tahead is supposed to be proprietary and out of standardization scope. But the standard needs to define proper air-interface to help femto-BS to perform scanning and to identify some information of neighboring BSs. Therefore, some high level text description on how IEEE 802.16m network can help the femto-BS to resolve the network synchronization problem shall be stated in SDD.
In summary, the air-interface based network synchronization mechanism is a feasible solution to resolve this problem for femto-BSs. The IEEE 802.16m shall develop the proper PHY/MAC to support femtocell to resolve this problem.
· Mixed Solution

Previous discussion has shown that the network based only solution is not suitable while the air-interface based resolution is more feasible in real system. However, the backhaul communication can still provide some useful information to facilitate the femto-BS’s scanning operation over neighboring BSs. For example, the backhaul network can provide the neighbor BSs list with proper PHY parameters (e.g. preamble index, cell type, transmit power or basic timing information). This can help femto-BS to shorten the initial configuration time and achieve better configuration to enhance overall network performance.

In addition, the backhaul network can actually know the rough location of the femto-BS. For example, it can be obtained through the address of each ADSL subscriber or some other methods used by emergency communication systems. So that the operator can actually configure the femto-BS through remote control interface and do some testing on its impact to network before enabling specific femto-BS. These allows operator to perform certain level control on femto-BS to reduce the unreliability to the network due to unpredictable user behaviors on femto-BS placement or adjustment.
In summary, the backhaul network shall also perform the information of neighboring BSs to facilitate the initial configuration (including network synchronization) for the femto-BS.

In conclusion, this contribution proposes the following operation to achieve network synchronization for femto-BS:

1. The femto-BS acquires the information of neighboring BSs through backhaul network. The information may include the basic OFDMA PHY parameters applied in the network, the preamble index or other reference signal index associated to the neighboring cells, the neighboring BS ID and/or some basic timing information for the network synchronization.

2. The femto-BS perform scanning over the preamble (or other reference signal) transmitted from the neighboring cells. The femto-BS shall estimate the timing information includes the arrival time of the preamble (or other reference signal) and the corresponding propagation delay. Based on estimated timing information, the femto-BS determines its frame boundary for transmission through proper algorithms. 

3. The system operator may further refine its frame boundary of specific femto-BS through backhaul signaling based on the estimation or some measurement report from the normal BSs or some indirect information collected from MS.
3 Text Proposal
---------------------------------------------------------Start of the Text-----------------------------------------------------------
[Adopt the following text modification started from line#16, page#492 in P802.16m/D1]

15.4.6 Network Synchronization for Femto ABS

A Femto ABS should be synchronized with the overlay Macro ABS network. The network synchronization may be achieved by Femto ABS scanning the A-Preamble transmitted by the Macro ABSs. If the Femto ABS can successfully detect the Macro ABS A-Preamble, it shall synchronize its downlink transmission with the received A-Preamble signal from Macro ABSs. The A-Preamble scanning for Femto ABS network synchronization may be performed before Femto ABS activation or during the normal operation by low duty mode. The Femto ABS may also achieve obtain network synchronization from GPS or backhaul network (e.g. IEEE 1588).

When Femto ABS perform network synchronization by scanning the A-Preamble, it may obtain the A-Preamble index of the nearby ABSs through the backhaul network. Femto ABS can utilize this information to help on more precise estimation on the frame boundary of the overlay macro cells. Femto ABS should synchronize the first A-Preamble it receives.
----------------------------------------------------------End of the Text-----------------------------------------------------------
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