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Introduction

The SFH is transmitted within a predetermined frequency partition called the SFH frequency partition. The SFH frequency partition consists of NPRU,SFH within 5MHz physical bandwidth. Therefore, the SFH frequency partition is designed to use frequency reuse 1 [1].
The CSG-closed femtocell BS is accessible only to the authorized the MSs [2]. Therefore, if the femtocell ABS is synchronized to macrocell BS, the SFH from the CSG-closed femtocell BS may cause severe interference to the macro SFH. The AMS may be hard to hear the SFH from macrocell ABS if the AMS is located closed to the CSG –closed femtocell ABS. The path loss of indoor small office model is too high for the AMS to tolerate the interference from nearby femtocell ABSs [4]. According to EMD, the path loss of indoor small office model where 20m far from the femtocell BS is about 85dB. Thus, [1/24 or 1/16] code rate of P-SFH cannot overcome the interference from the femtocell ABS if the AMS is close to the CSG –closed femtocell ABS.

In order to mitigate the interference from the femtocell ABS, this document suggests that the CSG –closed femtocell ABS may transmit the SFH without repetition or with reduced number of repetition, NREP,femto to minimize the interference. The femtocell BS may transmits the SFH with power boosting to compensate reduced coding gain due to reduced number of repetition. The power boosting of femtocell may interfere to small part of SFH frequency partition, therefore the macrocell AMS can detect the macrocell SFH even though it is located close to the femtocell ABS. When the AMS is located nearby femtocell BSs, the AMS decodes the SFH of the macrocell using the DLRUs which are not utilized by the femtocell. 

Modified SFH transmission of Femtocell BS

The femtocell ABS transmits P-SFH and S-SFH of femtocell with reduced repetition, NREP,femto. The first, NDLR,SFH∙NREP,femto / NREP of DLRUs mapped for the SFH transmission is allocated to the femtocell transmission of SFH. The DRU permutation for SFH of femtocell should be performed based on the IDcell of the overlaid macrocell or a fixed IDcell over all CSG-closed femtocells. Figure 1 shows the example of DLRU allocation for femtocell transmission of SFH when the repetition of P-SFH for the femtocell is given as NREP,P-FSH,femto and the repetition of S-SFH for the femtocell is given as NREP,S-FSH,femto. 
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Figure 1 – Example of SFH resource mapping for femtocell
SFH Detection Simulation
In the followings, the SFH detection performance of macrocell AMS is simulated. We assumed that several femtocells are deployed adjacently and femtocell BS may transmit SFH without repetition therefore resource allocated to the femtocell is reduced by 1/NREP.
We assumed that an AMS with femtocell ABSs nearby can receive the SFH of femtocell ABS. Thus, the AMS detect the SFH of femtocell and detect the SFH of macrocell using DLRUs not occupied by the femtocell ABS. 
Table 1 shows the simulation parameters which are based on EMD [4]. The 1/4 tail-biting convolution code (TBCC) is used for SFH transmission [1].
Table 1 Parameters
	Parameter
	Setting

	Carrier Frequency
	2.5Ghz

	BW of SFH frequency Partition
	5MHz

	Ptx macro ABS
	46dBm

	Maximum Ptx femto ABS
	26dBm

	Path loss urban baseline
	130.19+37.6*log10(d[km]) (urban)

	Path loss indoor small office
	43.8+36.8*log10(d[m])+20*log10(f[GHz]/ 5.0)

	Penetration loss
	5dB

	Shadowing (outdoor)
	8dB

	Shadowing (indoor)
	4dB

	Fading 
	ITU-R ped-B channel/3km

	Site-Site distance
	1500m

	Femtocell coverage
	20m

	Distance between the macrocell ABS and femtocell ABSs
	200m,1200m

	Number of adjacent femtocell ABS
	9

	TBCC encoder 
	G1 =171OCT   G2 =133OCT
G3 =165OCT     G4 =117OCT

	Repetition of SFH
	6


We assumed that the each femtocell ABS is power controlled by received power from the macrocell ABS to minimize the interference to the macrocell [5]. A equal power is allocated to the each subcarriers. The transmit power of a femtocell ABS in dB,
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 is the maximum transmit power of the femtocell.
 The macrocell AMSs which cannot receive the SFH from the macrocell due to the interference from the femtocell, detect the macrocell SFH without subcarriers that are used by the femtocell ABS as shown in figure 2. If the macrocell AMS detect the SFH of femtocell, the macrocell AMS can easily detect the subcarriers that are used by the femtocell ABS. Even though, the macrocell AMS which does not support the femtocell, the DRU permutation of a CSG-closed femtocell is based on a fixed IDcell or the IDcell of macrocell. Thus, the macrocell AMS detects the macrocell SFH using subcarriers that are not used by the femtocell ABS.
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Figure 2 –Subcarrier used for the femtocell within DLRUs of macrocell SFH.
Figure 3 shows the macrocell SFH detection performance of AMS if femtocells are transmitting SFH with same DLRUs used by macrocell. The yellow region means where packet error rate (PER) is less 1%, the green region shows where PER is between 1% and 10% and the red region means where PER is higher than 10%. From the figure 3–a), the AMS cannot detect the SFH of macrocell if femtocells are using same DRLUs allocated to the macrocell. Figure 4-a) shows that AMS can detect the macrocell SFH if the femtocell ABS transmits the femtocell SFH without repetition. Figure 3-b) shows the femtocell SFH detection performance of AMS when femtocell ABS transmits within same DLRUs of macrocell. Figure 4-b) shows the femtocell SFH detection performance of AMS when femtocell ABS transmits without repetition. The Figure 3-b) and 4-b) show that the SFH detection performance of femtocell is good enough for both cases. 
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(a) Macrocell                                        (b) Femtocell
Figure 3 – Femtocell and Macrocell SFH detection of AMS if femtocells transmit SFH within same DLRUs of macrocell
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(a) Macrocell                                        (b) Femtocell
Figure 4 – Femtocell and Macrocell SFH detection of AMS if femtocell transmit SFH without repetition
According to the proposed method, the effective code rate of the SFH of macrocell is decreased by (NREP - NREP,femto)/NREP to detect the SFH of macrocell when a femtocell ABS. Such decrease in code rate may cause performance degrade of SFH detection when a femtocell is located at the low SINR regions such as cell edge.  Even though there is such performance degrade it is still much better than without using proposed method. Figure 5 shows the detection performance of the SFH of macrocell when femtocells are deployed at the cell edge of two cells. The NREP is given as 6 and NREP,femto is given as 1. As shown in figure 5, the performance degrade of the SFH of macrocell is tolerable. If NREP,femto is not large enough, such as 3, the loss of macrocell can be about 3dB when subcarriers occupied by femtocells are not used. In such cases, the operators should not allow femtocells to be deployed at the same frequency of macrocell. Figure 6 shows the detection performance of the SFH of macro cell when NREP,femto is given as 3. It shows noticeable decrease in detection performance of macrocell. Thus, the femtocell should not be installed using same frequency of overlaid macrocell. Figure 7 shows PER of macrocell SFH according to the location of femtocells. From figure 7, the femtocell with repetition 2 and 3 should not be deployed at the cell edge with same FA of the macrocell.
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Figure 5 – Macrocell SFH detection performance if femtocell transmits without repetition at the cell edge
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Figure 6 – Macrocell SFH detection if femtocell transmits without repetition at the cell edge when NREP,femto is equal to 3
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Figure 7 – Macrocell SFH detection failure probability with different distance from the macrocell and repetition of femtocell SFH

Text Proposal 
[Add the following into the TGm Amendment Working Document]
---------------------------------------------------------Start of the Text-------------------------------------------------------
X.X.X PHY Support t for Femtocell BS
In order to reduce the interference on SFH transmission of CSG-closed femtocell ABS to the macrocell ABS, the femtocell ABS may transmit SFH without repetition or with reduced number of repetition, NREP,femto at same SFH frequency partition of the macrocell. Therefore, the DLRUs allocated to the SFH of femtocell are reduced into NDLRU,SFH NREP,femto /NREP. The DLRU permutation of CSG-closed femtocell should be performed based on a fixed IDcell among all CSG-closed femtocells or the IDcell of the macrocell. The AMS which suffer high interference from the femtocell ABS may detect the SFH of macrocell using DLRUs not occupied by the femtocell ABS. Figure xxx illustrate the resource unit allocation for SFH of CSG-closed femtocells.
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Figure XXX – Example of SFH resource unit mapping in the SFH frequency partition for CSG-closed femtocell compared to the macrocell.
For the support of femtocell deployment, the first NDLRU,P-SFH *NREP,P-SFH,femto / NREP,P-SFH  distributed LRUs of SFH frequency partition are allocated for P-SFH transmission for the femtocell. The encoded sequences of the femtocell P-SFH, shall be transmitted without repetition to effective code rate of [NREP,P-SFH / NREP,P-SFH,femto /16or NREP,P-SFH / NREP,P-SFH,femto/24].
For the support of femtocell deployment, the S-SFH for the femtocell is mapped to the NDLRU,S-SFH *NREP,S-SFH,femto / NREP,S-SFH distributed LRUs following the NDLRU,P-SFH *NREP,P-SFH,femto / NREP,P-SFH  distributed LRUsThe encoded sequences of the femtocell S-SFH, shall be transmitted with NREP,S-SFH,femto repetition.
The remaining DLRUs of the SFH frequency partition for the femtocell should be remained empty to minimize the interference to the macrocell. 

-----------------------------------------------------------End of the Text--------------------------------------------------------
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