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1. Problem definition 
In the operation of an MS, there are still plenty of procedures which make the MS keep consuming its power prior to being served by accessible femtocells. One of the procedures is scanning procedure to provide the opportunity for the MS to perform measurement and obtain necessary system configuration information of the neighboring cells for handover decision. Figure 1 shows the scanning and handover procedures of MS from macrocell to femtocell.
A BS may allocate time intervals to MS for the purpose of seeking and monitoring suitability of neighboring femtocell BSs as targets for handover. The MS performs scanning operations during the allocated time intervals as a scanning mode whereas the MS returns to the normal operation mode after the allocated time interval for scanning operations [1]. To detect accessible femtocell which may use the same or different frequency with the overlay macrocell, the MS may keep scanning for the frequency the femtocell uses until the femtocell is found. This scanning operation will waste battery power and hence it is needed to minimize unnecessary scanning operations for accessible femtocell. 
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Figure 1 Scanning and handover procedures to femtocells
A conventional scheme, macrocell ID fingerprint method, uses the information of neighboring macrocells to triggering the scanning of MS for accessible femtocell [2]. When a femtocell is installed, it measures the signal strength of neighboring macrocells and records the received macro BS IDs as a reference set. The femtocell reports the reference set to overlay macro BS and the macro BS transmits the reference set to MS. Only when the measured macro BS IDs in MS is matched with the reference set, the scanning procedure of MS is triggered for the femtocell. Since the conventional scheme recognizes the signal strength of neighboring macrocells by on/off, the scanning area of conventional scheme for the femtocell is still large.
2. Proposed method 
In case that there is no available location information of MS (e.g, GPS), RSSI profile of neighboring macrocells can be used to narrow down the expected scanning area for an accessible femtocell and reduce unnecessary scanning operations for the femtocell. In order to trigger the scanning of MS when the MS is close enough to detect the femtocell, the MS shall keep measuring RSSIs of neighboring macrocells. Corresponding to RSSIs of neighboring macrocells, each RSSI can be categorized into one of separate RSSI levels as shown in Figure 2 and stored as an RSSI profile of MS. In the same way, a femtocell also has its unique RSSI profile, which is used to distinguish location of the femtocell from locations of other femtocells. The RSSI profile of femtocell is defined as reference RSSI profile. 
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Figure 2 Example of RSSI levels
The proposed scanning method can be described as follows. Once a femtocell is installed, the femtocell measures RSSIs of neighboring macrocells. Depending on the RSSIs of neighboring macrocells, each RSSI can be categorized into one of divided RSSI levels. Categorized RSSI levels of neighboring macrocells can be stored as the reference RSSI profile at the location of the femtocell and used to trigger scanning of MS for the femtocell.
The network provides a scanning profile indication message which contains the information of accessible femtocell BS (e.g., carrier frequency, femtocell BS ID, and the reference RSSI profile) to MSs for supporting handover between a macro BS and a femtocell BS (CSG/OGS femtocell BS). In case of CSG femtocell BS, the scanning profile indication message is transferred to MS when the MS which is a member of the CSG is initialized. In case of OSG femtocell BS, the macro BS may unicast or broadcast the scanning profile indication message to MSs for scanning of OSG femtocell BS. An MS may cache this profile indication message for future scanning and handover to the specific femtocell BS. The format of the scanning profile indication is shown in Table 2
Table 2 Scanning profile indication format

	Syntax
	Size
	Notes

	Scanning Indication () {
	
	

	 Femtocell type
	2
	00:CSG, 01:OSG

	 Carrier frequency of femtocell BS
	8
	FA index of femtocell BS

	 Femtocell BS ID
	24
	

	 Number of profiles levels
	8
	The number of RSSI profiles levels(=N)

	 Maximal number of macro BSs
	8
	The maximal number of macro BSs which are included in a single level

	 For(j=0;j<Number of levels;j++){
	
	

	   For(i=0;i<Number of macro BSs;i++){
	
	

	   Neighbor BSID
	24
	macro BS ID which is determined as a specific level

	   }               
	
	

	 }
	
	


After receiving the scanning profile indication message, the MS may keep making the current RSSI profile by measuring RSSIs of neighboring macrocells and compares it with the reference RSSI profile of accessible femtocell. If the same macros BS IDs are existed in the same RSSI level of the current RSSI profile and the reference RSSI profile, the similarity between the current RSSI profile and the reference RSSI profile is increased. When the similarity between the current RSSI profile and the reference RSSI profile is larger than certain threshold level, the scanning operations for the femtocell is triggered by exchanging scanning request and response messages between the MS and serving macro BS. Figure 3 shows the procedure of proposed scanning method.
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Figure 3 Procedure of proposed scanning method

The example scenario of proposed scanning method is illustrated as shown Figure 4. Four macrocells are deployed in a neighborhood. The BS IDs of macrocells are A, B, C and D, respectively. A femtocell is deployed in the edge of macrocell A whose BS ID is A. An MS is moving from macrocell C to macrocell A in order to scanning and handover to the femtocell according to time t=1, 2 and 3. Table 1 shows the reference RSSI profile at the location of the femtocell which contains RSSI levels of neighboring macrocells. Table 3 shows the current RSSI profile of MS when the time t=1, 2 and 3. Let assume that the similarity between the current RSSI profile and the reference RSSI profile is larger than the threshold level only when t=3. If so, the scanning operation of MS for the femtocell is not triggered when t=1 and t=2. Once t=3, the scanning operation is started for the femtocell when the MS is close enough to detect the femtocell. 
The followings are the main advantages of the proposed method. The scanning area for accessible femtocell can be decreased by using the RSSI profile which represents the RSSI levels of neighboring macrocells. Accordingly, scanning time for the fetmtocell is shortened, and then power usage on scanning operations can be saved.
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Figure 4 Example scenario of proposed scanning method
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Table 1 Example of reference RSSI profile of femtocell BS
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Table 3 Example of the current RSSI profile of MS
3. Simulation results 
For evaluation of proposed scanning method, we adopt the average scanning area (ASA) of femtocell as a major performance metric. When MS is entering the ASA, the scanning operation of MS for the femtocell is triggered. ASA is directly related to power usage in case of scanning of MS. Fig.3 shows the simulation environment and the simulation parameters are shown in Table 4 [3]. The interval between macro BSs is 1.5 km and the radius of macro BS coverage is 1.3km. In the simulation, a single femtocell and a single MS are considered.
	Parameter
	Setting

	Receivable RSSI ranges of macro BSs
	-88.5~46 dBm

	Standard deviation of log-normal fading
	8 dB

	Pathloss model for 2.5GHz
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	RSSI levels for division
	2~4

	Interval between macro BSs
	1.5 km

	Radius of macrocell coverage
	1.3 km

	Distance between the femtocell and macrocell
	400m and 700m


Table 4 Simulation parameters
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Figure 3 Basic settings of simulation environement
In Figure 4 (a)-(b), the ASA of femocell is illustrated for the conventional scheme and the proposed scheme when the femtocell is located at 400 m away from the overlay macro BS and the number of separate RSSI levels is 4. The scanning area of the conventional scheme is much larger than that of the proposed scheme although the femtocell is located near to the overlay macro BS. 
In Figure 4 (c)-(d), the ASA of femocell is illustrated for the conventional scheme and the proposed scheme when the femtocell is located at 700 m away from the overlay macro BS and the number of separate RSSI levels is 2. Since the distance between the femtocell and the macro BS and the number of separate RSSI levels are increased, the ASA of the proposed scheme is also increased. However, the ASA of the proposed scheme is still smaller than that of the conventional scheme. The ASA of the conventional scheme is large regardless of the distance between the femtocell and the macro BS . 
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Figure 4 Simulation results of conventional and proposed scheme
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============================== Start of Proposed Text =================================
x.1 MAC HO procedures section
15.2.6.1.x Scanning operation for femtocells using RSSI profiles
In order to trigger the scanning of MS when the MS is close enough to detect the femtocell, the MS shall keep measuring RSSIs of neighboring macrocells. Corresponding to RSSIs of neighboring macrocells, each RSSI can be categorized into one of separate RSSI levels as shown in Fig.x.1 and stored as an RSSI profile of MS. In the same way, a femtocell also has its unique RSSI profile, which is used to distinguish location of the femtocell from locations of other femtocells. The RSSI profile of femtocell is defined as reference RSSI profile. 
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Figure x.1 Example of RSSI levels

Once a femtocell is installed, the femtocell measures RSSIs of neighboring macrocells. Depending on the RSSIs of neighboring macrocells, each RSSI can be categorized into one of divided RSSI levels as shown in Table x.1. Categorized RSSI levels of neighboring macrocells can be stored as the reference RSSI profile at the location of the femtocell and used to trigger scanning of MS for the femtocell.
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Table x.1 Example of RSSI profile

The network provides a scanning profile indication message which contains the information of accessible femtocell BS (e.g., carrier frequency, femtocell BS ID, and the reference RSSI profile) to MSs for supporting handover between a macro BS and a femtocell BS (CSG/OGS femtocell BS). In case of CSG femtocell BS, the scanning profile indication message is transferred to MS when the MS which is a member of the CSG is initialized. In case of OSG femtocell BS, the macro BS may unicast or broadcast the scanning profile indication message to MSs for scanning of OSG femtocell BS. An MS may cache this profile indication message for future scanning and handover to the specific femtocell BS. The format of the scanning profile indication is shown in Table x.2.
Table x.2 Scanning profile indication format

	Syntax
	Size
	Notes

	Scanning Indication () {
	
	

	 Femtocell type
	2
	00:CSG, 01:OSG

	 Carrier frequency of femtocell BS
	8
	FA index of femtocell BS

	 Femtocell BS ID
	24
	

	 Number of profiles levels
	8
	The number of RSSI profiles levels(=N)

	 Maximal number of macro BSs
	8
	The maximal number of macro BSs which are included in a single level

	 For(j=0;j<Number of levels;j++){
	
	

	   For(i=0;i<Number of macro BSs;i++){
	
	

	   Neighbor BSID
	24
	macro BS ID which is determined as a specific level

	   }               
	
	

	 }
	
	


After receiving the scanning profile indication message, the MS may keep making the current RSSI profile by measuring RSSIs of neighboring macrocells and compares it with the reference RSSI profile of accessible femtocell. When the similarity between the current RSSI profile and the reference RSSI profile is larger than certain threshold level, the scanning operations for the femtocell is triggered by exchanging scanning request and response messages between the MS and serving macro BS. Figure x.2 shows the procedure of proposed scanning method.
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Figure x.2 Procedure of proposed scanning method

============================== End of Proposed Text =================================
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