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1. Problem definition 
As for an AMS, there are still plenty of operations which make AMS keep consuming its power prior to being served by accessible femto ABSs. Figure 1 briefly illustrates the scanning and handover operations of AMS from a macro ABS to a femto ABS. Scanning operations provide the opportunities for the AMS to perform measurement and obtain necessary system configuration information of the neighboring macro ABSs for handover decisions. The macro ABS may allocate time intervals that AMS seeks and monitors the suitability of neighboring macro ABSs and femto ABSs as targets for handover. The AMS performs scanning operations as a scanning mode during the allocated time intervals whereas the AMS returns to the normal operation mode after the allocated time interval [1].
To detect an accessible femto ABS which uses the assigned frequency, the AMS may keep scanning for the assigned frequency and prepare for handover from a macro ABS to the femto ABS until the femto ABS is found. Through these exclusive scanning operations, power of battery can be inefficiently wasted. Thus, it is need to reduce the number of scanning operations for the accessible femto ABS.
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Figure 1 Scanning and handover operations to a femto ABS
A conventional scheme, macro ABS identity scheme, utilizes neighboring macro ABS identities as indices to mark the accessible femto ABS. Only when measured sets of macro ABS identities are matched with reference sets of macro ABS identities, scanning operations will be set off [2]. It is recommended as a practical method in 3GPP, but scanning time for the femto ABS is still large.
2. Proposed method
In case that there is no available location information (e.g, GPS), RSSI profiles of neighboring macro ABSs can be used to narrow down the expected scanning area for an accessible femto ABS and reduce unnecessary scanning operations for the femto ABS.
We assume that a femto ABS owns self-organizing network (SON) functions such as self-discovery although some functions may be executed by help of an AMS. Basically, the AMS keeps measuring RSSIs of neighboring macro ABSs to monitor the status of neighboring macro ABSs to prepare handoffs between macro ABSs. Here, the AMS averages out the measured values of neighboring macro ABSs to obtain the representative RSSI values of neighboring macro ABSs at a temporary location while on the move.
Each representative RSSI value can be categorized into one of separate RSSI levels as shown in Fig.2 until all RSSI values of neighboring macro ABSs are covered. In the same way, reference RSSI profiles are created from the perspective of the accessible femto ABS. Based on these discrete RSSI levels, our proposed scheme checks the similarity between these RSSI levels from the AMS and the reference RSSI profiles. Only when the similarity goes beyond the defined similarity, the scanning operations will be finally initiated.

[image: image2.emf]Level n+1...Level2Level1

Receiver

Sensitivity

RSSI

Threshold#1

Threshold#2Threshold#n


Figure 2 Level decisions for RSSIs of neighboring macro ABSs using thresholds
In detail, the proposed scanning scheme can be described as follows. Once a femto ABS is installed, the femto ABS measures the RSSI values of neighboring macro ABSs with support of the AMS. Using the measured RSSIs of neighboring macro ABSs, each RSSI can be translated into one signal level which is bounded between signal strength thresholds as shown in Fig.2. A level translator on RSSI is expressed as follows.
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, an RSSI of a macro ABS which has an identifier ID. Also, [image: image9.png]


 denotes a threshold to divide the receivable RSSI which ranges between 1 and n. Therefore, the reference RSSI profiles to represent the location of the femto ABS can be written as a form of set. 
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Where RP denotes an RSSI profiles of a specific accessible femto ABS, and an RP consists of collected levels by using the level translator [image: image12.png]L(S1p)



, whose ID is corresponding to the one of all related neighboring macro ABSs.
The obtained RSSI profiles are transferred and stored as reference RSSI profiles in an AMS, and can be used to trigger the scanning operations for the accessible femto ABS. To obtain the more correct value of the RSSI profile, the sampling technique can be applicable in the proposed scheme. For the triggering decision on the scanning operations, the similarity value as mentioned above should be predefined to narrow down the candidate area for the scanning operations.
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 denotes the reference level of the I th macro ABS and [image: image17.png]ML,



 denotes the measured level of the I th macro ABS. The value of similarity ranges 0 and 1. The value of 1 is the maximal value while that of 0 is the minimal value. The similarity value to be used should be notified of to the AMS too.
The network manages the information on RSSI profiles for the accessible femto ABS. In case of AMS initialization or information update, network can transmit the scanning indication message to the AMS. The scanning profiles indication message contains basic information such as carrier frequency of the femto ABS, femto ABS ID, and the reference RSSI profiles to support handover between a macro ABS and the femto ABS. 
For the efficient processes, the AMS may cache the scanning profiles indication message for future scanning and handover operations as long as there is no change in the RSSI profiles. Due to the outnumbered accessible femto ABSs, the size of the scanning profiles indication message may be enlarged. In this case, the number and the candidate of accessible femto ABSs to be transferred at a time should be considered too.
In case of a CSG femto ABS, the diffusion of the scanning profiles information is restricted to the registered AMS when the AMS is initialized on request of macro ABSs or the AMS.
Figure 3 precisely displays the overall working procedures of a proposed scanning scheme. During the network entry of an AMS or information update, the AMS obtains the basic information including RSSI profiles of the accessible femto ABS. This may be provided to the AMS by the femto service provider through the network using messaging that is outside the scope of this standard.
Based on the information, AMS may keep measuring the current RSSI profiles by sensing the RSSIs of neighboring macro ABSs, check the similarity value between the measured and the reference RSSI profiles, and make a decision on the initiation of scanning operations. When the similarity value goes beyond the predefined value, the AMS issues a scanning request message AAI_SCN_REQ to the serving macro ABS. Right after the request message, the serving macro ABS sends back a scanning response message AAI_SCN_RSP. And then, the AMS is permitted to initiate the scanning operations. Before receiving the response message from the serving macro ABS, when the similarity value between the presently measured and the reference RSSI profiles is below the similarity value, the incoming response message may be neglected. Through this procedure, unnecessary scanning operations can be blocked and save the power as much as the number of the scanning operations.
The candidate area for scanning operations is narrowed down by help of the proposed scheme. And, we assume that the scanning operations are performed every constant interval. The estimated number and time of scanning operations for an accessible femto ABS can be calculated. Accordingly, power usage on scanning operations can be saved.
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Figure 3 Procedures of a proposed scanning scheme
3. Simulation results
For evaluation of a proposed scanning scheme, we adopt an average scanning area (ASA) as a major performance metric. This metric means scanning area in average on the condition that an AMS approaches a designated femto ABS from a macro ABS. The ASA is directly related to power usage on scanning operations of AMS. The simulation parameters are shown in Table 2 [3]. Also, Fig.3 shows the simulation environment. The interval between macro ABSs is 1.5 km. The radius of macro ABS coverage is 1.3km. There is a single femto ABS and a single AMS in the simulation.
	Parameter
	Setting

	Receivable RSSI ranges of macro ABSs
	-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 ABSs
	1.5 km

	Radius of macro ABS coverage
	1.3 km

	Distance between a femto and a macro ABS
	400m and 700m


Table 2 Simulation parameters
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Figure 3 Basic settings of simulation environment
As shown in Fig.4.(a)~(d), the location of a femto ABS with crossing horizontal and vertical lines is represented by a single point within the serving macro ABS. In Fig.4. (a)-(b), the scanning area to trigger scanning operation has been estimated when a femto ABS is located at 400 m away from the center of the serving macro ABS. The scanning area of the conventional scheme is much larger than that of the proposed scheme with 4 RSSI levels although the femto ABS is located near to the serving macro ABS. 
In Fig.4.(c)-(d), the scanning areas to trigger scanning operations are estimated for the proposed scheme with 2 RSSI levels and conventional scheme when the femto ABS is located at 700m away from the center of the serving macro ABS. Because the distance between the femto ABS and a macro ABS is larger, the scanning area for the proposed scheme is larger. However, the scanning area is still smaller than that of the conventional scheme. The scanning area of the conventional scheme is still large regardless of the femto ABS location. 
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Figure 4 Average scanning area of a conventional and a proposed scheme
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Text Proposal for the IEEE 802.16m
============================== Start of Proposed Text ================================

15.4.7 Network Entry
15.4.7.1 Femto ABS detection, identification and selection 
The AMS detects the Femto ABS using the PHY identifier (see <<section x>>). The AMS identifies the Femto ABS using the MAC identifier (ex. BSID, CSGID).
The AMS shall use scanning procedures specified in 15.3.9.2. When a CSG white list is maintained at an AMS, it should select the Femto ABSs according to the white list. 
For the scanning operations on Femto ABS detection, information on RSSI values of neighboring Macro ABSs measured by CSG Femto ABS may be used. This information may be provided to the AMS with the CSG white list by the network service provider.
The AMS selects the target Femto ABS for network entry based on the subscription types of the Femto ABS and the membership to the relevant subscribers groups or accessibility to the service providers network (ex: Cell bar). 
============================== End of Proposed Text =================================
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