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1- Background 
Femto access points or alternatively femto base stations (femto BS) are low-power, low-cost, low complexity base stations that are installed by the user at home or small office environments for indoor coverage improvements and are typically connected through broadband connections such as cable modem to the operator’s core network. 

Femto ABS operates in licensed spectrum and is operated by the cellular network operators. They are plug-and-play devices that once connected to the operator’s core network are automatically configured and are self-optimized and self-organized while in operation. Femto ABS has limited coverage and is typically used as an overlay with the macro ABS (Although it may operate in remote and non-overlay cases, as well). The femto ABS and macro ABS may operate on the same or different Frequency Assignment (FA) or frequency layer or frequency band. Femto ABS may belong to an open (accessible to all subscribers) or closed (accessible to authorized subscribers) groups.  

Since the femto base stations are (or will be) densely deployed, use of the typical cell search and cell selection methods, which are used for initial network entry/re-entry or handover for macro base stations in cellular networks, would be cumbersome and would result in extreme overhead in system operation and AMS complexity and power consumption. Furthermore, private Femto base stations may be overloaded with signaling with unauthorized mobile stations trying to select them as target base stations for handover or system entry/re-entry. 

This contribution provides an efficient method for femtocell discovery and association that would reduce the complexity and time of cell search and cell selection by Mobile Station (MS) and thereby results in lower AMS power consumption as well as ensuring the private Femto base stations will not have to exchange signals and messages with unauthorized mobile stations thereby improving their performance.

The Femto base stations may either belong to Closed Subscriber Groups (CSG) or Open Subscriber Groups (OSG). In CSG, the access and services are restricted to authorized mobile stations. The credentials or electronic certificates may be provided to the mobile station by the cellular system operator at the time of subscription. The serving Macro ABS may have the knowledge (through AMS context generated following session setup) of the CSGs where the AMS may have access. 

The OSGs, on the other hand, are publicly accessible and no specific authorization is required. The following figure illustrates a hypothetical situation where an AMS is roaming across Macro and Femto base stations and may be handed over to or from a Macro or Femto base station. 
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Figure 1: An Example Cellular Network Consisting of Macro and Femto Base Stations and Moving Mobile Stations

During normal operation and as part of handover, the AMS typically measures the received RF signal strength from the serving and the neighboring base stations and selects the most viable candidate base stations as target for handover. The measurements are usually conducted on the synchronization sequences that are unique to each base station and further carry the Cell Identification (Cell_ID) Physical Layer (PHY) level identifier. The type of the cell may also be communicated via the synchronization sequences if a hierarchical synchronization scheme is utilized. Since the number of bits that can be carried through the synchronization sequences are limited, additional information on the cell type and other configuration restrictions are broadcasted a part of system configuration information. In IEEE 802.16m, there are two steps of Downlink (DL) synchronization. The DL synchronization is achieved by successful acquisition of the primary advanced preamble. The primary advanced preamble carries infor​mation about system bandwidth (e.g., 5, 10, 20 MHz) and multi-carrier configuration (i.e., fully configured or partially configured RF carrier). Once the primary advanced preamble is detected, the AMS proceeds to acquisition of the secondary advanced preambles. The secondary advanced preamble carries a set of 768 distinct Cell_IDs that have been partitioned into a number of subsets where each subset corresponds to a certain type of base station (e.g., closed/open subscriber group femto base stations or macro base stations).
Normally the AMS has to acquire the synchronization sequences, to detect the Cell_ID, followed by detection of the broadcast channel to complete the cell selection. If the AMS realizes that the cell is a non-accessible Femto ABS or access node, it has to restart the cell search and to select another cell. This effort would prolong the initial network entry/re-entry and handover and may involve a great number of unsuccessful trials. 

Upon successful acquisition of system timing and cell identification, the AMS attempts to detect and decode the system configuration information. This information is carried via the Superframe Headers (SFH) in IEEE 802.16m. The superframe headers, comprising Primary and Secondary Superframe Headers (P-SFH and S-SFH), are control elements that are periodically (while a large part of this information remains unchanged over a long period of time, some parts may change more frequently) broadcasted using a robust and reliable transmission format to ensure the information can be correctly detected by all mobile stations in the coverage area of a base station. The correct and timely detection of the system information is essential for successful network entry/re-entry and handover. The S-SFH content is divided into three sub-packets (SP1, SP2, and SP3) where sub-packets carry essential information for various system processes such as initial network entry, network re-entry, Idle-State operation, etc. according to their respective timing sensitivity. S-SFH SP1 carries the 24 bit Operator ID and S-SFH SP2 carriers the Least Significant Bit (LSB) of the BS-ID (24 bits).  

Once the system parameters are successfully acquired, the cell selection can be made taken certain considerations into account. For example, the mobile station may have a preference in selecting a specific type of the base station (e.g., a femtocell in indoor environment) even though other types of the base station may be available or the AMS may not be authorized to access a group of base stations despite the fact that their received RF signal strength might be good
Access State is a state where the mobile station performs network entry to the selected base station. The Access State in IEEE 802.16m comprises the following procedures: 1) Initial ranging and uplink synchronization, 2) Basic capability negotiation, 3) Authentication, authorization, and key exchange, 4) Registration with the BS, and 5) Service flow establishment. The mobile station receives specific user identification as part of Access State procedures. The IP address assignment may follow using appropriate procedures.

2- Design Principles

The following are the design criteria which have been taken into consideration when developing this proposal:

· The Femto ABS and Macro ABS are functionally similar; therefore, deployment of the Femto ABS shall not have a significant impact on the network architecture and the reference points or interfaces to the access and core network shall be maintained (in case of mobile WiMAX, the Femto ABS and Macro ABS are connected via R8 reference point and Femto ABS is connected to the ASN via R6 reference point).

· The air-interface scalability shall be maintained while designing Femto BS. That is Femto ABS is a small-scale Macro ABS with reduced functionalities that share similar air-interface signaling and transport protocols.

· There might be a large number of Femto base stations inside or outside coverage area of a Macro BS.

· The AMS may not have access to a large number of the neighbor Femto base stations.

· The Femto ABS shall not be overloaded with signaling/messaging with unauthorized mobile stations that try to select this Femto BS.

· The AMS may unsuccessfully scan and try to select Femto base stations to which it has no authorization for access.

· The AMS scan latency and power consumption shall be reduced.

· The Femto base stations that belong to a closed subscriber group use the same Operator-Identification and may share a large part of BS identification. The BS identification is a MAC-level identifier. The Cell_ID is a PHY-level identifier. Depending on the cell planning and geographical location of the base stations, the same Cell_ID codes will be assigned to base stations (Femto or Macro) that are reasonably far apart, therefore the Cell_ID is not  sufficient to uniquely identify a Femto or Macro BS.

· The Femto base stations belonging to an operator’s network may uniquely operate in a different FA. That is Macro ABS and Femto ABS may be distinguished via the frequency band they are operating.

· The AMS may or may not be Femto-Aware. If the AMS is not Femto-Aware or is using an older version of air-interface protocols, the legacy network entry or re-entry or handover procedures shall be utilized.
3- Important Deployment Considerations

The following are the important deployment considerations:
· Femto ABS Synchronization
· Femto ABS should be synchronized with the network similar to that of a Macro BS.
· The Femto ABS synchronization error should not disrupt network operations

· CSG-ID
· No CSG-ID is required since a Femto ABS can be uniquely identified in the network with 48-bit BS-ID.
· Baseline Operation and Optimization
· There shall be no difference between baseline operation of a Femto ABS and Macro ABS (considering the reduced functions).
· Network-Transparent optimizations may be introduced in later stages
· Network Architecture
· There shall be no impact on network architecture and reference points unless supported by WMF NWG 
· Legacy MS Support
· The legacy MS and legacy Femto BS shall be supported in new femtocell deployments

· If the Femto base stations are deployed in a different FA, the same algorithm is applicable except that the AMS scans a different frequency band and conducts RF measurements during scanning in that frequency. The other procedures remain intact and the detected Cell_IDs will only belong to OSG and CSG Femto base stations.

· Note that there is NO uplink transmission during execution of this algorithm and all signals and identifiers are received and decoded via DL transmissions that will happen regardless of the AMS scanning. Therefore, no additional signaling overhead will be imposed to the target Femto base stations.

· The Macro ABS should not broadcast the information of CSG Femto base stations. This helps reduce the size of the AAI_MOB_NBR-ADV message. 

· The serving ABS may update the AMS context to reflect the CSG Femto ABS list that the AMS may belong to.

· The AAI_MOB_SCN-REQ message sent by the AMS in the Connected State contains a group of neighbor base stations for which scanning and association are requested. This message shall include the identity of the CSG Femto base stations to which the AMS is subscribed (if the AMS is Femto Preferred).

· For a legacy terminal or a Femto-Unaware mobile station, the cell search and cell selection procedures are identical to those specified in IEEE Std 802.16-2009 and IEEE 802.16m standard
The proposed Femtocell Discovery and Association algorithm can be described as follows (shown in the following figure):

Instructions for the Editor (Replace the content of section 15.4.7.1 with the following text)
-----------------------------------------------------Begin Proposed Text-----------------------------------------------

15.4.7.1 Femto ABS detection, identification and selection

A femto ABS is uniquely identified by 48-bit BS-ID. The femto ABS and macro ABS may operate in the same or different Frequency Assignment. An AMS shall follow the procedure shown in Figure x for discovery of and association with femto ABS. An AMS is considered Femto-Preferred if it has a preference of selecting a femto ABS while macro ABS is within reach.
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Figure x: Procedure for Femto ABS Discovery and Association
During network entry or re-entry, the AMS shall begin scanning of the neighbor base stations through RF measurements. The detection of the Cell_ID helps categorizing the ABS type and depending on the preference of the AMS, a Macro or Femto candidate is selected. Failure in any stage of the cell search and cell selection will result in repeating the scanning and DL synchronization. The Operator-ID (i.e., the 24 Most Significant Bits of BS-ID) and 24 Least Significant Bits of the BS-ID will help the AMS to determine whether it is authorized to access to the target ABS. The AMS shall be subscribed to the operator identified by the Operator-ID and shall have the BS-ID in its White List (i.e., a local table in the AMS containing the identities of all the CSG Femto base stations to which the AMS is subscribed and is authorized to access) in order to be authorized to access to the target Femto ABS.

The algorithm illustrated in Figure x, provides the procedures that the AMS shall follow to complete cell selection/re-selection when Femto and Macro base stations are deployed on the same or a different FA. 

If the Femto base stations are deployed in a different FA (inter-FA), the same algorithm shall be applicable except that the AMS scans a different frequency band and conducts RF measurements during scanning in that frequency. The other procedures remain intact and the detected Cell_IDs will only belong to open and/or closed subscriber group Femto base stations.

If the Femto and Macro base stations are deployed in the same FA (intra-FA), the same algorithm shall be applicable and the AMS conducts RF measurements during scanning in the same frequency. Combination of the inter-FA and intra-FA scanning is also possible where the neighbor Macro base stations operate in the same frequency band and Femto base stations operate in a different frequency band(s).

Note that there is no uplink transmission during execution of this algorithm and all signals and identifiers are received and decoded via DL transmissions that will happen regardless of the AMS scanning. Therefore, no additional signaling overhead will be imposed to the target Femto base stations. 

During handover (HO) and Scanning Mode, the serving ABS broadcasts mobile neighbor advertisement (AAI_MOB_NBR-ADV) management message at a periodic interval to identify the network and define the characteristics of neighbor ABS to potential AMS seeking initial network entry or HO. Since the femto base stations that belong to closed subscription groups are not accessible to all mobile stations in the cell and considering the broadcast nature of the AAI_MOB_NBR-ADV message, the Macro ABS shall not broadcast the information of CSG Femto base stations. This helps reduce the size of the AAI_MOB_NBR-ADV message.  
The scanning interval is defined as the time during which the AMS scans for available base stations. The mobile scanning interval request (AAI_MOB_SCN-REQ) management message sent by the AMS in the Connected State contains a group of neighbor base stations for which scanning and association are requested. This message shall include the identity (BS-ID) of the CSG Femto base stations to which the AMS is subscribed (if the AMS is a Femto Preferred meaning it prefers to be associated with a Femto ABS even though Macro stations may be available in its neighborhood). Note that this is a unicast MAC message and based on which the serving ABS may update the AMS context to update the CSG Femto ABS list that the AMS may belong to.

Upon reception of AAI_MOB_SCN-REQ message by the serving BS, the ABS responds with mobile scanning interval response (AAI_MOB_SCN-RSP) message granting or refusing the AMS scanning interval request or a different interval and further contains the list of recommended neighbor base stations by the serving BS.

Following receipt of the AAI_MOB_SCN-RSP message granting the request, the AMS scans for one or more neighbor base stations and may attempt to select the cell and associate with that cell through completion of the Access State procedures. The AMS scans all the recommended neighbor base stations identified in AAI_MOB_SCN-RSP message and sends a report to the serving ABS at the end of the scanning interval via mobile scanning interval report (AAI_MOB_SCN-REP) management message.  

The above algorithm shall be applied to a Femto-Aware mobile station. For a legacy MS or a Femto-Unaware AMS, the cell search and cell selection procedures are identical to those specified in IEEE Std 802.16-2009 and IEEE 802.16m standards and some transparent optimizations may be made that are outside the scope of this standard.
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