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15   Support for Femtocell BS
15.2
Types of Femtocell Base Stations

Femtocell BS is intended to serve public users, like public WiFi hot spot, or to serve CSG (Closed Subscriber Group) that is a set of subscribers authorized by the Femtocell BS owner or the service provider. CSG can be modified by the service level agreement between the subscriber and the access provider. For the femtocell BSs which can support Relay Link transmission, it may establish the air interface connection with the overlapped macrocell BS for exchanging control messages.  
A Femtocell BS may belong to one of the following subscriber types.
• CSG-Closed Femtocell BS: A CSG-Closed Femtocell BS is accessible only to the MSs, which are in its CSG, except for emergency services. MSs which are not the members of the CSG, should not try to access CSG-Closed Femtocell BSs.

• CSG-Open Femtocell BS: A CSG-Open Femtocell BS is primarily accessible to the MS that belong to its CSG, while other MSs, outside CSG, may also access such Femtocell BS, and will be served at lower priority. CSG-Open Femtocell BS will provide service to such MSs’ as long as the QoS of MSs in its CSG is not compromised. 

• OSG (Open Subscriber Group) Femtocell BS: An OSG Femtocell BS is accessible to any MSs.
CSG Femtocell BS refers to either CSG-Open Femtocell BS or CSG-Close Femtocell BS.
15.3
PHY and MAC level identifier
15.3.1
PHY level cell identifier

CSG and/or OSG Femtocell BSs and macro BSs are differentiated using Cell ID A-PREAMBLE. It enables MSs to quickly identify cells types, avoid too frequent handover attempts into and out of a Femtocell BS, and avoid performing unnecessary network entry/re-entry. 

15.3.2
 MAC level identifier

CSG and OSG Femtocell BSs are differentiated using MAC level identifiers to help an MS determine its designated Femtocell BSs vs. other Femtocell BSs based on which it can apply necessary rules and procedures for network entry and handover in a timely fashion. The details of those MAC identifiers (e.g., BS Type, CSG ID, BS ID, or Operator ID) are FFS.
15.3.3
 CSG White List
MS will maintain a CSG white list. The CSG white list can be updated by network or by user manually.
15.5 Network Entry
15.5.1
Femtocell Identification and Categorization
15.5.1.1
Femtocell Identification

At the physical layer, a femtocell is identified by its carrier frequency and CELL ID. A set of CELL ID could be allocated for femtocell deployment and this allocated CELL ID range may be broadcast in system information. 

On the mixed carrier frequency shared by both macro cell and femtocell BSs, femtocell BSs broadcast in system information the CELL ID range allocated by the network for femtocell deployment. The macro BS may also broadcast the CELL ID range.

A femtocell may broadcast the femtocell BS Name, a textual identifier, in system information. The femtocell BS Name can be used to aid the human user in manual selection of a femtocell BS.
15.5.1.2
CSG Femtocell Identification

At the MAC layer, a CSG-Closed, CSG-Open or Open femtocell is identified by the Femtocell Type signaled in broadcast system information or neighbor advertisement message. 

15.5.1.3
Service Type and Cell Categorization
The following types of services are defined for MS:

-  Restricted Service (Emergency Calls on an acceptable femtocell)

-  Normal Service (for public use on a suitable femtocell)
-  Privileged Service (for authorized use on a preferred femtocell)

Furthermore, femtocell BSs are categorized according to which services they offer:

Acceptable femtocell:

An “acceptable femtocell” is a femtocell on which the MS may obtain restricted service (originate emergency calls). Such a cell shall fulfill the following requirements, which is the minimum set of requirements to initiate an emergency call in an 802.16 network:

· the cell is not barred

· the cell selection criteria (e.g. signal quality) are satisfied

Suitable femtocell:

A “suitable femtocell” is a femtocell on which the MS may obtain normal service. Such a cell shall fulfill the following requirements:

· The cell is an Open femtocell or a CSG-Open femtocell not included in the Privileged Access list (white list) of the MS;

· The cell is not barred;

· The cell selection criteria (e.g. signal quality) are satisfied;

Preferred femtocell:

A “Preferred femtocell” is a femtocell on which the MS may obtain privileged service. Such a cell shall fulfill the following requirements:

· The cell is an CSG-Open or CSG-Closed femtocell and the femtocell BS identifier is part of the Privileged Access list (white list) of the MS;

· The cell is not barred;

· The cell selection criteria (e.g. signal quality) are satisfied;

Barred femtocell:

A femtocell is barred if it is so indicated in the system information. (This could be caused by a backhaul disconnection or critical system error.)

Following exceptions to these definitions are applicable for MS:

· as an outcome of the manual femtocell BS selection procedure the MS is allowed to access an acceptable cell which fulfils the cell selection criteria and is not barred or blacklisted;

· If an MS has an ongoing emergency call, all acceptable cells are treated as suitable for cell reselection for the duration of the emergency call.

15.5.2
Femtocell Access Restrictions  
15.5.2.1
Access Control List
15.5.2.1.1
White List
MS maintains a Privileged Access List for authorized access to CSG-Closed and CSG-Open femtocell BS. The list contains the identifiers of CSG-Closed and CSG-Open femtocell BS for which MS is a CSG member. 

MS updates the Privileged Access List upon receiving an access control list update message from BS. This message is unicast to MS when access authorization is updated by the network or the femtocell BS manager.
MS updates the Privileged Femtocell BS List if its privileged access request to CSG-Closed and CSG-Open femtocell BS is accepted as an outcome of the manual BS selection procedure. 

15.5.2.2.2
Black List
MS maintains a Prohibited Access list to avoid scanning, selection or reselection to those femtocell BSs. The list contains the identifiers of femtocell BS for which MS’s access is prohibited.
MS updates the Prohibited Access list if its access request to femtocell BS is rejected with a “blacklisted” indication.

15.5.2.2
Access Control
MS shall not select, re-select or initiate handover to a femtocell BS in its black list, except for emergency calls.
MS shall not select, re-select or initiate handover to a CSG-closed femtocell BS not included in its white list, except in case of emergency call or manual Femtocell BS selection. 

15.5.2.3
Emergency Call

There’s no restriction for an MS to access acceptable femtocell BSs in case of emergency calls.
15.5.3
Femtocell Selection
15.5.3.1
Manual Femtocell BS Selection
Manual Femtocell BS selection enables a human user to select a femtocell BS. In manual femtocell BS selection the MS may scan all frequencies in the supported frequency bands and display a list of found femtocell BS identifiers, the corresponding femtocell BS Names if broadcast by the femtocell BSs, and indications as to whether the found femtocell BSs are contained in the MS’s white List. 
If the user selects an entry in the list, an MS is allowed to attempt to access a CSG-Closed/CSG-Open femtocell not in the Privileged Access List. Based on the access response (e.g. privileged access accepted, normal access accepted, rejected, or blacklisted) from the CSG-Closed/CSG-Open femtocell, the MS’s Access Control List is updated.
The MS is allowed to not support manual femtocell BS selection in connected mode.
15.5.4
Femtocell Information Provisioning
15.5.4.1
Femtocell Shared Information Provisioning

Macro BS and femtocell BS may broadcast indications of one or more carrier frequencies used for dedicated femtocell BS deployment.

Macro BS and femtocell BS may broadcast indications of CELL ID ranges used for dedicated femtocell BS deployment. Macro BS and femtocell BS may broadcast indications of CELL ID ranges used for dedicated CSG-Closed/CSG-Open/Open femtocell BS deployment.

15.5.4.2
Femtocell Specific Information Provisioning 

15.5.4.2.1
Broadcast for MS
Femtocell BS broadcast a neighbor femtocell list containing CSG-Closed, CSG-Open, and Open femtocell BS. A femtocell BS broadcasts system information of neighboring CSG-Open and Open femtocell BS. A femtocell BS may broadcast system information of neighboring CSG-Closed femtocell BS. 

15.5.4.2.2
Unicast for MS
Macro and femtocell BS may support femtocell specific information query by MS. The femtocell specific information in response may be optimized based on available information of the MS in query (e.g. the location of the MS, the MS access control list). The response message to an MS shall include a list of the accessible femtocell BS. The response message may include the system information of femtocell BS. 

Macro and femtocell BS shall respond to MS’s query in the procedure of updating Access Control List. The response shall include the allowed CSG-Closed and CSG-Open femtocell BS for which the query MS is a CSG member. The response may include the location information of allowed CSG-Closed and CSG-Open femtocell BS if requested by the MS. Femtocell BS’s location can be indicated by its latitude and longitude or the mapping between femtocell and other cells (such as the overlay macro BS).

15.5.5
Femtocell Discovery
MS obtains femtocell shared information from the broadcast channel of available BS. MS uses stored or newly received femtocell shared information for initial scanning of femtocell BS. MS obtains femtocell specific information of neighboring femtocell BSs from the broadcast channel of detected femtocell BS. MS may obtain femtocell specific information of accessible neighboring femtocell BSs by querying the macro BS or accessible femtocell BS. MS uses stored or newly received femtocell specific information for scanning and measurement of neighboring accessible femtocell BS. 

For allowed CSG-Closed and CSG-Open femtocell BSs in MS’s white list, MS may obtain femtocell specific information by query macro BS or accessible femtocell BS. MS uses stored or newly obtained femtocell specific information for scanning and measurement of allowed CSG-Closed and CSG-Open femtocell BSs.
15.5.6 Ranging Channel Configuration 

The BR ranging channel for synchronized AMS is configured as a unified ranging channel for Femtocell BS to accommodate all types of ranging purposes such as initial ranging, periodic ranging and handover ranging. The PHY structure of BR ranging channel is identical as macro BS. AMS can send ranging preamble with associated flow ID inside the quick access message Subsets of ranging preambles shall be allocated in the system information for femtocell BS to differentiate the ranging purposes. 
15.5.6.1 Ranging

15.5.6.1.1 Initial Ranging

15.5.6.1.2 Handover Ranging

15.5.6.1.3 Periodic Ranging

15.5.6.1.4 Contention-based random access bandwidth request  

15.6
Handover
The handover process of an MS between a Femtocell BS and a macro BS or between two Femtocell BSs will follow the same procedure as described in section 10.3.2 15.2.6 with the exception of steps described in this section. When the Femtocell BS is going to be out of service either by instruction or by accident, it should instruct all its subordinate MSs to hand over to the neighbor macro BSs or Femtocell BSs.
15.6.1
HO from Macro BS to Femtocell BS
15.6.1.1
Network Topology Acquisition
MS obtains femtocell shared information from the broadcast channel of the serving macro BS. MS uses stored or newly received femtocell shared information for initial scanning of femtocell BS. Upon detecting one or more acceptable femtocell BS, the MS can obtain femtocell specific information from the broadcast channel of detected femtocell. MS may also query the serving macro BS for femtocell specific information with a report of detected femtocell(s). Macro BS can reply the MS with an optimized neighbor accessible femtocell BSs list with femtocell specific information based on the location of detected femtocell(s). Then MS uses received femtocell specific information for scanning and measurement of neighboring accessible femtocell BS.

For allowed CSG-Closed and CSG-Open femtocell BSs in MS’s white list, MS can obtain femtocell specific information by query the serving macro BS. MS uses stored or newly obtained femtocell specific information for scanning and measurement of allowed CSG-Closed and CSG-Open femtocell BSs.

When an MS handovers from a femtocell to macrocell, it may cache the information of the femtocell for a reverse handover.

15.6.2
HO from Femtocell BS to Macro BS

15.6.2.1
Network Topology Acquisition
MS obtains the system information of the neighbor macro BS from the neighbor advertisement message broadcast by the serving femtocell BS.

When an MS handovers from a macrocell to femtocell, it may cache the information of the macrocell for a reverse handover.

15.6.2.2
Handover In case of Femtocell Out of Service

When the Femtocell BS is going to be out of service either by instruction or by accident, it should instruct all its subordinate MSs to hand over to the neighbor macro BSs or Femtocell BSs.
15.6.3
HO from Femtocell BS to Other Femtocell BS

15.6.3.1
Network Topology Acquisition
MS obtains the system information of the neighbor femtocell BS from the neighbor advertisement message broadcast by the serving femtocell BS.

MS may also obtain femtocell specific information of accessible neighboring femtocell BSs by querying the serving femtocell BS. MS uses stored or newly received femtocell specific information for scanning and measurement of neighboring accessible femtocell BS. 

For allowed CSG-Closed and CSG-Open femtocell BSs in MS’s white list, MS may obtain femtocell specific information by query the serving femtocell BS. MS uses stored or newly obtained femtocell specific information for scanning and measurement of allowed CSG-Closed and CSG-Open femtocell BSs.

15.6.3.2
Handover In case of Femtocell Out of Service

When the Femtocell BS is going to be out of service either by instruction or by accident, it should instruct all its subordinate MSs to hand over to the neighbor macro BSs or Femtocell BSs.
15.6.4 Enable/Disable Handover Capability

15.8
Low-duty Mode
Besides the normal operation mode, Femtocell BSs may support low-duty operation mode, in order to reduce interference to neighbor cells. The low-duty operation mode consists of available intervals and unavailable intervals. During an available interval, the Femtocell BS may become active on the air interface for synchronization and signaling purposes such as paging, ranging or for data traffic transmission opportunities for the MSs. During an unavailable interval, it does not transmit on the air interface. Unavailable interval may be used for synchronization with the overlay macro BS or measuring the interference from neighbor cells. 

The Femtocell BS may enter low-duty operation mode either if all MSs attached to the Femtocell BS are in idle or sleep mode, or if no MS is in the service range of the Femtocell BS at all.

In case a CSG Femtocell BS supports both AMS and YMS, the network may signal the CSG Femtocell BS to stop or start transmission of LZone/MZone when an YMS/AMS leaves or enters the overlay macro BS of its CSG Femtocell BS respectively.
The CSG Femtocell BS switches between the low-duty operation mode and the normal operation mode when it receives requests from the overlay macro BS, the core network, or an MS for network entry, HO, or the exit of the sleep mode.
If one femtocell BS in low duty mode receives a pre-defined ranging code on pre-defined resource, the femtocell BS shall switch to normal operation mode.
The CSG Femtocell BS may signal its operation mode to other network units to update operation mode information of the CSG Femtocell BS by air interface or backbone.
Macrocell/femtocell may broadcast/ or unicast femtocell FAs and patterns of low duty cycle over the air.
15.9 
Interference Avoidance and Interference Mitigation

An MS may be requested by its serving macro BS or Femtocell BS to report the signal strength measurement of neighbor BSs, including macro and/or Femtocell BSs. The reported information can be used by the serving BS to coordinate with its neighbor BSs to mitigate the interference. A MS experiencing large interference from an nearby CSG-Closed inaccessible Femtocell BS, which the MS is not the member of the CSG, may trigger a nearby MS to report the interference to the serving BS, and the report information should include system information of the inaccessible CSG-closed Femtocell BS (e.g., BS_ID of the femtocell BS). The serving BS and/or the network may request the interfering Femtocell BS to mitigate the interference by reducing transmission power, and/or blocking some resource region. In order to enable the interference avoidance or mitigation schemes, the Femtocell BS shall may be capable to scan the signals transmitted from neighbor BSs. 

Alternatively, the interference between Femtocell BSs and/or macro cells can be mitigated by static or semi-static radio resource reservation and resource sharing using FDM and/or TDM manner. The operation of resource reservation shall not contradict with the FFR operation defined in 20.1. A Femtocell BS may detect and reserve the resources autonomously, or in cooperation with the overlay macro BS. An MS connected to a macro BS or Femtocell BS may detect the least interfered resource from surrounding Femtocell BSs and/or Macro BSs and report it to the serving BS, so that the serving BS may select appropriate resources for its traffic.
In order to reduce interference on the control signaling such as SFH and essential control signaling of Femtocell BSs and/or macro BSs, different resources block arrangements may be used among Femtocell BSs and/or macro cells for transmitting control signaling. The MS can derive the resource block arrangements for control signaling based on A-PREAMBLE.

A Femtocell BS may select the carrier frequency to avoid the mutual interference between macro/micro cells and Femtocell BSs or among Femtocell BSs based on the measurement result of surrounding reception power. 
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