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Proposed IEEE 802.16m Amendment Text on Femtocell BS support
Soojung Jung, Juhee Kim, Eunkyung Kim, Jaesun Cha, Kwangjae Lim, Won-Ik Kim, Chulsik Yoon
ETRI
I. Introduction
This contribution proposes an amendment text on the Femtocell BS support for the WirelessMAN-OFDMA Advance System. The technical text and ToC are based on the 802.16m SRD [1] and the IEEE 802.16m SDD [2]. Moreover, this contribution follows the tentative outline and style guide in the IEEE 802.16m Amendment [3]. 
II. Outline of Femtocell BS support

The text proposed in this contribution is based on the section15 in the IEEE 802.16m SDD [2]. The following is the high level outline of Femtocell BS operation.
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III. Proposed Text
----------------------------------------------------- Text Start -------------------------------------------------
15. Advanced Air Interface 
15.2.x
Support for Femtocell BS 
15.2.x.1
Types of Base stations 
A Femtocell BS is a BS with low transmits power, typically installed by a subscriber in home or SOHO to provide the access to closed or open group of users as configured by the subscriber and/or the access provider. A Femtocell BS is connected to the service provider’s network via broadband (such as DSL, or cable).  For the Femtocell BSs which can support Relay Link transmission, it may establish the air interface connection with the overlapped macro BS for exchanging control messages.  

Femtocell BSs typically operate in licensed spectrum and may use the same or different frequency as/from macro-cells. Their coverage may overlap with macro BS.

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.

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 AMSs, which are in its CSG, except for emergency services. AMSs 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’s that belong to its CSG, while other AMS’s, outside CSG, may also access such Femtocell BS, and will be served at lower priority. CSG-Open Femtocell BS will provide service to such AMSs’ as long as the QoS of AMSs in its CSG is not compromised. 

• OSG (Open Subscriber Group) Femtocell BS: An OSG Femtocell BS is accessible to any AMSs.

CSG Femtocell BS refers to either CSG-Open Femtocell BS or CSG-Closed Femtocell BS.
15.2.x.2
State and operational mode of Femtocell BS 
Figure Xa illustrates the Femtocell BS state diagram. The diagram consists of 2 states; Initialization state and Operation state. 
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Figure Xa: State transition diagram of Femtocell BSs
15.2.x.2.1
Initialization State
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Figure xb: Femtocell BS initialization state

Figure xb illustrates the Initialization state of the Femtocell BS. In the Initialization state, procedures like configuration of radio interface parameters and time/frequency synchronization may be performed before entering Operational state. Initial Radio interface parameters may be downloaded from the core networks or determined by a Femtocell BS itself. For the time synchronization, a Femtocell BS may use various schemes to achieve the synchronization depending on the deployment scenarios.
In case that the Femtocell BS state has been changed from operational state to initial state for the reason of the backhaul link down or the disconnection with the service provider network, the Femtocell BS shall keep its air interface disable until its backhaul is restored to normal.
15.2.x.2.2
Operational State
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Figure xc: Femtocell BS operational state
Figure xc illustrate operation state of Femtocell BS. After successfully attaching to the network, a Femtocell BS enters the operational state. In the operational state, two operational modes may be supported; normal mode and low-duty mode. In the low duty mode, availability intervals alternate with unavailability intervals. 
If the Femtocell BS fails the synchronization during operational state or it is unattached to the network, it changes its state to initialization state. 
15.2.x.2.2.1
Normal operation mode
A femtocell BS may remain in Normal operation mode when there are one or more active AMSs in its coverage. 
15.2.x.2.2.2
Low Duty Operation mode
Besides the normal operation mode, Femtocell BSs may support the Low duty operation mode, in order to reduce the interference to neighbor cells. The Femtocell BS may enter low-duty operation mode when certain conditions are met or it receives requests from the overlay macro BS, or the core network. 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 AMSs. 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. Further functional description of low-duty operation mode of Femtocell BS is shown in 15.2.x.8.
15.2.x.3
PHY and MAC level identifier 
15.2.x.3.1
PHY level cell identifier 
CSG and/or OSG Femtocell BSs and macro BSs are differentiated using A-PREAMBLE. It enables AMSs 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.

15.2.x.3.2
MAC level identifier 
CSG and OSG Femtocell BSs are differentiated using MAC level identifiers to help an AMS determine its designated Femtocells vs. other Femtocells 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., CSG ID, BS ID, or Operator ID) are FFS.

15.2.x.3.3
CSG white list 
CSG white list is FFS.

15.2.x.4
Synchronization 
A Femtocell BS should synchronize with the network to a common timing and frequency signal. Femtocell BSs may use different schemes to achieve synchronization with the network to handle various deployment scenarios. Femtocell BS may maintain synchronization with the overlay BSs over the air by utilizing low duty operation mode to synchronize with the overlay BS’s A-PREAMBLE to automatically adjust its DL synchronization.

15.2.x.5
Network Entry 
15.2.x.5.1
Femtocell BS identification and selection 
Femtocell BSs have a capability to provide information (e.g. Femtocell NSP information) to MSs which do not have cached information of the Femtocell BS regardless of its subscriber group type (e.g. OSG, CSG). Femtocell BSs may broadcast such network access information of neighbor Femtocell BSs, or unicast, such system information of neighbor accessible femtocell BSs of the MS, in order for MSs to identify and select a proper Femtocell BS. MS can get system information either by scanning all available Femtocell BSs or may request such information from Femtocell BSs that are capable of delivering access information.
15.2.x.5.2
Femtocell BS detection 
An MS needs to know the existence of nearby Femtocell BSs operating in the different frequency of the overlay BS. Femtocell BS or macro BS may transmit control signal or message on the frequency of the overlay BS for an MS to identify the existence of the Femtocell BSs, and  resource used by the femtocell BS or macro BS to transmit the control signal or message may be indicated to the MS  by the overlay BS. The control signal or message contains the information necessary to help AMS to access the neighbor femtocell BSs. The transmission of control signals by the Femtocell BS does not cause severe interference or denial of service.

15.2.x.5.3
Ranging 
A non-synchronized AMS attempts initial ranging and network entry with the unified ranging channel for Femtocell BS. BR ranging channel is configured as a unified ranging channel for Femtocell BS to accommodate all types of ranging purposes. 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 to differentiate the ranging purposes. 
15.2.x.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 15.2.6 with the exception of steps described in this section. 

15.2.x.6.1
HO from Macro BS to Femtocell BS 
AMSs that are not members of CSG for a CSG-Closed Femtocell BS’s shall not attempt network entry or handover to the BS’s regardless of channel quality such BS’s except in case of emergency call.

AMSs that are not members of CSG for a CSG-Open Femtocell BS’s shall not attempt network entry or handover to the BS’s unless it is critical to maintain their connection or in case of emergency call.

HO should be triggered based on certain criteria, such as signal strength, the proximity of AMS to the Femtocell BS, and /or loading, etc. The macro BSs shall not broadcast the system information of the neighbor CSG-Closed Femtocell BSs in their neighbor list. 
The network may only provide certain limited information (i.e. number or existence of Femtocell BS) instead of whole information about the Femtocell BSs in a neighbor advertisement message (i.e. NBR-ADV).  The whole information about optimized candidate Femtocell BSs can be provided to an AMS when the AMS requires the serving macro BS to provide it.
Upon identifying the existence of Femtocell BSs and detecting Femtocell BSs’ preamble index or cell ID(BSID), an AMS may report it to the macro BS in order to obtain the optimized neighbor Femtocell BS list and more detailed information on the Femtocell BSs in the list. Then the AMS can select a Femtocell BS as the candidate target by scanning the neighbor femtocell BSs included in the received list. In case that the initially detected femtocell BS is a CSG-Closed Femtocell permitted to access and HO trigger conditions are met, the AMS can send the HO initiation message to serving macro BS and doesn’t need to request the neighbor list.

The contents of the AMS’s report may be

· Information about the detected Femtocell BS such as preamble index or cell ID(BSID)

· Measured channel quality  

· Request for Neighbor BS list 

· BS Type which is recommended to be included in the neighbor list

The report from the AMS may be signaled using the messages for scanning procedure (SCN-REP/SCN-REQ). In addition, a unicast management messages (e.g. NBR-REQ/RSP) may be used to handle the request and response procedures for optimized neighbor BS list.

The macro BS may send a scanning response message (SCN-RSP) or a unicast management message(NBR-RSP) as a response to the AMS’s request. In case of using the scanning response message, the list of candidate AMSs for scanning indicates the list of the AMS’s optimized neighbor BSs. And the whole information about the neighbor BSs, such as DL/UL parameters and LDO mode related parameters etc., may be included in that message. In case that an AMS reports the scanning result and requests the neighbor list using the scanning report message (SCN-REP), the serving macro BS may send the HO initiation message (HO-CMD) including the detailed information about the target ABS to the AMS based on the report from the AMS. In such case the neighbor list doesn’t be sent to the AMS. Otherwise the macro BS provides the optimized neighbor list to the AMS. 
When HO is initiated by the AMS, it is based on the triggers and conditions defined by the serving macro BS during the scanning with the optimized neighbor list.

A Femtocell BS may monitor DL and UL signal associated with an AMS which is served by overlay macro BS. The monitoring is initiated by overlay macro BS or AMS or by the Femtocell BS itself to detect the existence of the AMS in its coverage. Then the Femtocell BS can inform the macro BS over the backhaul that the AMS is in its coverage and subsequently handover to Femtocell BS can be accomplished.
15.2.x.6.2
HO from Femtocell BS to Macro BS or other Femtocell BS 
The set of macro BSs and/or Femtocell BSs that are the neighbor list of the serving Femtocell BS are provided by the network or cached in the AMS. The serving Femtocell BS broadcasts or unicasts this list of neighbor accessible Femtocell BS and/or macro BSs to the AMS. The handover process between Femtocell BS and macro BS or between Femtocell BS and Femtocell BS is the same as defined in section 10.3.2 with the exceptions as defined in this subsection

When an MS successfully handovers between a Femtocell BS and a macro BS, the AMS or the network may cache the information of the macro BS or the AMS, respectively, to facilitate the next HO process between the macro BS and the Femtocell BS.
15.2.x.7
Idle state 
The OSG Femtocell BSs operate like macro BSs when paging an MS. Femtocell BS shall support idle mode. The CSG Femtocell BSs may broadcast the paging messages that are related to only the MSs of this CSG. Dependent on topology design to support both Femtocell BS and macro BS, one or more PGs may be assigned to a Femtocell or a macro BS. The overlay macro BS and the CSG Femtocell BS may share the same paging group ID.
OSG/CSG Femtocell BS supports an idle mode operation for reducing the paging overhead, in which it does not transmit a paging message if there is no idle AMS in its service area.

The idle mode operation in Femtocell BS consists of paging-enable state and paging-disable state. If there is no idle mode AMS in the Femtocell’s service area, the Femtocell BS shall transit to the paging-disable state, in which it does not transmit a paging message. If one or more AMSs in idle mode enter into the service area of the Femtocell BS, the Femtocell BS shall transit to the paging-enable state and broadcast the paging message.

When an AMS in idle mode selects a Femtocell BS as a preferred BS and the selected Femtocell BS supports the PG ID(s) of the AMS, the AMS sends a predefined ranging code for triggering the transition to the paging-enable state to the Femtocell BS prior to timer based location update. If the Femtocell BS in paging-disable state receives the predefined ranging code from the idle mode AMS, it shall transit to the paging-enable state and activate the paging-enable timer. The Femtocell BS shall broadcast paging messages until the paging-enable timer expires. The paging-enable timer may be longer than the idle mode timer. If the idle mode AMS in the Femtocell BS performs any kinds of location update, the Femtocell BS resets and restarts the paging-enable timer. If the Femtocell BS already in paging-enable state receives the predefined ranging code from another AMS, it also resets and restarts the paging-enable timer. On the paging-enable timer expiry, the Femtocell BS changes to the paging-disable state and does not transmit a paging message.

If an AMS determines that its paging group changed, it shall perform paging group based location update. In this case, the AMS in idle mode shall not send the predefined ranging code to the Femtocell BS. Upon receiving the AAI_RNG-REQ message for location update, the Femtocell BS in paging-disable state transits to the paging-enable state and activates the paging-enable timer.
15.2.x.8
Low-duty Operation Mode 
In Femtocell BS, low-duty operation (LDO) mode may be activated not only when no AMS is in the connected state but also when all AMSs attached to the Femtocell BS are in idle or sleep mode. 
When the LDO mode is activated, a low-duty cycle (LDC) which consists of an available interval and an unavailable interval is configured. There are two types of LDCs which differ by their cycle patterns and the availability of the information on the patterns; the Default LDC and the Dynamic LDC. The Default LDC is the iteration of an available interval and unavailable interval and lengths of two intervals are fixed. The Default LDC remains in active and the information on the pattern of the Default LDC is provided to AMSs in neighbor cells until the LDO mode operation is terminated. The Dynamic LDC also consists of an available interval and an unavailable interval, but the lengths of two intervals are variable and they can be implicitly changed during LDO mode operation as a sleep cycle in sleep mode. The information on the pattern of the Dynamic LDC is not provided to AMSs in a serving cell as well as neighbor cells. Once the Femtocell BS enters LDO mode, the Default LDC is activated regardless of whether or not there is any AMSs in sleep mode. The activation of the Dynamic LDC depends on the mode of AMSs in a serving femtocell.
15.2.x.9
Interference Avoidance and Interference Mitigation 
An AMS 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 at the AMSs. Large interference from an inaccessible Femtocell BS may trigger a nearby AMS to report the interference to the serving BS, and the report information should include system information of the inaccessible 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 be capable to scan the signals transmitted from neighbor BSs. 

Alternatively, the interference between Femtocells 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 AMS connected to a macro BS or Femtocell BS may detect the least interfered resource from surrounding Femtocells and/or Macro BSs and report 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 Femtocells and/or macro BSs, different resources block arrangements may be used among Femtocells and/or macro cells for transmitting control signaling. The AMS 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 Femtocells or among Femtocells based on the measurement result of surrounding reception power. 

15.2.x.10
Femtocell-assisted LBS 
If an AMS is connected to a Femtocell BS, the network can figure out the location of the AMS. If an AMS is not connected to any Femtocell BSs, the AMS may collect the information of neighbor Femtocell BSs by scanning and report to the serving macro BS. Based on the reported information from the AMS, the network can determine the location of the AMS.

15.2.x.11
Femtocell BS Reliability 
When a Femtocell BS needs to disable air interface due to reset, power down and other reasons, it should broadcast AAI_DISABLE-IND message repeatedly until shutdown and set cell bar bit to 1 in order to prevent AMS entry or reentry from other cells. The AAI_DISABLE-IND message may contain the following information,

· out-of-service reason

· expected down time
· expected uptime (optional)
· recommended BSID(s) 
Upon reception of the AAI_DISABLE-IND, all the subordinate AMSs in the Femtocell consider the AAI_DISABLE-IND message as AAI_HO-CMD and shall immediately perform handover to neighboring cells. The Femtocell BS may transfer all the subordinate AMS information to specific neighbor BS(s) for optimized network reentry of the AMS(s). In this case, the AMS considers one of recommended BS(s) as its preferred target BS. If the connection between the AMS and the serving Femtocell BS is dropped before HO completion, the AMS may use one of recommended BSID(s) as its serving BS ID in RNG-REQ for optimized network reentry.

When the backhaul link of the Femtocell BS is down or the connection with the service provider network is lost for a configurable pre-defined time, the Femtocell BS shall disable air interface following the above procedure except that it still keeps static user information. When its backhaul link is restored to normal, the Femtocell BS may indicate restart of its operation to other neighboring cells. The stored AMS(s) information may help the AMSs, which decide to come back to the Femtocell Bs, to perform optimized network reentry during handover. 

----------------------------------------------------- Text End -------------------------------------------------
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