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1. Introduction

We propose to use the low-duty operation mode of the Femto ABS for interference mitigation and avoidance in 802.16m networks. Using low-duty operation mode of the Femto ABS can achieve performance gain compared to using the conventional power control scheme, including improvement in capacity for interfered users. Moreover, since the signal quality of AMSs in the available interval of the low-duty operation mode is better than that in the power control scheme, the capacity of overlaid AMS can potentially increase, especially for scenarios where Femtocell AMSs aren’t active all the time. 
When the Femto ABS receives the request from the Macro ABS to enter the low-duty operation mode, it should inform subordinate AMSs by using message AAI_SON-ADV with action type 4 and reason “enter LDM“, which includes the LDM relative information such as the LDM pattern and LDM start time. 
Then, Femto ABS requests some subordinate AMSs to perform handover to a neighboring Femto ABS or the Macro ABS, and other subordinate AMSs to enter sleep/idle mode based on its resource availability and service requirement of AMSs.
In the case of Femto-ABS-requested handover, the Femto ABS will perform ABS-initiate HO which shall follow 15.2.6.3. The Femto ABS may provide a target ABS or a recommended list based on information such as the remaining resource of neighboring ABSs. Moreover, the LDM pattern mentioned above can be used to facilitate AMS to perform optimized network reentry when returning back to the serving Femto ABS.
To avoid subordinate AMSs in sleep mode waking up and transmitting data within unavailable intervals of the LDM Femto ABS, the negotiated sleep cycle shall accommodate the LDM pattern.
The aforementioned operation is shown in the following flow chart:
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Proposed Text
In the P802.16m/D2, page 550, line 30, apply the following text modifications:
--------------------------------------------------  Text Start  -----------------------------------------------------------------

15.4.10 Low-duty Operation Mode
15.4.10.1 General description
Besides the normal operation mode, Femto ABSs may support low-duty operation mode, in order to reduce interference to neighbor cells.
The low-duty operation mode consists of available intervals (AI) and unavailable intervals (UAI). During an available interval, the Femto ABSs may become active on the air interface for activities such as paging, transmitting system information, ranging or for data traffic transmission. 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 Femto ABS may enter low-duty operation mode either if all MSs attached to the Femto ABS are in idle or sleep mode, or if no MS is in the service range of the Femto ABS at all. The Femto ABS may also be instructed by the overlaid Macro ABS to enter low-duty operation for purposes such as interference mitigation via air-interface message. In this case, the Femto ABS shall direct its subordinate AMSs to enter the sleep/idle mode or to handover to neighbor Femto/Macro ABS based on resource availability and/or service requirement of subordinate AMSs.
15.4.10.2 Default LDM pattern(s)
A Sequence of availability and unavailability intervals forms an LDM pattern. The Default LDM pattern is the iteration of one available interval and one unavailable interval. An available interval for Default LDM pattern begins with the frame including the PA-Preamble. The Default LDM pattern is a subset of the avail​able intervals at the femto ABS. 
The Default LDM pattern parameters include:
–Available interval (in units of four frames)
–Unavailable interval (in units of four frames)

–Start superframe number
Once a femto ABS enters low duty mode, the Default LDM pattern of the femto ABS may be activated. 

There may be one or more default LDM patterns in a femto ABS deployment. The Default LDM pattern(s) parameters can be pre-provisioned or unicasted to the AMS during initial network entry with the femto ABS in the AAI_REG-RSP message. 

15.4.11 Interference Avoidance and Interference Mitigation
An AMS may be requested by its serving macro ABS or Femto ABS to report the signal strength measure​ment of neighbor ABSs, including macro and/or Femto BSs. The reported information can be used by the serving ABS to coordinate with its neighbor BSs to mitigate the interference at the MSs. 

Large interference from an inaccessible Femto ABS may trigger a nearby AMS to report the interference to the serving ABS, and the report information should include system information of the inaccessible Femto ABS (e.g., BS_ID of the inaccessible Femto ABS, interference level and the corresponding frequency band). 
The serving ABS and/or the network may request the interfering Femto ABS to mitigate the interference by reducing transmission power, and/or blocking some resource region, and/or enter the low-duty operation mode.
In order to enable the interference avoidance or mitigation schemes, the Femto ABS may be capable of scan​ning the signals transmitted from neighbor ABSs.

The interference between Femto and/or macro can be mitigated by static or semi-static radio resource reser​vation and resource sharing using FDM and/or TDM manner and/or DL power control and/or enter the low-duty operation mode. The operation of resource reservation shall not contradict with the FFR operation defined in 20.1. Femto ABSs shall also uti​lize FFR partitions in the DL and UL using the same signaling and procedures as used by the macro ABSs. FFR partitions used by the Femto ABSs may be different in terms of size, subchannel assignment, and trans​mit power level than those used on macro ABSs. One or more FFR partitions may be used as the radio resource region where Femto ABSs are not allowed to transmit. The blocked region size may increase (resp. decrease) if the number of AMSs interfered by Femto ABS becomes larger (resp. smaller). A Femto ABS may detect and reserve the resources autonomously, or in cooperation with the overlay macro ABS.

A Femto ABS may select the carrier frequency to avoid the mutual interference between macro/micro and Femto ABSes or among Femto ABSes based on the measurement result of surrounding reception power. 

Femto ABS can measure the signal strength for the carrier frequency of the neighbor macro/micro/femto cells. In addition, the Femto ABS can receive A-Preamble from the neighbor macro/micro/femto cells and obtain information on cell type. The Femto ABS may select the carrier frequency based on the measurement result on signal strength and the information on cell type. 

15.4.12 Power Control
Both uplink and downlink power control should be supported by the Femto ABSs.

15.4.12.1 Downlink Power Control
The Femto ABS shall set the maximum downlink transmit power and should take into account building pen​etration losses.

15.4.13 Femto ABS Reliability
The Femto ABS shall disable downlink air interface transmitter as soon as the connection with the service provider network is lost for a configurable pre-defined time. In such a case, the Femto ABS should support the mechanisms to ensure service continuity of the AMSs prior to disabling air interface. For example, the BS initiated handover depicted in 15.2.6. When a femtocell BS is going to disable the air interface by instruction or by accident, it shall broadcast an indication of the air interface down through AAI_SON-ADV with Action type 4 for Reason bit 0, specified in section <<15.2.6.x>>, repeatedly until it disables air inter​face and set cell bar bit to 1 in order to prevent MS entry or reentry from other cells. If handover is to be per​formed, the indicator may also inform whether the handover will be coordinated or not for AMS to decide what handover procedure it will perform (e.g. uncontrolled handover, coordinated handover etc). The AMS may initiate HO to a BS based on the recommended list given by AAI_SON-ADV message or any previ​ously cached neighbor BS list of its preference.

In this case the femtocell ABS shall store MAC context information of the serving AMSs (e.g. Basic capa​bilities, Security capabilities, etc.). Such context information allows AMS to perform optimized network reentry when returning back to the femtocell BS upon its recovery.

At the expected uptime, if provided, the AMS may scan the previous femtocell BS if not directed by the net​work to decide whether to return to it via HO or not.

In the case of Femto ABS resource adjustment due to interference mitigation which may affect some AMS that are originally connected with the Femto ABS, the Femto ABS may send resource-adjustment informa​tion to the subordinated AMSs to prevent MSs from out of service using the AAI_SON-ADV with Action Type 4 of Reason bit 1. 
Before executing resource adjustment, the Femto ABS may request some subordinated AMSs to perform handover to neighbor cell if required. The MAC message may be unicast/multicast to the AMSs. The Femto ABS should finish HO initiation and HO preparation phases before it does resource adjustment.
When supporting the Femto ABS reliability improvement functions, the Femto ABS is assumed to equip with backup power buffer to ensure the functions can be performed in a period of time when normal power supply is not available. It is also assumed that Femto ABS is capable to learn the backhaul connection status from the modem (e.g. xDSL or DOCSIS) and configure the message/signaling to support the functions iden​tified in this section.
When an Femto ABS is instructed by the Macro ABS to enter the low-duty operation mode, it shall send low duty mode entry information (e.g. LDM pattern, LDM start time) to the subordinate AMSs using the AAI_SON-ADV with Action type 4 and Reason 0b10 (enter LDM).

Before an Femto ABS enters the low-duty operation mode, the Femto ABS may request subordinate AMSs to perform handover to neighbor Femto/Macro ABS or enter the sleep/idle mode. The whole procedure shall be finished before the LDM start time.
In case Femto ABS instructs its subordinate AMSs to enter sleep mode, the sleep cycle shall be negotiated to accommodate the LDM pattern.
------------------------------------------------------  Text End  ---------------------------------------------------------------
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