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1. Introduction
Femto BS installation by customers in their own premises may result in significant interference between macro cell and Femtocells, and also amongst Femtocells, because of their arbitrary deployment. Femtocell could belong to either a Closed Subscriber Group (CSG) or an Open Subscriber Group (OSG).
The Closed Subscriber group (CSG) femto BSs (fBSs) can only be accessed by a pre-defined or authorized set of MSs, usually consisting of the customer’s own MSs, except for emergency services. Unlikely, the Open Subscriber Group Femto BSs are accessible to any MSs.
Without a unique spectrum for the femtocell network or very careful spectrum planning in the wider network, femtocells could suffer from severe interference problem. There are different kinds of interference which can occur in this kind of deployment when using a single frequency for Macrocell and Femtocells:

· Interference between macrocell and femtocells
MS4 will have interference from fBS3 and may not receive macro BS’s DL/UL properly.

· Interference between femtocells
There might be some overlapping zones between the different femtocells in dense area and that can be source of interference between fBSs in DL/UL. In this figure that could be the case of MS3 or MS5

Therefore, it is proposed to actively mitigate the interference by introducing pre-configured profiles in the DL/UL sub frames coupled with frequency Reuse N in case of femto BSs deployments.
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Fig.1: Interference cases in Femtocells
2. Interference Mitigation Approach for Reuse 3 Regions 
In this contribution, an interference mitigation solution is proposed to mitigate the interference occurs in the frequency reuse 3 region of a macrocell. The solution for reuse 1 region is proposed in our other contributions.  
There are two main ideas supporting this solution:
· DL/UL sub frames in a super frame can be configured to support different profiles. 

· A Femto BS can support less than 8 MSs, therefore Frequency reuse (frequency channels) can be introduced.

The frequency Reuse n used is according to the total bandwidth. If the total available bandwidth is B, each cell can only utilize a number of frequency channels corresponding to a bandwidth of B/n. Resource profiles are some specific set of DL/UL subframes in a superframe to be used by different fBS.A provider may also propose different frequency allocations (FA) according to the density of the area. In which case, each FA will use frequency Reuse n and resource profiles to increase their coverage.
Each fBS should be able to scan the Macro BS to retrieve information using air interface. After receiving this information, a new fBS should also scan the neighbor fBSs to acquire their configuration and selects an adequate Reuse region, a resource profile with/out a FA to configure itself. MSs (from Macro or Femto BSs) may also report possible interference to their serving BS so that they adapt their used resource profiles to the situation.

These parameters of resources reservation can be chosen by fBS depending on its need of bandwidth and their availability. Adjacent fBSs can share the same frequency segment using different resource profiles. The term “resource profile” will apply to frequency segment and the DL/UL subframe profile related. Typically for a Reuse 3, there will be three frequency segments of the DL/UL, each segment may have some set of DL/ULs as profiles (more detailed in following sections).
The provider is likely to have only one frequency for the Macrocell and the femtocells. The procedure of interference mitigation can be described as follow:

· A macro BS broadcasts some resource reservation profiles (Reuse regions and profiles associated) in the SFH that fBS can receive to configure itself according also to the information it retrieved from scanning adjacent fBSs.

· Based on to the adjacent fBSs information, the new fBS selects one of the available resource profiles non interfering with adjacent fBSs.

· The number of available profiles can be adaptive to the number of fBS, but the profiles are selected by fBSs so that the interference is reduced between them.

· Macro BS’s MS periodically will send its interference measurement report, so that Macro BS may decide for resource allocation to grant.

· When an MS served by Macro BS detects some interference near a femtocell, it reports it to its serving Macro BS.

· The Macro BS will then assign to the MS an adequate resource profile that does not interfere with the near-by Femtocell. That resource profile might be adaptive to Macro MS bandwidth need (a whole segment or a resource profile)

· When a good signal and no interference are detected, Macro BS may get the full frequency band to use.

· For a frequency Reuse k and j DL/UL profiles for each k proposed by Macro BS,
· There is (k-1)*j possible adjacent femto BSs concentrated in a area (because one of the reuse region will be used by Macro MSs..)

The procedure of interference mitigation in that case may be described as follow:
· A macro BS broadcasts certain resource profiles (Reuse regions and profiles associated) in the SFH and also includes information of available FAs.

· fBS Retrieve this information to configure itself based also to the configuration parameters it acquire from scanning adjacent fBSs.

· When the adjacent fBSs information allows the fBS to use a same FA but with different resource profiles as its adjacent fBSs, then the fBS selects one of the available resource profiles as adjacent fBSs.

· In case of a very dense area where more adjacent fBSs overflowed the number of resource profiles available, a fBS can select a different FA (of the available frequency) from its adjacent fBSs and choose an adequate resource profile that could be the same or not as one of the adjacent fBS of different FA.

However, adjacent fBSs within the same FA with different resource profiles should be synchronized in transmitting DL/UL.

The number of possible adjacent fBSs is also increased in such a system without creating consequent interference.

· For n available FA and m resource profiles within a FA proposed by Macro BS,
· m is proportional to the Reuse k and the number j of profile of DL/UL

· m=k*j ; as femto and Macro do share the same FA.

There is (n-1)*m possible adjacent femto BSs concentrated in an area.
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Fig.2: Illustration of interference mitigation in reuse 3 region.
Moreover, in case an AMS detects interference caused by surrounding Femto BSs due to hidden Femto BS using a same resource profile as its serving BS, AMS reports to its serving BS which in return may adapt its configuration to the new report to avoid interference. This method of coupling Reuse 3 and subframe reservation increases the possibility of mitigating interference in a dense area of Femtocells.

3. Proposed Text for IEEE 802.16m AWD
============================ Start of Proposed Text ==================================
15.x Support for Femtocell BS
15.x.y 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 at the MSs. Large interference from an inaccessible Femtocell BS may trigger a nearby MS 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.
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.
A Femtocell BS may detect resources occupied by other BSs and reserve the resources autonomously. The resource reservation information for a Femtocell BS is provided by S-SFH. An AMS connected to a macro ABS or Femtocell BS may detect interfered resource from surrounding Femtocells and/or macro ABSs and report to the serving BS, so that the serving BS may select appropriate resources for its traffic.

In case that a Femtocell share the same frequency partition(s) with overlay macro cell, the Femtocell BS shall inform the overlay macro BS which UL RUs are interfered and the overlay macro BS shall reschedule the interfering AMSs to other UL RUs. A macro cell AMS interfered certain BSs shall request to be rescheduled to other subframe.
In order to reduce interference on SFH of Femtocells and/or macro BSs, a Femtocell shall transmit its SFH in different time offsets with respect to the selected SA-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.
============================== End of Proposed Text ================================
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