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Intermediate Draft: Harmonized SDD Text on 
Interference Mitigation
I-Kang Fu, Ali T. Koc and Baowei Ji

Link Rapporteur Group Chairs

Introduction

The following text proposal on Interference Mitigation is prepared by Link Rapporteur Group (RG) Chairs based on the latest harmonization progress among the Link RG participants. There are two kinds of the text in the following text proposal:

1) The text in black color. This is the text already adopted in Link RG intermediate draft documents with the majority support from Link RG participants.
2) The bracketed text in other colors (e.g. red, purple, green etc.). This is the text proposed by members which have not been harmonized among Link RG.

Text Proposal
-----------------------------------------------------------Start of the Text---------------------------------------------------------
[Add a new section in P802.16m SDD]
20 Support for Interference Mitigation
  This section introduces the interference mitigation schemes by using fractional frequency reuse (FFR), advanced antenna technology, power control and scheduling.

20.1 Interference Mitigation using Fractional Frequency Reuse (FFR)

IEEE 802.16m shall support the fractional frequency reuse (FFR) to allow different frequency reuse factors to be applied over different frequency partitions during the designated period for both DL and UL transmissions, note that the frequency partition is defined in 11.5.2.2 and in 11.6.2.2 for DL and UL respectively. The operation of FFR is usually integrated with other functions like power control or antenna technologies for adaptive control and joint optimization. The basic concept of FFR is introduced by the example in Figure x.
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Figure x Basic Concept of Fractional Frequency Reuse (FFR)
In basic FFR concept, subcarriers across the whole frequency band are grouped into frequency partitions with different reuse factors. In general, the received signal quality can be improved by serving MSs in the frequency partitions with lower frequency reuse factor, due to lower interference levels. This will be helpful for the MSs located around cell boundary or for the MSs suffer severe inter-cell interference. On the other hand, BS may apply higher frequency reuse factor for some frequency partitions to serve the MSs which does not experience significant inter-cell interference. This will be helpful for BS to serve more MSs and achieve better spectral efficiency.
Resource allocation in an FFR system takes several factors into consideration such as reuse factor in partition, power at partition, available multi-antenna technologies, as well as interference-based measurements taken at MS.  A cost is associated with each FFR partition which reflects the measure of the overall system resource used by the partition (such as effective bandwidth due to reuse, transmission power, multi-antennas, and interference to other cells). The cost of resource and the interference metrics reported by MS are used to optimize system wide resource allocation.

  20.1.1 Downlink (DL) FFR

20.1.1.1 Interference Measurement and Signaling Support

For DL FFR, the MSs shall be capable of reporting the interference information to serving BS. The serving BS can instruct MS to perform interference measurement over the designated radio resource region in solicited/unsolicited manner, or the MS may perform the autonomous interference measurement without the instruction by BS. Examples of interference measurement include SINR, SIR, interference power, RSSI, etc. The MS can also recommend the preferred frequency partition to serving BS based on considerations such as interference measurements, partition cost, etc.. The measurement results can then be reported by message and/or feedback channel.
The BS can transmit necessary information through a signaling channel or message to facilitate the measurement by MS. The information can include the frequency reuse parameters of each frequency partitions, the corresponding power levels and associated cost for each partition.
    20.1.1.2 Inter-BS Coordination

In order to support FFR, the BSs shall be capable of reporting interference statistics and exchanging its FFR configuration parameters (e.g. FFR partitions, power levels of each partition, associated cost of each partition) with each other or with some control element in the backhaul network. Note that some of the coordination may be achieved by signaling over air-interface and the configuration format for FFR coordination is FFS.

The Figure x+1 shows an example to integrate FFR with DL power control. This allows the system to adaptively designate different DL power boosting over different PRUs in each frequency partition. The power allocation of each PRU may be higher or lower than normal level, it should be well coordinated from system-wide consideration.
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Figure x+1 Example to integrate FFR and DL power control
20.1.2 Uplink (UL) FFR

  20.1.2.1 Interference Measurement and Signaling Support

For UL FFR, the BSs shall be capable to estimate the interference statistics over each frequency partitions. In order to support UL FFR, the BS can transmit necessary information through a feedback channel or message to the MS. The information can include the frequency reuse parameters of each frequency partitions and the corresponding UL power control target.
20.1.2.2 Inter-BS Coordination
In order to support UL FFR, the BSs shall be capable of reporting its interference statistics and to exchange its FFR configuration and corresponding UL power control target with each other or with some control element in the backhaul network. Note that some of the coordination may be achieved by signaling over air-interface and the configuration format for FFR coordination is FFS.

The Figure x+2(a,b) shows examples of integration of FFR with UL power control (Section 11.x). In Figure x+2(a), system adaptively designates different IoT targets for UL power control over different PRUs in each frequency partition. A MS assigned for a partition needs to do power control properly considering the target IoT level of other cells for that partition. If the target IoT level of other cells for a partition is low, for example, a MS assigned for that partition should transmit with lower power not to interfere other cell users. If the target IoT level of other cells for a partition is high, then a user assigned for that partition may transmit with a higher power. To control system-wide interference, the BS can adjust the frequency partitions and the corresponding target IoT level in coordination with other BSs.
Another example for SINR based UL power control is given in Figure x+2(b), where different target SINR level may be designated for different frequency partitions.
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Figure x+2 Example to integrate FFR and UL power control
20.2 Interference Mitigation using Advanced Antenna Technologies
[Note: The content of this section shall not contradict with the content of “11.8.4.1 Multi-cell MIMO” in IEEE 802.16m-08/003r4]

IEEE 802.16 should support the advanced antenna technologies to mitigate inter-cell interference.
  20.2.1 Single Cell Antenna Processing with Multi-cell Coordination 

The details of single cell antenna processing are defined in “11.8 DL MIMO Transmission Scheme”. This sub-section introduces the interference mitigation techniques based on the MIMO schemes defined in Section 11 with extended inter-BS coordination mechanisms and interference measurement support. Note that the inter-BS coordination mechanisms in this sub-section do not require data forwarding between different cells, i.e. different BS will not transmit the same data to a MS.

When precoding technique is applied in neighboring cells, the inter-cell interference can be mitigated by coordinating the PMIs (Precoding Matrix Indexes) applied in neighboring cells. For example, the MS can estimate which PMIs in neighboring cell will result in severe interference level and report the PMI restriction or recommendation to the serving BS. The serving BS can then forward this information to recommend its neighboring BSs a subset of PMIs to use or not to use. Based on this information, the neighboring BS can configure the codebook and broadcast it.

In addition, the PMI coordination can also be applied in UL. One example is that the neighboring BSs can estimate the sounding signal transmitted by specific MS and identify which PMIs may result in significant interference. By forwarding this information over the backhaul network, the serving BS can instruct the MS to choose the proper PMI or the combination of PMIs for maximizing SINR and/or minimizing the interference to neighboring cells.

    20.2.1.1 Inter-BS Coordination
  In order to support PMI coordination to mitigate inter-cell interference, the BSs shall be capable to exchange the interference measurement results like recommended PMI subset to be restricted or to be applied in neighboring cells with each other or with some control element in the backhaul network. For UL PMI coordination, this subset is estimated by BS through estimating the sounding signals transmitted by specific MSs. In order to facilitate the PMI coordination and interfering PMIs estimation, the information on the PMI and the associated resource allocation applied in each cell should also be exchanged.

  Note that the PMI coordination may also be integrated with the FFR defined in 20.1. For example, the BS may apply FFR to isolate some of the interference sources if the PMIs restrictions recommended by different MSs are contradicted with each other.

    20.2.1.2 Interference Measurement
  In order to support DL PMI coordination to mitigate inter-cell interference, the MS shall be capable to measure the channel from the interfering BS, calculates the worst or least interfering PMIs, and feedbacks the restricted or recommended PMIs to the serving BS together with information assisting in determining the associated BS IDs. The measurement can be performed over the region implicitly known to MS or explicitly designated by BS. The PMIs can then be reported to BS by UL control channel and/or MAC layer messaging in solicited/unsolicited manner.
  For UL PMI coordination, the BS shall be capable to measure the channel from the interfering MS using sounding signals. Neighboring BS should calculate the PMIs with least interference and forward it to the serving BS. The mechanism to identify the interfering MS is FFS.
In addition to PMIs, additional interference measurements may need to be reported to resolve conflicting requests from different MSs. More details are FFS.
  20.2.2 Multi-cell Joint Antenna Processing 

This sub-section introduces the techniques to use joint MIMO transmission or reception across multiple BSs for interference mitigation and for possible macro diversity gain, and the Collaborative MIMO (Co-MIMO) technique is one of the possible options. For downlink Co-MIMO, multiple BSs perform joint MIMO transmission to multiple MSs located in different cells. Each BS performs multi-user precoding towards multiple MSs, with one stream per user. Each MS is benefited from Co-MIMO by receiving multiple streams from different BSs.
    [ Unresolved Text#1,
20.2.2.1 Closed-loop Multi-cell MIMO

For the uplink, macro-diversity combining, cooperative beamforming and interference cancellation can be used across multiple base stations to mitigate inter-cell interference.
      20.2.2.1.1 Inter-BS Coordination

For macro-diversity combining, soft decision information in the form of log-likelihood ratios is generated at different base stations and combined. This will require the exchange of non-persistent allocations of scheduling information and soft-decision information across base stations. 
For cooperative beamforming, joint multi-antenna processing is carried out across multiple base stations. This will require the exchange of non-persistent allocations of channel state information, scheduling information and quantized versions of received signals across base stations. 

For interference cancellation, a BS that is unable to decode data for a particular user may request a neighboring BS to exchange the decoded data of the interfering users along with scheduling and transmission format related information. The information exchanged may be used in conjunction with channel state information for the purpose of interference cancellation.
Cooperative cells can have same permutation for resource allocation.
For all of these uplink multi-cell MIMO techniques, channel state information can be derived either through different pilots or sounding channels per sector or cell.
      20.2.2.1.2 Measurement Support
A BS that senses high levels of interference may send a request for inter-cell interference reduction to a neighboring BS along with identification of dominant interfering MSs. Once a neighboring BS with dominant interfering MSs accepts the inter-cell interference reduction request, the measurement process will be started. The measurement process requires estimation of channel state information for MSs involved in multi-cell joint antenna processing.]
20.3 Interference Mitigation using Power Control and Scheduling

BS may use various techniques to mitigate the interference experienced by MS or to reduce the interference to other cells. The techniques may include sub-channels scheduling, dynamic transmit power control, dynamic antenna patterns adjustment, and dynamic modulation and coding scheme. As an example, BS may allocate different modulation and coding schemes (MCS) to mobiles through UL scheduling which indirectly controls mobile transmit power and the corresponding UL interference to other cells. BS can exchange information related to UL power control schemes with other neighbor BSs.
Using interference information BS may attempt intra-BS techniques such as alternative traffic scheduling, adjustment of MCS to avoid interference and BS may also use inter-BS techniques such as the examples depicted in sections 20.1 and 20.2.
DL interference mitigation may be achieved by allocating different DL power boosting over different sub-channels, while the UL interference mitigation may also be achieved by setting different power control schemes (Section 11.x). Both the UL and DL power control techniques may be further cooperated with the   FFR (20.1) and the advanced antenna technologies (20.2) for better performances.

BS can schedule MSs with high mutual interference potential on different subchannels or frequency partitions, e.g. by exchanging scheduling constraints between coordinating BSs. The necessary interference prediction may be based on the interference measurement mechanisms defined in 20.1 and 20.2.
20.4 Interference Mitigation to Support Co-deployment with other Networks

This sub-section addresses the coexistence problems which may appear between wireless networks deployed by different operators. IEEE 802.16m deployment addresses the licensed spectrum allocations, which generally enjoy low interference levels. Problems may arise in the case of co-deployment of FDD and TDD networks or of un-synchronized TDD networks.
In order to resolve the potential interference due to the coexistence between wireless networks, the technique of Coordinated Coexistence Frame (CXCF) may be applied.


-  When enabling the CXCF technique, the following allocations will be identified: 

A.  Protected allocations, having as scope to protect the receive operation of MS, BS or a combination of them; in some cases such allocations involve the creation of the silence intervals, during which there are no transmissions.

B.  Un-protected allocations, during which the interference is not mitigated by especial   measures. The existing licensed operation is based on this approach.

-  Synchronization by using GPS or similar synchronization sources in order to achieve the absolute time synchronization of the Coordinated Coexistence Frame

        -  Scheduling among wireless communications to reduce the experienced interference

The Coordinated Coexistence Frame period is based on the IEEE 802.16m superframe structure, further including frames and sub-frames. The CXCF duration and structure depends on the air-interfaces deployed by other wireless networks.

    [ Unresolved Text#2, 

20.4.1 Co-deployment of 802.16m networks

     20.4.1.1 Collocated FDD and TDD 
The most problematic case is the coexistence between the FDD MS and TDD MS, due to the fact that mobile terminals can often be in each-other vicinity. In such a case, when one device is transmitting the other one can be in receive state. The lack of efficiency of the RF filters may cause the blocking of the radio receiver front end. Additionally, the out-of-channel transmissions of a terminal may enter within the operational frequency channel of the other terminal. These situations conduct to the interruption of the FDD and TDD MS communication with the Base Station, creating reciprocal harmful interference.

In fig. yy is presented the solution for resolving the harmful interference by insertion of silence intervals within the FDD up-link transmissions and scheduling of the affected communication within the protected intervals. The Coexistence Frame used by a FDD network is shown in the upper part, while the CXCF used by a TDD network is presented in the lower part of this figure. The FDD network operates on two frequencies (the two upper rows), and its protected and un-protected allocations are shown on the rows below. 

The transmissions of the interfering FDD and TDD MSs are scheduled at the same time.

  
[image: image4]
Fig. yy Example of FDD/TDD 802.16 protected allocations resolving SS-SS interference
 20.4.1.2 Collocated TDD networks with different DL/UL ratio

The system operators may deploy the IEEE 802.16m TDD networks with different DL/UL ratio in adjacent geographical areas. For example, more balanced DL/UL ratio may be applied to the network in downtown area to serve more voice traffic. On the other hand, the higher DL/UL ratio may be applied for sub-urban area to serve more data downloading traffic. 802.16m should provide solutions for mitigating the interference between the cells belonging to adjacent deployment regions which apply different DL/UL ratios. 
If the adjacent deployment regions have different DL/UL ratio configuration, single or multiple transition regions need to be configured. The number of the transition regions is determined by the DL/UL ratio difference between the adjacent deployment regions.

DL/UL ratio of cells belonging to each transition region is configured according to the DL/UL ratios of the adjacent deployment regions. In the cells of each transition region, one downlink sub-frame or one uplink sub-frame adjacent to the DL/UL switching point is configured as Idle sub-frame(or mute sub-frame) to resolve the inter-cell interference problem caused by co-deployment of cells with different DL/UL ratios, as shown in figure zz.


[image: image5]
Figure zz Illustration of downlink Idle subframes in multiple-layer transition regions
Another interference mitigation method can use the commonality of sub-channel allocations. BS may apply dynamic frequency selection or dynamic activation/deactivation of subcarriers, subchannel, or subchannel groups. The last method is particularly useful in case of wireless networks deployed in adjacent geographical areas or at the country border.  BS may also apply dynamic channel bandwidth adjustment.  
    20.4.2 Co-deployment with NON-802.16m networks
The co-deployment of 802.16m and NON-802.16m networks in the same geographical area can be achieved by applying one or more of the following techniques for mitigating the interference: 

· increased frequency gaps

· separation in time domain

· dynamic antenna pattern adjustment

· power and frequency distribution by using properly positioned Relays

· dynamic transmit power control  

 In the case of the time separation, when the two different networks are synchronized, BS may schedule a sleep mode for MSs which are expected to be interfered.
20.4.2.1 Collocated FDD and TDD 
In continuation we present a number of examples which resolve the FDD-TDD coexistence problems or the coexistence between TDD systems using different frame durations. These techniques are based on the interference separation in time domain.

Fig. uu presents an example for improved coexistence between LTE (FDD) and 802.16m (TDD), resolving the SS-SS interference:


[image: image6]
Fig. uu Example of FDD/TDD protected allocations resolving SS-SS interference

20.4.2.2 Collocated TDD systems using different frame durations 

One of the most challenging coexistence case is the TDD-TDD coexistence when the co-located systems use different time durations. 

Fig. tt presents the CXCF structure for TDD LTE with 10ms switching points and TDD 802.16m:


[image: image7]
Fig. tt Example of TDD/TDD 802.16 protected allocations for LTE/802.16

Coexistence with 802.11 operating in adjacent frequency bands

The future 802.11 systems can base their operation in the proximity of 802.16 devices on the CXCF. The details of such coordinated operation are defined within 802.16h amendment.
]

[ Unresolved Text#3, 
20.5 Interference Mitigation using Conjugate Data Repetition (CDR)

Interference mitigation techniques using conjugate data repetition (CDR) shall be supported for data and control channels (including broadcast control). CDR includes simple repetition of modulated data.
]
[Change the original section 20 and 21 in SDD to be section 21 and 22]

------------------------------------------------------------End of the Text---------------------------------------------------------
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