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Changes to Section 20.2 in the SDD
Mohammed Nafie, Mohamed Abdallah

Cairo University
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 
    20.2.1.1 Downlink Single Cell Antenna Processing

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.
20.2.1.1.2 Downlink Interference Mitigation through PMI choice

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.
20.2.1.1.3 Interference Nulling

Precoding with interference nulling can also be used to mitigate the inter-cell interference. For example, additional degrees of spatial freedom at a BS can be exploited to null its interference to neighboring cells.
20.2.1.1. 4.  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. 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.
  In order to support precoding with interference nulling, the associated resource allocation and some control element should be exchanged between neighboring BSs.   

  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
20.2.1.1.5 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 the associated BS IDs or 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.
In addition to PMIs, additional interference measurements may need to be reported to resolve conflicting requests from different MSs. More details are FFS.
The measured CINR should provide an accurate prediction of the CINR when the transmission happens with coordinated DL closed loop transmission
In order to support precoding with interference nulling to mitigate inter-cell interference, a BS shall be capable to measure the channel from an MS that would suffer from interference.
20.2.1.2 Uplink Single Cell Antenna Processing

The details of single cell antenna processing are defined in “11.12 UL 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.
20.2.1.2.1 Interference Mitigation through PMI choice

PMI coordination can 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 to its own cell and minimizing the interference to neighboring cells.
20.2.1.2.3 Interference Nulling
Precoding with interference nulling can also be used to mitigate the inter-cell interference. For example, additional degrees of spatial freedom at a MS can be exploited to null its interference to neighboring cells.
20.2.1.2. 4.  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. Note that in UL PMI coordination, this subset is estimated by BS through estimating the sounding signals transmitted by specific MSs. 

In order to support precoding with interference nulling, the associated resource allocation and some control element should be exchanged between neighboring BSs.   

  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
20.2.1.2.5 Interference Measurement
 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.
The priority of selection of PMIs forwarded from neighboring BS is set in DL/UL. For priority of selection of PMIs, measurements such as SINR, normalized interference power, or IoT for each resource unit (e.g., a subchannel, a fraction of PRU) is required, and it should be forwarded from neighboring BS.. In order to mitigate UL interference, corresponding to each sub-band, or RB(s), BSs may send an indication to neighbor base stations if the IoT is above the thresholds.

In addition to PMIs, additional interference measurements may need to be reported More details are FFS.
In order to support precoding with interference nulling to mitigate inter-cell interference, a BS shall be capable to measure the channel from an interfering MS 
  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) and the Closed-Loop Macro Diversity (CL-MD) techniques are examples of the possible options. 
20.2.2.1 Downlink Multi-Cell MIMO

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, and each MS is benefited from Co-MIMO by receiving multiple streams from multiple BSs. For downlink CL-MD, each group of antennas of one BS performs narrow-band or wide-band single-user precoding with up to two streams independently, and multiple BSs transmit the same or different streams to one MS. Sounding based Co-MIMO and CL-MD are supported for TDD, and codebook based ones are supported for both TDD and FDD.
20.2.2.1.1 Inter-BS Coordination

In order to support CL-MD, the associated resource allocation and some control element should also be exchanged between neighboring BSs. For codebook-based cases, the MSs involved in coordination determines precoding matrix index (PMI) for each coordinating BS, and reports them to the serving BS, which in turn forwards the corresponding PMI to the relevant BS via the network interface. For sounding based cases, the BSs involved in coordination obtain precoding matrix based on uplink sounding.

Note that the CL-MD may also be integrated with the FFR defined in 20.1.

In order to support Co-MIMO, the associated resource allocation and some control element should also be exchanged among coordinating BSs. For codebook-based cases, the MS involved in coordination determines narrow precoding matrix index (PMI) for each coordinating BS, and reports these to the serving BS, which in turn forwards the corresponding PMI to the relevant BS via the network interface. For sounding based cases, the BS involved in coordination estimates the channel state information (CSI) using uplink sounding for all MSs involved in coordination, and calculates multiuser precoding matrixes for these users.
20.2.2.1.2 Measurement Support
In order to support codebook based CL-MD, the MS shall be capable to measure the channel from the interfering BS, and calculate the PMI for it. In order to support sounding based CL-MD, the BS shall be capable to measure the channel from an MS suffering from interference, and calculates the precoding matrix for it.

  In order to support codebook based Co-MIMO, the MS shall be capable to measure the channel from the all BSs involved in coordination, and calculates the PMIs for them. In order to support sounding based Co-MIMO, the BS shall be capable to measure the channel from all MSs involved in coordination, and calculates the precoding matrixes for these users.

20.2.2.2 Uplink 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.
      
20.2.2.2.1.1 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.
The BSs can coordinate transmission of their beams, so that interference from neighboring cells can be almost completely eliminated. Furthermore, if BSs cannot coordinate, then the sequence in which beams are served can be chosen randomly and independently at each BS.

      20.2.2.2.2 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.
BS can request multiple uplink sounding signals per MS during a Frame to enable the measurement of CQI on a per beam basis.
































































































































































































































































































































































































































































































































































































































































































































































  


