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IEEE 802.16m Amendment Text Proposal for Interference Mitigation Using Advanced Antenna Technologies
1. Introduction
In SDD [1], there are four different kinds of interference mitigation schemes, which are PMI coordination (PMI restriction/PMI recommendation), interference nulling, Co-MIMO, CL-MD.

In this contribution, we briefly explain the operation and merit of PMI coordination (especially PMI restriction), and finally propose amendment text for this scheme.

· PMI coordination mechanism

PMI coordination is categorized into single-BS antenna processing with multi-BS coordination. The data processing is exactly same as single cell antenna processing defined in section 15.3.7 of [2]. In other words, inter-BS coordination mechanisms do not require data forwarding between different cells.
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. This scheme restricts or recommends the usage of codebook subsets in part for the interfering cells with cell edge users’ restricted or recommended PMI feedback information. In this way it can increase the cell edge user throughput and the average user throughput.

In each cell, the cell-edge users search the optimal PMI for the interfering signals from other cells, for example, by calculating a received SINR per PMI that acts as the strongest or weakest interference. Then, the PMI information for restriction or recommendation is reported to the serving BS periodically. 

Inner cell users served by the interfering BS can use only the reduced codebook set due to the request from neighboring cell. On the contrary, cell edge users can use the full codebook without any restrictions of PMI in order to maximize beamforming gain. In this way the cell edge users get benefit from the PMI restriction or recommendation because of the mitigated ICI by sacrificing the inner users’ throughput, while total sector average throughput could be enhanced.

Figure 1 shows an example of the PMI restriction operation. Here, the restricted PMI is expressed as red in the codebook for precoding and all BSs are connected via the backbone network. It is assumed that all BSs use the same codebook for precoding. MS_edge means the cell-edge user located at the cell_A boundary and affected by the neighboring cells (cell_B and cell_C). The other MSs that receive a high transmit power signal are located at the inner side of each cell. For the PMI restriction, the MS_edge searches the worst interfering PMIs from the reference signals of the interfering BSs (BS2 ,BS3) and feedbacks them to the serving BS (BS1). And the serving BS (BS1) transfers the PMI restriction information to the corresponding interfering BS (cell_B or cell_C) through the backbone network. If the BS2 receives the PMI restriction information from the serving BS (BS1), it does not allocate the same PMI to the inner user because the PMI is restricted by the request of the MSedge of the cell_A. 
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Figure 1 PMI restriction
The gain of PMI restriction is given as in Table 1. Simulation parameters can be referred to [3].   

Table 1. Gain of PMI restriction
	Num Tx
	Antenna Spacing
	Metric
	Standard feedback mode
	Adaptive feedback mode

	
	
	
	Gain of PMI restriction
	Gain of PMI restriction

	2Tx
	4 lambda
	Edge throughput
	19.7%
	10.3%

	
	
	Average user throughput
	-1.41%
	-1.87%

	
	0.5 lambda
	Edge throughput
	15.66%
	11.95%

	
	
	Average user throughput
	1.69%
	2.81%


FFR (Fractional Frequency reuse) also can mitigate inter-cell interference (ICI). However, cell edge-users under the soft-FFR are still influenced by inter-cell interference in the multi-cell environments because of the use of whole frequency resource. Therefore, for more effective ICI mitigation and system capacity increase, the integration of FFR and PMI restriction can be utilized. Moreover, the BS can apply FFR to isolate some of the interference sources if the PMIs restrictions recommended by different MSs in different cell are contradicted with each other. 

Figure 2 illustrates an example of fractional frequency reuse using soft-FFR, where two reuse factors are used after dividing the whole frequency band into two regions, i.e. reuse factor 1 region and reuse factor 1/3 region. The reuse factor 1/3 region is divided into three groups for the adaptation of the reuse factors. In addition, each group can have a different power level for soft-FFR scheme. In the reuse factor 1/3 region, various reuse factors could be adpted by adjusting the P_high and P_low power values.
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Figure 2 Example of Soft FFR.

Based on the soft FFR configuration above, the PMI restriction scheme described in last subsection is implemented in the same way. Only difference is coming from where to measure the interfering PMI. For example, when sector 1 MS calculates neighboring PMI, MS can measure only at the red reuse 1/3 region. 
Table 2 shows the performance of PMI restriction when the soft-FFR is applied. It can be seen that PMI restriction in FFR gets 47% gain for the cell edge user throughput over FFR only case as well as 7% gain for the average user throughput. Table 3 shows the performance gain of PMI restriction together with soft-FFT. It is shown that cell edge user throughput is enhanced up to 70% over conventional case which is without any of these schemes. About 5% average user throughput gain is also obtained. Simulation parameters can be found in [4].

Table 2. Relative performance gain of PMI restriction in FFR.

	Case
	Edge-user throughput
	Average user throughput

	
	
	

	FFR without Restriction
	1
	1

	FFR with Restriction
	1.47
	1.07


Table 3. Relative performance gain of PMI restriction in FFR vs. the case without PMI restriction and FFR.

	Case
	Edge-user throughput
	Average user throughput

	
	
	

	Without both PMI Restriction and FFR
	1
	1

	With both PMI Restriction and FFR
	1.70
	1.05


Thus, the integration of PMI and FFR can further increase both the cell edge user throughput and average user throughput together compared with the FFR only scheme or PMI restriction only scheme.
· PMI Coordination Support
In order to support PMI coordination to mitigate inter-cell interference, the BSs shall be capable to exchange the interference measurement results such as recommended PMI subset to be restricted or to be applied. 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 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.

The priority of selection of PMIs forwarded from neighboring BS is set in DL. For priority of selection of PMIs, measurements such as improved CQI or normalized interference power is required, and it should be forwarded from neighboring BS.

2. Reference
[1] 80216m-08/003r8, “System Description Document (SDD)”
[2] 80216m-09/0010r1, “IEEE 802.16m Amendment Working Document”
[3] C802.16m-09/0023, “PMI Restriction with Adaptive Feedback Mode”
[4] C802.16m-08/784, “ICI Mitigation Using PMI Restriction in Multi-Cell Environments”
3. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
3. Definitions
Insert the following at the end of section 3:
3.xx layer: 
Abbreviations and acronyms
Insert the following at the end of section 4:
CL

Closed-loop
Insert a new section 15: 
4. Advanced Air Interface 
4.1. xxx
4.2. MAC layer 
Addressing

Persistent Scheduling in Advanced Air Interface 

Group Resource Allocation 

Bandwidth Request Procedure
4.3. Physical layer 
Introduction
OFDMA symbol description, symbol parameters and transmitted signal 
Frame Structure
Reserved

Downlink physical structure
Downlink physical control
Downlink MIMO transmission schemes
Uplink physical structure
Uplink physical control
Uplink MIMO transmission schemes 
Multi-BS MIMO

Single-BS Antenna Processing with Multi-BS Coordination
4.3.1.1.1. Downlink Single-BS Antenna Processing
The details of single cell antenna processing are defined in 15.3.7. This subclause introduces the interference mitigation techniques based on the MIMO schemes defined in 15.3.7 with extended inter-BS coordination mechanisms and interference measurement support.
The inter-BS coordination mechanisms in this subclause do not require data forwarding between different cells, i.e. different BS will not transmit the same data to a MS.
4.3.1.1.1.1. Downlink Interference Mitigation through PMI Coordination
The inter-cell interference can be mitigated by coordinating the PMIs applied in neighboring cells. 
BS requests to report PMI for neighboring cell as well as associated information through [FEEDBACK_POLLING_IE] to a MS. 

If ICT (interference coordination type) is set to 0b00, then the MS finds PMI which acts as a strongest interference for the neighboring cell and frequency resource unit indicated by DLRU (Downlink LRU). 

If ICT is set to 0b01, then the MS finds PMI which acts as a weakest interference for the neighboring cell and frequency resource unit indicated by DLRU.

The associated information shall be CQI difference between without and with using this reported PMI for neighboring cell.
Restricting or recommending the usage of rank-1 codebook elements as a response from the neighboring cell’s request is done by BC_SI transmitted in [TBD]. Details are in 15.3.7.2.6.6.2.4.
In order to support PMI coordination to mitigate inter-cell interference, the BSs should be capable to exchange the interference measurement results such as 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.
Multi-BS Antenna Processing with Multi-BS Coordination
4.3.1.1.2. Downlink Multi-BS Antenna Processing
4.3.1.1.2.1. Downlink Collaborative-MIMO (Co-MIMO)

4.3.1.1.2.2. Downlink Closed Loop Macro-Diversity (CL-MD)

-------------------------------  Text End  ---------------------------------------------------[image: image3.png]
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