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Adaptive Frequency Reuse and Inter-BS Coordination for Interference Mitigation in IEEE 802.16m 
Zhaohua Lu, Ying Liu, Kun Liu, Yanfeng Guan, Rui Kang, Jerry Chow, Dengkui Zhu, Xiangyu Liu
ZTE Corporation
Introduction
Interference mitigation is a key technology for 802.16m to meet the performance requirement specified in SRD. Therefore, aggressive interference mitigation technologies such as adaptive frequency reuse (AFR), inter-BS coordination, power control and resource allocation, multi-antenna support, interference cancellation, etc, will be the key to increase the capacity of IEEE 802.16m OFDMA system.
In mobile cellular systems, frequency reuse is an important technique to improve the overall system capacity by reusing the scarce spectrum resource and the cellular structure is the tool to facilitate the frequency planning. In order to achieve higher spectrum efficiency than IEEE 802.16e and meet the requirement of IMT-Advanced, more flexible frequency reuse/control techniques will be very critical to achieve this objective.
With the technical development targeting IMT-Advance, inter-BS coordination becomes more and more important and frequent for the exchange of interference indication, network self-organization, etc. Some time-frequency scheduling information should be exchanged between BSs for the purpose of interference mitigation or resource reuse, so strict latency requirement is raised for inter-BS coordination, such as downlink or uplink interference indication message. However, in the existing inter-BS coordination method, control information exchange is transmitted via backbone, although backbone is suitable for massive data transmission, but the latency for control information exchange between BSs via backbone is not predictable.
In this contribution, the technologies of adaptive frequency reuse (AFR) and inter-BS coordination about downlink or uplink interference is introduced.
Adaptive Frequency Reuse (AFR)
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The concept of adaptive frequency reuse is that different frequency reuse patterns can be applied in the same cell/sector to serve MSs suffering different level of interferences. According to this technique, IEEE 802.16m system can achieve higher spectrum efficiency by more aggressive frequency reuse without significant increment on interference level.
Fig.1 An example of adaptive frequency reuse
Figure1 illustrates an example of adaptive frequency reuse, where the whole bandwidth is divided into 7 partition sets, every partition set have its own frequency reuse factor and transmit power level in different sector. Scheduler should allocate resources of different partition set to MSs based on interference aware CQI metrics. Partition sets of the whole bandwidth may change over time as a function of inter-cell/sector interference level.
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Fig.2 An example of MSs’ distribution in different cells
Figure2 shows an example of MSs’ distribution in different cells. According to the result of the whole bandwidth partition in figure1, a propositional schedule strategy in Cell A for interference mitigation is that scheduler should allocate resource of partition set WB, WC, WBC, WABC to MS_A that is near to Cell A, allocate resource of partition set WAC to MS_AB that is in the boundary of Cell A and Cell B, allocate resource of partition set WAB to MS_AC that is in the boundary of Cell A and Cell C, and allocate resource of partition set WA to MS_ABC that is in the boundary of Cell A, Cell B and Cell C; A propositional schedule strategy in Cell B for interference mitigation is that scheduler should allocate resource of partition set WA, WC, WAC, WABC to MS_B that is near to Cell B, allocate resource of partition set WBC to MS_BA that is in the boundary of Cell A and Cell B, allocate resource of partition set WAB to MS_BC that is in the boundary of Cell B and Cell C, and allocate resource of partition set WB to MS_BAC that is in the boundary of Cell A, Cell B and Cell C; A propositional schedule strategy in Cell C for interference mitigation is that scheduler should allocate resource of partition set WA, WB, WAB, WABC to MS_C that is near to Cell C, allocate resource of partition set WBC to MS_CA that is in the boundary of Cell A and Cell C, allocate resource of partition set WAC to MS_CB that is in the boundary of Cell B and Cell C, and allocate resource of partition set WC to MS_CAB that is in the boundary of Cell A, Cell B and Cell C. 
Table1 displays aforementioned schedule process visually. 
Table.1 Propositional schedule strategy in Cell A, Cell B, Cell C
	
	Cell A
	Cell B
	Cell C

	WA
	MS_ABC
	MS_B
	MS_C

	WB
	MS_A
	MS_BAC
	MS_C

	WC
	MS_A
	MS_B
	MS_CAB

	WBC
	MS_A
	MS_BA
	MS_CA

	WAB
	MS_AC
	MS_BC
	MS_C

	WAC
	MS_AB
	MS_B
	MS_CB

	WABC
	MS_A
	MS_B
	MS_C


To support adaptive frequency reuse (AFR), we would like to propose the following suggestions to be covered in SDD: 
· Downlink Signaling necessary for AFR, such as partition of frequency set
· Feedback for AFR, such as CQI based on restrictive frequency set 

Inter-BS Coordination about Downlink or Uplink Interference
Inter-BS coordination block performs functions to exchange information for interference mitigation，and other MAC layer operations. The information exchange for interference mitigation can be performed by air-signaling and/or by backbone.
In the existing inter-BS coordination method, control information exchange is transmitted via backbone. Although backbone is suitable for massive data transmission, the latency for control information exchange between BSs via backbone is not predictable. The total latency on backbone may include transmitting delay, routing / switching delay, and IP encapsulation / de-encapsulation delay. And the delay will be much longer if IP routing is involved. A small latency on time-delay-sensitive information can improve the system’s performance. 
This section proposes an inter-BS coordination scheme via MSs or RSs for interference mitigation. A MS or RS synchronizing with multiple BSs is identified for inter-BS coordination. 
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Fig.3 Inter-BS coordination scheme via MSs or RSs for interference mitigation between two BSs
As illustrated in figure3 (a), BS A sends downlink or uplink interference indication information to MS1 and MS2 first, and then MS1 and MS2 transmit the received downlink or uplink interference indication information to BS B that MS1 and MS2 communicate with. Be the same as figure3 (a), figure3 (b) shows an example of BS A and BS B coordination for downlink or uplink interference via RSs, figure3 (c) reveals an example of BS A and BS B coordination for downlink or uplink interference via RS and MS. Thus downlink or uplink interference indication information of BS A is conducted via MSs and/or RSs to BS B, instead of via backbone with unpredictable routing and latency. The time-frequency resource for coordination between BS A and BS B is assigned in advance, and MSs and/or RSs utilize the same time-frequency resource to transmit downlink or uplink interference indication information of BS A to BS B, thus BS B receives downlink or uplink interference indication information of BS A via MSs and/or RSs with macro-diversity gain, which enhances robustness of interference indication information transmission of BS A.  
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Fig.4 Inter-BS coordination scheme via MSs or RSs for interference mitigation between four BSs
As illustrated in figure4 (a), BS A sends downlink or uplink interference indication information to MS1 and MS2 first, and then MS1 and MS2 transmit the received downlink or uplink interference indication information to BS B, BS C, BS D that MS1 and MS2 communicate with. Be the same as figure4 (a), figure4 (b) shows an example of BS A and BS B, BS C, BS D coordination for downlink or uplink interference via RSs, figure4 (c) reveals an example of BS A and BS B, BS C, BS D coordination for downlink or uplink interference via RS and MS. Thus downlink or uplink interference indication information of BS A is conducted via MSs and/or RSs to BS B, BS C, and BS D instead of via backbone with unpredictable routing and latency. The time-frequency resource for coordination between BS A and BS B is assigned in advance, and MSs and/or RSs utilize the same time-frequency resource to transmit downlink or uplink interference indication information of BS A to BS B, thus BS B receives downlink or uplink interference indication information of BS A via MSs and/or RSs with macro-diversity gain, which enhances robustness of interference indication information transmission of BS A. In a similar way, BS C and BS D receive downlink or uplink interference indication information of BS A via MSs and/or RSs with macro-diversity gain. 
To further reduce resource overhead of inter-BS coordination scheme via MSs and/or RSs for interference mitigation, MSs and/or RSs that is communicating with multiple BSs, can utilize the same time-frequency resource to transmit different BSs’ interference indication information in multiple BSs, which hold different spread-codeword that each other is orthogonal or quasi-orthogonal, the time-frequency resource for coordination between multiple BSs is assigned in advance. In figure4, on the assumption that BS A, BS B, BS C, and BS D own different spread-codeword which each other is orthogonal or quasi-orthogonal, MSs or RSs can make use of spread-codeword of BS A to spread the downlink or uplink interference indication information of BS A, and transmit the content after spreading to BS B, BS C, BS D on the assigned resource, thereby BS B, BS C, BS D de-spread the content through the spread-codeword of BS A to get downlink or uplink interference indication information of BS A. In a similar way, suppose that MSs or RSs receive downlink or uplink interference indication information of BS B and make use of spread-codeword of BS B to spread the downlink or uplink interference indication information of BS B, and transmit the content after spreading to BS A, BS C, BS D on the same assigned resource, thereby BS A, BS C, BS D de-spread the content through the spread-codeword of BS B to get downlink or uplink interference indication information of BS B. The same process is carried out for downlink or uplink interference indication information of BS C or BS D via MSs and/or RSs.
To be noted, not all control messages are exchanged via MSs and/or RSs for inter-BS coordination. Massive information exchange is still transmitted via backbone. Compared to legacy BS coordination via backbone, the latency of the interference indication information exchange is low and predictable.
To support inter-BS coordination about downlink or uplink interference, we would like to propose the following suggestions to be covered in SDD: 
· Information exchange for interference mitigation can be performed by air-signaling and/or by backbone
· Signaling necessary for inter-BS coordination about downlink or uplink interference

· MSs and/or RSs that communicate with multiple BSs utilize the same time-frequency resource to transmit downlink or uplink interference indication information of one BS to another BS
· Time-frequency resource allocated for transmitting downlink or uplink interference indication information for inter-BS coordination about downlink or uplink interference via MSs and/or RSs that communicate with multiple BSs is the same for all BSs
Proposed Text for SDD
---------------------------------------------------------Start of the Text-------------------------------------------------------
x.x.x Inter-BS coordination

BSs exchange control information for coordination by backbone signaling and by MS and/or RS MAC messaging, e.g. BSs can exchange downlink or uplink interference indication information for interference management via MSs and/or RSs.
MSs and/or RSs that communicate with multiple BSs utilize the same time-frequency resource to transmit downlink or uplink interference indication information of one BS to another BS.
Time-frequency resource allocated for transmitting downlink or uplink interference indication information for inter-BS coordination about downlink or uplink interference via MSs and/or RSs that communicate with multiple BSs is the same for all BSs.
[Add the following text after line#22, page# 20 of TGm SDD]
• Downlink Signaling necessary for AFR (Adaptive Frequency Reuse) 

• Signaling necessary for inter-BS coordination about downlink or uplink interference

[Add the following blue text in line#34, page# 20 of TGm SDD]
Inter-BS coordination block performs functions to coordinate the actions of multiple BSs by exchanging information for interference management. The functions include procedures to exchange information for interference management between the BSs by backbone signaling and by MS and/or RS MAC messaging, e.g. BSs can exchange information for interference management via MSs and/or RSs. The information may include interference characteristics, e.g. interference measurement results, etc.
----------------------------------------------------------End of the Text-------------------------------------------------------
� EMBED Visio.Drawing.11  ���
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