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1 Introduction
Dynamic TDD UL-DL reconfiguration based on traffic adaptation has been shown to provide performance benefits during the feasibility studies [2]. However, severe UL-DL interference has also been found especially in the UL direction in the BS-BS interference. 
In this contribution, we provide our views on the interference mitigation schemes that need to be considered in the light of the recommendation and conclusions of the study phase. Specifically, we focus on the existing backhaul capabilities in providing interference coordination and mitigation. Some potential enhancements to these IEs are identified for further consideration.   

2 Interference Management and Mitigation 
Figure 1 shows the different methods to provide interference coordination across the different eNodeBs. Reuse and adapting the X2 Load Indication IEs Overload Indicators (OI) and High Interference Indicators (HII) are illustrated.  
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Figure 1: Traditional interference management combined with TDD U/D configuration info exchange
The current Subframe Assignment IE (Section 9.2.8) of the TS36.423 provides the basic capability to exchange TDD subframe configurations between two eNodeBs. In addition, the OI and HII also provide the fundamental exchange of interference conditions between two eNodeBs on a per PRB basis. These IEs that are currently supported in Release 11 should be the basis for interference coordination between two eNodeBs with different UL-DL configurations.

Proposal 1: Adapt/Reuse existing Subframe Assignment IE, Overload Indicator IE (OI) and High Interference IE (HII) for interference mitigation and coordination.   
3 Interference mitigation based on inter-cell coordinated TDD U/D reconfiguration selection
Tables 1 and 2 show the UL/DL configurations and the number of collisions that occur between different pairs of configurations.
Table 1: UL/DL ratio

	UL/DL configuration
	Subframe
	Ratio of DL to UL

	0
	DSUUU,DSUUU
	1:3

	6
	DSUUU,DSUUD
	3:5

	1
	DSUUD,DSUUD
	1:1

	3
	DSUUUDDDDD
	2:1

	2
	DSUDD,DSUDD
	3:1

	4
	DSUUDDDDDD
	7:2

	5
	DSUDDDDDDD
	8:1


Table 2: The number of colliding subframes between some example pairs of configurations

	UL/DL Configuration difference
	The number of the colliding subframes

	Configuration 0 <-> Configuration 6
	1

	Configuration 6 <-> Configuration 1
	1

	Configuration 3 <-> Configuration 4
	1

	Configuration 4 <-> Configuration 5
	1

	Configuration 0 <-> Configuration 1
	2

	Configuration 1 <-> Configuration 2
	2

	Configuration 2 <-> Configuration 5
	2

	Configuration 2 <-> Configuration 6
	2+ (+ means special subframe included)

	Configuration 2 <-> Configuration 3
	3+ (+ means special subframe included)

	…
	…

	Configuration 0 <-> Configuration 5
	5+ (+ means special subframe included)


Under the condition of satisfying the instantaneous traffic, the U/D configuration selection between neighbouring cells should minimize the number of colliding subframes in order to minimize interference. 
Based on the definition in [2], for the purposes this discussion we define a cluster as a group of cells in which all cells in the cluster use UL-DL configurations such that the uplink/downlink direction is the same in some or all of subframes {3,4,6,7,8,9}. (Note that subframes {0,1,2,5} are always the same in any case.)
Clusters can be formed using either proprietary methods and/or with specification support:

· Proactive/static: Cell cluster is formed (e.g. by O&M) before generating/measuring the severe UL-DL interference, without considering the actual traffic situation; no signalling needs to be specified in this case. 
· Reactive/semi-static: Cell cluster is formed through consideration of the actual traffic situation and/or potential or measured UL-DL interference level. It is supported through TDD U/D configuration information exchange and other IEs. 
· Proactive and Reactive: This approach combines the advantages of both approaches. Initial cell clusters can be arranged by O&M, and the groupings of cells can be modified semi-statically subsequently. 
If reactive / semi-static formation/modification of cell clustering is supported, procedures and X2 signalling may be considered to:

· Instruct a cell to join a cluster, for example if the cell is causing (or likely to cause) signficant interference to cell(s) in a cluster;

· Enable a cell to request to join a cluster, for example if the cell experiences significant interference from a cell in a cluster. 
Once a cluster is formed, it operates by cooperatively setting the UL-DL configurations within the cluster with the aim of minimizing the number of colliding subframes between cells in the cluster. In the limit, the same TDD U/D configuration is used for all cells in a cluster.
Both centralized and distributed operation of the coordination of the cluster should be investigated further. In the centralized scenario, a master eNB exists, which can be either a macro eNodeB or a low power eNodeB. 

· In the centralized case, procedures and X2 signalling would be needed to:

· Enable a cell to request a change of UL-DL configuration due to a change in UL-DL traffic ratio

· Enable the master eNB to instruct other cells which UL-DL configuration to use. 

· In the decentralized case, procedures and X2 signalling would be needed to:

· Enable a cell to inform other cells in the cluster about its traffic pattern and selected UL-DL configuration. 

A preliminary example for a centralized approach to the operation of a cluster can be described as follows: 
1. The master eNodeB collects the U/D configuration information (i.e. TDD UL-DL configuration type modification IE mentioned above) for the managed cells over backhaul (e.g. X2). 

2. The master eNodeB constructs the matrices tables that record the number and the location of the colliding subframes between neighboring cells from the managed cells based on the information obtained in step 1. 

3. A victim/interfered cell shall send the master eNodeB a “TDD U/D configuration coordination request” message. 

4. The master eNodeB finds the collision cells with the requesting cell based on the record in step 2. Then, the master eNodeB shall take such request into account when coordinating the U/D configuration type update for the collision cells (e.g. minimizing the number of the colliding subframes criteria for the collision cells). 
5. The master Node B sends “U/D configuration type update” message to the coordinated/selected cells with the appointed U/D configurations. 
Proposal 2: 
· Define the concept of a Cell Cluster as a group of cells in which all cells in the cluster use UL-DL configurations such that the uplink/downlink direction is the same in some or all of subframes {3,4,6,7,8,9},   

· Consider further what backhaul coordination IEs and procedures are required to enable formation and operation of clusters, bearing in mind that overhead must be minimized taking into consideration the latency and push nature of these IEs over X2.
Note that the existence of cell clusters does not preclude the operation of other interference mitigation techniques being used between cells in the cluster and other cells outside the cluster, for example using frequency domain ICIC and/or eICIC with ABS.
4 Summary 
In this contribution, we have described and provided our views on the needed interference mitigation scheme for LTE TDD eIMTA. The following are proposed for agreements in the way forward:
Proposal 1: Adapt/Reuse existing Subframe Assignment IE, Overload Indicator IE (OI) and High Interference IE (HII) for interference mitigation and coordination.   
Proposal 2: 
· Define a Cell Cluster as a group of cells in which all cells in the cluster use UL-DL configurations such that the uplink/downlink direction is the same in some or all of subframes {3,4,6,7,8,9}.  

· Consider further what backhaul coordination IEs and procedures are required to enable formation and operation of clusters, bearing in mind that overhead must be minimized taking into consideration the latency and push nature of these IEs over X2.
· Consider further the interference coordination and mitigation between Cell Cluster and other cells not part of the Cell Cluster that may suffer from inter cell interference.
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