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1. Introduction
In the study item phase of LTE TDD eIMTA, concepts of interference mitigation (IM) schemes have been discussed [1-3], as potential DL-UL interference (eNB-to-eNB and UE-to-UE interference) may degrade the performance of traffic adaption.  Based on the discussions, finally 4 categories of IM schemes have been identified in the technique report 36.828 [4]:

· Scheme 1: Cell clustering interference mitigation (CCIM)
· Scheme 2: Scheduling dependent interference mitigation (DSIM)
· Scheme 3: Interference mitigation based on eICIC/FeICIC schemes 
· Scheme 4: Interference suppressing interference mitigation (ISIM)
In this contribution, we discuss some of the above IM schemes.
2. DL-UL Interference Mitigation 
2.1. DL-UL interference issues
The following example demonstrates the potential interference issue for the two adjacent cells deploying different TDD configurations. For the subframe with mismatching UL and DL, there exist possible eNB-to-eNB or UE-to-UE interference. 
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Figure 1. Interference conditions

In case DL-UL interference is high, the DL-UL conflicting sub-frames may be jammed.  On the other hand, CRS measurement constraint, ambiguity of measurement feedback, collision of control timing, interference fluctuation between DL-UL conflicting sub-frames and same direction subframes would also degrade the performance of traffic adaptation.

To mitigate the impact of DL-UL interference, IM schemes including cell clustering, power control, interference suppressing, and scheduling restriction have been investigated [4].  In the following sessions, we propose some IM solutions under the above framework.

2.2. Anchor subframe based design
In the totally 7 supported TDD configurations as shown below, we can see that some of the subframes are fixed as DL or UL subframe, while other subframes may be configured either DL or UL subframes. So subframes can be categorized as DL-UL conflicting subframes and non-conflicting subframes.  It is possible to optimize the TDD reconfiguration based on this category of subframes to reduce the impact of DL-UL interference.
Table 2.2-1: Uplink-downlink configurations.

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Anchor and non-anchor subframe can be defined as follows:

· Define a first set of subframes that are common across different configurations, we call this set of subframes anchor subframes.
· Define a second set of subframes that can be adaptively configured to UL or DL directions. We call this set of subframes non-anchor subframes.
In case of adaptive TDD configuration, the anchor subframes indicate the subframes without D/U direction changes; in case of different TDD configurations across different cells, the anchor subframe indicates interference free subframes.

To minimize the impact of DL-UL interference, we suggest to separate the CSI reports for anchor and non-anchor subframes, limit RRM measurement in only anchor subframes and design for HARQ timing and control mapping based on anchor and non-anchor subframe concept as well. 
Proposal 1: adopt anchor subframe concept to minimize the impact of DL-UL interference and handle the relevant HARQ timing, CSI reporting, RRM measurement, control timing issues.
2.3. Cell cluster and de-clustering schemes 
In cell cluster scheme, cells are divided into cell clusters according to some criterion, such as coupling loss, interference level, etc., between cells. A cell cluster can comprise one or more cells. The active transmissions direction of all cells in each cell cluster shall be same, so that eNB-to-eNB interference and UE-to-UE interference can be mitigated within the cell cluster. However one problem of cell cluster is the limited adaptation flexibility, since all the cells belonging to one cluster have to be configured with the same configuration. Two methods may be used to solve the problem.

One is to relax the clustering criterion, for example using 70dB coupling loss instead of 90dB coupling loss will make the cluster size smaller as shown in figure 2, then more adaptation flexibility is achieved at the expense of increasing interference between clusters (to be handled by other IM schemes).
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Figure 2, configurable cell clustering method
Another method is de-clustering, in which we try to break one cluster into two or more smaller clusters by selecting one cutting cell and decreasing DL-UL interference from this cell to other cells in the cluster, as shown in Figure 3.  Cutting cell here means removing the cell, other cells in the cluster can be divided into two or more clusters with the same clustering criterion.  For the cutting cell, we can apply power control, scheduling restriction on fixed subframes or just mute the cells to mitigate possible DL-UL interference to other cells.
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Figure 3, de-clustering scheme
Proposal 2: adopt de-clustering together with inter-cluster IM methods to improve adaptation flexibility in cell clustering schemes for eIMTA.
2.4. Dual loops power control scheme
Power control schemes used to mitigate DL-UL interference have also been discussed in [5-6], including DL power control and UL power control.  Here we discuss how to reuse the specification supported UL PC mechanism with minimal modification for interference mitigation in eIMTA.
In terms of uplink open loop PC, we propose to use dual loops PC for DL-UL conflicting subframes and DL-UL non-conflicting subframes (or anchor and non-anchor subframes as defined in section 2.2).  One set of parameters (Po, α) can be configured for DL-UL non-conflicting UL subframes, meanwhile a second set of parameters (Po, α)* can be configured for DL-UL conflicting UL subframes to boost transmit power to combat possible eNB-eNB interference.  Power offset between DL-UL conflicting and non-conflicting UL subframe can be configured by setting different Po and/or αvalues.  In this case, TDD configurations of neighbor cells/clusters need to be exchanged, e.g. via X2 interface.

In terms of close loop PC, different power control loops for DL-UL conflicting and non-conflicting subframes may also be employed to handle different inter-cell interference level in anchor and non-anchor subframes.
Proposal 3: employ dual loop open and close power control to mitigate different interference in anchor and non-anchor subframes respectively.
2.5. UCI shift
As concluded in the technique report of LTE TDD eIMTA [4], “interference mitigation for both data and control channels shall be considered. Additional control channel interference mitigation such as HARQ timeline change can be considered with other interference mitigation techniques.”  Therefore UCI protection is also important to gain from traffic adaption in DL, which, in turn, has the potential to improve UL performance as well due to the fact that total resource shared by DL and UL.
According to the concept of anchor subframe design, a simple and clean solution is to shift the uplink control channel to the uplink anchor subframes, which does not suffer from eNB-eNB interference.
Proposal 4: employ UCI shift to protect uplink control channel for eIMTA.
2.6. UE-UE interference mitigation
Depending on eIMTA deployment scenarios, UE-UE interference may exist.  To facilitate efficient UE-UE interference mitigation, some UE measurement and reporting mechanisms need to be defined.  For example, in case a victim UE observes persistent strong interference subframe pattern, it can report to its serving eNB.  The victim UE’s serving eNB may then coordinate with potential aggressor’s serving eNB.
Proposal 5: UE measurement and reporting mechanisms shall be defined for eIMTA.

3. Conclusions
In this contribution, we discuss the IM schemes for DL-UL interference mitigation in eIMTA. We propose several enhanced solutions, such as anchor subframe based design, de-clustering method, dual loops power control, UCI shift and suggest the following conclusions.
Proposal 1: adopt anchor subframe concept to minimize the impact of DL-UL interference and handle the relevant HARQ timing, CSI reporting, RRM measurement, control timing issues.
Proposal 2: adopt de-clustering together with inter-cluster IM methods to improve adaptation flexibility in cell clustering schemes for eIMTA.
Proposal 3: employ dual loop open and close power control to mitigate different interference in anchor and non-anchor subframes respectively.
Proposal 4: employ UCI shift to protect uplink control channel for eIMTA.

Proposal 5: UE measurement and reporting mechanisms shall be defined for eIMTA.
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