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1 Introduction

In the WID for TDD eIMTA [1], the following objective was agreed.
· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.

· E-UTRAN/UE measurements, backhaul coordination, and signaling,

· Power control;

In this contribution, we are going to discuss the possible interference mitigation schemes and give our proposals.

2 Discussion on interference mitigation schemes
In [2], it was proposed to prioritize scenario 3 and 4 for the design of interference mitigation schemes, where

· Scenario 3: multiple outdoor Pico cells deployed on the same carrier frequency;
· Scenario 4: multiple outdoor Pico cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration;
TDD UL-DL reconfiguration would introduce new types of inter-cell interference, i.e., BS-BS interference (DL-UL interference) and UE-UE interference (UL-DL interference). It is observed that with scenario 3, the interference is between pico cells; while with scenario 4, the interference is between pico cells as well as between pico cells and the macro cells in the adjacent channel [2].
2.1 Time-scale of interference mitigation
Until now, the signaling mechanism for UL-DL reconfiguration is still under study. If system information signaling (640ms time scale) or dedicated RRC signaling (200ms time scale) is adopted, interference mitigation is required to operate in a semi-static way. If MAC signaling (20ms time scale) or PHY signaling (10ms time scale) is adopted, interference mitigation needs to be operated in a dynamic way. However, inter-cell interference management schemes with short time scale UL-DL reconfiguration may not perform well. 
2.2 Interference mitigation schemes
Some potential interference mitigation schemes are described in [3], includes cell clustering interference mitigation, scheduling dependent interference mitigation, interference mitigation based on eICIC/FeICIC schemes and interference suppressing interference mitigation.

2.2.1 Cell clustering interference mitigation
With Cell Clustering Interference Mitigation (CCIM), the cells are divided into cell clusters. Within one cell cluster, the transmission direction of all subframes should be same, so the BS-BS interference and UE-UE interference can be mitigated within the cell cluster.
For each cell cluster, a centralizing node may be used to set the transmission direction. Ideally, a macro could be chosen as the centralizing node. One important reason is that a macro cell can cover small cells’ area which is beneficial for information exchanging within one cluster.

Observation 1: A centralizing node may be used to set the transmission direction within each cluster and a macro is the first choice to be the centralizing node.
Possible standardization work for CCIM includes forming cell cluster and setting TDD configuration within each cluster.

1) Forming the cell clusters
A possible way is to divide the cell clusters according to e.g. BS-BS interference with one given threshold. The BS-BS interference between any cells within a cluster should be smaller than the given threshold.
To get the BS-BS interference, eNB needs to detect and measure neighbor cells’ signal in a semi-static manner, the turning on/off of eNB will also impact the interference level within the cluster.
· PSS/SSS, CRS or CSI-RS can be used for interference measurement. However, it is difficult for the eNB to detect at least PSS/SSS from neighboring cells since eNB cannot simultaneously transmit its own PSS/SSS and receive the neighbor cell’s PSS/SSS. 
· If other method can be used to detect the timing and cell ID of neighbor cells, the measurement gap for eNB needs to be defined for BS-BS interference detection. DL transmitting is not supposed when eNB performs the measurement. In addition, to avoid the collision between UL data and neighbor cells’ reference signal, it is better not to schedule UL data when eNB does the measurement. In addition, this measurement gap would bring unreliable RRM, RLM and CSI measurement for the UEs since the legacy UEs do not know the configuration for the measurement gap.

According to above discussion, the current reference signals and synchronization signal cannot satisfy the requirement for BS-BS interference listening among eNBs. Therefore, a new reference signal is needed to support BS-BS interference listening among eNBs for CCIM.
Observation 2: A new reference singnal is needed to support BS-BS interference listening among eNBs for CCIM.

2) TDD UL- DL configuration within each cell cluster.

Each eNB within the cluster can report its UL/DL traffic load to a centralizing node. Then, the centralizing node can decide the TDD configuration for all the eNBs within the cluster.
Observation 3: The information exchange procedure between eNBs and centralizing node can be defined. 
2.2.2  Scheduling dependent interference mitigation
For Scheduling Dependent Interference Mitigation (SDIM), the eNB could decide the UL-DL configuration that depends on the UL/DL traffic ratio of own serving cell. And, the eNB can adjust the scheduling strategies to resist the inter-cell interference. The scheduling strategies can include link adaptation, resource allocation, transmit power and transmission direction selection of a subframe, etc. 
If SDIM is adopted, there are 2 questions that need to be figured out.

1) How to adjust the scheduling strategies?
Firstly, the eNB needs to anticipate or measure the interference information, with differentiating between subframes with and without BS-BS/UE-UE interference, e.g. which group of subframes will suffer or are suffering BS-BS/UE-UE interference, or which group subframes will generate or are suffering BS-BS/UE-UE interference.
Secondly, the eNB adjusts the scheduling strategies according to the interference information. From the view of interfered cells, the scheduling strategies can be different for the subframes with different interference situation. For example, high MCS can be used for non-interfered subframes; for interfered subframes, lower MCS needs to be used or even no resource can be allocated, here the interference refers to BS-BS/UE-UE interference. From the view of interfering cells, the scheduling strategies can also be different for the subframes generating interference at different levels. For example, the conservative transmission power can be used for the subframes that generate high interference to neighbor cells.
2) How to get the interference information for scheduling adjustment?
The interference information can be obtained by eNB measurement, UE measurement or information exchanging among eNBs.

· eNB measurement

The eNB can measure neighbor cell’s signal to get the interference level with a timely manner. As analyzed in section 2.2.1, a new reference single can be used for eNB measurement, i.e., BS-BS interference listening among eNBs.
Observation 4: A new reference singnal can be used to support BS-BS interference listening among eNBs for SDIM.
· UE measurement

Different groups of DL subframes may suffer different interference levels, the subframes can be divided into multiple measurement sets for CSI reporting, which is similar to the restricted measurement introduced in eICIC. For example, for the subframes in measurement set 1, there is no UE-UE interference; for the subframes in measurement set 2, there may be UE-UE interference.
· Information exchanging
The eNBs can also exchange interference information among each other via X2 interface or air interface. 
If X2 is required to exchange information among LPNs, the availability, latency and deployment cost of X2 connection need to be considered. 
If air interface is used, the period of information exchanging can be faster. 
Observation 5: It can be beneficial for eNBs to exchange interference information via air interface.
Interference mitigation can be implemented in a proactive manner or reactive manner. The exchanging information is different depending on which method is used.

· Proactive IM offers an interference coordination scheme before the inter-cell interference happens. Currently, HII is used for proactive IM for the uplink, but it cannot indicate different interference situations of different subframes. Therefore, for UL-DL reconfiguration, the subframe-level interference information such as TDD configuration can be exchanged in advance, so the subframes suffering BS-BS/UE-UE interference can be known and the scheduling strategies can be adjusted accordingly. 
· Reactive IM offers an interference coordination mechanism after the inter-cell interference is produced. Currently, OI is used for reactive IM for the uplink, but it cannot indicate different interference situation of different subframes. Therefore, for UL-DL reconfiguration, the subframe-level interference information such as interference level of specific subframes can be exchanged, so that the subframes strongly interfering the other cells can be known and the scheduling strategies can be adjusted accordingly. 
Observation 6: The subframe level interference information for the proactive or reactive interference mitigation can be considered.
2.2.3 Analysis and comparison between CCIM and SDIM
· Latency: SDIM via air interface is faster than that with CCIM which may require some additional communication to the centralizing node.   
1) Performance 
· If the interference is not very strong among eNBs, SDIM could achieve better performance than CCIM since CCIM reduces the traffic adaptation capabilities within the cluster for both DL and UL transmissions, especially when the number of cells in a cluster is larger.
· With very strong BS-BS/UE-UE interference, CCIM could be more effective than SDIM since the ordinary link adaptive methods (lower MCS or transmission power control) may not effectively work.  
Based on the above analysis, it is beneficial to combine the usage of CCIM and SDIM since they are suitable for scenarios with different interference levels. One possible method is to use a strict threshold to form a cluster by CCIM, and SIDM could be used for the eNBs belonging to different clusters since interference between two clusters is lower.
Proposal 1: Both CCIM and SDIM could be considered for interference mitigation with different scenarios.
3 Conclusion

In this contribution, we discuss possible the interference mitigation schemes for eIMTA. The possible standardization impact and suitable scenarios had been discussed for CCIM and SDIM.

Therefore, we propose:

Proposal 1: Both CCIM and SDIM could be considered for interference mitigation with different scenarios.

For Cell Clustering Interference Mitigation, some observations are given:
Observation 1: A centralizing node may be used to set the transmission direction within each cluster and a macro is the first choice to be the centralizing node.
Observation 2: A new reference singnal is needed to support BS-BS interference listening among eNBs for CCIM.
Observation 3: The information exchange procedure between eNBs and centralizing node can be defined. 

For Scheduling Dependent Interference Mitigation, some observations are given:
Observation 4: A new reference single can be used to support BS-BS interference listening among eNBs for SDIM.

Observation 5:  It can be beneficial for eNBs to exchange interference information via air interface.

Observation 6: The subframe level interference information for proactive or reactive interference mitigation can be considered.
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