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1. Introduction

The WID for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation [1] was approved in RAN#58 meeting. In the WID, one objective is target for interference mitigation schemes which is as following
· 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;

During study item phase, several interference mitigation schemes were studied and determined to have further study in work item [2], which are as following. 
· Scheme 1: Cell clustering interference mitigation (CCIM)
· Scheme 2: Scheduling dependent interference mitigation (SDIM)
· Scheme 3: Interference mitigation based on eICIC/FeICIC schemes

· Scheme 4: Interference suppressing interference mitigation (ISIM)
In this paper, we will discuss the possible techniques for each scheme.
2. Interference mitigation schemes
2.1. Cell Clustering Interference Mitigation (CCIM)

According to [2], CCIM could be one potential interference mitigation method used in eIMTA. As analysed in [3][4][5], the coupling loss between TDD cells could be used to form clusters. By setting proper coupling loss thresholds, sufficient isolation is provided between cell clusters so that the cross-link interference may not be severe between clusters. Besides, when CCIM is utilized together with DL power control scheme for interference mitigation, coupling loss needs to consider the effect of DL power control.

As mentioned in [2], one essentially functionalities of CCIM is how to coordinate the transmission within each cell cluster. So how to decide the TDD UL-DL configurations of clusters including the related procedures and necessary signalling should be carefully studied in eIMTA. We provide one efficient mechanism below.
2.1.1. Transmission coordination within the cluster
According to [2], “the active transmissions of all cells in each cell cluster shall be either uplink or downlink in any subframe or a subset of all subframes, so that eNB-to-eNB interference and UE-to-UE interference can be mitigated within the cell cluster. Hence, coordination between the multiple cells belonging to the same cell cluster is needed”.

However, some problems need to be considered when designing the coordination mechanism. Otherwise, clusters may get inefficient or even wrong TDD configurations for the cluster members.

For example, it’ll be inefficient if small cells send their TDD configuration request to other cluster members at the beginning of one TDD reconfiguration period, since small cells may not get accurate traffic fluctuation status in current period and can’t predict the accurate desired TDD configuration for the next period. Also, it’ll be problematic if small cells send their TDD configuration request to other cluster members at the end of one TDD reconfiguration period, since the cluster members may not have enough time to receive or process the request from other cluster members which could lead to a correct TDD configuration. So some mechanism is needed to ensure the coordination between multiple cells within the same cluster is correct, timely and efficient.
Here we propose an exchange window mechanism to solve this problem with the following procedures:

· Step#1: A new TDD-configuration-change-request exchange window could be configured by macro eNB or OAM. Only during this window, small cell eNBs within the same cluster could exchange their desired TDD configuration.
· Macro eNB may (re)configure the window starting offset, window length and so on.
·  Step#2: All the small cells within a same cluster should send TDD configuration request with desired TDD configuration and cluster ID to other members including the small cell which doesn’t want to change its TDD configuration in the next period. 
· This could guarantee that no TDD configuration request from any cluster member will be lost.
·  Step#3: After the exchange window expires, all the small cells will process the received TDD configuration request from all cluster members using the same method such as making an average of all the DL/UL ratio and get a unified TDD configuration by choosing the TDD configuration with the nearest DL/UL ratio with the averaged DL/UL ratio.
Observation 1: Some mechanism is needed to ensure the coordination between multiple cells within the same cluster is timely and efficient to get proper and accurate TDD UL-DL configurations.
2.2. Scheduling dependent interference mitigation (SDIM)

In [2], the SDIM had been described as “the eNB adjusts the scheduling strategies e.g. link adaptation, resource allocation, transmit power, transmission direction of a subframe, considering e.g. the DL and UL channel quality, the eNB-to-eNB and UE-to-UE interference, traffic load, etc.”. Obviously, the adjustment of scheduling strategies may need additional measurement besides the currently specified one since TDD reconfiguration brings new interferences between eNBs and between UEs and new signalling may be needed to coordinate the scheduling adjustment.
The interference between eNBs, i.e, the DL-to-UL interference has to be measured at eNB side. Since the implementation of measurement for UL SINR can be similar no matter the interference is from DL or UL, then the only requirement can be that eNB has to measure DL-UL interference and UL-UL interference in different subframes separately which can be an implementation issue and no need to be specified. However, to enable efficient scheduling adjustment based on the measurement, new signalling still need to be introduced. Currently, when high interference detected at eNB side, it can send OI to neighbour cells, then neighbour cell can avoid scheduling cell-edge UEs in PRBs indicated to be strongly interfered. Now with DL-UL interference introduced, with the OI indication, the neighbour cell will not know whether the high interference is due to its UL transmission or DL transmission, then hardly know how to adjust the scheduling properly. Then new signalling has to be considered.

Observation 2: To enable efficient SDIM, new signaling can be considered for UL interference indication between eNBs;

The interference between UEs, i.e, the UL-to-DL interference can be estimated at UE side. The UL-DL interference can be higher or lower than the DL-DL interference depending on UE position. Currently the interference to DL transmission is reported in the format of CQI. It means separate report for UL-DL interference and DL-DL interference can provide more accurate CQI and makes link adaptation more efficient. It should be noted that in current specification, UE can be configured with two CSI measurement subsets, which in theory enables separate CQI report for some subframe with DL-DL interference and other subframes with UL-DL interference. Then it should be evaluated first whether current methods can already solve the problems of CQI measurement and report in case of TDD reconfiguration.
Observation 3: It should be evaluated whether current CQI measurement and report method can provide efficient link adaptation in TDD reconfiguration scenarios;

UL power control is one important technique in LTE to reduce interference, which include open loop and closed loop power control. For closed loop power control, eNB will adjust the UE’s UL transmission power based on received signal from UE. When flexible TDD is enabled, because of the dynamical change and different TDD configurations in the neighbor cells, the interference status of flexible subframe and fixed subframe may be very different. For fixed subframes, since the subframe direction of neighbor cells are all same, stable interference level is expected and this is the similar case with legacy LTE TDD network. But for flexible subframe, due to the possible UL-DL interference, the interference level is expected much larger and more variable than fixed subframes. Moreover, even in flexible subframes, the interference level may also different because of the different number of interference source or different interference source location. All of these issues introduce much challenge for accurate UL power control. For example, when eNB adjust the UE’s power in flexible subframe based on received UE’s signal in fixed subframe, the UL power control is no longer accurate because of different interference status between flexible subframe and fixed subframe.
Observation 4: UL PC may need reconsideration to support flexible TDD
Moreover, as shown by results in [2] that the gain from flexible TDD reconfiguration exist mostly in low to median load cases, then it means in most case, resource utilization ratio is not high and this makes it possible to reduce interference via FDM/TDM between cells. To enable this, signaling exchange between eNBs on resource reservation can be considered. 
Observation 5: Signaling for resource reservation between eNBs can be considered;
2.3. Interference mitigation based on eICIC/FeICIC schemes

Inter-cell interference coordination for HetNet had been studied in Rel-8/9/10 and the solutions include RNTP, OI, HII and eICIC solution based on ABS configuration. In case that TDD configuration is set adaptively in small cells corresponding to the traffic status, new interference between macro cell and small cell can be introduced compared with the scenarios without flexible TDD configuration, e.g., DL to UL interference between eNB as well as UL-DL interference between UEs.
Such interference if known by the interfering eNB, can also be avoided/reduced efficiently via resource coordination, but no signaling available yet to inform the interfering eNB about the existence of such interference and distinguish it from the normal UL-UL and DL-DL interference. Therefore, new signaling exchange is expected to enable inter-cell cross-link interference coordination, to accomplish more accurate operation at interfering/interfered cell. Enhancement based on existing signaling may be considered in respect to some un-conveyed information on such newly introduced cross-link interference due to flexible TDD configuration in neighboring cells.
Moreover, for Rel-10/11 eICIC/FeICIC, extensive specification work has been made to cope with the interference conditions caused in the HetNet deployment, where the interference condition is caused by the strong transmit signal from nearby cells. The main conclusion could refer to the measurement subframe configuration in ABS solution and the CRS interference cancellation handling scheme. In Rel-12, with various kinds of small cells deployed and flexible TDD enabled among them, whether the existing interference cancellation scheme is sufficient in dealing with the strong signal interference could be examined further to enhance the robustness of the interference mitigation schemes on eICIC/FeICIC. Furthermore, for the restricted RLM/RRM measurements, whether the application of the flexible TDD will introduce additional measurement schemes could be also explored to improve the measurement robustness.
Observation 6: eICIC/FeICIC schemes may not work efficiently in flexible TDD scenario
2.4. Interference suppressing interference mitigation (ISIM)

ISIM reduce the cross-link interference for UL transmissions by Suppressing of one or more of the dominant eNB-to-eNB interfering signals e.g. via enhanced receiver such as MMSE-IRC, or by joint transceiver technologies such as interference alignment or interference nulling. ISIM is basically eNB implementation solution so there has no impact in UE side. In [6], we have some evaluations for UL advanced receiver and observed that by leveraging linear interference suppression receivers, e.g. IRC/MMSE, in conjunction with dynamic UL/DL TDD configuration and cell-clustering and non-clustered cells, substantial performance enhancements can be achieved. The numerical results demonstrate that the non-clustered cell scheme combined with an IRC/MMSE receiver provides an attractive approach in terms of performance and required signalling compared to the cell-clustering approach for the Rel-12 eIMTA framework. More details could be found in [6].
Observation 7: At least in some scenarios, UL advanced receiver can provide attractive performance for flexible TDD.

3. Conclusions
In this paper, we analysed possible issues for each interference mitigation schemes, and have the following observations
Observation 1: Some mechanism is needed to ensure the coordination between multiple cells within the same cluster is timely and efficient to get proper and accurate TDD UL-DL configurations.

Observation 2: To enable efficient SDIM, new signaling can be considered for UL interference indication between eNBs;

Observation 3: It should be evaluated whether current CQI measurement and report method can provide efficient link adaptation in TDD reconfiguration scenarios;

Observation 4: UL PC may need reconsideration to support flexible TDD
Observation 5: Signaling for resource reservation between eNBs can be considered;
Observation 6: eICIC/FeICIC schemes may not work efficiently in flexible TDD scenario

Observation 7: At least in some scenarios, UL advanced receiver can provide attractive performance for flexible TDD.
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