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1. Introduction 
A new work item proposal for Further Enhancements to LTE TDD for UL/DL Interference Management and Traffic Adaptation has been approved in RAN #58 [1]. With the emerging schemes on dynamic TDD UL/DL configuration change for traffic adaptation, the TDD UL/DL configuration change would be done more frequently and, for multiple cell scenarios, it would also be done relatively independently for neighbour cells as the traffic pattern or interference situation is likely cell-specific. That means that the likelihood of having different TDD UL/DL configurations in neighbour cells is increasing, which gives rise to interference between neighbouring eNBs and interference among UEs.
In this contribution, we discuss the interference uniquely related to dynamic TDD UL/DL reconfigurations and possible solutions to mitigate the interference.
2. Interference types in TDD systems
In TDD systems, there are largely four types of inter-cell interference listed below: 

•
DL eNB to UE inter-cell interference in subframes designated for downlink transmissions,

•
UL UE to eNB inter-cell interference in subframes designated for uplink transmissions, 

•
eNB to eNB inter-cell interference in subframes designated for opposite downlink/uplink transmissions across cells, and 

•
UE to UE inter-cell interference in subframes designated for opposite downlink/uplink transmissions across cells. 
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Figure 1 eNB to eNB interference and UE to UE interference in subframes designated for downlink transmissions in one cell but for uplink transmission in the neighbour cell

In subframes across cells designated for the same link direction (either DL or UL), one of the first two types of interference can occur. These two types of interference are the same as in the static TDD UL/DL configuration systems. In subframes designated for opposite link directions (DL in a cell but UL in a neighbour-cell), the last two types of interference can occur simultaneously (but one link sees only one type of interference at any one time). These two types of interference, shown in Figure 1, are specifically related to the dynamic reconfiguration systems.
3. Interference mitigation solutions

Several interference mitigation schemes have been discussed in 3GPP RAN1 [2]-[5]. More robust solutions may also be possible. We discuss and provide our view on the interference mitigation solutions in this paper. 

3.1. Cell clustering

Cell clustering based interference mitigation scheme [2]
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 \* MERGEFORMAT [4] aims to guarantee an isolation between cell clusters so that eNB-eNB interference between cell clusters is controlled. In particular, this scheme divides the cells of interest into cell clusters according to coupling loss between cells. The coupling loss includes the large scale properties that determine the eNB-eNB interference, e.g. pathloss, penetration loss, antenna gain, etc. If the coupling loss between cells is less than a threshold, these cells are attached to the same cell cluster. Otherwise, the cells are attached to different cell clusters. One cell cluster may contain one cell or a group of cells. Consequently, the coupling loss between any cell in one cell cluster and any cell in another cell cluster is larger than the threshold. In this way, eNB-to-eNB and UE-to-UE interference between cells in different cell clusters can be controlled.
An eNB can obtain the coupling loss to another eNB by measuring its downlink signals (when the other eNB is transmitting) with additional knowledge of its Tx power. This is similar to the pathloss estimation currently supported by a UE. eNBs can exchange the measurement reports between each other (e.g. via X2 interface) to enable the cell clustering in a distributed manner. This scheme puts a limitation on the cells in the cluster so that their TDD UL/DL configuration change needs to be done simultaneously.

The potential drawbacks of this scheme are

· There will still be eNB-to-eNB and UE-to-UE interference at cell cluster boundaries and that still needs to be mitigated.

· The use of pathloss estimation cannot reflect the real interference level, which may be different due to dynamic downlink allocation, dynamic downlink power allocation (more downlink power may be transmitted in certain RBs), and different implementation choices (an advanced receiver can cancel cell-specific reference signal to some degree). Also, as UEs move, the UE to UE interference is dynamically changing and is difficult to manage.  
· Having a common TDD UL/DL configuration for cells in the same cluster is limiting their abilities to handle cell-specific dynamic traffic.
Observation 1: Cell clustering method can be effective for both eNB-to-eNB and UE-to-UE interference; however, it is less dynamic and has less flexibility for cell-specific traffic.
3.2. eNB power reduction

eNB power reduction for interference mitigation scheme is also possible [3]. Basically, the downlink transmission power is reduced in the aggressor cell in a subframe where eNB-eNB interference may happen. To avoid any over-reduction in eNB power, the amount of power reduction should be estimated by the victim cell and feedback to the aggressor cell. This requires the victim eNB to measure the downlink signal from the aggressor cell during the aggressor eNB transmitting time. Therefore, at least part of UE receiver function need to be implemented at eNB with this method.

Power reduction method may address eNB-to-eNB interference but cannot address UE-to-UE interference as the latter is not affected by any downlink power reduction. Furthermore, reduction of eNB Tx power will reduce the downlink throughput and coverage, which is not desirable.
Observation 2: eNB power reduction can only be effective for eNB-to-eNB interference. It also causes degradation in throughput and coverage.
3.3. Reuse eICIC/FeICIC X2 messages

Reuse of Rel-10/11 eICIC/FeICIC X2 messages, such as Relative Narrowband Transmit Power (RNTP), Interference Overload Indicator (IOI), and High Interference Indicator (HII) [5] for TDD cross link interference situation.
The RNTP from an eNB is to communicate the anticipated transmit power used at the eNB so that other eNBs can adjust their transmit power accordingly. The IOI is to notify neighbouring eNBs the frequency locations over which the uplink interference level is too high (overloaded) while the HII is to notify neighbouring eNBs the frequency locations over which the UL interference sensitive data in the serving eNB will be scheduled for one or more cell-edge UEs in the near future. The RNTP was mainly designed to help mitigate DL eNB to UE interference while the IOI and HII to help mitigate UL UE to eNB interference.

To be able to reuse the X2 messages in TDD eIMTA, it has been mentioned in [5] that the IOI and HII messages could be modified to reflect interference received per PRB as well as per subframe.

However, there is a further need to differentiate the IOI for UL UE to eNB inter-cell interference from the IOI for eNB to eNB interference and the IOI for UE to UE interference as those three types of interference need to be mitigated differently. For example, high IOI could cause by high power UE in neighboring cells or by high power neighboring eNBs. The way to alleviate it is different. Therefore, in order to effectively mitigate the interference, the interference type, i.e. the cause of interference from UE or eNB, needs to be identified.
There may be two ways to obtain the interference type. Implicitly, it can be derived from the neighboring cell TDD UL/DL configuration. It requires eNB to have updated TDD subframe assignment of neighboring cells. This may become challenge if the configuration adaptation rate is high. Alternatively, it can be explicitly indicated by using an interference type indicator with IOI.
Observation 3: eICIC/FeICIC X2 messages can be modified to be reused for interference mitigation in TDD eIMTA.
4. Conclusions

In this contribution, we have looked into some interference mitigation methods for dynamic TDD UL/DL reconfigurations. Our observations are summarized as follows:
Observation 1: Cell clustering method can be effective for eNB-to-eNB and UE-to-UE interference; however, it is less dynamic and has less flexibility for cell-specific traffic.

Observation 2: eNB power reduction can only be effective for eNB-to-eNB interference. It also causes degradation in throughput and coverage.
Observation 3: eICIC/FeICIC X2 messages can be modified to be reused for interference mitigation in eIMTA.
For reusing X2 messages based interference mitigation method, we propose the following,

Proposal: For X2 message based interference mitigation, one of the following two is needed:
1. an interference type indicator with IOI;

2. current UL/DL configuration of neighbouring eNBs.
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