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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.
Several interference mitigation schemes have been discussed in 3GPP RAN1 [2]-[5], such as Cell Clustering IM (CCIM), Scheduling Dependent IM (SDIM), etc. In this contribution, we discuss the possibility to use a modified eICIC/FeICIC based interference mitigation scheme in eIMTA.
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. 


[image: image1.emf]eNB A

eNB B

UE#1,A

UE#1,B

UE#2,A

UE#2,B

Downlink signal

Downlink eNB to eNB interference

Cell A

Cell B

Uplink signal

Uplink UE to UE interference


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
3.1. 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.

Observation: eICIC/FeICIC X2 messages can be modified to be reused for interference mitigation in eIMTA.
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 and possibly included in the X2 messages.
Proposal 1: An interference type indicator is needed to facilitate the effectiveness of eICIC/FeICIC based interference mitigation scheme in eIMTA.
3.2. Interference type identification

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.
eNB to eNB interference identification may be based on cell-specific reference signals of neighboring cells. It implies UE receiver functionality may be needed in the eNB. This is similar to the HeNB scenario. 
The eNB to eNB interference detection is only required in the direction flexible subframes.
UE to UE interference may be detected directly at UE by comparing the rise-over-thermal (ROT) interference power during the fixed downlink and/or special subframes (i.e. subframes #0, #1, #5, and #6) and the direction flexible subframes. Alternatively, it is also possible to detect UE to UE interference at eNB indirectly by comparing the NAK rate of the ACK/NAKs responding to downlink transmissions in subframes that may be potentially affected by UE to UE interference with the NAK rate of the ACK/NAKs responding to downlink transmissions in subframes that are never affected by UE to UE interference. The detection of UE to UE interference can be implementation dependent.
Proposal 2: UE receiver functionality is needed at eNB to monitor the eNB to eNB interference.

Proposal 3: UE to UE interference identification can be left up to implementation.
3.3. Interference mitigation methods
Once interference type is identified, it may take actions to mitigation interference. As the interference mitigation schemes for DL eNB to UE interference and UL UE to eNB interference have been well studied, we focus our discussion on eNB to eNB interference mitigation and UE to UE interference mitigation. Note that the interference mitigation scheme includes the further adjustment on the UL/DL configuration to avoid severe interference situation. 

Some example methods for eNB to eNB interference mitigation are,  

· The interfering eNB may reduce the transmit powers in subframes causing eNB to eNB interference. This may imply scheduling downlink transmissions for cell-center UEs in the interfering cell.

· The interfered eNB may schedule cell-centre UEs in subframes experiencing eNB to eNB interference as those cell-center UEs may transmit high power to overcome any residual eNB to eNB interference. 

· The interfering eNB and interfered eNB may initiate a frequency reuse plan. Here, the frequency reuse plan is between a downlink subframe at the interfering eNB and an uplink subframe at the interfered eNB. If eNBs do not know the TDD UL/DL configurations of their neighbour cells, the frequency reuse will be done in a conservative manner. Basically, the frequency reuse done by the interfering eNB will be within subframes causing eNB to eNB interface while the frequency reuse done by the interfered eNB will be within subframes experiencing eNB to eNB interference.
Some example methods for UE to UE interference mitigation are,  

· The eNB in the interfering cell may reduce the transmit powers of the scheduled UEs (especially cell-edge UEs) in subframes causing UE to UE interference. This implies that the eNB in the interfering cell will likely schedule uplink transmissions for cell-center UEs so those UEs may introduce less UE to UE interference to UEs in neighbour cells. 

· The eNB in the interfered cell may schedule cell-center UEs in subframes experiencing UE to UE interference so that UEs receiving downlink data could be away from the cell-edge and the degree of UE to UE interference to those UEs may be less while UEs suffering more from UE to UE interference are not scheduled to receive downlink data in those subframes. 

· The eNB may further initiate a frequency reuse plan. The frequency reuse done by the eNB in the interfered cell will be within subframes experiencing UE to UE interference while the frequency reuse done by the eNB in the interfering cell will be in subframes causing UE to UE interference.

Besides above mentioned methods, other schemes, such as CCIM, ISIM, maybe also useful and it is possible to use multiple methods together to mitigate the interference.
Proposal 4: The power control and frequency domain interference mitigation methods are useful in controlling interference in eIMTA.
Proposal 5: FFS on combining multiple interference schemes.

4. Conclusions

In this contribution, we have looked into the interference mitigation method based on eICIC/FeICIC for dynamic TDD UL/DL reconfigurations. Our observation is,

Observation: eICIC/FeICIC X2 messages can be modified to be reused for interference mitigation in eIMTA.
Based on the observation, we propose the following,

Proposal 1: An interference type indicator is needed to facilitate the effectiveness of eICIC/FeICIC based interference mitigation scheme in eIMTA.
Proposal 2: UE receiver functionality is needed at eNB to monitor the eNB to eNB interference.

Proposal 3: UE to UE interference identification can be left up to implementation.

Proposal 4: The power control and frequency domain interference mitigation methods are useful in controlling interference in eIMTA.

Proposal 5: FFS on combining multiple interference schemes.
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