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1 Introduction

In RAN #58, a new WI on “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation (eIMTA)” was agreed [1]. The main objective is to enable a TDD UL-DL reconfiguration to adapt to DL/UL traffic variations in small cells at a rate that is faster than the one currently offered by SIB1-based adaptation. As it was evaluated during the SI phase, eIMTA can achieve significant throughput gains in downlink and/or uplink depending on the choice of the TDD UL-DL configuration. One critical issue for achieving the throughput gains in a real network is the use of an efficient method to manage eNB-to-eNB interference and UE-to-UE interference. 
 This contribution discusses two aspects for interference mitigation. A first aspect is to apply different power allocation parameters for fixed DL subframes and flexible subframes to mitigate the eNB-to-eNB interference in flexible subframes; this aspect is further discussed in [2]. A second aspect aspect is to configure different CSI-RS and IMR and to report different CQI/PMIs for fixed DL subframes and flexible subframes respectively, so as to adapt to the likely different interference levels in fixed DL subframes and flexible subframes. 
2 Subframe-based Interference Management
2.1 DL power allocation
In LTE TDD eIMTA, neighboring eNBs may deploy different TDD UL/DL configurations. Therefore, there exists possible eNB-to-eNB interference in subframes with different transmission directions. If an eNB creates strong interference to other eNBs, it can apply transmission power reduction based on measurements or on feedback information from interfered eNBs. Two sets of power allocation parameters can then be configured to mitigate eNB-to-eNB interference; a first set (PA,1,PB,1,PC,1) can be configured for fixed DL subframes and a second set (PA,2,PB,2,PC,2) can be configured for flexible subframes. If the eNB does not create strong interference to other eNB(s) in a flexible subframe, it can use the same set (e.g. first set) as for fixed subframes; otherwise, it can use the second set. In order to know which subframes have different transmission directions among adjacent cells, and which ones experience eNB-to-eNB interference, TDD UL/DL configurations of neighbor cells need to be exchanged, e.g. via X2 interface. In Figure 1, eNB2 creates strong interference to eNB1in subframe #3 and #8, one set of power allocation parameters apply to subframe #3 and #8, and the other set of power allocation parameters apply to subframe #0,#1#4,#5,#6, and #9. And eNB 3 does not create strong interference to eNB1in subframe #3 and #8, one set of power allocation parameters apply to all DL subframes.
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Figure 1
Proposal 1: 

· Transmission power reduction at eNB side can be used to mitigate the strong eNB-to-eNB interference.
eNB measurements or feedback from neighboring cells should be supported for an eNB to decide adjustments in DL transmission power.
2.2 Resources for interference and signal measurement
In LTE TDD eIMTA, for neighboring eNBs deploying different TDD UL/DL configurations, there exists possible UE-to-UE interference in flexible subframes and a large level of interference difference may be observed between fixed subframes and flexible subframes. In figure 2, UL transmission of UE#1 of eNB A creates strong interference to DL receiving of UE#1 of eNB B, and a large level of interference difference exists between subframe #3, #8 and subframe #0,#1,#4,#5,#6,#9. From Rel-11, IMR could be configured to measure the interference levels. Due to the possible large difference on interference levels in flexible subframes and fixed DL subframes, the interference levels should be separately measured in fixed subframes and flexible subframes. Therefore, at least 2 sets of IMR resources need to be configured for a UE to accurately measure the interference levels in fixed subframes and in flexible subframes respectively.  
In LTE TDD eIMTA, different transmission power may be configured to fixed DL subframes and flexible subframes, and different CSI-RS sets may be configured in fixed DL subframes and flexible subframes to facilitate accurate CQI calculation. Alternatively, one CSI-RS set is configured for both fixed DL subframes and flexible subframes, and the DL transmission power difference between fixed DL subframes and flexible subframes can be considered when calculating the CQI for fixed DL subframes and flexible subframes.
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Figure 2

Proposal 2: 

· At least two IMR sets are configured for interference measurement in fixed subframes and in flexible subframes respectively.
· One or multiple CSI RS sets are configured for CSI measurement in fixed subframes and in flexible subframes. 
2.3 CQI measurement
In LTE TDD eIMTA, depending on deployment scenarios, UE-to-UE interference may exist or not in flexible subframes and in fixed DL subframes. To facilitate efficient UE-to-UE interference adaptation, 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. Alternatively, without any additional signaling from a UE, an eNB knowing the TDD UL-DL configurations in neighboring eNBs and knowing the location of a UE, can determine the type of interference the UE experiences in a flexible subframe. The serving eNB may then configure to a UE multiple CQI reports. Additionally, as different power can be allocated among fixed DL subframes and flexible subframes, multiple CSI reports can also be beneficial for different subframes. Therefore, different CSI reports should be configured for fixed DL subframes and flexible subframes if the DL power allocation to different subframes is different or the UE-to-UE interference in fixed DL subframes and flexible subframes is different. The UE-to-UE interference condition can be obtained by UE measurement and reporting mechanisms defined for eIMTA mentioned above.
Proposal 3: 

· UE-to-UE interference conditions can be obtained by UE measurement and reporting mechanisms defined for eIMTA. 
· At least two CSI reports are configured for fixed DL subframes and flexible subframes, respectively, if the DL power allocation to different subframes is different or if the UE-to-UE interference of fixed DL subframes and flexible subframes is different.
2.4 CSI reporting
Using TDD UL/DL reconfiguration in eIMTA, a pico cell, for example, can use a subframe as a DL one while a macro cell can use the same subframe as an UL one. When the pico eNB uses the subframe for DL transmission, it needs a respective CSI to properly perform PDSCH scheduling and obtain the eIMTA throughput gains. One aspect to be considered is whether periodic CSI reporting needs to be supported for flexible subframes with a DL direction. This can be advantageous to avoid unnecessary PUSCH overhead from aperiodic CSI reporting particularly since an eNB can obtain PMI from a respective SRS transmission. For aperiodic CSI reporting when multiple processes are considered, similar principles as in Rel-11 can serve as reference. 
Proposal 4: 
· Aperiodic CSI reporting should also support reports for at least two CSI processes.
3 Conclusions
In this contribution, we discuss how to support HARQ transmission for PDSCH and PUSCH in eIMTA. Both scheduling/HARQ timing and HARQ-ACK resource allocation are discussed. We have the following observations:
Proposal 1: 

· Transmission power reduction at eNB side can be used to mitigate the strong eNB-to-eNB interference

· eNB measurements or feedback from neighboring cells should be supported for an eNB to decide adjustments in DL transmission power. 
Proposal 2: 

· At least two IMRs are configured for interference measurement in fixed subframes and in flexible subframes respectively.
Proposal 3: 

· UE-to-UE interference conditions can be obtained by UE measurement and reporting mechanisms defined for eIMTA. 
· At least two CSI reports are configured for fixed DL subframes and flexible subframes if the DL power allocation to different subframes is different or if the UE-to-UE interference of fixed DL subframes and flexible subframes is different.
Proposal 4: 

· Aperiodic CSI reporting should also support reports for at least two CSI processes.
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