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1 Introduction

At the RAN1#74 meeting, the backhaul signaling for support of DL-UL interference management and traffic adaptation in LTE-TDD systems with dynamic UL-DL reconfiguration was discussed. The following agreements were made [1]:
· Following information exchange is supported on the backhaul to enable interference mitigation in TDD eIMTA

· Subframe or subframe-set dependent OI is supported, where OI captures at least the total interference;
· FFS if OI also captures information about a specific  type of interference, e.g. eNB to eNB interference;
· FFS for subframe dependent HII/RNTP;
· Information about a cell’s intended UL-DL configuration, in addition to the existing information about the cell’s SIB-1 UL-DL configuration;
· Details to be decided in RAN1#74bis.
In this contribution, we continue discussion on the remaining details of backhaul signaling for DL-UL interference management and traffic adaptation in LTE-TDD eIMTA systems [2]-[3].

2 Interference Indication and Management
In LTE-TDD eIMTA systems, three types of inter-cell interference may exist at the eNodeB side at the flexible subframes:

· UL inter-cell interference (UE→eNodeB) – exists in traditional LTE-TDD systems;
· DL-UL inter-cell interference (eNodeB→eNodeB) – exists in LTE-TDD systems with eIMTA support and depending on scenario may be further divided into:
· Co-channel inter-cell interference (when neighbor cell operates in the same band but uses opposite DL transmission direction at given subframe);
· Adjacent channel inter-cell interference (when at least one of the eIMTA networks operates in adjacent band).
The existing backhaul signaling defined by X2AP already provides support for handling UL inter-cell interference issues, as well as DL inter-cell interference but has no any mechanism that may be used for DL-UL interference mitigation.
For UL inter-cell interference handling, the X2AP defines [6]: UL Interference Overload Indication (OI), UL High Interference Indication (HII). For DL inter-cell interference handling, X2AP includes signaling of: Relative Narrowband Tx Power (RNTP), Measurement Subset, ABS information. Additional mechanisms and modification of existing signaling that may be useful for DL-UL interference mitigation are further discussed in the next sections of this document.
2.1 Overload Indication (OI)

The UL Interference Overload Indication, defined in X2AP, provides a report on UL interference overload per PRB level. The indicator has several enumerated values for reporting UL inter-cell interference level (high, medium or low). The OI reporting is based on reactive mechanism, so that station transmitting this information element indicates to the recipient that strong interference is observed on the certain set of PRBs. Although the behavior of the recipient eNodeB is not standardized, it is implied that recipient may limit the transmit power of a UE scheduled on PRBs, indicated as high interference PRB.
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Figure 1: DL-UL interference in Macro-Pico adjacent channel scenario.

In LTE-TDD eIMTA systems, each flexible subframe may suffer from different sets of DL-UL interferers and thus is subject to different levels of interference, which complicates the UL link adaptation. As it is illustrated above in Figure 1, (using Macro-Pico adjacent channel scenario as an example), the victim Pico cell #2 is likely to have different levels of total interference on subframe sets {2, 7}, {3, 8} and {4, 9}. At the same time, a Macro cell operating in adjacent channel may be considered as an aggressor cell on subframes {4, 9} for Pico cell #2, and a victim cell on subframes {3, 8} due to strong DL-UL interference from Pico cell #1. Therefore, from system design perspective, it is beneficial to identify the set of aggressor cells and type of interference in flexible subframes.
The mechanism of subframe specific overload indication (OI) can be applied to differentiate interference on static and flexible UL subframes as well as to identify/indicate sources of DL-UL interference and their impact. There are two potential approaches for OI reporting that can be applied:

· OI based on interference type and source (Sender based differentiation, i.e. at the victim eNodeB)

· In this case, the sender of OI report may separately estimate the DL-UL interference impact from different sources and prepare different OI reports for neighbor eNodeBs. The OI report corresponding to flexible subframes may capture the DL-UL interference impact from particular recipient cell. The OI report for static UL subframes may capture the overall level of UL inter-cell interference.

· OI based on total interference (Recipient based differentiation, i.e. at the aggressor eNodeB)
· In this case, the subframe specific OI report captures the total level of interference on each subframe. The recipient eNodeB is able to analyze interference indication on static and flexible subframes, however may not be able to distinguish its own impact from impact of other eNodeBs.
It should be noted that an estimate of cell-specific DL-UL interference impact from different sources may be achieved in both approaches. In the first case, the impact is directly measured and reported by the sender eNodeB. In the second case, the OI is associated with total interference observed at the given flexible subframe, however over certain period of time the different sets of cells may use flexible subframes for DL transmissions and thus with high probability the OI report specific to each eNodeB can be generated and extracted. In both cases, the sender eNodeB may analyze the interference environment on static UL and flexible UL subframes and even distinguish impact from the different DL-UL interference sources. 
Assuming that OI may be reported for each SIB1 UL subframe independently, the victim Pico cell#2 may report OI for UL inter-cell interference, if for example high interference on SFs {2, 7} is detected. The DL-UL interference impact from the Pico cell#1 (aggressor) can be estimated at subframes {3, 8} and reported to Pico cell #1. The mutual exchange of OI information can be also used to facilitate cell clustering based DL-UL interference mitigation. For instance, if high interference OI is reported to the neighbor cell for a given flexible subframe then it may be considered as an indication of the strong coupling on eNodeB-eNodeB links. It should be noted that mutual coupling can be also measured at both ends of the link, without any OI from the neighbor eNodeB.
Observation 1
· SIB1 UL-DL configuration combined with the subframe specific OI and intended UL-DL configuration reporting can be used to distinguish/estimate the impact from the DL-UL interference (adjacent and/or co-channel), as well as UL inter-cell interference.

· Subframe specific OI reporting may be utilized to identify coupled cells and form cell clusters for DL-UL interference management among coupled cells.
Based on discussions above we have the following proposal on the usage of OI for eIMTA support.
Proposal 1
· Enable subframe specific OI reporting for UL subframes indicated by SIB1 UL-DL configuration as a more general solution.
· OI report captures the total interference observed at corresponding subframe. The differentiation between UE→eNodeB and eNodeB→eNodeB interference can be done at the static and flexible subframes.
2.2. High Interference Indication (HII)

The UL High Interference Indication (HII) IE reports occurrence of high interference sensitivity per PRB level, as seen from the sending eNodeB. The receiving eNodeB is expected to avoid scheduling UL transmission for cell edge UEs in the indicated PRBs. This mechanism is proactive and used to notify neighbor cell about potential high interference in subsequent UL transmissions. Although the subframe specific extension of HII can be also used to report the high DL-UL interference on certain set of flexible subframes, this extension may not be necessary and additionally the signaling of the intended UL-DL configuration is more appropriate in this case. The latter one is more general and can be used for multiple purposes including: alignment of transmission directions using cell clustering based interference mitigation and proper configuration of resources for CQI reporting.
Observation 2
· The subframe specific HII backhaul signaling is not necessary for eIMTA support.
Proposal 2
· HII is used for indication of UL inter-cell interference only.
2.3. RNTP Signaling

The Relative Narrowband Tx Power (RNTP) provides an indication on DL power restriction per PRB in a cell and other information needed by a neighbor eNodeB for interference aware scheduling. This signaling is used for frequency domain ICIC. This information element can be potentially enhanced by introducing subframe- or subframe type- specific fields to be able to report different RNTP masks for different subframes in a frame (e.g. static and flexible). However, the usage of RNTP in flexible subframes is not justified since there is no similar mechanism in UL. The usage of RNTP for subframe sets dependent frequency domain ICIC [7] may suffer from in-band emission and quantization noise, due to limited dynamic range when weak UL signal is distorted by strong DL-UL interference, transmitted on non-overlapped part of the spectrum. The RNTP settings used at static DL subframe may be reused for subframes which transmission direction changes from UL to DL.
Observation 3
Benefits of additional RNTP enhancement for eIMTA support are not evident, however it needs to be further clarified whether RNTP signaling is valid for both static and flexible DL subframes.
3 Traffic Indication and CSI Configuration
Intended UL-DL configuration

One of the practical and robust DL-UL interference mitigation and traffic adaptation techniques is cell clustering [3], [4]. The benefits and efficiency of this approach were evaluated in multiple contributions [4]-[5], [9]-[13]. One of the main ideas of this approach is to combine coupled cells into cell clusters and align their transmission direction, so that DL-UL interference is completely avoided. In order to align or coordinate transmission direction in distributed LTE architecture, coupled cells need to exchange information on UL and DL traffic demands. The efficient way to signal traffic demands and usage of frame resources is to directly exchange information on the intended UL-DL configuration for the upcoming period of time. This information should be sent in advance and may be used by coupled cells to align transmission directions and to assist in configuration of measurements resources for CQI reporting on flexible subframes.
Traffic adaptation time scale and UL-DL reconfiguration update

Another factor that should be considered for eIMTA backhaul signaling design is the traffic adaptation timescale, which defines how frequently the UL-DL configuration can be updated. The RAN1 WG develops solution which supports various ranges of traffic adaptation time scales with the minimum possible value equal to 10ms. However, the longer adaptation timescales which are multiple of 10ms can be also supported. The main motivation to support the fast adaptation timescale is to maximize the packet throughput performance in isolated cells, which are not suffered from the DL-UL interference. On the other hand, the fast coordinated adaptation in coupled cells connected by non-ideal backhaul may not be possible, due to backhaul latency. The non-coordinated and fast UL-DL reconfiguration in coupled cells may even degrade performance due to unpredictable DL-UL interference behavior. In this case, the UL-DL configuration update which is comparable to the backhaul latency can be used. The system level analysis presented in [9], has shown that for 2MB file size even in systems with non-ideal backhaul the cell-clustering based on exchange of traffic indication information in the form of UL-DL reconfiguration provides substantial performance improvements and avoids issues with DL-UL interference.

Observation 4
· Dynamic reporting of the intended UL-DL configuration can be used for alignment of transmission direction in coupled cells (cell clustering) and for configuration of CQI measurements on flexible subframes.

· Both periodic and event triggered reporting modes need to be supported.
Proposal 3
· Support dynamic (periodic and/or event triggered) exchange of the intended UL-DL configuration.
· Exchange information on adaptation time scale used in a given cell or indicate period of time when the intended UL-DL configuration is assumed to be valid.
4 Additional Information Beneficial for eIMTA Support
Beside the modification in X2AP discussed above, the following additional information exchange over backhaul can be beneficial for eIMTA support and may be recommended:

· Information about DL and UL traffic/resource demands. The exchange of information about DL and UL buffer status, traffic priorities, spectral efficiency or the amount of DL and UL resources over given period of time can be beneficial for further optimization of the cell clustering based interference mitigation schemes as well as for other techniques such as scheduling dependent interference management.

· Information about neighbor coupled cells. In order to manage DL-UL interference, each cell needs to identify the list of neighboring coupled cells. This list may need to be exchanged among coupled neighbors in order to form the cell cluster of coupled cells. The coupling can be determined by utilizing the inter-eNodeB measurements or based on OI reporting. Assuming that each cell has identified the list of coupled cells and broadcasted it over X2 interface, each cell in the network can form and identify the cluster of coupled cells. For instance, consider the simplified example of cell coupling as shown in Figure 2. The cell-2 may perform inter-eNodeB measurements and decide that it is coupled with cell-1 and cell-3. At the same time, cell-1 and cell-3 may also determine their coupling with cell-2 and however may be non-coupled with each other. In this case cell-1 and cell-3 need to be at least aware that they are coupled through cell-2. For this purpose each cell need to send the list of the identified coupled neighbors. This information may be used by each cell to form cell cluster and to align the transmission direction among coupled cells. For instance, if intended UL-DL configuration is periodically reported by coupled cells then all cells within the cluster may need to be aware about intended UL-DL configuration to decide on the joint/common UL-DL configuration.
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Figure 2: List of coupled neighbor cells
Proposal 4
· Exchange the list of neighbor coupled cells and coupling levels over X2 interface.
5 Conclusions

In this contribution we provided our views on the remaining details of backhaul signaling for eIMTA support. In our view this signaling should facilitate the identification of coupled cells and enable distributed implementation of cell-clustering based UL-DL configuration. For this reason, we suggest to introduce the subframe specific OI indicator that may capture the total interference on each UL subframe configured by SIB-1 UL-DL configuration (i.e. both static and flexible subframes). In addition we propose that each cell can send the intended UL-DL configuration as well as recommended adaptation time scale. 
In summary we have the following proposals for eIMTA support over X2 interface:

Proposal 1
· Enable subframe specific OI reporting for UL subframes indicated by SIB1 UL-DL configuration as a more general solution.

· OI report captures the total interference observed at corresponding subframe. The differentiation between UE→eNodeB and eNodeB→eNodeB interference can be done at the static and flexible subframes.
Proposal 2
· HII is used for indication of UL inter-cell interference only.

Proposal 3
· Support dynamic (periodic and/or event triggered) exchange of the intended UL-DL configuration.

· Exchange information on adaptation time scale used in a given cell or indicate period of time when the intended UL-DL configuration is assumed to be valid.

Proposal 4

· Exchange the list of neighbor coupled cells and coupling levels over X2 interface.
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