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1 Introduction

At the RAN1#74bis 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]:
Working assumption
· No interference type and/or interference source for subframe-set OI for eIMTA

· Companies are still encouraged to check whether or not there are significant benefits of introducing interference type and/or interference source

Agreement

· The OI over X2 is subframe-set dependent (up to 2 sets)

· For subframe-set dependent OI, the association of the subframe-set dependent OI with each subframe is determined by X2 message(s)

· Details up to RAN3

· No consensus to introduce subframe-set dependent HII and RNTP for eIMTA

· No consensus to introduce information about a set of >1 UL-DL configurations over X2 for eIMTA
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 in 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 [6] 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.
At the RAN1#74bis meeting, it was agreed that UL Interference Overload Indication (OI) reporting may be reported for two subframe sets (e.g. flexible and regular) to facilitate DL-UL interference management. In addition, it was agreed as a working assumption that no interference type and/or interference source for subframe-set OI for eIMTA is introduced. Companies are encouraged to check whether or not there are significant benefits from introducing such information.
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.
The mechanism of subframe-set 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 cell (DL-UL interference source). 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-set specific OI report captures the total level of interference. 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. To resolve this problem the OI sender may send OI report selectively to the particular set of eNodeBs/cells substantially contributing to the total interference level.
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 subframe set, 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. Additionally, 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. If high interference OI is reported to the neighbor cell for a given subframe set 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 measured at both ends of the link, without any OI reporting from the neighbor eNodeB.
Observation 1
· SIB1 UL-DL configuration combined with the subframe-set specific OI and intended UL-DL configuration reporting can be used to distinguish/estimate the impact from the DL-UL interference and UL inter-cell interference.

· Subframe-set specific OI reporting may be utilized to identify coupled cells and form cell clusters for DL-UL interference management among coupled cells.
The introduction of interference type/source in OI report may be problematic in adjacent channel scenario, since in this case only DL-UL interference level can be measured and identification of interference source will require special procedure at the network level. Although, the eNodeB generating OI report can potentially identify the source of DL-UL interference and reflect it in OI report, it may be the case that total interference comes from multiple cells. In this case, it is more appropriate to specify eNodeB-eNodeB measurements. Another alternative is that eNodeB may estimate the cell-specific interference and send OI report to the particular aggressor cell, implying that it is a source of interference. However, such operation seems not precluded by the X2 signaling, which is peer-to-peer and may need to be further discussed in RAN3 WG.
Based on discussions above, we have the following proposal on the usage of OI for eIMTA support.
Proposal 1
· OI report captures the total interference observed at corresponding subframe-set, unless eNodeB-eNodeB measurements are introduced.
3 Additional Backhaul Signaling Enhancements for eIMTA
Intended UL-DL configuration

The exchange of intended UL-DL configuration among cells was agreed at the RAN1#74 meeting. This information can be used to facilitate cell clustering based DL-UL interference management which is shown to be one of the practical and robust DL-UL interference mitigation and traffic adaptation techniques [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 (modification) period
Another factor that should be also 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 developed 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 bring benefit 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 (reconfiguration period) 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.
Traffic indicators
Information about DL and UL traffic/resource demands/buffer status. 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 is beneficial for further optimization of the cell clustering based interference mitigation schemes as well as for other techniques such as scheduling dependent interference management. Although the exchange of the intended UL-DL configuration may be interpreted as the provisioned amount of the required DL and UL resources it is not fully represent the traffic conditions and for instance cannot indicate the case when cell does not have traffic in DL and/or UL transmission direction. The latter information may further improve the cell clustering based operation, since the clusters of coupled may be divided into sub-clusters and thus traffic adaptation capabilities among cells may be further improved.
Inter-cell coupling information
Information about neighbor coupled cells. In order to manage DL-UL interference interference in distributed way, 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.
Based on the above discussion, we have following proposal on additional enhancements to backhaul signaling:
Proposal 2
· Exchange information on adaptation time scale used in a given cell (UL-DL modification period).
· Specify additional backhaul signalling to capture UL/DL load or traffic conditions.
· Exchange additional information on inter-cell coupling.
4 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 interference management. For that purpose, the subframe-set specific OI indication that captures the total interference in UL static and flexible subframes can be used. In addition we propose that each cell can send the intended UL-DL configuration accompanied with information about adaptation time scale (modification period) UL/DL traffic conditions and inter-cell coupling information.
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