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1
Introduction
The new Further Enhanced non-CA based ICIC work item in [1] aims for improvements to the techniques in support of time-domain ICIC that were standardized in the R10 timeframe. The new R11 work item intends to continue the work on CRE started during the R10 through the eICIC WI while pursuing further system characterization and identification of applicable FeICIC scenarios. In addition, the WI focuses on identification of corresponding UE performance requirements and the necessary signalling support when operating in the presence of dominant interferers.

In this contribution we first provide a brief overview of the work that was done in support of R10 eICIC. We then discuss applicable FeICIC scenarios and provide a recommendation for future R11 work.
2
Background
R8 ICIC and R10 eICIC

Support for inter-cell interference coordination (ICIC) mechanisms was introduced in R8 through specific message exchanges over the X2 interface. Specifically, R8 provides support for signalling of Relative Narrowband Transmit Power (RNTP), the High Interference Indicator (HII) and the Overload Indicator (OI). RTNP, HII, and OI allow for intra-carrier frequency domain ICIC on data channels.
While for initial LTE in R8 the focus was primarily on Macro-Macro cell interference scenarios, R10 eICIC speficially introduced better support to deal with dominant interferers for Macro-Pico and Macro-Femto scenarios. R10 eICIC is an intra-carrier time-domain interference management technique.

R8-10 currently does no provide explicitly standardized support where frequency domain ICIC is exploited. The R11 WI CA-based Het Net eICIC for LTE in RAN3 addresses this case. No additional standardized provisions were introduced yet to address interference coordination between densely deployed small cells such HeNBs and Pico cells.

R10 eICIC for the Macro-Pico scenario
For Macro-Pico deployments, cell range expansion (CRE) can be used to offload traffic from the Macro cell to the Low-Power Nodes (LPNs). CRE introduces a cell association bias such that the UE is connected to a serving cell even though this cell may not be the one offering the best DL geometry to the UE. The serving cell for the UE under consideration may rather be based on a lowest pathloss criteria.
In order to mitigate interference onto essential control channels by the Macro cell onto the Pico cell, support for a time domain solution was introduced through Almost Blank Subframes (ABS). The ABS are subframes where the Macro cell reduces transmit power including no transmission on some physical channels, i.e. the unicast PDSCH’s. For backwards compatibility reasons, the Macro cell would typically continue transmitting necessary control information, including PSS/SSS, PBCH and PDSCH carrying SIB or PCH. In order to coordinate the ABS pattern used, a bitmap pattern is transmitted over X2 from the Macro cell to the Pico cell. The ABS pattern that the Macro eNB employs over the Uu may change over time. However, given the inherent signalling assumptions in R10 for UE measurement configuration, and X2 signaling exchanges, the ABS patterns are semi statically updated. 
The R10 UE measurement configurations has been extended to add the possibility for the network to use independent UE reporting of separatete sets of subframes, i..e the RRM/RLM/CSI measurement resource restrictions are signalled to the UE. There are three kinds of measurement resource restriction patterns that may be configured for the UE [3]:

· Pattern 1: A single RRM/RLM measurement resource restriction for the PCell.

· Pattern 2: A single RRM measurement resource restriction for all or indicated list of neighbour cells operating in the same carrier frequency as the PCell.

· Pattern 3: Resource restriction for CSI measurement of the PCell.  If configured, two subframe subsets are configured per UE. The UE reports CSI for each subframe subset.

For Pattern 3, the two subframe subsets may be complements of each other and can be configured on per-UE basis. For periodic reporting, each CSI feedback is linked to a configured subset. For aperiodic CSI reporting, when a UE has a reporting instance at subframe n, it reports feedback based on the subset containing the CQI reference resource.
R10 eICIC for the Macro-Femto scenario
A Femto cell refers to a non-allowed CSG cell, i.e. the UE is not a member of the CSG cell and therefore cannot connect to that cell. In case of Femto cells deployed on the same frequency channels as the Macro cell layer, it is possible that the Femto cell highly interferes with UE’s served by surrounding Macro cells. In this scenario, the Femto cell is the aggressor cell and the Macro cell is the victim.

In principle, the ABS time domain solution is also applicable in this scenario. However, one limiting factor is is the lack of X2 coordination between the Macro and the Femto cell due to limited backhaul connectivity. In consequence, the configuration of ABS may be more or less static. O&M is typically used to configure the Femto cell with applicable band / channel settings, Tx power and ABS patterns.
R11 FeICIC
The new R11 Further enhanced non-CA based ICIC WI [1] includes the following areas into its scope:

· Finalize the leftover work from Rel-10 on inter-freq/RAT TDM restricted RRM

· Based on system performance gains, identify the scenarios for which UE performance requirements in the following two bullets will be specified in terms of, e.g., number of interferers and their relative levels with respect to the serving cell,

· UE performance requirements and possible air-interface changes/eNB signalling to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g. subframe offset/no-subframe offset), depending on UE receiver implementations,

· UE performance requirements and necessary signalling to the UE for significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers (including colliding and non-colliding RS, as well as, MBSFN used as ABS, as well as, ABS subframe configurations) for FDD and TDD systems depending on UE receiver implementations.  Improved detection based on air interface enhancements to be considered.

3
Discussion on Scenarios for R11 FeICIC
The Macro-Pico deployments (Scenario 1) can in principle be subdivided into two cases.
The first use case (Scenario 1A) corresponds to the deployment assumption chosen already for R10 eICIC evaluation, i.e a Macro cell that has a high-latency reduced BW X2 only connection to Pico cells in its coverage.

The second use case (Scenario 1B) corresponds to the CoMP evaluation Scenario 3, i.e. a Macro cell with LPN’s / RRH using different Cell ID’s and connected through nearly ideal, deterministic low-latency backhaul such as optical fiber.

Clearly, by having little or no limitations in the backhaul link between Macro and Pico cells like in the second case (Scenario 1B), it is already possible to implement highly flexible and potentially dynamic on a per-subframe basis scheduling strategies. Interference onto Pico UEs by the Macro cell can be reduced and even completely eliminated as a function of the load in the system. In essence, such solutions can be seen as some of highly dynamic TDM eICIC methods absorbed into proprietary scheduling design residing on the Macro site. In addition, much flexibility exists already with respect to the choice of the coordination area, i.e. no particular standardized support is required even for coordinating all the Macro cells on the site including their respective Pico cells under Macro coverage.
In the first case (Scenario 1A), interference in Macro-Pico deployments, the primary interference scenario deals with a Macro cell that possibly interferes with Pico/RRHs fully under its own coverage only. In principle, a Macro cell may also interfere with Pico cells at the edge of its own coverage. While this latter scenario can’t be ruled out due to non-regular propagation characteristics and non-uniform coverage, we recommend to not give such a deployment case full priority.
Similarly to Macro-Pico, Macro-Femto deployments (Scenario 2) can in principle also be subdivided into two cases.

The first use case (Scenario 2A) is isolated Femto cells located in the vicinity of the Macro.

The second use case (Scenario 2B) deals with Femto that are part of a campus/enterprise deployment. Here, consideration needs to be given to the interference created by the Femto cells onto Macro UEs as well as interference in-between the Femto cells. Note that similar to the isolated Femto cells case, no X2 may be assumed in for the campus/enterprise deployments.

During the R10 eICIC WI, it was recognized that that use of a moderate CRE bias allows the network to offload traffic from the Macro cell and thus improve the overall system throughput. The potential for further gains and identification of performance-limiting factors due to control channel robustness will largely depend on the different traffic models and UE distributions used.
We deem that the combination of CSG and O&M backhaul limitations inherent to the Macro-Femto uses cases (Scenarios 2A and 2B) does not offer enough immediate justification to investigate traffic offloading gains. Similarly, while we clearly deem much potential for system gains in Scenario 1B, these are in principle accessible through proprietary scheduler design and the need for standardization is not apparent.
We think that the primary scenario of interest to properly assess the potential for further gains from CRE and identifying associated UE performance requirements should be for Scenario 1A (Macro-Pico in presence of X2).

Proposal 1:

First priority for the R11 FeICIC WI is to evaluate gains from using CRE beyond moderate cell bias values and associated control channel performance for Scenario 1A (Macro-Pico connected through high-latency reduced BW X2).
Furthermore, R10 eICIC work has shown that it is important to firmly base evaluation work in support of the R11 FeICIC WI and in particular on the benefits of CRE beyond the use of moderate cell bias values on one agreed-upon system level evaluation scenario. We recommend to use the deployment model and evaluation assumptions chosen for CoMP Scenario 3 (without the ideal backaul) as the starting point for system level evaluations to assess the potential gains with large CRE values. The companion document in [4] provides a more detailed proposal for the evaluation scenario in the Macro-Pico case (Scenario 1A).
Proposal 2:

Use the existing deployment and system-level evaluation model chosen for CoMP Scenario 3 (without ideal backhaul) as a baseline for future R11 FeICIC evaluation work for Scenario 1A.
The R11 FeICIC work items also includes several issues for consideration as second priority items. These include for example issues such as ABS when applied to SCells when using Carrier Aggregation or the potential for improvements for operation in Idle Mode.
With respect to the potential for FeICIC techniques in support of UE’s in Idle Mode, we think that these should not be given any consideration in the context of Macro-Pico Scenario 1A due to the amount of network control that exists when dimensioning coverage. Rather, emphasis for the Idle Mode case should be given to the Macro-Femto case which may be substantially beyond the immediate control of the Macro network layer.
Proposal 3:

Focus Idle Mode enhancements (if any) in the context of R11 FeICIC onto the Macro-Femto case (Scenario 2A).

4
Conclusions
In this contribution we first provide a brief overview of the work that was done in support of R10 eICIC. We then discuss applicable FeICIC scenarios and provide a recommendation for future R11 work.

Proposal 1:

First priority for the R11 FeICIC WI is to evaluate gains from using CRE beyond moderate cell bias values and associated control channel performance for Scenario 1A (Macro-Pico connected through high-latency reduced BW X2).

Proposal 2:

Use the existing deployment and system-level evaluation model chosen for CoMP Scenario 3 (without ideal backhaul) as a baseline for future R11 FeICIC evaluation work for Scenario 1A.
Proposal 3:

Focus Idle Mode enhancements (if any) in the context of R11 FeICIC onto the Macro-Femto case (Scenario 2A).
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