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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 R0 through the eICIC WI while pursuing further system characterization, identification of applicable FeICIC scenarios and work on corresponding UE performance requirements.
In the companion document [2], we provided an overview of the work that was completed in support of ICIC in R8-10, and we presented some thought on scenarios that we deem pertinent to consider for continued work in R11.
We think that it is important to firmly base future 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 an agreed-upon system level evaluation scenario. In this contribution, we discuss different evaluation aspects for eICIC methods with the intent to facilitate the identification of the FeICIC evaluation scenarios.
2
Background
In R10, the use of Cell Range Expansion (CRE) and Almost Blank Subframes (ABS) offers the possibility to significantly improve throughput in a system deployment where a high Tx power Macro node operates in conjunction with one or more low-power nodes, i.e. Pico cells.

By employing CRE, a Macro cell can offload more traffic to the Pico cell to achieve cell splitting gain. Furthermore, the use of ABS allows to control the distribution of interference in the system. In particular, ABS constitutes a mechanism to protect the low-power nodes and to adjust the available transmission resources to the characteristics of traffic in the deployment on a semi-static basis.
While it is recognized that application of moderate cell bias values offers gains, the potential for benefits when employing large CRE bias values and the need for addressing bottlenecks in terms of control channel performance associated with operating at these large bias values are under evaluation.

The potential for gains supported by using CRE and ABS will vary according to many parameters and deployment assumptions. In particular, we expect that assumptions on UE receiver design will largely impact the capability of the system to operate in presence of large cell bias values. In addition, no particular constraint or limitation of existing or future eNB design and scheduler implementations can be assumed when evaluating system performance for FeICIC. This makes the determination of the typical operating points to expect for the Heterogenous Network deployment and definition of UE minimum performance requirement even more challenging.

In the following section, we discuss several aspects and evaluation assumptions that we deem should be aligned in order to allow for a consistent performance assessment of FeICIC gains and R11 techniques in support of these amongst different companies.
3
Evaluation Assumptions 
Scope of R11 FeICIC evaluations:
The main scenario of interest for the FeICIC WI is Het Net (Macro / Pico) deployments with legacy X2 (non-optical fiber) backhaul ([1][2]). Therefore, we recommend to use the already available CoMP Scenario 3 as the starting point for further system level evaluations. In the Annex of this document we provide a proposal for applicable deployment and modelling assumptions in Table 1.
LPN/Pico deployment and UE drop modeling:
It is expected that suitable/optimal CRE/ABS operating points in particular depend on the Pico and UE drop model of the deployment. For example,  the current configuration 4b is defined such that it results in more P-UEs than M-UEs. Therefore, a default bias towards the LPN / Pico cell is created. We think that a general assessment of benefits or drawbacks with CRE/ABS using large cell bias cannot be made just based on configuration 4b alone. We recommend to expand the evaluation model to include more varieties of real-life expected Pico and UE distributions.

Performance metrics:
PDSCH throughput in terms of cell average and cell-edge performance of the eICIC coordination are are the primary metric when assessing further gains from CRE. In addition, robustness of DL control channels / signals will need to be captured by suitable metrics in order to assess the potential for these to become the critical system bottleneck for system performance. We expect the impact onto DL data transmissions from PDCCH interference and CRS collisions to be of primary interest. Their performance is negatively impacted by colliding either with the PDDCH or the CRS of the aggressor cell when a high CRE is assumed. Contrary to these, we expect PSS/SSS/PBCH and PDSCH carrying BCH or PCH of secondary priority: While PSS/SSS/PBCH may be impacted by interference from the aggressor cell, the primary penalty is acquisition time. Therefore, while detection performance and acquisition time can be evaluated, these constitute a soft degradation. For both PDSCH carrying PCH and SIB, we think that a considerable amount of proprietary techniques are available to the eNB to schedule these channels, and to apply appropriate Tx power settings in presence of ABS.
UE receiver modeling:
The UE receiver capability chosen for the FeICIC evaluation will play an important role in defining the performance of the system. In regard to the expected interference scenarios, we recommend to evaluate MMSE Option 1 as the baseline receiver while additionally evaluating the performance of at least one type of advanced MMSE and/or IRC based receiver.
4
Conclusions
In this contribution, we discuss several aspects and evaluation assumptions that we deem should be aligned in order to allow for a consistent performance assessment of FeICIC gains and R11 techniques in support of these amongst different companies.

We recommend to use one agreed-upon system-level evaluation model in order to assess the potential for benefits when employing large CRE bias values and the need for addressing bottlenecks in terms of control channel performance associated with operating at these large bias values.

Due to its availability, we recommend to the already available CoMP Scenario 3 as a baseline for bechmarching R10 eICIC against techniques for consideration in the R11 FeICIC WI. In the Annex of this document, we provide a proposal for such recommended evaluation assumptions.
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Annex – Recommended evaluation assumptions for FeICIC

Table 1: Recommended evaluation assumptions for R11 FeICIC

	Parameter
	Values used for evaluation

	Performance metrics
	DL data channels: cell capacity, cell-edge user throughput

DL control channels: details TBD

	Deployment scenarios
	Heterogeneous network with N low power nodes within the macro cell coverage

· 3 Macro cells per site

· All LPN’s and Macro cell have different cell IDs
· eICIC coordination area includes:
- 1 Macro cell with N LPN’s inside Macro cell coverage
- 3 intra-site Macro cells with 3*N LPN’s

· Benchmark for comparison is R10 eICIC
- Baseline for cell association bias values is 0 dB applied for RSRP
- Any other values applied either for RSRP (or RSRQ) as optional

	CRE Bias
	· Low CRE configuration {3, 6} dB

· High CRE configuration {9, 12, 15} dB

	ABS Resource Usage
	· Static with a range of {25%, 50%, 75%}

	Simulation case
	ITU UMa for Macro, UMi for LPN
·  UMa
- UE speed is 3km/h
- No outdoor in-car penetration loss

·  UMi
- Carrier Frequency : 2GHz

- 100% UE dropped outdoors

- No outdoor to indoor penetration loss

Note: ITU UMa and UMi penetration, pathloss, and shadowing generation methodology is used for Macro to UE and Pico / LPN to UE respectively. Values in TR36.814 for pathloss, penetration and shadowing are not to be used.

	Number of low power node per macro-cell and UE placement
	TR 36.814 Configuration #4b with N LPN’s per Macro cell

TR 36.814 Configuration #1 with N LPN’s per Macro cell

Additional Pico / UE distribution models TBD
Baseline is N = 2, 4 and N=1 or N=10 optional.

	Number of UEs per cell
	As described in TR 36.814 for Heterogeneous networks

	System bandwidth
	Baseline is 10 MHz

	Tx power
	For Macro cell: 46 dBm for 10 MHz carrier

For LPN: 30 dBm or 37 dBm for 10 MHz carrier (with higher priority for 30 dBm)

	Impairments modelling
	Details TBD

	Network synchronization
	No subframe offset (Fully synchronized)

Non-zero subframe offset

	Number of antennas at transmission point
	Macro cell: 2 or 4 (FDD)
LPN: 2 or 4 (FDD)
Note: values for antenna combinations (number of antennas at macro node, number of antennas at LPN) are (2, 2), (4, 4) (FDD) as baseline, (2, 4) (FDD) optional.

	Number of antennas at UE
	2 or 4 with higher priority for 2 antennas

	Antenna configuration
	Same as CoMP Scenario 3 (R1-111208)

	Antenna patterns
	For Macro cell: 3D
For LPN: 2D
Note: For Macro cell, different downtilt values may be evaluated.

	Feedback scheme
	R10

	Channel estimation
	Non-ideal

	UE receiver
	MMSE receiver model option1 (R1-110586) and
Advanced MMSE and/or IRC receiver with details to be described by proponent

	Traffic model
	Full buffer only and follow methodology for CoMP Scenario 3 (R1-111208)

	Backhaul assumptions
	Higher latency and limited capacity X2

	Link adaptation
	Non-ideal; details to be provided by proponent


