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1. Introduction
In RAN4 #61, the LS from RAN1 on FeICIC was received recommending RAN4 to consider UE performance requirements for UE Rx based techniques for 9 dB CRE bias [1]. In [2] a work plan for RAN4 was outlined proposing that system level studies of interference scenarios for FeICIC should be investigated in RAN4 #62bis.

In this contribution we provide system level results for 9 dB CRE  bias for random pico cell deployments within the macro cell coverage area as well as for pico cells that are deployed at cell edge of the macro cells.
2. Discussion
In RAN4 #61, the LS from RAN1 on FeICIC was received recommending the following handling of CRS interference [1]: 
Handling of CRS interference:

· RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations

· Information on number of CRS ports of neighbor cell(s) is needed

· Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration) is needed
Extending the CRE bias to 9 dB requires to study new interference scenarios to be applied both for the core as well as for the performance requirements. In [2], a work plan for RAN4 was outlined proposing that system level studies of interference scenarios for FeICIC should be investigated in RAN4 #62bis and concluded in RAN4 #63. In the following, we discuss interference scenarios that should be considered to define the interference levels for cell detection, RLM, RRM demodulation and CSI reporting requirements
2.1. Interference Conditions for Cell Detection and RLM/RRM
The simulation assumptions are provided in Table 1 of the appendix. For cell detection and RLM/RRM, we consider three different pico deployment options: 

a) The picos are randomly placed in the macro cell coverage area
b) The picos are placed in the macro coverage area such that the pico – macro distance is greater or equal to 150m

c) The picos are placed in the macro coverage area such that the pico – macro distance is greater or equal to 250m
We first look at interference levels for cell detection. As in Rel-10 we assume that there is no subframe shift between pico and macro cell, which means that PSS/SSS as well as PBCH are fully colliding. Since PSS/SSS and PBCH are also transmitted in ABS subframes, no protection form interference is achieved by the configuration  of ABS. Hence, the serving cell ES/Iot with full interference from all other macro and pico cells gives an indication at which interference level cell detection should work reliably for a CRE bias of 9 dB. 
Figure 1 shows the serving cell ES/Iot for UEs in the CRE region of the pico cell for the three pico deployment options. The CRE bias is set to 9 dB. It can be seen that the lower quantiles of the CDFs are almost independent of the pico deployment options outlined above. In all three cases the 5%-tile is at about ES/Iot = -12 dB for a CRE bias of 9 dB. Hence, cell detection requirements should be defined for this ES/Iot.
Proposal 1: Cell detection requirements for FeICIC with a CRE bias of 9 dB should be defined for ES/Iot = -12 dB.
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Figure 1: Serving CRS Es/Iot for CRE UEs in non-ABS subframes
Next we look at interference scenarios for RLM and RRM and again consider the three options for pico deployments. In particular, when the pico is deployed at the cell edge of the macro cell, additional macro interferers may appear that have a similar strength than the dominant interfering macro cell. Figure 2 shows for all pico UEs the ratio of the dominant and the 2nd dominant macro interferer.
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Figure 2: Ratio of strongest and 2nd strongest Macro Interferer
It is seen that the ratio of the macro interferers becomes smaller the closer the picos are deployed at the edge of the macro cell. With probability of 20% the difference between the strongest and the second strongest macro interfering cell is less than 2 dB, which means that it is quite likely that an addition
al almost equally strong interferer is present.
Next we analyse in more detail the ratio of the macro interferers in case that the pico cell is deployed at cell edge of the macro cell (macro – pico distance ( 250m). In addition, we consider the case when the pico UE is located at cell edge of the pico cell. For this purpose we define a pico UE to be at cell edge of the pico cell if it holds: 
Macro Power – Serving Pico Power ( Bias – 3 dB = 6 dB for a CRE bis of 9 dB.
Figure 3 shows for pico cell edge UEs, CRE UEs and non-CRE UEs the serving pico cell ES/Noc1 and the dominant macro cell ES,I/Noc1, where Noc1 denotes interference by other pico cells. In Rel-10, pico cell ES/Noc1 = -4 dB has been considered for RLM/RRM performance requirements. It is seen from Figure 3 that for ES/Noc1 = -4 dB the dominant macro interfering cell ES,I1/Noc1 is in the order of 5 dB. Given the results in Figure 2 the second dominant macro interferer is with probability of 20% at a level of ES,I2/Noc1 = 3 dB.
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Figure 3: Cell Edge UEs: Dominant Macro Power – Serving Pico Power ( Bias – 3 dB = 6 dB

For a FeICIC baseline receiver as outlined in [3] small values in ES,I1 – ES,I2 are harder to cope with since two interfering cells are almost equally strong. We believe that the performance requirements for RLM/RRM need to take the existence of a second interferer into account that is almost equally strong than the dominant interferer. Hence, we propose:
Proposal 2: For defining RLM/RRM performance requirements two interfering cells should be considered. 

Proposal 3: RLM/RRM requirements should be defined for dominant macro cell ES,I1/Noc1 = 5 dB. The second dominant macro cell ES,I2/Noc1 should be set to 3 dB.
2.2. Interference Conditions for Demodulation/CSI Reporting
For deriving the interference levels for demodulation requirements a pico cell placement need to be considered that reflects also scenarios where the pico cell is not necessarily located at cell edge. Hence, we look at the interference levels seen by pico cells that are randomly located within the macro cell coverage area. We follow the same approach that was used to derive the demod interference levels in Rel-10 for eICIC [4]. This proposal can be summarized as follows:

1) Consider the three sets of UEs {CRE UEs}, {non-CRE UEs} and {All UEs} separately.

2) Extract for each set of UEs the CDF ES/Noc1 and fix those UEs that contribute to the 40%-tile - 60%-tile.
3) For the fixed UEs construct the conditional CDFs Noc1 and ES,I.

4) For the fixed UEs construct the conditional CDFs ES,I/Noc1, ES,I/Noc2 and ES,I/Noc3.
Splitting up the UEs in three sets and fixing the UEs that contribute to the 40%-tile - 60%-tile ensures that representative interference levels can be extracted. In [5], simulations following this approach for several CRE bias values have been presented. Here we repeat the results for a CRE bias of 9 dB. As reference we also show the results for a CRE bias of 6 dB that applies to Rel-10 eICIC. The results are given in Figure 4 and Figure 5.The following observations can be made:
Observation 1: The 50%-tile of the conditional dominant macro ES,I/Noc1 and ES,I/Noc2 is roughly 12 dB and 8 dB, respectively, in the CRE region for 6 dB bias.
Observation 2: The 50%-tile of the conditional dominant macro ES,I/Noc1 and ES,I/Noc2 is roughly 14 dB and 10 dB, respectively, in the CRE region for 9 dB bias.

The values for the CRE region and 9 dB bias are roughly 2 dB higher than the same values for 6 dB bias.
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Figure 4: Conditional dominant interfering cell Es,I/Noc for CRE and non-CRE UEs for 6 dB bias
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Figure 5: Conditional dominant interfering cell Es,I/Noc for CRE and non-CRE UEs for 9 dB bias
Based on these observations we propose: 

Proposal 4: For PDSCH demodulation requirements the interference levels should be increased by at least 2 dB compared to the levels used in Rel-10 eICIC. 
So far, the interference level of the strongest interferer only was investigated for demodulation and CSI reporting. It needs to be considered in more detail whether additional interfering cells should be taken into account as well.
3. Conclusion 
In this contribution we provide system level results for 9 dB CRE  bias for random pico cell deployments as well as for pico cells that are deployed at cell edge of the macro cells. 

We made the following proposals for cell detection and RLM/RRM:
Proposal 1: Cell detection requirements for FeICIC with a CRE bias of 9 dB should be defined for ES/Iot = -12 dB.

Proposal 2: For defining RLM/RRM performance requirements two interfering cells should be considered. 

Proposal 3: RLM/RRM requirements should be defined for dominant macro cell ES,I1/Noc1 = 5 dB. The second dominant macro cell ES,I2/Noc1 should be set to 3 dB.
For demodulation/CSI reporting we made the following observations and proposals:
Observation 1: The 50%-tile of the conditional dominant macro ES,I/Noc1 and ES,I/Noc2 is roughly 12 dB and 8 dB, respectively, in the CRE region for 6 dB bias.
Observation 2: The 50%-tile of the conditional dominant macro ES,I/Noc1 and ES,I/Noc2 is roughly 14 dB and 10 dB, respectively, in the CRE region for 9 dB bias.
Proposal 4: For PDSCH demodulation requirements the interference levels of the dominant interferer should be increased by at least 2 dB compared to the levels being used in Rel-10 eICIC.
For demodulation and CSI reporting it needs to be considered in more detail whether additional interfering cells should be taken into account.
We recommend the group to agree first on the interference levels for the core requirements for cell detection and RLM/RRM. Similar to Rel-10, the interference levels for the performance requirements can be considered separately in a second step.

4. Appendix: System Level Assumptions

Table 1: System level simulation assumptions
	Parameter
	Setting

	Scenario
	Configuration 1 with N = 4 pico nodes per macro area

	ABS patterns
	All macros apply the same ABS pattern, picos do not apply ABS pattern 

	Antenna configuration
	2x2

	ISD
	500m

	Cell selection offset
	6 dB, 9 dB

	Pico transmit power 

Macro transmit power
	24 dBm

46 dBm

	PCI planning
	Random 
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