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1. Introduction
In RAN4 #62bis first discussion on the interference conditions for FeICIC took place. In [1], system level simulation assumptions have been agreed for further investigations on the interference levels in order to align results among companies. 
In this contribution we provide system level simulation results following the assumptions agreed in [1] and provide proposals on the number of interferers and the interference levels to be used in the definition of tests for cell detection, RLM/RRM and demodulation/CSI reporting.
2. Discussion
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 [1], system level simulation assumptions have been agreed for further investigations on the interference levels in order to align results among companies. In the following, we provide results following these assumptions and propose the interference levels for cell detection, RLM, RRM demodulation and CSI reporting requirements. The results presented in this contribution extend the results already presented in [3]. The simulation results taken from [1] are given in the appendix.
2.1. Interference Level for Cell Detection

We first look at the interference levels for cell detection and consider a scenario where the PCIs of the macro cell are planned with reuse 1/3 and the PCIs of the pico cells are randomly allocated. We further assume that the PSS/SSS of all cells collide, i.e. no subframe shift is assumed. In this case, full interference is present.

Figure 1 shows the Es/Iot CDF for all pico UEs and pico UEs that are located of the CRE region assuming a CRE factor of 9 dB. 
[image: image1.emf]-20 -10 0 10 20 30 40 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Serving Es/Iot on Non ABS[dB]

CDF

Serving CRS Es/Iot on Non ABS:Macro 1/3 pico rand

 

 

ALL PUEs: 5% -11.5 dB

CRE PUEs: 5% -11.9 dB


Figure 1: Serving CRS Es/Iot for Pico UEs in non-ABS subframes

It is seen from this figure that the 5%-quantile is -11.5 dB and -11.9 dB, respectively. In order to ensure that the UE can detect a cell at such interference levels, we propose to define cell detection requirements for Es/Iot = -12 dB.
Proposal 1: Cell detection requirements for FeICIC with a CRE bias of 9 dB should be defined for Es/Iot ( -12 dB.
Next we look at the interference levels of the dominant macro interferers around Es/Iot = -12 dB. Figure 2 shows the received energy of the dominant and second strongest macro cells (EI,1, EI,2) in non-ABS subframes over Noc. Noc is the remaining received energy of all other interfering cells, i.e. Noc = Iot - EI,1 - EI,2. It is seen that EI,1/Noc and EI,2/Noc can be almost equally strong. Around Es/Iot = -12 dB EI,1/Noc ranges roughly from 0 dB to 6 dB and EI,2/Noc varies roughly between -4 dB and 5 dB. 
[image: image2.emf]-14 -12 -10 -8 -6 -4 -2 0

-20

-15

-10

-5

0

5

10

15

20

25

E

S

/Iot [dB]

E

I

/Noc [dB]

 

 

E

I,1

/Noc

E

I,2

/Noc


Figure 2: EI/Noc for Pico CRE UEs in non-ABS subframes

Since two interferers can be almost equally strong, it needs to be ensured in the definition of the cell detection test case that the searcher is able to cope with such a scenario. Therefore we propose to define cell detection requirements taking two cells into account. In particular we propose the following settings
Proposal 2: Cell detection requirements should be defined taking two interfering cells into account. The interference levels should be defined as:
· Option 1: 

Es/Noc = -4 dB, EI,1/Noc = 5 dB, EI,2/Noc = 3 dB ( Es/Iot = 11.9 dB 
· Option 2:

Es/Noc = -6 dB, EI,1/Noc = 3 dB, EI,2/Noc = 1 dB ( Es/Iot = 12.3 dB
Option 1 is the preferred setting since it reuses interference levels that were already under discussion for Rel-10 with the addition of a second interferer at 3 dB.  
Further requirements for FeICIC cell detection are discussed in [4].
2.2. Interference Level for Demodulation/CSI Reporting

In Rel-10, the following criterion for determining the interference levels for PDSCH and PDCCH/PHICH were used.
· For PDSCH, the 50%-quantile of  the ES,I/Noc1 CDF for CRE UEs was considered.
· For PDCCH/PHICH, the 10%-quantile of the ES,I/Noc1 CDF for CRE UEs was considered.
We apply the same methodology to determine the interference levels for FeICIC as in Rel-10. 
We first aim to investigate the received energy of the most dominant macro interferer. In the following we distinguish between colliding and non-colliding CRS make use of the definition of the Dominant Interference over Noise (DINi) for colliding and non-colliding CRS. We define the DIN as follows:

· DINi(colliding CRS) = received energy ES,I/Noc1 of i-th strongest macro interferer with colliding CRS
· DINi(colliding CRS) = received energy ES,I/Noc1 of i-th strongest macro interferer with non-colliding CRS

· Noc1 = noise power spectral density of all non-serving pico cells
We assume again that the PCIs of the macro cells are planned with reuse 1/3 and the PCIs of the pico cells are randomly allocated. The CRE factor is set to 9 dB.

Figure 3
 shows the DIN1 both for colliding and non-colliding CRS, i.e. the strongest dominant macro interferer for both scenarios for CRE UEs only. It is seen that the 50%-quantile for colliding and non-colliding RS is between 13 dB and 15 dB. The 10%-quantile is between 5 dB and 7 dB. The difference is due to statistical variation. Whether the CRS are colliding or non-colliding does not impact the strength of the most dominant macro interferer. 
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Figure 3: left) DIN1 for colliding CRS – right) DIN1 for non-colliding CRS 
Based on the observations in Figure 3 we propose to the level of the most dominant interferer to 14 dB for PDSCH and 6 dB for PDCCH/PHICH.
Proposal 3: For PDSCH demodulation requirements and CSI reporting the ES,I/Noc1 of the dominant macro cell should be set to 14 dB based on the 50%-quantile of the CDF in Figure 3.

Proposal 4: For PDCCH/PHICH demodulation requirements the ES,I/Noc1 of the dominant macro cell should be set to 6 dB based on the 10%-quantile of the CDF in Figure 3.

Next we investigate the strength of the second strongest interferer assuming PCI planning of reuse 1/3 for the macro cells. Figure 4 shows the DIN levels of the next strongest macro cells relative to the maximal DIN1 both for colliding and non-colliding CRS for CRE UEs only. The left hand plot shows the CDFs of the next strongest interferers in case that the dominant interferer and the serving pico cell have colliding CRS. The right hand side shows the CDFs for non-colliding CRS. 
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Figure 4: left) DIPi relative to DIN1(colliding CRS) – right) DINi relative to DIP1(non-colliding CRS)
This figure states for both CRS scenarios how much weaker the next strongest macro cells are relative to the strongest macro cell. It is seen that with probability of 10% the second strongest interferer is about 2 dB weaker than the strongest interferer. 
Since this interferer is at a level that cannot be neglected, we propose to define tests that take a second macro cell interferer into account. This second interferer should be set 2 dB below the dominant macro cell.

Proposal 5: For all demodulation and CSI reporting tests, two interferers should be taken into account

Proposal 6: For PDCCH/PHICH demodulation requirements the ES,I/Noc1 of the second dominant macro cell should be set to 4 dB.

Proposal 7: For PDSCH demodulation requirements and CSI reporting the ES,I/Noc1 of the second dominant macro cell should be set to 12 dB.
From the left hand side it is seen that in case that the dominant macro cell and the serving pico have colliding CRS, the CRS of second strongest cell is non colliding. In case the CRS of the dominant macro interferer are non-colliding, the second strongest interferer can have both colliding and non-colliding CRS. Assuming perfect PCI planning for the macro cell, it is the most common case that the two interfering cells have colliding and non-colliding CRS. This should be considered in the definition of the demod tests.
Proposal 8: Demodulation test cases for PDSCH and PDCCH/PHICH should be introduced assuming a dominant macro cell with colliding CRS and a second dominant macro cell with non-colliding CRS.
Proposal 7 reflects a perfect PLCI planning of reuse 1/3. However, it cannot be expected that all networks follow a perfect planning. The tests to be defined need to ensure that the system does not break if the PCI planning is not perfect. In addition, it is also expected that the PCI are assigned randomly when more picos are deployed, which increases the likelihood of  CRS collisions. In order to ensure a robust performance under such deployment scenarios, we propose to take also a scenario of two interfering cells with colliding CRS into account. The same interference levels as above should be applied.
Proposal 9: Demodulation test cases for PDSCH and PDCCH/PHICH should be introduced assuming two interfering macro cells with colliding CRS and the same interference levels proposed above.

2.3. Interference Level for RLM/RRM

Next we look at relevant interference levels for defining RLM/RRM performance requirements. 
Figure 5 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. It is seen that the serving cell ES/Noc1 goes down to about -4 dB and the ES,I1/Noc1 of the dominant macro cell has then a maximal level of 5 dB for a CRE factor of 9 dB. 
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Figure 5: Cell Edge UEs: Dominant Macro Power – Serving Pico Power ( Bias – 3 dB = 6 dB
In [3], it was already proposed to consider two interfering cells with interference levels EI,1/Noc = 5 dB, EI,2/Noc = 3 dB. 

Proposal 10: For defining RLM/RRM performance requirements two interfering cells should be considered. 

Proposal 11: 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 the RRM tests also the serving cell needs to be defined. Based on the results in Figure 5 we propose to define requirements for ES/Noc1 = -4 dB.
Proposal 12: The RRM performance requirements should be defined ES/Noc1 = -4 dB.
Following the discussions in the section on demodulation and CSI reporting requirements, the RLM/RRM tests should be defined assuming two interfering cells with a) colliding and non-colliding CRS and b) colliding CRS only.

Proposal 13: The RLM/RRM tests should be defined assuming two interfering cells with a) colliding and non-colliding CRS and b) colliding CRS only. In test a) the dominant cell should have colliding CRS.
3. Conclusion 
In this contribution we provided simulation results following the assumptions being agreed in [1]. Based on these simulation results we make the following proposals for the interference levels and the number of interfering cells that should be taken into account in the definition of the test cases.
Cell Detection:

Proposal 1: Cell detection requirements for FeICIC with a CRE bias of 9 dB should be defined for Es/Iot ( -12 dB.

Proposal 2: Cell detection requirements should be defined taking two interfering cells into account. The interference levels should be defined as:
· Option 1: 

Es/Noc = -4 dB, EI,1/Noc = 5 dB, EI,2/Noc = 3 dB ( Es/Iot = 11.9 dB 
· Option 2:

Es/Noc = -6 dB, EI,1/Noc = 3 dB, EI,2/Noc = 1 dB ( Es/Iot = 12.3 dB

Demodulation/CSI reporting:

Proposal 3: For PDSCH demodulation requirements and CSI reporting the ES,I/Noc1 of the dominant macro cell should be set to 14 dB based on the 50%-quantile of the CDF in Figure 3.

Proposal 4: For PDCCH/PHICH demodulation requirements the ES,I/Noc1 of the dominant macro cell should be set to 6 dB based on the 10%-quantile of the CDF in Figure 3.

Proposal 5: For all demodulation and CSI reporting tests, two interferers should be taken into account

Proposal 6: For PDCCH/PHICH demodulation requirements the ES,I/Noc1 of the second dominant macro cell should be set to 4 dB.

Proposal 7: For PDSCH demodulation requirements and CSI reporting the ES,I/Noc1 of the second dominant macro cell should be set to 12 dB.
Proposal 8: Demodulation test cases for PDSCH and PDCCH/PHICH should be introduced assuming a dominant macro cell with colliding CRS and a second dominant macro cell with non-colliding CRS.

Proposal 9: Demodulation test cases for PDSCH and PDCCH/PHICH should be introduced assuming two interfering macro cells with colliding CRS and the same interference levels proposed above.

RLM/RRM:

Proposal 10: For defining RLM/RRM performance requirements two interfering cells should be considered. 

Proposal 11: 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.

Proposal 12: The RRM performance requirements should be defined ES/Noc1 = -4 dB.
Proposal 13: The RLM/RRM tests should be defined assuming two interfering cells with a) colliding and non-colliding CRS and b) colliding CRS only. In test a) the dominant cell should have colliding CRS.
We suggest to take these proposals into account to define the performance requirements for FeICIC.
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4. Appendix

Table 1: Simulation assumptions
	Parameter
	Setting

	Deployment scenario
	Reuse Rel-10 deployment scenarios:

· #4b(4) – configuration #4b with 4 pico nodes per macro area,

· #1(4) – configuration #1 with 4 pico nodes per macro area

	PCI assignment
	Macro cells: lanned PCIs with 3-reuse per macro site (baseline)

Pico cells: Random PCIs for pico cells (baseline)

	ISD
	500 m

	Cell selection offset
	9 dB

	Maximum eNodeB transmit power
	Macro: 46 dBm

Pico: 24 dBm and 30 dBm

	Subframe alignment
	SFN-aligned

	Frequency / bandwidth
	2GHz, 10 MHz

	Antenna gains & configuration
	Macro: three-cell, 14 dBi incl. connector loss, 3D pattern
Pico: omni, 5 dBi incl. connector loss

UE: omni, 0 dBi

	Es/Iot calculation
	per RE, before interference mitigation

	Traffic model
	Full buffer, full load

	Load
	In non-ABS: full load

In ABS: signal/channel-dependent and RE-dependent 

	ABS configuration
	ABS pattern is the same in all cells using ABS.

	Path loss
	Baseline: Macro to UE: L= 128.1+37.6log10(R), 

                 Pico to UE: 
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