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1 Introduction

In the RAN4 meeting #65, a way forward on the methodology to determine the interference level for FeICIC demodulation and CSI had been agreed as follows:
· Explicitly model 2 aggressor cells for FeICIC demod/CSI simulations

· FeICIC demod requirements should be defined based on CRS handling of both aggressors

· Subject to confirmation of the benefits of two aggressor CRS handling

· Aspects that may be considered include (but not limited to)

· System level gain

· Link level gain

· PCFICH, PDCCH, and PHICH coverage 

· Impact on CSI

· Impact on RLM

· Aggressor levels for demod tests should be aimed to be chosen such that 

· They represent conditions encountered under system simulations

· And they can clearly differentiate the UEs handling two aggressors from UEs handling only one or no aggressor assuming the benefits and complexity of two aggressor CRS handling are confirmed.

· Complexity aspects may also be considered 

· Consider configuration #1 and 4b with 24dBm and 30dBm pico power.

· UE population for deriving interferer statistics

· For PDCCH and PHICH tests, consider only CRE UEs.

· For TM2 tests, consider only CRE UEs

· FFS for TM3 and CSI tests

· Companies to propose the method for choosing interference levels of the first and second aggressors.

· Companies are encouraged to provide analysis on whether Noc2 may be set the same or different from Noc1 for demod and CSI.

In this contribution, we follow the above principles and try to provide our analysis and proposals on the side condition for FeICIC demodulation and CSI test. Correspondingly the link simulation results based our proposed interference levels are given to compare the performance between one aggressor cell IC and two aggressor cell IC.
2 System simulation to determine interference levels of 2 aggressor cells
In [3], it was agreed to use reference Es/Iot levels for selecting the UE population (sets) for both RRM and demodulation. And it is also noted that in eICIC the reference EI/Noc is used to determine the UEs of interest. For FeICIC the two methods would lead to the different results.
In this paper, we still follow the agreement in [3] and our previous contributions. And we are open to the other method if the group is happy with that.
2.1 UE interest sets

Following the methodology used in Rel-10 and wayforward [1], three typical UE sets of interest could be evaluated as a starting point:

· Set 1: 10%-ile Pico CRE UE (for control channels)

· Set 2: 50%-ile Pico CRE UE (for PDSCH TM-2 test cases)

· Set 3: 50%-ile Pico non-CRE UE (for PDSCH rank-2 test cases)
2.2 System simulation assumptions 

The system simulation assumptions are given in Appendix 5.2. Three different cases are evaluated and the key differences of these cases are:
· Case 1: configuration#1, 24dBm TX power for Pico, Pathloss model 1 ( NLOS only)

· Case 2: configuration4b, 24dBm TX power for Pico, Pathloss model 1 ( NLOS only)

· Case 3: configuration 4b, 30dBm TX power of Pico, Pathloss model 2 ( LOS + NLOS)
2.3 Method how to determine the interference levels
The method of how to determine the interference levels had been discussed in our contribution [2], described as follows:

· Step 1: Log Es/Iot for an interested UE set and pick out the UEs based on a certain percentile of Es/Iot CDF, e.g., 50%-ile Pico CRE UE Es/Iot for PDSCH TM2 test (which follows the same way in Rel-10). And then obtain corresponding Es/Iot.
· Step 2: Select Es/Noc2, EI,1/Noc2 from UEs picked out in Step 1.

· Step 2.1: From the UEs picked up in Step 1, select the serving cell Es/Noc2 by observing the 50%-ile of conditional Es/Noc2 CDF. And pick out UEs within a certain window around obtained Es/Noc2.

· Step 2.2: From the UEs picked up in Step 2.1, select the first strong aggressor cell interference level EI,1/Noc2 by averaging the available EI,1/Noc2 values or observing 50%-ile of conditional EI,1/Noc2 CDF.

· Step 3: Calculate the second aggressor cell interference level EI,2/Noc2.

· Step 3.1: Obtain the CDF-s for Noc1, Noc2, Noc3 with respect to all UEs and find the relations between them.

· Step 3.2: Calculate the second aggressor cell interference level by using the equation as follows
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Where Es/Iot is the serving cell SINR, Es/Noc2 is the serving cell SNR, EI,x/Noc2 corresponds to the x-th aggressor cell interference levels and the definitions of Noc are the same as Rel-10.
The detailed examples for each step are given in the follow subsections. We mainly take Case 2 && Set 2 for an example. More simulation figures are show in Appendix.
2.3.1 Step1: select the typical UE sets and get Es/Iot
The CDFs of Es/Iot for the different UE sets of interest are given in Figure 1. From Figure 1, it can be observed that the Es/Iot for Set 2 is about -6.5dB.
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Figure 1: CDFs of Es/Iot for Set2 with case 2 scenarios
The Es/Iot values for the other UE sets are given in Appendix 5.3. But the obtained Es/Iot values for the other UE sets are given in Table 1.
Table 1: Summary of Es/Iot for different UE sets and scenario
	Cases
	UE set
	Different UE set
	Es/Iot (dB)

	Case 1:

 Config#1

24dBm

NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-10.9

	
	2 (TM2)
	50%-ile Pico CRE UE
	-7.6

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	2.8

	Case 2:

 Config4b

24dBm

NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-10.0

	
	2 (TM2)
	50%-ile Pico CRE UE
	-6.5

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	3.7

	Case 3:

Config 4b

30dBm

LOS/NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-8.6

	
	2 (TM2)
	50%-ile Pico CRE UE
	-5.1

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	6.9


2.3.2 Step2: determine Es/Noc2 and EI,1/Noc2 

In this step, firstly all the UEs falling in the ± 0.5dB window around Es/Iot = -6.5dB were picked out. The 2-D figures was plotted to show the relations between Es/Noc2 and EI,1/Noc2 in Figure 2. It can be observed that the values of Es/Noc2 is distributed in the range from 0dB to 20dB and EI,1/Noc2 is also distributed widely. But given the value of Es/Noc2, the conditional distribution of EI,1/Noc2 is tight.
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Figure 2: Distribution of EI,1/Noc2 conditioned on 50%-ile of Es/Iot of the Set 2 UEs with case 2 scenario
Firstly from the distribution in Figure 2, the conditional Es/Noc2 CDF is obtained. The reference Es/Noc2 corresponding to 50%-ile is 5.5dB. And the UEs falling in the ± 0.5dB window around Es/Noc2 = 5.5dB are picked out. Secondly based on the picked out UE, the averaged interference level of EI,1/Noc2 is calculated, i.e., EI,1/Noc2 = 10.0dB.
Similarly the values of Es/Noc2 and EI,1/Noc2 for Set 1 and Set 3 UEs can be obtained. All the values are summarized in Table 2.

Table 2: Summary of Es/Noc2 and EI,1/Noc2 for different UE sets and scenarios
	Cases
	UE set
	Different UE set
	Es/Iot (dB)
	Es /Noc2 (dB)
	EI,1/Noc2 (dB)

	1:

 Config#1

24dBm

NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-10.9
	-1.9
	5.6

	
	2 (TM2)
	50%-ile Pico CRE UE
	-7.6
	3.2
	8.6

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	2.8
	12.2
	6.3

	2:

 Config4b

24dBm

NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-10.0
	0.2
	7.6

	
	2 (TM2)
	50%-ile Pico CRE UE
	-6.5
	5.5
	10.0

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	3.7
	14.1
	8.0

	3:

Config 4b

30dBm

LOS/NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-8.6
	6.8
	14.3

	
	2 (TM2)
	50%-ile Pico CRE UE
	-5.1
	8.7
	12.6

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	6.9
	14.1
	4.00


2.3.3 Step3: determine EI,2/Noc2 

If removing the stronger aggressor cells, the remaining noise floors from the other macro cells and/or pico cells are whitened well under the assumption of full buffer traffic and common ABS. In Figure 3, the CDFs of Es/Noc1, Es/Noc2 and Es/Noc3 are given. All the UEs are taken into account when calculating CDFs. 
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Figure 3: CDF of Es /Noc2, Es /Noc2 and Es /Noc2 of all UEs with Case 2 scenario
It is observed that the three curves are almost parallel. And it can be derived that the averaged ratio of Noc3/Noc2 is about 2.4dB and the averaged ratio of Noc1/Noc2 is about -2.5dB. Then by using equation (1), it can be calculated that EI,2/Noc2 is 5.4dB.
With Noc3/Noc2 =2.4dB, the equation (1) is used to determine the interference level as blew:
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All the values are summarized in Table 3.

Table 3: Summary of Es/Noc2, EI,1/Noc2, and EI,2/Noc2 for different UE sets

	Cases
	UE set
	Different UE set
	Es/Iot (dB)
	Es /Noc2 (dB)
	EI,1/Noc2 (dB)
	EI,2/Noc2 (dB)

	1:

 Config#1

24dBm

NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-10.9
	-1.9
	5.6
	3.7

	
	2 (TM2)
	50%-ile Pico CRE UE
	-7.6
	3.2
	8.6
	4.9

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	2.8
	12.2
	6.3
	3.6

	2:

 Config4b

24dBm

NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-10.0
	0.2
	7.6
	4.8

	
	2 (TM2)
	50%-ile Pico CRE UE
	-6.5
	5.5
	10.0
	6.0

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	3.7
	14.1
	8.0
	4.9

	3:

Config 4b

30dBm

LOS/NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-8.6
	6.8
	14.3
	8.3

	
	2 (TM2)
	50%-ile Pico CRE UE
	-5.1
	8.7
	12.6
	6.6

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	6.9
	14.1
	4.00
	0.9


2.4 Summary
Here are the summary of our suggestion:
· Three configurations of (#1 24dBm) and (4 30dBm) are evaluated.
· The following UE populations are adopted for deriving interferer statistics
· Set 1: 10%-ile Pico CRE UE, for PDCCH and PHICH tests
· Set 2: 50%-ile Pico CRE UE, For TM2 tests
· Set 3: 50%-ile Pico non-CRE UE, for TM3 tests
· A method has been proposed for choosing interference levels of the first and second aggressors, and corresponding evaluated aggressor interference levels are given.
	Cases
	UE set
	Different UE set
	Es/Iot (dB)
	Es /Noc2 (dB)
	EI,1/Noc2 (dB)
	EI,2/Noc2 (dB)

	1:

 Config#1

24dBm

NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-10.9
	-1.9
	5.6
	3.7

	
	2 (TM2)
	50%-ile Pico CRE UE
	-7.6
	3.2
	8.6
	4.9

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	2.8
	12.2
	6.3
	3.6

	2:

 Config4b

24dBm

NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-10.0
	0.2
	7.6
	4.8

	
	2 (TM2)
	50%-ile Pico CRE UE
	-6.5
	5.5
	10.0
	6.0

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	3.7
	14.1
	8.0
	4.9

	3:

Config 4b

30dBm

LOS/NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-8.6
	6.8
	14.3
	8.3

	
	2 (TM2)
	50%-ile Pico CRE UE
	-5.1
	8.7
	12.6
	6.6

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	6.9
	14.1
	4.00
	0.9


· Two Noc levels, i.e., Noc2 and Noc1, should be modeled for the demodulation and CSI testing since there is more than 2.0 dB difference between them according to the system evaluation.
3 Link level simulations and discussion
In Table 3, we propose Case 2 as reference since all the resulted interference levels would be moderate. In this section, the link level simulation results will be given to show the performance gain of one aggressor cell IC and two aggressor cell IC. The link level simulation assumptions are listed in Table4.
Table 4: Assumption of link level simulation
	Parameter
	PDCCH/PCFICH
	TM2

	TM3

	Interference level
	EI,1/Noc2 : 7.6 dB
EI,2/Noc2 : 4.8 dB
	EI,1/Noc2 : 10.0 dB
EI,2/Noc2 : 6.0 dB
	EI,1/Noc2 : 8.0 dB
EI,2/Noc2 : 4.9 dB

	Channel config
	EVA5, 2X2 LOW
	EVA5, 2X2 LOW
	EVA5, 2X2 medium

	Performance output
	PDCCH/PCFICH jointly BLER for 

1) No IC

2) one aggressor cell IC 

3) two aggressor cell IC

4) Ideal IC
	Throughput (Mbps) for

1) No IC

2) one aggressor cell IC 

3) two aggressor cell IC
4) Ideal IC

	CRS configuration
	1)  serving cell 1, first interference cell 2, second interference cell 7;

2)
serving cell 1, first interference cell 7, second interference cell 2;

	Others
	Refer to the testing cases defined for eICIC in 36.101


Figure 4~6 are the link level results to show the performance gain of CRS-IC. It can be observed that there are significant gains of PDCCH/PCFICH, PDSCH between one aggressor cell IC and two aggressor cell IC. Correspondingly the better PDCCH/PCFICH coverage is expected to extend greatly by cancelling two interferers.
Besides, the interference level of the second aggressor cell is significant. If two aggressor cells were modelled but only one aggressor cell was cancelled, the large bias will be observed for the CSI estimation performance, because one aggressor cell cannot be observed by colliding CRS. For RLM, the second interference will also cause the PDCCH performance prediction error.
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Figure 4: PDCCH/PCIFCH joint BLER of CRS-IC

[image: image8.png]PDSCH TM2 with cell ID (S:1, 11:2,1:7)

7

~m—uith intf, no IC

—#—ICboth cells

—=icfirst cell

2 0 2 4 5 5 10 12 14 16 18 20




[image: image9.png]PDCH TM2 with cell ID (S:1, 11:7, [:2)

——nointf

T 8 uith intf, no IC

—#—IChoth cells

< icfirst cell

2 0 2 4 6 & 10 12 14 16 18 20





Figure 5: PDSCH (TM2) throughput of CRS-IC
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Figure 6: PDSCH (TM3) throughput of CRS-IC
4 Conclusion
This contribution provides the methodology to determine the interference levels based on system simulation. And we provide the proposed interference levels and also the link level simulation results based on them.

We propose that for FeICIC demodulation and CSI testing:
· Proposal 1:The following UE population are adopted for deriving interferer statistics
· Set 1: 10%-ile Pico CRE UE, for PDCCH and PHICH tests
· Set 2: 50%-ile Pico CRE UE, For TM2 tests
· Set 3: 50%-ile Pico non-CRE UE, for TM3 tests
· Proposal 2: A method has been proposed for choosing interference levels of the first and second aggressors as summarized in section 2.3, and the corresponding evaluated aggressor interference levels are given in the following tables.
	Cases
	UE set
	Different UE set
	Es/Iot (dB)
	Es /Noc2 (dB)
	EI,1/Noc2 (dB)
	EI,2/Noc2 (dB)

	2:

 Config4b

24dBm

NLOS
	1 (CCH)
	10%-ile Pico CRE UE
	-10.0
	0.2
	7.6
	4.8

	
	2 (TM2)
	50%-ile Pico CRE UE
	-6.5
	5.5
	10.0
	6.0

	
	3 (TM3)
	50%-ile Pico non-CRE UE
	3.7
	14.1
	8.0
	4.9


· Proposal 3: The significant gains of two aggressor cell IC over one aggressor cell IC can be observed for PDSCH and PDCCH/PCFICH, so two aggressor cells should be cancelled by FeICIC UE.
· Proposal 4: Two Noc levels, i.e., Noc2 and Noc1, should be modeled for the demodulation and CSI testing since there is more than 2.0 dB difference between them according to the system evaluation.
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6 Appendix
6.1 System simulation assumptions
Table 5: Assumption of system simulation
	Parameter
	Case 1:
	Case 2:


	Case 4:

	Deployment scenario
	#1 – configuration 
4Pico per section

60UE per Macro section
	#4b(4) – configuration 
4Pico per section

60UE per Macro section, 2/3 hotspot UE
	#4b(4) – configuration 
4Pico per section

60UE per Macro section, 2/3 hotspot UE

	DL TX power
	Macro: 46 dBm

Pico: 24 dBm 
	Macro: 46 dBm

Pico: 24 dBm 
	Macro: 46 dBm

Pico: 30 dBm 

	Path loss
	Model 1 (NLOS only)
Macro to UE: L= 128.1+37.6log10(R)

Pico to UE: L=140.7+36.7log10(R)

R in km
	Model 1 (NLOS only)
Macro to UE: L= 128.1+37.6log10(R)

Pico to UE: L=140.7+36.7log10(R)

R in km
	Model 2 (LOS+NLOS)

refer to Table A.2.1.1.2-3 in TR36.814

	PCI assignment
	Macro cells: 

Planned PCIs with 3-reuse per macro site 
Pico cells: 

Random PCIs for pico cells 

	ISD
	500 m

	Cell selection offset
	9 dB

	Antenna gains & configuration
	Macro: three-cell, 14 dBi incl. connector loss, 3D pattern (see Table 3)

Pico: omni, 5 dBi incl. connector loss

UE: omni, 0 dBi

	Shadow fading
	Lognormal, std. deviation=10 dB, 

shadowing correlation between cells=0.5

	Penetration loss
	20 dB [1]

	Minimum distance between pico node and macro nodes
	>=75m

	Minimum distance between UE and macro node
	>= 35m

	Minimum distance between UE and pico node
	10m 

	Minimum distance among pico es
	40 m


6.2 Figures of interference level

6.2.1 Case 2: configuration 4b, 24dBm, NLOS
6.2.1.1 10%-ile Pico CRE UE 
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6.2.1.2 50%-ile Pico CRE UE 
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6.2.1.3 50%-ile Pico non-CRE UE 
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6.2.2 Case 1: configuration #1, 24dBm, NLOS
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6.2.3 Case 3: configuration 4b, 30dBm, LOS+NLOS
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