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1. Introduction

In the RAN4 meeting #62bis, the system simulation assumptions were approved [1]. This contribution provides the test parameters including the maximum number of interferer to be cancelled and interference levels mainly for demodulation testing based on the system simulation results under 9dB bias.
2. Discussion
2.1 Methodology to decide maximum number of cancelled interferers (N)
We follow the terminology in [3] and the current existing specification.
The ideal way to decide the maximum number of interferers being cancelled is to compare the total throughput of Pico UEs or all UEs with the capability of cancelling one, two and three dominant interferer by using system simulations. But it would be quite challenging to map the SINR/SNR after or before CRS-cancelling to the link level performance of UE with CRS IC. So we propose some alternative way. 
In our opinion, there would be two possible options to decide the maximum number of interferers for the requirements:
·    Option 1: DIP-like method: use the method similar to what we did for the advance receiver (WI of LTE_Interf_Rej);
·    Option 2: Find typical interference levels as side conditions and under these conditions compare the throughput gain of the receiver being capable to cancelling N interferer over that without CRS-cancelling by the link level simulations:
The disadvantage of Option1 is mainly that it is a time-consuming task. So we suggest using Option2. One example is shown in Figure 1. There would be two options. The first one as shown in Figure 1(a) is to equally divide the statistic space into multiple sub-spaces based on the conditional CDF of I1/Noc2 and I2/Noc2 and then calculate the average interference levels for each sub-space. In that way, we can obtain multiple interference level vectors as (I1/Noc2, I2/Noc2). The second one as shown in Figure 1(b) is to find a single interference level vector of (I1/Noc2, I2/Noc2) which I1/Noc2 is at 50%-ile and I2/Noc2 is at 50%-ile conditioned on 50%-ile I1/Noc2. 
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(a) Multiple points                                                    (b) Single point

Figure 1 Distribution of I1/Noc2 and I2/Noc2 conditioned on 50%-ile Es/Iot looking for the typical interference levels
Based on the obtained side conditions, we run the link level simulation and find the throughput corresponding to 50%-ile Es/Iot, and then compared the throughput gain for the different maximum canceled interferer numbers. The above is just an example for N=2. For N=3 the similar method will be used.
In order to simplify and speed up the discussion, we suggest using the single point method.

Proposal 1: Use both system and link level simulations to decide the maximum number for interference cancelling and in order to simplify the evaluation only small number of typical interference levels will be used for evaluation.
Note that in the simulation, we do not distinguish the interference coming from other Macro and other Pico and just find out the first strongest interferers.

2.2 System simulation results

In this section, we provide the system simulation results to decide one typical interference level vector. To align with eICIC demodulation testing, three kinds of UE of interest together with suggested evaluation cases are investigated:

· 50%-ile Pico CRE UE for PDSCH TM2;
· 50%-ile Pico non-CRE UE for PDSCH TM3;

· 10% Pico all UE for CCH.
In Figure 2 we give the geometry for different kinds of UE of interest. From Figure 3 through Figure 5, we give log the conditional statistics for the interference levels assuming N=2. And the conditional CDF of I2/Noc2 is conditioned on 50%-ile I1/Noc2 and 50%-ile Es/Iot and conditional CDF of I1/Noc2 is conditioned on 50%-ile Es/Iot, where 1dB SNR window is used to select the users. In Table 1 we summarize the interference levels of interest, where we assume that I1/Noc2 > I2/Noc2.
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Figure 2 CDF of Es/Iot for different kinds of UE of interest
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(a) Two dimensional distribution for N=2;                                 (b) Conditional CDF for I1/Noc2 and I2/Noc2
Figure 3 Conditional CDF of I1/Noc2 and I2/Noc2 for 50%-ile Pico CRE UE assuming N=2
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(a) Two dimensional distribution for N=2;                                 (b) Conditional CDF for I1/Noc2 and I2/Noc2
Figure 4 Conditional CDF of I1/Noc2 and I2/Noc2 for 50%-ile Pico non-CRE UE assuming N=2
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(a) Two dimensional distribution for N=2;                                 (b) Conditional CDF for I1/Noc2 and I2/Noc2
Figure 5 Conditional CDF of I1/Noc2 and I2/Noc2 for 10%-ile Pico all UE assuming N=2
Table 1: Demodulation parameters when N=2

	UE interest
	Parameters
	PDSCH TM2
	PDSCH TM3
	PDCCH

	
	
	50%-ile Pico CRE UE when ABS
	50%-ile Pico non-CRE UE
	10% Pico all UE

	Noc
	Noc2/ Noc1
	3.5
	3.7
	3.9

	
	Noc3/ Noc1
	6.4
	6.3
	6.8

	SNR
	I1/Noc2
	9.4
	7.0
	9.0

	
	I2/Noc2
	0.9
	1.3
	1.8


From Figure 6 through Figure 8, we give log the conditional statistics for the interference levels assuming N=3. And the conditional CDF of I2/Noc2 is conditioned on 50%-ile I1/Noc1 and 50%-ile I1/Noc2 and 50%-ile Es/Iot, the conditional CDF of I2/Noc2 is conditioned on 50%-ile I1/Noc2 and 50%-ile Es/Iot and conditional CDF of I1/Noc2 is conditioned on 50%-ile Es/Iot, where 1dB SNR window is used to select the users. In Table 2 we summarize the interference levels of interest, where we assume that I1/Noc2 > I2/Noc2 > I3/Noc2.
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(a) I1/Noc2-I2/Noc2 mapping of 3-D distribution;                 (b) I2/Noc2-I3/Noc2 mapping of 3-D distribution
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(c) Conditional CDF for I1/Noc2, I2/Noc2 and I3/Noc2
Figure 6 Conditional CDF of I1/Noc2, I2/Noc2 and I3/Noc2 for 50%-ile Pico CRE UE assuming N=3
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(b) I1/Noc2-I2/Noc2 mapping of 3-D distribution;                 (b) I2/Noc2-I3/Noc2 mapping of 3-D distribution
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(c) Conditional CDF for I1/Noc2, I2/Noc2 and I3/Noc2
Figure 7 Conditional CDF of I1/Noc2, I2/Noc2 and I3/Noc2 for 50%-ile Pico non-CRE UE assuming N=3
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(c) I1/Noc2-I2/Noc2 mapping of 3-D distribution;                 (b) I2/Noc2-I3/Noc2 mapping of 3-D distribution
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(c) Conditional CDF for I1/Noc2, I2/Noc2 and I3/Noc2
Figure 8 Conditional CDF of I1/Noc2, I2/Noc2 and I3/Noc2 for 10%-ile Pico all UE assuming N=3
Table 2: Demodulation parameters when N=3

	UE interest
	Parameters
	SCH TM2
	SCH TM3
	CCH

	
	
	50%-ile Pico CRE UE when ABS
	50%-ile Pico non-CRE UE
	10% Pico all UE

	Noc
	Noc2/ Noc1
	2.5
	2.7
	2.8

	
	Noc3/ Noc1
	4.9
	5.1
	5.3

	Es/Noc2 (50%)
	I1/Noc2
	10.4
	7.9
	10.2

	
	I2/Noc2
	2.1
	2.4
	2.8

	
	I3/Noc2
	-1.1
	-1.2
	-0.5


2.3 Link level simulation results

In this section we use the side conditions given in Table 2 and give the initial link level simulation results considering N=1, 2 and 3. The test cases are list in Table 3. The simulation results are given in Figure 9~Figure 14. We assume that the CRS-s of three interfering cells does not collide.
Table 3: List of link level simulation cases
	Case
	Description

	1
	PDSCH, 1/2 QPSK, 10MHz, TM2, EVA5, 2x2 medium I1/Noc2=10.4, I2/Noc2=2.1, I3/Noc2 = -1.1, N=1, 2, 3. The CRS of Pico collides with the CRS of the strongest interferer.

	1a
	PDSCH, 1/2 QPSK, 10MHz, TM2, EVA5, 2x2 medium I1/Noc2=10.4, I2/Noc2=2.1, I3/Noc2 = -1.1, N=1, 2, 3. The CRS of Pico collides with the CRS of the weakest interferer.

	2
	PDSCH, 1/2 16QAM, 10MHz, TM3, EVA5, 2x2 medium I1/Noc2=7.9, I2/Noc2=2.4, I3/Noc2 = -1.2, N=1, 2, 3. The CRS of Pico collides with the CRS of the strongest interferer.

	2a
	PDSCH, 1/2 16QAM, 10MHz, TM3, EVA5, 2x2 medium I1/Noc2=7.9, I2/Noc2=2.4, I3/Noc2 = -1.2, N=1, 2, 3. The CRS of Pico collides with the CRS of the weakest interferer.

	3
	PDCCH, 10MHz, EVA5 2x2 low, I1/Noc2=10.2, I2/Noc2=2.8, I3/Noc2 = -0.5, N=1, 2, 3. The CRS of Pico collides with the CRS of the strongest interferer.

	3a
	PDCCH, 10MHz, EVA5 2x2 low, I1/Noc2=10.2, I2/Noc2=2.8, I3/Noc2 = -0.5, N=1, 2, 3. The CRS of Pico collides with the CRS of the weakest interferer.
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Figure 9 Comparison of the simulation results with different CRS-IC numbers for TM2: Case 1
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Figure 10 Comparison of the simulation results with different CRS-IC numbers for TM2: Case 1a
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Figure 11 Comparison of the simulation results with different CRS-IC numbers for TM3: Case 2
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Figure 12 Comparison of the simulation results with different CRS-IC numbers for TM3: Case 2a
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Figure 13 Comparison of the simulation results with different CRS-IC numbers for TM3: Case 3
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Figure 14 Comparison of the simulation results with different CRS-IC numbers for TM3: Case 3a
We have the following observations:
·    For typical CRE UE, cancelling three strong interferences could improve the performance noticeably. The relative throughput gains of cancelling N interferences over cancelling N-1 interferences are decreased with increasing N because of the decreasing interference level of the N-th interference.
·    For typical non-CRE UE with TM3 transmission, cancelling more than 2 interferences could not bring the significant gain because the power level of target signal is much larger than the levels of the 2nd and 3rd interferences and then it would be difficult to reconstruct the interference signals for cancelling.
·    For cell edge UE, cancelling three strong interferences could improve the performance significantly due to the lower target signal. 
So for typical CRE UE, N=2 would be sufficient from the performance aspect. The relative gain of cancelling three interferences over cancelling two interferences is not large enough. It would be comparable to the impairment margin. Thus it would be a little difficult to verify whether the three interference or two interference cancelling be implemented. For cell edge UE and typical non-CRE UE, the different N-s would be preferred. 
Based on the above discussion, the optimal number of interferer being cancelled would be different for different physical channels and under the different interference levels. Generally cancelling two strongest interferers would bring the significant gain for most of cases. And considering the complexity of the receiver, we propose that
·    Proposal 2: The number of the interferers being cancelled should be two, i.e., N=2, for the demodulation requirements for FeICIC;

And we suggest use the interference levels given in Table 1 for the performance evaluation.

2.4 Interference levels for different physical channels
Based on N=2 and Table 1, the ratios of Noc2/ Noc1 and Noc3/ Noc1 for different scenarios are quite similar, and in Figure 15 we can see that the averaged INR on CRS symbols and data symbols of ABS and on non-ABS are quite different. 
[image: image25.png]Probabilty

10

Data range




[image: image26.png]Probability

09t

08t

07f

06f

05t

04f-

03f

02t

01 f

10
a8

15





(a) 50%-ile Pico CRE UE                                                  (b) 50%-ile Pico non-CRE UE
Figure 15 Noise floors of Noc1, Noc2 and Noc3 when N=2
So we provide the interference levels for evaluation the demodulation performance of different physical channels:

· PDSCH TM2: I1/Noc2 = 9.4dB, I2/Noc2 = 0.9dB, Noc2/ Noc1 = 3.5dB, Noc3/ Noc1 = 6.4dB for 50%-ile Pico CRE;
· PDSCH TM3 rank-2: I1/Noc2 = 7.0dB, I2/Noc2 = 1.3dB, Noc2/ Noc1 = 3.7dB, Noc3/ Noc1 = 6.3dB for 50%-ile Pico non-CRE UE;
· PDCCH/PCFICH: I1/Noc2 = 9.0dB, I2/Noc2 = 1.8dB, Noc2/ Noc1 = 3.9dB, Noc3/ Noc1 = 6.8dB for Pico cell edge UEs;
· PHICH: I1/Noc2 = 9.0dB, I2/Noc2 = 1.8dB, Noc2/ Noc1 = 3.9dB, Noc3/ Noc1 = 6.8dB for Pico cell edge UEs;
And for PBCH and SIB-1/paging, although RAN4 might not define the corresponding requirements for them, we still can evaluate their performance under the following side conditions:
· PBCH: I1/Noc3 = 6.1dB, I2/Noc3 = -1.1dB for Pico cell edge UEs considering colliding interferences from other cells;
· SIB-1, Paging: I1/Noc3 = 6.1dB, I2/Noc3 = -1.1dB for Pico cell edge UEs considering colliding interferences from other cells.
3. Conclusion
In this paper, we analyze the maximum number for interference cancelling. We propose that
Proposal 1: Use both system and link level simulations to decide the maximum number for interference cancelling and in order to simplify the evaluation only small number of typical interference levels will be used for evaluation

Proposal 2: The number of the interferers being cancelled should be two, i.e., N=2, for the demodulation requirements for FeICIC.
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5. Appendix
5.1 Simulation assumption
Table 3: Macro-Pico deployment simulation assumption
	Parameter
	Setting

	Deployment scenario
	Reuse Rel-10 deployment scenarios:

#4b(4) – configuration #4b with N=4 pico nodes per macro area

	PCI assignment
	Macro cells: 

Planned 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 

	Subframe alignment
	SFN-aligned

	Frequency / bandwidth
	2GHz, 10 MHz

	Cyclic prefix
	Normal

	Channel model, UE speed
	ETU, 3 km/h

	Number of CRS antenna ports
	2 CRS antenna ports

	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

	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 (e.g., full load on PSS/SSS and no CRS-CRS interference in two neighbour cells with non-colliding CRS)

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

Zero-power ABS in macro cells with 1/8 blanking rate, i.e. [10000000] (for RLM/RRM).

ABS type:

Non-MBSFN ABS, and

MBSFN ABS

ABS configuration in macro cells:

All macro cells use ABS (baseline)

	Path loss
	Baseline: Model 1 [1]

Macro to UE: L= 128.1+37.6log10(R)

Pico to UE: 
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	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 nodes
	40 m

	UE distribution
	Uniform (macro UEs), 

Clustered (pico UEs) with  Photspot=2/3


Table 5: Macro cell antenna model [1]

	Antenna pattern (horizontal)
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	Antenna pattern (vertical)
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The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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· Clustered UE placement for pico cells: 
· Fix the total number of users, Nusers, dropped within each macro geographical area.

· Randomly and uniformly drop the configured number of pico nodes, N, within each macro geographical area (the same number N for every macro geographical area).

· Randomly and uniformly drop Nusers_lpn users within a 40 m radius of each pico node, where 
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 with Photspot, where Photspot is the fraction of all hotspot users over the total number of users in the network.

· Randomly and uniformly drop the remaining users, Nusers - Nusers_lpn*N, to the entire macro geographical area of the given macro cell (including the pico node user dropping area).
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