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1. Introduction

During and after RAN4 #60bis meeting, there were extensive discussions on the interference model for eICIC demodulation and CSI requirements [1]-[5]. Based on [1] and [2], we try to share our view on this topic.
2. Interference model
2.1 Interferers and interference levels
Firstly, according to [6] and [7], it was agreed that the common ABS patterns are used for all the Marco cells in the RRM system simulation assumption. Basically we agree to reuse the same configuration for the demodulation and CSI requirements. Based on this assumption, we follow [1] and would have the following terminologies for the source of interference:
· Serving cell (pico)

· Dominant interferer (macro) 
· Secondary interferer: A noise source that models interference from other macros in the network
· Noise floor: A noise source that models interference from other picos in the network (Noc) plus thermal noise
There would be four interference levels:

· Interference level 1: the level of noise floor;

· Interference level 2: the level of secondary interferer on ABS, i.e., the sum of interferences from CRS of other macros due to CRS shifting;

· Interference level 3: the level of dominant interferer (CRS EPRE on ABS, or EPRE on normal subframes);
· Interference level 4: the level of secondary interferer on normal subframes.
The interference levels are observed at one UE receiver connector. For convenience, some detailed background information is given in Annex. In Figure 1, we give some details of the interference model modified based on the previous one, assuming that macros randomly select PCIs.
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Figure 1 Interference models assuming that macros can use all CRS tones.

2.2 Proposed model
Two slightly different models are given in [1] and [2]. 
In [1] option 1(random cell ID planning), the interferences are modelled based on the RE locations of the interferences:
· Noc1 which is interference created by all other picos (other than serving) in the network plus thermal noise, which corresponds to noise floor above.
· Noc2 which is Noc1+interference created by the CRS transmissions of all macros other than the dominant macro cell interferer, which is the sum of interference level 1 and interference level 2, i.e., noise floor + secondary interferer on ABS.
· Noc3 ( which is the interference created by all other picos (Noc1) and all other macros, which is the sum of interference level 1 and interference level 4, i.e., noise floor + secondary interferer on normal subframes. And it would be different from Noc2 due to different components.
· The dominant interferer is explicitly modeled.
In [2], the interferences on ABS are modelled according to the cause and considering the implementation of test equipment: 
· Noc represents the noise floor;
· Eso stands for the interference level 2, and Eso/Noc for the ratio of interference level 2 over interference level 1 and it could be implemented as OCNG;

· The dominant interferer is explicitly modeled.
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Figure 2 Interference models from Anritsu in [2].
The advantage of the method in [2] would be that it is easier to implement interferers that vary across symbols and subcarriers as an intra-frequency cell, rather than as time and frequency dependent AWGN. This method would be feasible from implementation point of view. In other words, if two Noc are used, then the OFDM symbols #0, 4, 7, 11 would be blank for modeling Noc1 and the OFDM symbols #1, 2, 3, 5, 6, 8, 9, 10, 12, 13 would be blank for modeling Noc2. Generally speaking, in TS36.101 when Noc was used, it means AWGN which is flat in both frequency and time domains. So it would be beneficial to keep the same meaning when using Noc.
But we think that two methods mentioned above are equivalent. And the choice of method could not impact the statistic logging in [1]. If we replace Eso in Figure 2 by Noc defined in [1], i.e.
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then we can observe that two methods would be the same in fact. So we think that we can keep the assumptions in [1] and have the system simulation to log the statistics suggested in [1].
Because different expressions/symbols are used by different companies for interference and noise floor, we re-try to make them clear as below:
· Interference level 1: Noc (which is Noc1 in [1] and Noc in [2]);
· Interference level 2: Êi-sec1, which is the received energy per RE for the secondary interferer on ABS;
· Interference level 3: Êi-dom, which is the received energy per RE of dominant interferer (CRS EPRE on ABS, or EPRE on normal subframes);

· Interference level 4: Êi-sec2, which is is the received energy per RE for the secondary interferer on normal subframes;
· Wanted signal from serving cell: Ês.
Compared to [1], we have that Noc2=Noc+Êi-sec1, Noc3 =Noc+Êi-sec2, Es=Êi-dom, Noc1= Noc. Compared with [2], we have that Es=Êi-dom, Eso =Êi-sec1. Therefore the statistics needed to be logged is summarized in Table 1 using different expressions.
Table 1 Summary of statistics in [1]
	Description
	Qualcomm
	Anritsu
	Huawei/HiSilicon

	CDF of the ratio of the dominant interferer level over noise floor
	Cdf of Es/Noc1
	Cdf of Es/Noc
	Cdf of Êi-dom /Noc

	CDF of the ratio of the dominant interferer level over interference level on CRS OFDM symbols of ABS. Conditional CDF depending on the first one.
	Cdf of Es/Noc2
	Cdf of Es/(Eso+Noc)
	Cdf of Êi-dom/(Noc+Êi-sec1)

	CDF of the ratio of the dominant interferer level over interference level on normal sumbframes. Conditional CDF depending on the first one.
	Cdf of Es/Noc3
	--
	Cdf of ÊI-dom/(Noc+Êi-sec2)

	CDF of serving cell SNR depending on the first one
	Cdf of level of dominant interferer depending on Es/Noc1
	Cdf of level of dominant interferer depending on Es/Noc
	Cdf of level of dominant interferer depending on Ês/Noc

	CDF of absolute level of noise floor
	Cdf of absolute level of Noc1
	Cdf of absolute level of Noc
	Cdf of absolute level of Noc


Following the proposals in [2], we given the interference models both on ABS and normal subframes as follows.
For ABS:
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Figure 3 Proposed model for ABS

For normal subframe:
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Figure 4 Proposed model for normal subframe

For this model, two interference SNRs would be important for both ABS and normal subframes, i.e., Êi-dom/Noc, Êi-sec1/Noc for ABS and Êi-dom/Noc, Êi-sec2/Noc for normal subframes. So we propose the modified statistics to be logged as shown in Table 2.
Table 2 Summary of proposed statistics
	Description
	Proposed

	CDF of the ratio of the dominant interferer level over noise floor
	Cdf of Êi-dom /Noc

	CDF of the ratio of the secondary interferer level over noise floor on ABS. Conditional CDF depending on the first one.
	Cdf of Êi-sec1/Noc

	CDF of the ratio of the secondary interferer level over noise floor on normal sumbframes. Conditional CDF depending on the first one.
	Cdf of Êi-sec2/Noc

	CDF of serving cell SNR depending on the first one
	Cdf of level of dominant interferer depending on Ês/Noc

	CDF of absolute level of noise floor
	Cdf of absolute level of Noc


Based on the above discussion, we propose

Proposal 1: To reflect the practical scenario, it is suggested to define the interference model composed of two interferers and the noise floor with various interference levels on ABS and normal subframes for eICIC demodulation and CSI reporting tests. Further simplification of the interference model is not precluded.
3. System simulation results
This section provides system simulation results for the proposed statistics as listed in Table 2 for CRE Pico users. Detailed simulation assumptions are shown in Annex Table 6.
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Figure 5 CDF curves for absolute level Noc, Êi-dom /Noc and Ês/Noc
Figure 5 depicts the CDF curves of absolute level Noc, Êi-dom /Noc and Ês/Noc. Note that the absolute level of Noc in the left figure is over 9MHz instead of 15kHz. Pico UEs can be divided into three categories according to the different levels of Êi-dom / Noc:

Class 1: For Pico UEs located in low interference area, the value of Êi-dom /Noc corresponding to 10% CDF of Êi-dom /Noc is about 4dB. To obtain enough number of UEs, we use 5%~15% CDF of Êi-dom /Noc for statistic.
Class 2: For Pico UEs located in medium interference area, the value of Êi-dom /Noc corresponding to 50% CDF of Êi-dom /Noc is about 10dB. To obtain enough number of UEs, we use 40%~60% CDF of Êi-dom /Noc for statistic.
Class 3: For Pico UEs located in high interference area, the value of Êi-dom /Noc corresponding to 90% CDF of Êi-dom /Noc is about 20dB. To obtain enough number of UEs, we use 85%~95% CDF of Êi-dom /Noc for statistic.
Figure 6 ~ Figure 8 show the CDF curves of Êi-sec1/Noc , Êi-sec2/Noc and Ês/Noc depending on different percentage CDF of Êi-dom /Noc. The typical values responding to 50% CDF are listed in Table 4. To conveniently compare with other companies, we still list the values of Êi-dom /Noc2 and Êi-dom /Noc3, which are marked with yellow color.
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Figure 6 CDF curves of ÊI-sec1/Noc , ÊI-sec2/Noc and Ês/Noc for Class 1 pico UEs
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Figure 7 CDF curves of ÊI-sec1/Noc , ÊI-sec2/Noc and Ês/Noc for Class 2 pico Ues
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Figure 8 CDF curves of ÊI-sec1/Noc , ÊI-sec2/Noc and Ês/Noc for Class 3 pico UEs
Table 4 50% CDF statistics summary
	50% CDF statistics
	Class 1 pico UE (dB)
	Class 2 pico UE(dB)
	Class 3 pico UE(dB)

	Noc
	-111.3dBm/15kHz
	-111.3dBm/15kHz
	-111.3dBm/15kHz

	Êi-dom /Noc
	4.0
	10.0
	20.0

	Êi-sec1/Noc
	-1.1
	3.4
	6.4

	Êi-sec2/Noc
	3.7
	8.2
	11.1

	Êi-dom /Noc2
	1.5
	5.0
	12.7

	Êi-dom /Noc3
	-1.2
	1.2
	8.6

	Ês/Noc
	1.0
	7.5
	17.9

	Êi-dom /Noc- Ês/No (ISR)
	3.0
	2.5
	2.1


Observation 1: From Table 4, we observe that the typical value of serving cell SNR varies with different interference areas. In high interference area, like Class 3, although interference level from dominate macro cell approximates 20dB, the serving cell SNR is about 17.9dB as well due to the fixed range extension value. 

Observation 2: We can also classify Pico UEs according to the different levels of Ês/Noc, which is shown in the right figure of Figure 5. Using such kind of method for classification, we observe that the values of Ês/Noc corresponding to 10% CDF, 50% CDF and 90% CDF are about 0.5dB, 7.6dB and 18.2dB separately. The statistic values of Êi-sec1/Noc, Êi-sec2/Noc and Êi-dom/Noc are listed in Table 5. Obviously, the values of statistic interference levels are very similar with that of Table 4. 
Table 5 50% CDF statistics summary
	50% CDF statistics
	10% CDF of Ês/Noc (dB)
	50% CDF of Ês/Noc (dB)
	90% CDF of Ês/Noc (dB)

	Ês /Noc
	0.5
	7.6
	18.2

	Êi-sec1/Noc
	-1.2
	3.3
	6.2

	Êi-sec2/Noc
	3.5
	8.0
	11.0

	Êi-dom/Noc
	4.0
	10.7
	20.8


The important view is whether or not all these classes need to be tested. In [8], Renesas mainly focus on Class 1 pico UEs, while in [9] and [10], Ericsson and Qualcomm prefer to set Class 2 as typical UEs. From Table 4, we observe that ISR value for Class 3 is smaller than Class 1 and Class 2, i.e., the interference impact on Class 1 and Class 2 is larger than that on Class 3. To reduce RAN4 work load and take various proposals into account, we proposed to set control channel test for Class 1 pico UEs and PDSCH test for Class 2 pico UEs. 

Proposal 2 : Setting PDCCH/PCFICH test cases for Class 1 pico UEs and PDSCH test cases for Class 2 pico UEs. The interference levels for Êi-dom /Noc, Êi-sec1/Noc and Êi-sec2/Noc are shown as follows:

	Interference level
	PDCCH/PCFICH and PHICH
	PDSCH

	Êi-dom /Noc
	4.0
	10.0

	Êi-sec1/Noc
	-1.1
	3.4

	Êi-sec2/Noc
	3.7
	8.2


4. Link level simulation results
In order to verify the feasibility of interference setting given in Proposal 2, some link level simulation results are given in this section. Figure 9 and Figure 11 give the PDSCH and PDCCH/PCFICH demodulation performances under the proposed PDSCH interference levels in Proposal 2 respectively. The purpose of showing PDCCH/PCFICH performance is to verify the effect of control channel error on PDSCH performance. As we can see, the impact of control channel would be negligible. And it would be observed that at higher interference levels, i.e., the interference levels for PDSCH, the performance of control channel would not be challenging. So PDCCH/PCFICH would not needed to be tested under such interference settings. 

Figure 10 gives the PDCCH/PCFICH demodulation performance under the proposed PDCCH/PCFICH and PHICH interference levels. Around 1dB difference could be observed between the performance using two interference levels and that using on level.
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Figure 9 PDSCH performance with proposed PDSCH interference levels: R.11, 2x2 medium, EVA5(EPA5), case 3
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Figure 10 PDCCH/PCFICH performance with proposed PDCCH/PCFICH interference levels: R.w FDD, 2x2 low, 8CCE, EVA5(EPA5), extended PHICH, case 3
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Figure 11 PDCCH/PCFICH performance with Proposed PDSCH interference levels: R.w FDD, 2x2 low, 8CCE, EVA5(EPA5), extended PHICH, case 3
5. Conclusion

In this contribution, we discuss the interference model for eICIC and provide system simulation results for different interference values. Our proposals are summarized as follows:

Proposal 1: To reflect the practical scenario, it is suggested to define the interference model composed of two interferers and the noise floor with various interference levels on ABS and normal subframes for eICIC demodulation and CSI reporting tests. Further simplification of the interference model is not precluded.
Proposal 2 : Setting PDCCH/PCFICH test cases for Class 1 pico UEs and PDSCH test cases for Class 2 pico UEs. The interference levels for Êi-dom /Noc, Êi-sec1/Noc and Êi-sec2/Noc are shown as follows:

	Interference level
	PDCCH/PCFICH and PHICH
	PDSCH

	Êi-dom /Noc
	4.0
	10.0

	Êi-sec1/Noc
	-1.1
	3.4

	Êi-sec2/Noc
	3.7
	8.2
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7. Annex. 
7.1 Background: two noise floors on ABS

Interference if assuming common ABS pattern

Based on that configuration, the interferences on ABS come from both the CRS’s of the other macros and other picos. As shown in Figure 12, there are the macro cells labeled as M1, M2, M3…, and picos as P1, P2, P3… Assuming that P1 is the serving cell and M1 is the dominant interferer. On the right top of the figure, the red subframes represent ABS and the blue shadowed subframe for P1 is the serving subframe for UEs. As shown below, the CRS pattern of M2 is shifted by one tone compared with those of M1. 

Different macros will use different CRS shifting patterns. Assuming that the patterns are randomly chosen, the interference level on CRS OFDM symbols will be raised because the CRS from other macros overlap each other, although no data is transmitted on ABS for each macro. So for the CRS OFDM symbols, the total interference is the sum of CRS from the dominant interferer, the CRSs from secondary interferer (other macros) and the noise floor (the interference from other picos plus thermal noise), while the interference on the rest REs is the sum of CRS’s from secondary interferer (other macros) and noise floor (the interference from other picos plus thermal noise). And for data OFDM symbols, only noise floor exists.
We summarize the characteristics for dominant interferer, secondary interferer and noise floor as following:
· Dominant interferer: It is the interference from the dominant marco, e.g., M1. On ABS, mainly CRSs of dominant macro are transmitted, while on normal subframes both CRSs and data are transmitted. But the other necessary signals such as SIB-1 are not precluded on ABS.
· Secondary interferer: It is the sum of the interferences from other macros except the dominant one. 
On ABS, the macros will mainly transmit CRS on OFDM symbols #0, 4, 7, 11, if two antenna ports assumed and no data on the other symbols. Because the other macros randomly select the CRS frequency shifting patterns, the summed interference on CRS symbols would be flat across subcarriers, which is denoted as the interference level 2. So for secondary interferer, the signals with constant interference level 2 are transmitted on OFDM symbols # 0, 4, 7, 11 and the rest symbols are blank.
On normal subframes, the macros will transmit both CRSs and data on all symbols, which could be modeled as non-frequency-and-time selective noise with interference level 4. The interference level 4 is almost three times higher than interference level 2.
· Noise floor: A noise source that models interference from other picos in the network (Noc) plus thermal noise, which is flat in frequency and time domains both on ABS and normal subframes.
In detail, the interference on OFDM symbols #1, 2, 3, 5, 6, 8, 9, 10, 12, 13 of ABS comes from noise floor, while the interference on OFDM symbols #0, 4, 7, 11 of ABS is the sum of the dominant interferer, the secondary interferer with the interference level 2 and noise floor. On normal subframes, the interference level would be noise floor plus interference level 4.
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Figure 12 Interference on ABS assuming common ABS pattern used for all macros

Interference if not assuming common ABS pattern

If we do not follow the agreement in [6] and [7], i.e., assume that no common ABS pattern is used for all the macros, the situation will change. As shown in the right top of Figure 13, M1, M2 and M3 will use the different ABS patterns, where the ABS is marked by red and the white (blank) subframes of M1, M2 and M3 are for data transmission. In this scenario, the signals of the control channel and PDSCH from other macros will overlap each other on the ABS of M1. 
We summarize the characteristics for dominant interferer, secondary interferer and noise floor as following:

· Dominant interferer: It is the interference from the dominant marco, e.g., M1. On ABS, mainly CRSs of dominant macro are transmitted, while on normal subframes both CRSs and data are transmitted. But the other necessary signals such as SIB-1 are not precluded on ABS.
· Secondary interferer: It is the sum of the interferences from other macros except the dominant one. On ABS of the dominant interferer, because the other macros will transmit CRS and may also transmit data, the summed interference could be assumed to be flat across both subcarriers and OFDM symbols. There would be no significant difference of the interference level between ABS and normal subframes.
· Noise floor: A noise source that models interference from other picos in the network (Noc) plus thermal noise, which is flat in frequency and time domains both on ABS and normal subframes.
In this case, there would be no need to distinguish secondary interferer and noise floor. It would be reasonable to only assume one noise floor which is even across subcarriers and subframes to include the interferences from both other macros and other picos. Just one noise floor Noc would be sufficient.


[image: image22.emf]M1

P1

M2

M3

M4

M6

M7

P2

M5

P3

M1,M2,

…

 : macro cell

P1,P2,

…

: pico cell

 Pico UE


Figure 13 Interference on ABS not assuming common ABS pattern used for all macros

Summary of interference
· Conclusion: because RAN4 has already agreed that R4-111336 was the baseline system assumptions, it is suggested that common ABS is used as baseline. Based on that, the dominant interferer, secondary interferer and noise floor should be defined. Thus different interference levels should be defined accordingly.
There are a lot of arguments on the value of SNR for the dominant interferer. Some companies suggested using low level and others proposed to use higher value. Actually, both low and high SNRs on ABS for the dominant interferer exist in the practical scenario. Even if the level of I is the same, the different levels of noise floors lead to the different SNRs.
7.2 System simulation assumptions
Table 5 Macro-pico deployment simulation assumptions

	Parameter
	Setting

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

	PCI
	· All macro cells configure the same ABS pattern
· CRS (Cell ID) planning assuming 2Tx: random

	ISD
	· 500 m

	Cell selection offset
	· 6 dB

	Maximum eNodeB transmit power

· Macro 

· Pico
	· 46 dBm

· 24 dBm

	Network synchronization
	Frame-aligned

	Frequency / bandwidth
	2GHz, 10 MHz

	Cyclic prefix
	Normal

	Number of TX ( RX antennas  
	2 ( 2 (macro and pico)

	Antenna gains & configuration

· Macro

· Pico

· UE
	· three-cell, 14 dBi incl. connector loss, 3D pattern (see Table 2)

· omni, 5 dBi incl. connector loss

· omni, 0 dBi

	UE receiver
	Rel-8/9 baseline

	Traffic model
	Full buffer, full load

	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

	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
	clustered (pico UEs) - see below,

Nusers=60, Photspot=2/3
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Noc1 = interference level 1, on all REs of ABS and normal subframes 


Noc2 = interference level 1 + interference level 2, on the REs of 0,4,7,11 symbols on ABS 


Noc3 = interference level 1 + interference level 4, on all  REs of normal subframes 


Noise floor with interference level 1 : the sum of interference from other Pico cells and thermal noise


Secondary interferer with interference level 2 on ABS and interference level 4 on normal subframes: the sum of interferences from CRS of other macros
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