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1. Introduction  
In RAN#52, the followings are agreed to be studied for further enhancements for non-CA based ICIC [1]:  

· Based on system performance gains, RAN1 to first identify the scenarios for which UE performance requirements in the following two bullets will be specified  in terms of, e.g., number of interferers and their relative levels with respect to the serving cell,

· UE performance requirements and possible air-interface changes / eNB signalling to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset), depending on UE receiver implementations - (RAN1, RAN4, RAN2)

· UE performance requirements and necessary signalling to the UE for significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers (including colliding and non-colliding RS, as well as, MBSFN used as ABS, as well as, ABS subframe configurations) for FDD and TDD systems depending on UE receiver implementations. Improved detection based on air interface enhancements to be considered - (RAN1, RAN4, RAN2)

· Dominant interference applicable to both macro-pico and CSG scenarios and  with or without handover biasing

In this contribution, we discuss scenario identification for further enhanced non-CA-based ICIC and present some simulation results of multiple interferers and their relative levels with respect to the serving cell.
2. Interference scenario
The focus of interference issues for co-channel deployments of heterogeneous networks (HetNet) was always on control channel (CCH) performance. In Rel-10, time domain Inter-Cell Interference Coordination (ICIC) schemes such as Almost Blank Subframe (ABS) were introduced as non-CA based scheme to solve the issues of HetNet interference. 

Associated with the corresponding eICIC schemes, various performance studies were carried out to define the performance requirements of BS/UE for Rel-10. For instance, cell identification delay simulation campaign was carried out after RAN4 #58 based on some agreed simulation assumptions [2] to determine the UE performance requirements under eICIC for HetNet. As of now, the simulation study is focused on single interferer [2].

However, in a practical HetNet deployment, there are cases where multiple dominant interferers maybe observed by a UE. For example, a pico cell’s coverage maybe overlapped with two or more macro cells with different ABS configurations. In some case, the pico eNB may not be able to schedule all the edge pico UEs in the common subset of subframes of interfering macro cells’s ABS patterns. In that case, at least some edge pico UEs will observe multiple interferers and the performance impact needs to be studied. 

In this contribution, we focus on such scenario where multiple interferers are observed to mimic a practical deployment scenario where a UE is interfered by multiple cells.

3. Simulations
Simulations were preformed to study the impact of multiple interferers and their relative interference level with respect to the serving cell. 
We present simulation results for both 3GPP Case 1 and ITU model with UE distributions of Configuration 4b and 1 for Pico as in [3]. For each UE distribution configuration, two cell selection bias values are chosen: 6 and 12 dB, respectively.  Thus, for each model (3GPP and ITU), four cases are defined as in the following table 1. Detailed system level simulation parameters are listed in Table A.1 in Annex-A. 
Table 1 Cases for simulation

	Case
	UE distribution
	Cell selection bias (dB)

	1
	Configuration 4b
	6

	2
	Configuration 4b
	12

	3
	Configuration 1
	6

	4
	Configuration 1
	12


3.1 Determination of the number of dominant interferers

The UE SINR is calculated as follows. Define 
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 where S is the received signal power from UE’s serving cell and N is noise power. For each UE, interference level from each interferer is indexed in descending order where Ik is the kth strongest interference received from neighboring cells. In other words, I1 >= I2 >=  I3 ... in terms of interference level. Thus SINR(K) represents the UE SINR when only the K strongest interferers were taken into account. 
We give an example in Figure 1 to show the pico UE DL SINR CDF in the Configuration 4b and Configuration 1 with 6 dB cell selection bias, respectively. K was chosen to be from 1 to 10. From the simulation results, we can see that, a significant amount of interference observed by the UE comes from just several interferers with strong interference level. Similar trends and results are observed for different bias values and ITU model as well. The UE DL SINR CDF curves for such scenarios are not shown here for space consideration. Based on our results, 5 is determined to be the number of the strongest interferers account for the dominant interference as SINR(5) is very close to the total interference in all cases.
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Figure 1 Pico UE DL SINR CDF under 3GPP case 1, bias=6 dB, Configuration 4b (left) and 1 (right)
3.2 Interference level with multiple dominant interferers
If the above K strongest interferers were muted, the UE 
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. Thus SINRmute can be used to approximate the final UE SNR without those K strongest interferers. Then the interference level of each dominant interferer INRk can be calculated as 
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For example, for current RAN4 agreed link level simulation parameters for cell search, the SINRmute is chosen to be -4 dB [2]. For K=5, in Table 2 and 3, we show the interference level with respect to the serving cell and the final UE SINR for both 3GPP and ITU model and for four cases defined in Table 1. As a comparison, Table 4 shows the corresponding UE SINR when single interferer is considered [2]. 
It is observed that when multiple dominant interferers were considered and/or large CRE bias value used, there’s a big difference on the final UE SINR compared against the case of single interferer. It is expected that such difference may degrade the performance further in a practical deployment; while the UE performance requirement is specified with the consideration of a single interferer. 
Table 2: Interfering level w.r.t the serving cell and the final UE SINR for 3GPP Scenario (dB)
	Case #
	INR1
	INR2
	INR3
	INR4
	INR5
	SINR

	1
	-0.1671
	-3.0485
	-5.2527
	-6.6890
	-8.0615
	-8.9511

	2
	4.9508
	0.3906
	-3.8107
	-6.2158
	-7.6051
	-11.8170

	3
	-0.1628
	-3.7317
	-5.3941
	-6.9162
	-8.0867
	-8.8205

	4
	4.5825
	-0.9209
	-4.5149
	-6.4024
	-7.7962
	-11.3480


Table 3: Interfering level w.r.t the serving cell and the final UE SINR for ITU Scenario (dB)
	Case #
	INR1
	INR2
	INR3
	INR4
	INR5
	SINR

	1
	-0.0321
	-3.5940
	-4.5583
	-6.0845
	-6.8265
	-9.0972

	2
	4.2683
	-0.3231
	-3.0880
	-5.7292
	-6.6397
	-11.4628

	3
	0.4578
	-1.7649
	-4.5100
	-5.6693
	-6.8399
	-9.5742

	4
	4.4230
	-0.0604
	-3.8722
	-5.7291
	-6.9818
	-11.5072


Table 4: Single interferer level and the SCH Es/Iot (dB) [2]
	Victim cell UE SNR
	Interfering cell SNR
	SCH Es/Iot 

	-4
	1
	-7.5

	
	2
	-8.1

	
	3
	-8.8

	
	4
	-9.5

	
	5
	-10.2


4. Conclusions

In this contribution, we have investigated the scenario of multiple dominant interferers and have presented system level simulations on the number of dominant interferers and their interference levels. Based on our simulation results, we have the following proposal:

· Scenario of multiple dominant interferers and the performance impact should be studied further.
· The number of dominant interferers considered in such scenario is limited to be less than or equal to 5. 
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Annex-A

Table A.1 Simulation parameters for macro-pico deployments

	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around 

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	ISD
	500 m 

	eNB Tx power (Ptotal)
	46 dBm

	Pico Tx power
	30 dBm 

	UE power class
	23 dBm

	eNB antenna height
	32 m (3GPP Case 1)，25 m (ITU)

	Pico antenna height
	10 m

	UE antenna height
	1.5 m

	Number of Picos per sector
	4

	Number of UE per sector
	25 (config1)，30 (config4b)

	Cell selection bias
	6 or 12 dB

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	eNB antenna gain plus cable loss
	14 dBi (3GPP Case1), 17 dBi (ITU), sectorized

	pico antenna gain plus connector loss
	5 dBi, Omni

	UE antenna gain
	0 dBi

	Noise figure at pico
	5 dB

	Noise figure at UE
	9 dB

	Penetration loss
	20 dB for both macro to UE and Pico to UE

	Distance-dependent path loss
	Model 1 [3] (3GPP Case1), Model 2 [3] (ITU)

	Shadowing correlation
	Between cells
	0.5 (3GPP Case1), 0 (ITU)

	
	Between sectors
	1.0

	Shadowing Correlation distance
	50 m

	Thermal Noise Density
	-174 dBm/Hz

	UE speeds of interest
	3 km/h (3GPP Case1), 30km/h（ITU）

	Min distance among Picos 
	40 m

	Min distance between Pico and Macro
	75 m

	Min distance between UE and MeNB 
	35 m

	Min distance between UE and Pico
	10 m
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