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1. Introduction  
In RAN#52, there is the agreement on further enhancements for non-CA based ICIC [1] as follows:  

· 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 UE performance requirements in some specific scenarios with respect to multiple interferers. In particular, we study the impact of the number of dominant interferers.
2. Interference study
During the discussion of late, ABS has been agreed as the time domain solution for mitigation of the severe interference in HetNet. Meanwhile, it has been suggested to study the UE performance requirements for significantly improved DL control and data detection. With increasing RE bias values, more Pico UEs (PUEs) have SINR degradation. More UE in the expanded area of cell range expansion suffer from more server interference, especially for large cell-selection bias values.
There are some cases that multiple dominant interferers may exist in a practical deployment. The contribution [4][5] has identified the case that the pico eNB is located in the overlapped area of multiple macro eNBs. In addition, in the densely distributed area with the pico cells, some edge UE in the expanded area of range expansion may observe multiple interferers. The resulting performance impact need to be studied.
We study two scenarios by referring to [3], which are respectively cell-center and cell-edge deployment with 4 pico cell per sector, where the distance between the pico eNB and macro eNB is respectively 2/9 ISD and 8/15 ISD. The presented results are for the full buffer traffic model and path loss model 1. Detailed simulation parameters are referred to Appendix. 
We aim to study the performance impact of interferers due to application of range expansion and different distribution in the macro+pico deployment. The various biases, e.g., 3dB, 6dB, 12dB and 18dB, are used to illustrate the impact of the UE association approaches. Specifically, this contribution shows the SINR CDF and average SINR comparison for different number of interferers. The UE placement is according to Configuration 1 and Configuration 4b[2].
Since usually pico eNBs are deployed in the cell centre for capacity enhancement, we consider only clustered UE distribution with configuration 4b under the cell centre deployment. For the cell edge deployment, we consider both the uniform UE distribution and clustered UE distribution.
3. Performance
We evaluate the system performance with respect to UE SINR under 3gpp case 1 and channel model 1. 
3.1 UE SINR calculation
We calculate UE SINR as follows
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where S is the received signal power from UE’s currently associated cell and N is noise. For each UE, interference level from each interferer is listed in descending order. Then we calculate the SINR with the strongest interferer considered. We use 5 dominant interferers for exemplification. 
Figures 1.a, b, c d show CDF of SINR Pico-UE in the expanded area respectively for various bias values of cell range expansion for Configuration 1 in the cell edge deployment. Figures 2.a, b, c d show CDF of SINR Pico-UE in the expanded area respectively for various bias values of cell range expansion for Configuration 4b in the cell edge deployment. Figures 3.a, b, c d show CDF of SINR Pico-UE in the expanded area respectively for various bias values of cell range expansion for Configuration 4b in the cell centre deployment.
We observe that UE suffers from the severe interference from the most dominant interferers. However, SINR value calculated in this case deviates much from the final SINR. With two dominant interferers calculated in, SINR degrades severely. The 3-5 dominant interferers mimic the final SINR compared to 1 or 2 dominant interferers considered. Similar trends are observed for different deployment and UE distribution.
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  (a) RE bias 3dB




(b) RE bias 6dB
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        (c) RE bias 12dB




 (d) RE bias 18dB

Fig. 1 UE SINR CDF under the cell edge deployment with various CRS bias for Configuration 1
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(b) RE bias 6dB
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Fig. 2 UE SINR CDF under the cell edge deployment with various CRS bias for Configuration 4b
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(b) RE bias 6dB
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Fig. 3 UE SINR CDF under the cell centre deployment with various CRS bias for Configuration 4b
3.2 Average SINR with multiple dominant interferers
Table 1 shows the average UE SINR observed for different number of dominant interferers under different deployment and UE distribution for various RE bias values. It is shown that SINR of only one single dominant interferer deviate from the final SINR substantially, no matter for the different deployments or UE distribution. 
We further observe that for the cell edge deployment with Conf. 1 and RE bias of 3dB, with two dominant interferers considered/counted, the SINR is improved much compared to the final SINR. With the third interferer counted in, the SINR becomes more close to the final SINR, however, the improvement becomes less obvious. 
Table 2 shows the relative improvement of UE average SINR with the increasing of the number of dominant interferers under different deployment and UE distribution for various RE bias values. The relative increasing of UE average SINR is calculated as the percentage of the UE average SINR with the current number of dominant interferes minus that with 1 dominant interferer over the UE average SINR with 1 dominant interferer. The relative increasing level is descending with incremental interferers counted in. For example, for the cell edge deployment with Conf. 1 and RE bias of 3dB, the UE average SINR is increased 44% with 2 dominant interferes counted in compared with only 1 dominant interferer, while increased 19%, 10%, 3% in turn with more number of dominant interfere considered. The number of dominant interferers increases further depending on the pre-specified interference level.
It is expected that mis-estimating the dominant interferes may degrade the performance further as the current UE performance requirement is specified for only one single dominant interfere. Hence the UE performance requirement needs to be addressed with the consideration of multiple interferers. 
	CRE bias
	Deployment
	UE distribution
	Final SINR
	UE average SINR 

	
	
	
	
	With respect to Number of dominant interferers

	
	
	
	
	1
	2
	3
	4
	5

	3dB
	Cell edge
	Conf. 1
	0.6491
	6.5854
	3.6716
	2.3592
	1.6357
	1.3983

	
	Cell edge
	Conf. 4b
	2.4646
	7.6760
	5.4667
	4.2555
	3.6571
	3.2449

	
	Cell centre
	Conf. 4b
	3.5089
	9.8734
	5.2706
	4.0661
	3.7872
	3.6687

	6dB
	Cell edge
	Conf. 1
	-1.2408
	5.2950
	1.9266
	0.7334
	-0.1474
	-0.4146

	
	Cell edge
	Conf. 4b
	1.0300
	6.9768
	4.3827
	3.1097
	2.3123
	1.8501

	
	Cell centre
	Conf. 4b
	1.4722
	8.3174
	3.2172
	2.0194
	1.7463
	1.6395

	12dB
	Cell edge
	Conf. 1
	-5.0351
	1.8262
	-1.7247
	-3.0593
	-3.8785
	-4.1857

	
	Cell edge
	Conf. 4b
	-2.2426
	4.9778
	1.1482
	-0.2144
	-0.9753
	-1.4227

	
	Cell centre
	Conf. 4b
	-4.0289
	1.5184
	-2.4444
	-3.4118
	-3.6763
	-3.8055

	18dB
	Cell edge
	Conf. 1
	-9.2824
	-2.6446
	-6.3623
	-7.4873
	-8.1549
	-8.4784

	
	Cell edge
	Conf. 4b
	-5.5222
	1.3931
	-2.5146
	-3.6840
	-4.3336
	-4.7344

	
	Cell centre
	Conf. 4b
	-7.8173
	-3.3166
	-6.4328
	-7.1976
	-7.4519
	-7.5636


Table 1. Interferers observation under different deployment and UE distribution for various RE bias values
	CRE bias
	Deployment
	UE distribution
	Relative improvement of UE average SINR 

	
	
	
	With respect to increasing the number of dominant interferers

	
	
	
	1->2
	2->3
	3->4
	4->5

	3dB
	Cell edge
	Conf. 1
	0.442464
	0.199289
	0.109864
	0.036049

	
	Cell edge
	Conf. 4b
	0.287819
	0.157791
	0.077957
	0.0537

	
	Cell centre
	Conf. 4b
	0.466182
	0.121994
	0.028248
	0.012002

	6dB
	Cell edge
	Conf. 1
	0.636147
	0.225345
	0.166346
	0.050463

	
	Cell edge
	Conf. 4b
	0.371818
	0.182462
	0.114293
	0.066248

	
	Cell centre
	Conf. 4b
	0.613196
	0.144011
	0.032835
	0.012841

	12dB
	Cell edge
	Conf. 1
	1.94442
	0.730807
	0.448582
	0.168218

	
	Cell edge
	Conf. 4b
	0.769336
	0.273735
	0.152859
	0.089879

	
	Cell centre
	Conf. 4b
	2.609852
	0.637118
	0.174197
	0.08509

	18dB
	Cell edge
	Conf. 1
	-1.40577
	-0.4254
	-0.25244
	-0.12232

	
	Cell edge
	Conf. 4b
	2.805039
	0.839423
	0.466298
	0.287704

	
	Cell centre
	Conf. 4b
	-0.93958
	-0.2306
	-0.07667
	-0.03368


Table 2. Relative improvement of UE average SINR with the increasing of the number of dominant interferers 
4. Conclusions

In this contribution, we have studied the impact of multiple dominant interferers under different scenario. We use extensive system level simulations to show that the number of dominant interferers is more than 1. Based on the evaluation, we have the following proposal:

· The number of dominant interferers is more than 1 and the UE performance requirement needs to be addressed with the consideration of multiple interferers.
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Annex-A

Table Simulation parameters

	Parameter
	Value

	HTN scenario
	3GPP, Hotzone, configuration 1, configuration 4b, model 1

	Cellular layout
	Hexagonal layout with wrap around, 7 eNodeBs, 3 cells per eNodeB

	System frequency
	2GHz carrier, 10 MHz bandwidth

	ISD
	500m (case 1)

	eNodeB Tx power
	46 dBm

	Hotzone Tx power
	30 dBm

	Number of Hotzones per cell
	4

	Number of UE per cell
	25 (uniform distribution), 30 (clustered distribution)

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	Scheduling delay
	6ms

	Scheduling granularity
	5PRBs

	Downlink HARQ
	Asynchronous HARQ with CC, Maximum three retransmissions, and hop-by-hop HARQ in relay network

	Number of eNodeB antenna
	2 Tx antenna 

	Number of Hotzone antenna
	2 Tx antenna and 2 Rx antennas 

	Number of UE antenna
	2 Rx antennas 

	Antenna configuration
	eNodeB antenna pattern: 14dBi antenna gain, sectorized 
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Hotzone antenna pattern:  5dBi antenna gain, Omni,  
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UE antenna pattern:  0dBi antenna gain, Omni

	Downlink receiver type
	MRC

	Path-loss model
	Macro to UE
	Model 1:

PL= 128.1+37.6log10(R), R in km
Model 2:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
R in km
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	
	Hotzone to UE
	Model 1:

PL=140.7+36.7log10(R), R in km 
Model 2:

PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

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

	Channel estimation error
	None

	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)

	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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