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1. Introduction  
In RAN#47, enhanced Inter-Cell Interference Coordination (ICIC) for co-channel Heterogeneous Network (Het-Net) was approved as a WI. The objective is to identify and evaluate non-CA based, enhanced ICIC for control and data channels in Het-Net deployments. 

In an overlaid co-channel deployment between the Macro eNBs (MeNBs) and Low-Power Nodes (LPNs), performance impacts caused by the interference for control and data channels have not been fully studied yet. In this contribution, we present the performance results for both control and data channel with no enhanced interference management for a set of hotspot scenarios, in particular for Configuration 1, 4a and 4b as in [1].

For the considered scenarios, we study two approaches for UE cell selection: 
· RSRP-based UE cell selection combined with different Pico cell transmit levels; 
· the biased UE cell selection approach with the biases corresponding to the power level offsets in the RSRP-based approach.

2. Simulation Assumptions
The simulation assumptions are as described in [1]. In this contribution, we present simulation results for 3GPP Case 1 with several UE distributions. In particular, Configuration 1, 4a and 4b as in [1] are considered. The presented results are for the full buffer traffic model and path loss model 1. Detailed simulation parameters are listed in Annex-A.
Two Pico base station power levels have been earlier agreed for Case 1, 24 dBm and 30 dBm, which have been used in the simulations. In the first part, the study aims at providing baseline simulation results for the considered hotspot scenarios, i.e. assuming DL RSRP-based UE cell selection and no enhanced interference management, while seeing the impact of the Pico cell transmit power. The baseline results are then compared to the biased assignment with different biases from 3, 6, 9 and 12 dB to investigate the impact of the user assignment strategy on the control and data channel performance.
3. Simulation Results

3.1 Control channel

The focus of interference issues for co-channel deployments of Macro cells and Pico cells is always on control channel (CCH) performance, as good CCH performance is the base for the data channel performance in both uplink and downlink. Among the CCHs, physical dedicated control channel (PDCCH) is an important and vulnerable one. Thus, in this paper, we focus on PDCCH performance. It is assumed that a BLER < 1% is needed for the control channels [2]. Then, a required SINR of -3.8 dB is assumed for such target [2].

The SINR performance for CCH reception in the whole cell is shown below. Fig. 1 shows all UE SINR CDF with 2 Pico nodes in the Configuration 1 scenario and with different Pico transmit power; 24 dBm (left) and 30 dBm (right). Table 1 shows the outage (BLER >= 1%) ratio of the UEs for the 0 dB, 3 dB, 6 dB and 9 dB cell selection biases under different Pico cell numbers in each Macro cell and different Pico cell transmit power levels.
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Fig. 1 All UE DL SINR CDF, 2 Picos/Macro cell, with different Pico transmit power; 24 dBm (left) and 30 dBm (right)
Table 1 PDCCH performance in Configuration 1 with RSRP and biased RSRP cell selection

	
	2 Picos, 24 dBm
	2 Picos, 30 dBm
	4 Picos, 24 dBm
	4 Picos, 30 dBm

	Outage ratio (0 dB)
	1.7%
	2.4%
	2.5%
	3.7%

	Outage ratio (3 dB)
	2.7%
	4.1%
	4.5%
	5.8%

	Outage ratio (6 dB)
	5.9%
	8.6%
	8.8%
	11.2%

	Outage ratio (9 dB)
	10.1%
	13.9%
	14.6%
	18.7%


From the simulation results, we can see that, PDCCH performance becomes worse (UEs observe more interference) as the increase of Pico cell transmit power level. The increase of Pico cells in a Macro cell will also increase the interference. From the PDCCH performance point of view, the control channel reception will be degraded seriously for larger bias values of the biased RSRP cell selection criterion. 
Similar trends and results are observed for Configuration 4a and 4b. The UE SINR CDF curves for such scenarios are not shown here for space consideration. Table 2 and 3 show the outage ratio of the UEs for the 0 dB, 3 dB, 6 dB and 9 dB cell-selection biases in Configuration 4a and 4b respectively.
Table 2 PDCCH performance in Configuration 4a with RSRP and biased RSRP cell selection

	
	2 Picos, 24 dBm
	2 Picos, 30 dBm
	4 Picos, 24 dBm
	4 Picos, 30 dBm

	Outage ratio (0 dB)
	2.1%
	2.1%
	2.5%
	3.7%

	Outage ratio (3 dB)
	2.9%
	3.9%
	4.2%
	5.5%

	Outage ratio (6 dB)
	6.1%
	8.9%
	8.6%
	11.3%

	Outage ratio (9 dB)
	10.5%
	15%
	14.7%
	18.4%


Table 3 PDCCH performance in Configuration 4b with RSRP and biased RSRP cell selection

	
	2 Picos, 24 dBm
	2 Picos, 30 dBm
	4 Picos, 24 dBm
	4 Picos, 30 dBm

	Outage ratio (0 dB)
	1.5%
	2%
	2.3%
	4%

	Outage ratio (3 dB)
	3.1%
	3.9%
	4.1%
	5.82%

	Outage ratio (6 dB)
	6.3%
	8.9%
	9.2%
	12.24%

	Outage ratio (9 dB)
	10.8%
	15%
	15%
	18.51%


3.2 Data channel

3.2.1 Configuration 1, 2 Pico/Macro
The SINR performance for data channel in the whole cell is shown below. Fig. 2 shows UE SINR CDF with 2 Pico nodes in the Configuration 1 scenario and with different Pico transmit power; 24 dBm (left) and 30 dBm (right). Table 4 shows the UE average normalized DL throughput for the different cell selection biases. Table 5 shows the edge UE (5%) normalized DL throughput. Table 6 and 7 are of 30 dBm Pico transmit power.
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Fig. 2 UE DL SINR CDF, 2 Picos/Macro cell, with different Pico transmit power; 24 dBm (left) and 30 dBm (right)

Table 4 UE average normalized DL throughput (bps/Hz) performance in Configuration 1 with 24 dBm Pico power
	Bias (dB)
	Hetnet all UE 
	Hetnet Macro UE
	Hetnet LPN UE
	Homo all UE
	LPN UE ratio

	0
	0.114398
	0.064610
	0.652426
	0.062450
	0.084702

	3
	0.112084
	0.067986
	0.462956
	0.062450
	0.111649

	6
	0.107877
	0.072761
	0.309360
	0.062450
	0.148421

	9
	0.103605
	0.079290
	0.203926
	0.062450
	0.195088

	12
	0.098741
	0.087802
	0.131550
	0.062450
	0.250035


Table 5 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 1 with 24 dBm Pico power
	Bias (dB)
	Hetnet, in all UE
	Hetnet, in Macro  UE
	Hetnet, in LPN UE
	Homo

	0
	0.015113
	0.014732
	0.097746
	0.014613

	3
	0.016526
	0.015877
	0.056294
	0.014613

	6
	0.017906
	0.017295
	0.027885
	0.014613

	9
	0.016896
	0.018853
	0.000000
	0.014613

	12
	0.000000
	0.020718
	0.000000
	0.014613


Table 6 UE average normalized DL throughput (bps/Hz) performance in Configuration 1 with 30 dBm Pico power
	Bias (dB)
	Hetnet all UE 
	Hetnet Macro UE
	Hetnet LPN UE
	Homo all UE
	LPN UE ratio

	0
	0.129298
	0.066503
	0.489592
	0.062450
	0.148421

	3
	0.124381
	0.073252
	0.335336
	0.062450
	0.195088

	6
	0.118022
	0.082046
	0.225932
	0.062450
	0.250035

	9
	0.112156
	0.093418
	0.153354
	0.062450
	0.312632

	12
	0.107718
	0.108758
	0.106041
	0.062450
	0.382807


Table 7 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 1 with 30 dBm Pico power
	Bias (dB)
	Hetnet, in all UE
	Hetnet, in Macro  UE
	Hetnet, in LPN UE
	Homo

	0
	0.015788
	0.014969
	0.072579
	0.014613

	3
	0.018389
	0.017259
	0.042469
	0.014613

	6
	0.020111
	0.019581
	0.022254
	0.014613

	9
	0.016052
	0.022506
	0.004623
	0.014613

	12
	0.000000
	0.025726
	0.000000
	0.014613


From the simulation results, we can see that, the gain of Het-Net is obvious even with RSRP-based cell selection. Both the average and cell edge UE throughput can be improved in Het-Net deployments compared to a homogeneous network. With the increase of Pico transmit power, more UEs are assigned in Pico cells, but the gain on average and edge UE throughput in a Pico cell decreases. With the increase of bias values, the average UE throughput decreases while the edge UE throughput increase for small bias value then decrease for medium to large value (> 6dB). 
Similar results are observed for 4 Picos per Macro cell as well (see Annex-B).
3.2.2 Configuration 4a, 4 Pico/Macro
Results for 2 Picos per Macro cell in Configuration 4a are in Annex-C. Table 8 shows the UE average normalized DL throughput for the different cell selection biases. Table 9 shows the edge UE normalized DL throughput. Table 10 and 11 are of 30 dBm Pico transmit power. Same trends are observed as in Configuration 1 case.
Table 8 UE average normalized DL throughput (bps/Hz) performance in Configuration 4a with 24 dBm Pico power

	Bias (dB)
	Hetnet all UE 
	Hetnet Macro UE
	Hetnet LPN UE
	Homo all UE
	LPN UE ratio

	0
	0.084735
	0.028357
	0.390645
	0.026287
	0.155614

	3
	0.078467
	0.031291
	0.263670
	0.026287
	0.203012

	6
	0.072786
	0.034838
	0.183995
	0.026287
	0.254415

	9
	0.066992
	0.039676
	0.126112
	0.026287
	0.316023

	12
	0.062229
	0.045895
	0.088632
	0.026287
	0.382193


Table 9 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 4a with 24 dBm Pico power

	Bias (dB)
	Hetnet, in all UE
	Hetnet, in Macro  UE
	Hetnet, in LPN UE
	Homo

	0
	0.006757
	0.006452
	0.053976
	0.006211

	3
	0.008005
	0.007510
	0.029552
	0.006211

	6
	0.009172
	0.008509
	0.015882
	0.006211

	9
	0.008678
	0.009705
	0.004132
	0.006211

	12
	0.000000
	0.011123
	0.000000
	0.006211


Table 10 UE average normalized DL throughput (bps/Hz) performance in Configuration 4a with 30 dBm Pico power

	Bias (dB)
	Hetnet all UE 
	Hetnet Macro UE
	Hetnet LPN UE
	Homo all UE
	LPN UE ratio

	0
	0.092211
	0.030419
	0.273296
	0.026287
	0.254415

	3
	0.085018
	0.035205
	0.192828b
	0.026287
	0.316023

	6
	0.078883
	0.041448
	0.139396
	0.026287
	0.382193

	9
	0.073368
	0.049795
	0.101767
	0.026287
	0.453567

	12
	0.069317
	0.061529
	0.076209
	0.026287
	0.530468


Table 11 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 4a with 30 dBm Pico power

	Bias (dB)
	Hetnet, in all UE
	Hetnet, in Macro  UE
	Hetnet, in LPN UE
	Homo

	0
	0.007431
	0.006812
	0.037713
	0.006211

	3
	0.009588
	0.008570
	0.022445
	0.006211

	6
	0.010962
	0.010377
	0.012754
	0.006211

	9
	0.008746
	0.012286
	0.005317
	0.006211

	12
	0.000000
	0.014953
	0.000000
	0.006211


3.2.3 Configuration 4b, 4 Pico/Macro
Results for 2 Picos per Macro cell in Configuration 4b are in Annex-D. Table 12 shows the UE average normalized DL throughput for the different cell selection biases. Table 13 shows the edge UE normalized DL throughput. Table 14 and 15 are of 30 dBm Pico transmit power. Again, same trends are observed as in Configuration 1 case.
Table 12 UE average normalized DL throughput (bps/Hz) performance in Configuration 4b with 24 dBm Pico power

	Bias (dB)
	Hetnet all UE 
	Hetnet Macro UE
	Hetnet LPN UE
	Homo all UE
	LPN UE ratio

	0
	0.076254
	0.028384
	0.325613
	0.026278
	0.161053

	3
	0.071663
	0.031320
	0.225020
	0.026278
	0.208275

	6
	0.067230
	0.034993
	0.158438
	0.026278
	0.261140

	9
	0.062568
	0.040165
	0.108936
	0.026278
	0.325760

	12
	0.058663
	0.046749
	0.076947
	0.026278
	0.394532


Table 13 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 4b with 24 dBm Pico power

	Bias (dB)
	Hetnet, in all UE
	Hetnet, in Macro  UE
	Hetnet, in LPN UE
	Homo

	0
	0.006752
	0.006432
	0.037220
	0.006207

	3
	0.008057
	0.007509
	0.021798
	0.006207

	6
	0.009087
	0.008664
	0.012501
	0.006207

	9
	0.008242
	0.010018
	0.003559
	0.006207

	12
	0.000000
	0.011494
	0.000000
	0.006207


Table 14 UE average normalized DL throughput (bps/Hz) performance in Configuration 4b with 30 dBm Pico power

	Bias (dB)
	Hetnet all UE 
	Hetnet Macro UE
	Hetnet LPN UE
	Homo all UE
	LPN UE ratio

	0
	0.084449
	0.030381
	0.237424
	0.026278
	0.261140

	3
	0.078818
	0.035471
	0.168534
	0.026278
	0.325760

	6
	0.073860
	0.042078
	0.122635
	0.026278
	0.394532

	9
	0.069717
	0.051028
	0.090969
	0.026278
	0.467924

	12
	0.066424
	0.063587
	0.068793
	0.026278
	0.545029


Table 15 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 4b with 30 dBm Pico power

	Bias (dB)
	Hetnet, in all UE
	Hetnet, in Macro  UE
	Hetnet, in LPN UE
	Homo

	0
	0.007427
	0.006723
	0.029664
	0.006207

	3
	0.009636
	0.008601
	0.018446
	0.006207

	6
	0.010722
	0.010642
	0.010991
	0.006207

	9
	0.007864
	0.012851
	0.004730
	0.006207

	12
	0.000000
	0.015549
	0.000000
	0.006207


4. Conclusions

In this contribution, we have presented performance evaluations for both control and data channel in a co-channel deployment with Macro eNBs with outdoor Pico cells, assuming no enhanced interference management techniques. Based on our simulation results, we have the following conclusions:
· The performance gain of Het-Net compared to a homogeneous network is obvious even without cell selection bias.

· However, interference is an issue in Het-Net. In a Macro cell with outdoor Picos, Pico UEs will see strong interference from Macro cell. The interference impact on control channel is severe especially for dense hotzone scenarios. 

· For the scenarios we considered, the gain of biased cell selection with small bias value is observed for cell edge UE throughput. If eICIC is not used, the biased cell selection criterion may bring unintended performance degradation especially for large bias value. Based on the simulation results, bias value smaller than 6 dB is recommended if biased cell selection is used.
· We see the need of further study on enhanced ICIC for both control and data channels in Het-Net to explore its gain.
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Annex-A
Table A.1 Simulation parameters
	Parameter
	Assumption

	Scenario
	Case 1, 2GHz carrier frequency, 500m ISD, 10MHz BW, speed 3km/h

	Cellular layout
	Hexagonal grid, 19sites, 3 Macro cells per site, wrap‑around

	Pico layout
	2 or 4 Picos per Macro cell

	UE distribution
	Configuration 1
	25 UEs 

	
	Configuration 4a
	60 UEs

	
	Configuration 4b
	60 UEs

	Cell selection bias
	0/3/6/9/12 dB

	Min distance among Picos 
	40 m

	Min distance between Pico and Macro
	75 m

	Total eNB TX power (Ptotal)
	46 dBm

	Total Pico TX power
	24, 30 dBm

	BS antenna gain plus cable loss
	14 dBi

	Pico antenna gain plus connector loss
	5 dBi  

	UE antenna gain
	0 dBi

	Distance-dependent path loss for Macro to UE
	Model 1 [1]

	Distance-dependent path loss for Pico to UE
	Model 1 [1]

	Penetration Loss  
	20 dB 

	Number of antenna elements 
	1 × 2

	Polarization
	No

	Traffic model
	Full buffer


Annex-B
Configuration 1, 4 Picos per Macro cell
Table B.1 UE average normalized DL throughput (bps/Hz) performance in Configuration 1 with 24 dBm Pico power

	Bias (dB)
	Hetnet all UE 
	Hetnet Macro UE
	Hetnet LPN UE
	Homo all UE
	LPN UE ratio

	0
	0.162439
	0.066422
	0.733526
	0.062895
	0.143930

	3
	0.157690
	0.072565
	0.527053
	0.062895
	0.187298

	6
	0.152186
	0.080848
	0.377830
	0.062895
	0.240211

	9
	0.145220
	0.091865
	0.268391
	0.062895
	0.302246

	12
	0.138295
	0.107589
	0.189406
	0.062895
	0.375298


Table B.2 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 1 with 24 dBm Pico power

	Bias (dB)
	Hetnet, in all UE
	Hetnet, in Macro  UE
	Hetnet, in LPN UE
	Homo

	0
	0.015566
	0.014868
	0.104023
	0.014904

	3
	0.018360
	0.017303
	0.057792
	0.014904

	6
	0.020823
	0.019577
	0.033909
	0.014904

	9
	0.019403
	0.022050
	0.007790
	0.014904

	12
	0.000000
	0.025057
	0.000000
	0.014904


Table B.3 UE average normalized DL throughput (bps/Hz) performance in Configuration 1 with 30 dBm Pico power

	Bias (dB)
	Hetnet all UE 
	Hetnet Macro UE
	Hetnet LPN UE
	Homo all UE
	LPN UE ratio

	0
	0.186567
	0.070560
	0.553498
	0.062895
	0.240211

	3
	0.179792
	0.081503
	0.406699
	0.062895
	0.302246

	6
	0.171843
	0.097385
	0.295781
	0.062895
	0.375298

	9
	0.164761
	0.118626
	0.220744
	0.062895
	0.451789

	12
	0.157584
	0.146380
	0.167596
	0.062895
	0.528070


Table B.4 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 1 with 30 dBm Pico power

	Bias (dB)
	Hetnet, in all UE
	Hetnet, in Macro  UE
	Hetnet, in LPN UE
	Homo

	0
	0.016851
	0.015608
	0.078011
	0.014904

	3
	0.021122
	0.019041
	0.048951
	0.014904

	6
	0.023781
	0.023137
	0.025597
	0.014904

	9
	0.018600
	0.028704
	0.008784
	0.014904

	12
	0.000000
	0.034527
	0.000000
	0.014904


Annex-C
Configuration 4a, 2 Picos per Macro cell

Table C.1 UE average normalized DL throughput (bps/Hz) performance in Configuration 4a with 24 dBm Pico power

	Bias (dB)
	Hetnet all UE 
	Hetnet Macro UE
	Hetnet LPN UE
	Homo all UE
	LPN UE ratio

	0
	0.056555
	0.026997
	0.380336
	0.026290
	0.083655

	3
	0.052506
	0.028653
	0.235964
	0.026290
	0.115058

	6
	0.048610
	0.030699
	0.148407
	0.026290
	0.152164

	9
	0.045328
	0.033457
	0.093162
	0.026290
	0.198830

	12
	0.042564
	0.037184
	0.058282
	0.026290
	0.255000


Table C.2 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 4a with 24 dBm Pico power

	Bias (dB)
	Hetnet, in all UE
	Hetnet, in Macro  UE
	Hetnet, in LPN UE
	Homo

	0
	0.006369
	0.006212
	0.056076
	0.006244

	3
	0.007056
	0.006820
	0.027711
	0.006244

	6
	0.007673
	0.007399
	0.014153
	0.006244

	9
	0.007489
	0.008073
	0.000610
	0.006244

	12
	0.000000
	0.008922
	0.000000
	0.006244


Table C.3 UE average normalized DL throughput (bps/Hz) performance in Configuration 4a with 30 dBm Pico power

	Bias (dB)
	Hetnet all UE 
	Hetnet Macro UE
	Hetnet LPN UE
	Homo all UE
	LPN UE ratio

	0
	0.059863
	0.028003
	0.237381
	0.026290
	0.152164

	3
	0.055450
	0.030830
	0.154653
	0.026290
	0.198830

	6
	0.051419
	0.034673
	0.100342
	0.026290
	0.255000

	9
	0.048199
	0.039929
	0.065631
	0.026290
	0.321784

	12
	0.046000
	0.046686
	0.044937
	0.026290
	0.392251


Table C.4 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 4a with 30 dBm Pico power

	Bias (dB)
	Hetnet, in all UE
	Hetnet, in Macro  UE
	Hetnet, in LPN UE
	Homo

	0
	0.006688
	0.006384
	0.037228
	0.006244

	3
	0.007888
	0.007395
	0.020581
	0.006244

	6
	0.008717
	0.008443
	0.009941
	0.006244

	9
	0.007081
	0.009670
	0.002245
	0.006244

	12
	0.000000
	0.011159
	0.000000
	0.006244


Annex-D
Configuration 4b, 2 Picos per Macro cell

Table D.1 UE average normalized DL throughput (bps/Hz) performance in Configuration 4b with 24 dBm Pico power

	Bias (dB)
	Hetnet all UE 
	Hetnet Macro UE
	Hetnet LPN UE
	Homo all UE
	LPN UE ratio

	0
	0.051437
	0.027093
	0.282714
	0.026216
	0.095234

	3
	0.048540
	0.028789
	0.183714
	0.026216
	0.127485

	6
	0.045789
	0.031055
	0.118962
	0.026216
	0.167602

	9
	0.043240
	0.033901
	0.077380
	0.026216
	0.214795

	12
	0.041010
	0.037764
	0.049691
	0.026216
	0.272193


Table D.2 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 4b with 24 dBm Pico power

	Bias (dB)
	Hetnet, in all UE
	Hetnet, in Macro  UE
	Hetnet, in LPN UE
	Homo

	0
	0.006352
	0.006142
	0.034837
	0.006110

	3
	0.007081
	0.006803
	0.018343
	0.006110

	6
	0.007599
	0.007425
	0.009141
	0.006110

	9
	0.006784
	0.008145
	0.001116
	0.006110

	12
	0.000000
	0.008960
	0.000000
	0.006110


Table D.3 UE average normalized DL throughput (bps/Hz) performance in Configuration 4b with 30 dBm Pico power

	Bias (dB)
	Hetnet all UE 
	Hetnet Macro UE
	Hetnet LPN UE
	Homo all UE
	LPN UE ratio

	0
	0.055827
	0.02821
	0.192985
	0.026216
	0.167602

	3
	0.05240
	0.031129
	0.130164
	0.026216
	0.214795

	6
	0.049175
	0.035121
	0.086755
	0.026216
	0.272193

	9
	0.046607
	0.040239
	0.059212
	0.026216
	0.335614

	12
	0.044710
	0.047157
	0.041142
	0.026216
	0.406901


Table D.4 Edge UE normalized DL throughput (bps/Hz) performance in Configuration 4b with 30 dBm Pico power

	Bias (dB)
	Hetnet, in all UE
	Hetnet, in Macro  UE
	Hetnet, in LPN UE
	Homo

	0
	0.006708
	0.006299
	0.025128
	0.006110

	3
	0.007866
	0.007394
	0.013704
	0.006110

	6
	0.008203
	0.008487
	0.007140
	0.006110

	9
	0.005883
	0.009711
	0.002014
	0.006110

	12
	0.000000
	0.011146
	0.000000
	0.006110
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