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1 Introduction

A study item for UMTS heterogeneous networks was approved in RAN plenary #57 [1]. The downlink system level performance of heterogeneous networks has already been evaluated in [2], [3] and [4]. This paper summarizes those results and provides additional statistics as per agreed in the email discussion. 
2 Simulation assumptions
In the simulations, full buffer and bursty traffic models are assumed. Results are show with 1, 2 and 4 LPNs per macro sector assuming different Cell Range Extension (CRE) values. HetNet performance is compared to macro only deployment (Baseline). Table 1 lists the simulation parameters.
Table 1 System simulation parameters
	Parameters
	Values and comments

	Deployment scenario
	Small power nodes randomly dropped onto 3GPP Case1 macro-cells

	Minimum distances
	· Minimum Distance: 
· Macro – small power node: >75m

· Macro – UE : >35m

· Small power node – small power node: >40m

· Small power node – UE : >10m
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· Maximum UE distance from low power node (hot spot radius)

· 30dBm small power node: 35m

· 37dBm small power node: 60m

	Number of small power nodes per macro base-station
	1, 2, 4

	UE distribution within cell
	According to Configuration #4 in TR 36.814

	Number of UEs / sector
	Downlink:

Configuration #1:
Macro UEs: 16
UEs in small power node = 0

Configuration #2:
Macro UEs: 8
UEs in small power node = 8 per small power

	Cell individual offset
	0 dB, 3 dB, 6 dB

	Inter-site distance [m]
	500

	Carrier Frequency
	2000 MHz

	Path Loss
	Macro to UE:

L=128.1 + 37.6log10(R), R in kilometres

Small power node to UE:

L=140.7 + 36.7log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 10 dB for low power nodes and 8 dB for macro
Inter-Node B Correlation: 0.5 including small cells
Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi for macro, 5 dBi for small power node

	Node B antenna pattern
	Macro node:

Case 1 (3GPP ant):                                                     
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Small power node: Omnidirectional

	Channel Model
	IID PA3

	Penetration loss [dB]
	20

	Maximum UE EIRP
	23 dBm

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full Buffer, Bursty Traffic

	Parameters for Bursty Traffic Model
	Component
	Distribution
	Parameters

	Downlink:


	File size
	Truncated Lognormal
	Mean = 0.25 Mbytes

Std. Dev. = 0.0903 Mbytes

Maximum = 0.625 Mbytes

	
	Inter-burst time
	Exponential
	Mean = 5 sec

	Channel Estimation
	Realistic – 3 slot filtering, utilized through Actual Value Interface (AVI) tables

	CPICH Ec/Io
	-10 dB

	Total Overhead power including CPICH
	20%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	UE Receiver
	Type 3i

	Maximum Sector

Transmit Power
	Macro node:

43 dBm
Small power node:

37 dBm, 30 dBm

	HS-DSCH
	Up to 15 SF 16 codes per carrier for HS-PDSCH



	DL HARQ
	6 HARQ processes, Target BLER = 10% after 1st transmission

	Maximum active set size
	3


3 Downlink simulation results
The summary of full buffer results with different LPN transmission powers, number of LPNs and the level of Cell Range Extension are provided in Tables 2 and 3. For bursty traffic, both user throughput and burst throughput are shown together with relative gains over the macro only scenario in Tables 4-7. CRE is carried out by means of increasing the Cell Individual Offset (CIO). The CRE gain stems from the increased offloading which is visible in all of the simulated cases.
Table 2. Full buffer throughputs and gains over macro only case when LPN power of 30 dBm is assumed

	Cell individual offset
	0 dB
	3 dB
	6 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4
	1
	2
	4

	Baseline 5th %-ile tput [kbps]
	120
	120
	120
	120
	120
	120
	120
	120
	120

	Baseline median tput [kbps]
	331
	331
	331
	331
	331
	331
	331
	331
	331

	Baseline mean tput [kbps]
	375
	375
	375
	375
	375
	375
	375
	375
	375

	HetNet 5th %-ile tput [kbps]
	164
	160
	170
	185
	192
	214
	177
	207
	251

	HetNet median tput [kbps]
	526
	575
	650
	568
	653
	802
	600
	720
	920

	HetNet mean tput [kbps]
	792
	1103
	1529
	758
	1071
	1534
	733
	1033
	1488

	5th %-ile tput gain [%] 
	36
	33
	41
	53
	60
	78
	47
	72
	108

	Median tput gain [%] 
	59
	74
	96
	72
	97
	142
	81
	117
	178

	Mean tput gain [%]
	111
	194
	307
	102
	185
	309
	95
	175
	297

	Offloading ratio [%]
	24
	26
	29
	30
	32
	38
	37
	40
	47


Table 3. Full buffer throughputs and gains over macro only case when LPN power of 37 dBm is assumed
	Cell individual offset
	0 dB
	3 dB
	6 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4
	1
	2
	4

	Baseline 5th %-ile tput [kbps]
	120
	120
	120
	120
	120
	120
	120
	120
	120

	Baseline median tput [kbps]
	331
	331
	331
	331
	331
	331
	331
	331
	331

	Baseline mean tput [kbps]
	375
	375
	375
	375
	375
	375
	375
	375
	375

	HetNet 5th %-ile tput [kbps]
	159
	166
	188
	180
	208
	266
	151
	196
	266

	HetNet median tput [kbps]
	520
	626
	801
	568
	711
	979
	594
	747
	1075

	HetNet mean tput [kbps]
	782
	1120
	1590
	750
	1070
	1571
	717
	1005
	1528

	5th %-ile tput gain [%]
	32
	38
	56
	50
	73
	121
	26
	62
	121

	Median tput gain [%]
	57
	89
	142
	72
	115
	196
	80
	126
	225

	Mean tput gain [%]
	108
	198
	324
	100
	185
	319
	91
	168
	307

	Offloading ratio [%]
	25
	31
	39
	32
	40
	50
	41
	48
	61


Table 4. Bursty traffic user and burst throughputs over macro only case when LPN power of 30 dBm is assumed

	Cell individual offset
	0 dB
	3 dB
	6 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4
	1
	2
	4

	Baseline 5th %-ile user tput [kbps]
	204
	204
	204
	204
	204
	204
	204
	204
	204

	Baseline median user tput [kbps]
	634
	634
	634
	634
	634
	634
	634
	634
	634

	Baseline mean user tput [kbps]
	817
	817
	817
	817
	817
	817
	817
	817
	817

	HetNet 5th %-ile user tput [kbps]
	378
	450
	535
	548
	660
	945
	608
	790
	1202

	HetNet median user tput [kbps]
	1750
	2256
	2426
	2335
	2758
	3554
	2692
	3181
	4216

	HetNet mean user tput [kbps]
	2628
	3183
	3449
	3009
	3457
	4264
	3198
	3804
	4744

	Baseline 5th %-ile burst tput [kbps]
	126
	126
	126
	126
	126
	126
	126
	126
	126

	Baseline median burst tput [kbps]
	648
	648
	648
	648
	648
	648
	648
	648
	648

	Baseline mean burst tput [kbps]
	1125
	1125
	1125
	1125
	1125
	1125
	1125
	1125
	1125

	HetNet 5th %-ile burst tput [kbps]
	270
	305
	358
	401
	450
	700
	425
	568
	935

	HetNet median burst tput [kbps]
	2034
	2500
	2762
	2501
	2972
	3802
	2785
	3342
	4340

	HetNet mean tput burst [kbps]
	3196
	3672
	3907
	3545
	3971
	4697
	3729
	4292
	5177

	Offloading ratio [%]
	24
	26
	28
	31
	32
	39
	37
	40
	47


Table 5. Bursty traffic relative gains in percents over the macro only case when LPN power of 30 dBm is assumed

	Cell individual offset
	0 dB
	3 dB
	6 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4
	1
	2
	4

	5th %-ile user tput gain [%]
	86
	121
	163
	169
	224
	364
	199
	288
	491

	Median user tput gain [%]
	176
	256
	283
	268
	335
	461
	325
	402
	565

	Mean user tput gain [%]
	222
	290
	322
	268
	323
	422
	292
	366
	481

	5th %-ile burst tput gain [%]
	115
	142
	184
	218
	257
	456
	238
	351
	643

	Median burst tput gain [%]
	214
	286
	326
	286
	359
	487
	330
	416
	570

	Mean burst tput gain [%]
	184
	226
	247
	215
	253
	318
	231
	282
	360


Table 6. Bursty traffic user and burst throughputs over the macro only case when LPN power of 37 dBm is assumed
	Cell individual offset
	0 dB
	3 dB
	6 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4
	1
	2
	4

	Baseline 5th %-ile user tput [kbps]
	204
	204
	204
	204
	204
	204
	204
	204
	204

	Baseline median user tput [kbps]
	634
	634
	634
	634
	634
	634
	634
	634
	634

	Baseline mean user tput [kbps]
	817
	817
	817
	817
	817
	817
	817
	817
	817

	HetNet 5th %-ile user tput [kbps]
	385
	468
	742
	564
	789
	1566
	573
	952
	1523

	HetNet median user tput [kbps]
	1800
	2300
	3486
	2226
	3126
	4676
	2632
	3862
	5225

	HetNet mean user tput [kbps]
	2616
	3271
	4297
	2885
	3780
	5197
	3179
	4369
	5640

	Baseline 5th %-ile burst tput [kbps]
	126
	126
	126
	126
	126
	126
	126
	126
	126

	Baseline median burst tput [kbps]
	648
	648
	648
	648
	648
	648
	648
	648
	648

	Baseline mean burst tput [kbps]
	1125
	1125
	1125
	1125
	1125
	1125
	1125
	1125
	1125

	HetNet 5th %-ile burst tput [kbps]
	275
	333
	557
	365
	560
	1203
	416
	744
	1236

	HetNet median burst tput [kbps]
	1981
	2571
	3849
	2339
	3342
	4927
	2767
	3977
	5446

	HetNet mean tput burst [kbps]
	3135
	3785
	4759
	3404
	4284
	5643
	3753
	4863
	6046

	Offloading ratio [%]
	25
	30
	38
	32
	38
	50
	41
	49
	60


Table 7. Bursty traffic relative gains in percents over macro only case when LPN power of 37 dBm is assumed
	Cell individual offset
	0 dB
	3 dB
	6 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4
	1
	2
	4

	5th %-ile user tput gain [%]
	89
	130
	264
	177
	288
	669
	181
	368
	648

	Median user tput gain [%]
	184
	263
	450
	251
	393
	638
	315
	509
	724

	Mean user tput gain [%]
	220
	300
	426
	253
	363
	536
	289
	435
	591

	5th %-ile burst tput gain [%]
	119
	164
	342
	190
	345
	855
	230
	491
	881

	Median burst tput gain [%]
	206
	297
	494
	261
	416
	660
	327
	514
	741

	Mean burst tput gain [%]
	179
	236
	323
	203
	281
	402
	234
	332
	437


Considering user throughputs gains, the results assuming bursty traffic model shown in Tables 5 and 7 are sharing the general trends with the full buffer results in Tables 2 and 3, only the relative gains are much higher. 

In order to study the number of bursty traffic UEs suffering from outage, the burst rate CDFs are analysed and compared to the average offered load. Given the traffic model described in Chapter 2, the simulated offered load is on average equal to 400kbps per UE. The UEs suffering from outage are visualized by the part of CDF lying on the left of the offered load line in Figures 1 and 2. In the macro only scenario 31.3 % of the UEs are experiencing burst rate inferior to the average offered rate. If additional 4 LPNs with 30 dBm transmission power are assumed only 1.7 % of users are experiencing average burst throughput inferior to 400 kbps. In the higher LPN power case only 0.5 % of the users in HetNet scenario fail to transmit up to the average offered data rate. It can be concluded that adding 4 LPNs practically eliminates the outage problem given the assumed burst traffic parameters.
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Figure 1. Average burst rate CDF for 4 pico cells / macro case and macro only scenarios. Offered load equals to 400 kbps / UE
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Figure 2. Average burst rate CDF for 4 micro cells / macro case and macro only scenarios. Offered load equals to 400 kbps / UE
4 Conclusion

In this paper we have summarized the simulation results presented earlier in [2], [3] and [4] and shown additional metric for downlink simulation alignment. Outage criterion used seems to explain higher gains in bursty traffic case compared to full buffer.
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