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1 Introduction

A study item for UMTS heterogeneous networks was approved in RAN plenary #57 [1]. The uplink 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
	Configuration #1:
Macro UEs: 8 (full buffer traffic) or 16 (bursty traffic)
UEs in small power node = 0

Configuration #2:

Full buffer traffic:
Macro UEs: 4 
UEs in small power node = 1 per small power node for 4 small power nodes/macro cell

Bursty traffic:

Macro UEs: 8
UEs in small power node = 2,4,8 per small power node for 4,2,1 small power nodes/macro cell, respectively

	Cell individual offset
	0 dB, 3 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

	BS noise figure
	5 dB, both macro and small power nodes

	RoT target
	6 dB

	βec/ βc 
	15/15

	E-DPCCH Decoding
	Ideal

	Soft Handover Parameters
	R1a (reporting range constant) = 4.5 dB, 

R1b (reporting range constant) = 4.5 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full Buffer, Bursty traffic

	Parameters for Bursty traffic Model
	Component
	Distribution
	Parameters

	Uplink:
	File size
	Truncated Lognormal
	Mean = 0.0625 Mbytes

Std. Dev. = 0.0226 Mbytes

Maximum = 0.15625 Mbytes

	
	Inter-burst time
	Exponential
	Mean = 5 sec

	NodeB Receiver
	Rake (2 antennas per cell)

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

	Uplink HARQ
	2ms TTI, Max # of trans =4,Target BLER=1% after 4th transmission

	UL TPC Error Rate [%] 
	4

	E-DCH Scheduling 
	Period
	2ms

	
	Type
	Proportional fair

	
	UPH filtering
	100 ms

	CPICH Ec/Io
	-10 dB

	Total Overhead power including CPICH
	20%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Maximum Sector

Transmit Power
	Macro node:

43 dBm

Small power node:

37 dBm, 30 dBm

	Maximum active set size
	3

	Uplink CPC
	Off


3 Uplink simulation results
The summary of results with different LPN transmission powers, number of LPNs and the level of Cell Range Extension are provided in Tables 2-9. CRE is carried out by means of increasing the Cell Individual Offset (CIO). The CRE gain stems from the increased offloading. 
Table 2. Full buffer throughputs, RoT and offloading over macro only case when LPN power of 30 dBm is assumed.
	Cell individual offset
	0 dB
	3 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4

	Baseline median tput [kbps]
	187
	187
	187
	187
	187
	187

	Baseline mean tput [kbps]
	196
	196
	196
	196
	196
	196

	Baseline 5th percentile tput [kpbs]
	119
	119
	119
	119
	119
	119

	HetNet median tput [kbps]
	318
	364
	433
	356
	413
	517

	HetNet mean tput [kbps]
	397
	577
	779
	440
	644
	916

	HetNet 5th percentile tput [kpbs]
	162
	176
	217
	171
	198
	233

	Mean Macro RoT [dB]
	6.73
	6.71
	6.7
	6.74
	6.71
	6.71

	90% Macro RoT [dB]
	8.21
	8.16
	8.14
	8.24
	8.18
	8.14

	Mean LPN RoT [dB]
	8.47
	7.41
	6.57
	7.57
	6.89
	6.26

	90% LPN RoT [dB]
	10.98
	9.64
	8.84
	9.73
	9.01
	8.46

	Offloading ratio [%]
	23
	27
	30
	30
	33
	39


Table 3. Full buffer gains over macro only case when LPN power of 30 dBm is assumed.
	Cell individual offset
	0 dB
	3 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4

	Median tput gain [%]
	70
	94
	131
	90
	120
	176

	Mean tput gain [%]
	102
	194
	297
	124
	228
	366

	5th percentile tput gain [%]
	37
	48
	83
	44
	67
	96


Table 4. Full buffer throughputs, RoT and offloading over macro only case when LPN power of 37 dBm is assumed.
	Cell individual offset
	0 dB
	3 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4

	Baseline median tput [kbps]
	187
	187
	187
	187
	187
	187

	Baseline mean tput [kbps]
	196
	196
	196
	196
	196
	196

	Baseline 5th percentile tput [kpbs]
	119
	119
	119
	119
	119
	119

	HetNet median tput [kbps]
	291
	312
	407
	306
	319
	533

	HetNet mean tput [kbps]
	431
	598
	824
	450
	638
	882

	HetNet 5th percentile tput [kpbs]
	134
	141
	150
	108
	95
	79

	Mean Macro RoT [dB]
	6.76
	6.81
	6.87
	6.94
	7.15
	7.36

	90% Macro RoT [dB]
	8.22
	8.26
	8.32
	8.49
	8.78
	9.06

	Mean LPN RoT [dB]
	6.59
	6.12
	5.63
	6.56
	6.29
	5.77

	90% LPN RoT [dB]
	8.62
	8.27
	7.92
	8.4
	8.23
	7.93

	Offloading ratio [%]
	25
	30
	39
	33
	39
	49


Table 5. Full buffer gains over macro only case when LPN power of 37 dBm is assumed.

	Cell individual offset
	0 dB
	3 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4

	Median tput gain [%]
	56
	67
	117
	64
	70
	184

	Mean tput gain [%]
	120
	204
	319
	129
	225
	349

	5th percentile tput gain [%]
	13
	19
	27
	-9
	-20
	-33


Table 6. Bursty traffic throughputs, RoT and offloading over macro only case when LPN power of 30 dBm is assumed.
	Cell individual offset
	0 dB
	3 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4

	Baseline median user tput [kbps]
	1468
	1468
	1468
	1468
	1468
	1468

	Baseline mean user tput [kbps]
	1499
	1499
	1499
	1499
	1499
	1499

	Baseline 5th percentile user tput [kpbs]
	965
	965
	965
	965
	965
	965

	HetNet median user tput [kbps]
	2195
	2333
	2502
	2301
	2496
	2708

	HetNet mean user tput [kbps]
	2298
	2430
	2636
	2351
	2547
	2742

	HetNet 5th percentile user tput [kpbs]
	1494
	1554
	1750
	1588
	1735
	1915

	Baseline median burst tput [kbps]
	1659
	1659
	1659
	1659
	1659
	1659

	Baseline mean burst tput [kbps]
	1684
	1684
	1684
	1684
	1684
	1684

	Baseline 5th percentile burst tput [kpbs]
	688
	688
	688
	688
	688
	688

	HetNet median burst tput [kbps]
	2408
	2526
	2667
	2494
	2644
	2794

	HetNet mean burst tput [kbps]
	2407
	2526
	2701
	2462
	2630
	2793

	HetNet 5th percentile burst tput [kpbs]
	1142
	1213
	1387
	1234
	1372
	1539

	Baseline RoT [dB]
	4.74
	4.74
	4.74
	4.74
	4.74
	4.74

	Mean RoT [dB]
	4.1
	3.4
	2.68
	3.39
	2.71
	2.01

	Offloading ratio [%]
	24
	27
	29
	31
	32
	39


Table 7. Bursty traffic gains over macro only case when LPN power of 30 dBm is assumed.

	Cell individual offset
	0 dB
	3 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4

	Median user tput gain [%]
	50
	59
	70
	57
	70
	85

	Mean user tput gain [%]
	53
	62
	76
	57
	70
	83

	5th percentile user tput gain [%]
	55
	61
	81
	65
	80
	98

	Median burst tput gain [%]
	45
	52
	61
	50
	59
	68

	Mean burst tput gain [%]
	43
	50
	60
	46
	56
	66

	5th percentile burst tput gain [%]
	66
	76
	102
	79
	99
	124


Table 8. Bursty traffic throughputs, RoT and offloading over macro only case when LPN power of 37 dBm is assumed.
	Cell individual offset
	0 dB
	3 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4

	Baseline median user tput [kbps]
	1468
	1468
	1468
	1468
	1468
	1468

	Baseline mean user tput [kbps]
	1499
	1499
	1499
	1499
	1499
	1499

	Baseline 5th percentile user tput [kpbs]
	965
	965
	965
	965
	965
	965

	HetNet median user tput [kbps]
	2204
	2429
	2740
	2297
	2544
	2808

	HetNet mean user tput [kbps]
	2244
	2446
	2724
	2301
	2516
	2768

	HetNet 5th percentile user tput [kpbs]
	1473
	1631
	1907
	1574
	1751
	2019

	Baseline median burst tput [kbps]
	1659
	1659
	1659
	1659
	1659
	1659

	Baseline mean burst tput [kbps]
	1684
	1684
	1684
	1684
	1684
	1684

	Baseline 5th percentile burst tput [kpbs]
	688
	688
	688
	688
	688
	688

	HetNet median burst tput [kbps]
	2401
	2574
	2799
	2475
	2656
	2848

	HetNet mean burst tput [kbps]
	2361
	2532
	2776
	2405
	2592
	2809

	HetNet 5th percentile burst tput [kpbs]
	1139
	1291
	1542
	1212
	1400
	1662

	Baseline RoT [dB]
	4.74
	4.74
	4.74
	4.74
	4.74
	4.74

	Mean RoT [dB]
	3.11
	2.42
	1.67
	2.89
	2.2
	1.49

	Offloading ratio [%]
	25
	31
	40
	32
	39
	49


Table 9. Bursty traffic gains over macro only case when LPN power of 37 dBm is assumed.

	Cell individual offset
	0 dB
	3 dB

	Number of LPNs
	1
	2
	4
	1
	2
	4

	Median user tput gain [%]
	50
	66
	87
	56
	73
	91

	Mean user tput gain [%]
	50
	63
	82
	53
	68
	85

	5th percentile user tput gain [%]
	53
	69
	98
	63
	81
	109

	Median burst tput gain [%]
	45
	55
	69
	49
	60
	72

	Mean burst tput gain [%]
	40
	50
	65
	43
	54
	67

	5th percentile burst tput gain [%]
	66
	88
	124
	76
	103
	142


Considering user throughputs gains, the results assuming bursty traffic model shown in Tables 6-9 are sharing the general trends with the full buffer results in Tables 2-5, only the relative gains are much higher.
Normalized UE throughput CDFs were agreed to be used as measure of fairness for simulation result alignment and those are found in Figure 1 - Figure 4. Updates for the rest of the CDFs for alignment are found in Appendix.
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Figure 1. Normalized User Throughput, Full Buffer, 4 LPN 30 dB, CIO 3 dB
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Figure 2. Normalized User Throughput, Full Buffer, 4 LPN 37 dB, CIO 3 dB
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Figure 3. Normalized User Throughput, Bursty traffic, 4 LPN 30 dB, CIO 3 dB
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Figure 4. Normalized User Throughput, Bursty traffic, 4 LPN 37 dB, CIO 3 dB

4 Conclusion

In this paper we have summarized the simulation results presented earlier in [2], [3], [4] and [5] and shown updated results with additional metric for uplink simulation alignment. 
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Appendix

Simulation results with 30 dBm LPN power
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	Figure 5 UE Throughput, 30 dBm, CIO 3 dB, 4 LPNs.
	Figure 6 UE Throughput, 30 dBm, CIO 3 dB, 2 LPNs.
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	Figure 7 Sector Throughput, 30 dBm, CIO 3 dB, 4 LPNs.
	Figure 8 Sector Throughput, 30 dBm, CIO 3 dB, 2 LPNs.
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	Figure 9 Rise over Thermal, 30 dBm, CIO 3 dB, 4 LPNs.
	Figure 10 Rise over Thermal, 30 dBm, CIO 3 dB, 2 LPNs.


Simulation results with 37 dBm LPN power
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	Figure 11 UE Throughput, 37 dBm, CIO 3 dB, 4 LPNs.
	Figure 12 UE Throughput, 37 dBm, CIO 3 dB, 2 LPNs.
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	Figure 13 Sector Throughput, 37 dBm, CIO 3 dB, 4 LPNs.
	Figure 14 Sector Throughput, 37 dBm, CIO 3 dB, 2 LPNs.
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	Figure 15 Rise over Thermal, 37 dBm, CIO 3 dB, 4 LPNs. 
	Figure 16 Rise over Thermal, 37 dBm, CIO 3 dB, 2 LPNs.
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