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1 Introduction

A study item on UMTS heterogeneous networks was approved to be studied in RAN1 in RAN plenary #57 [1]. Simulation results between companies have shown varying results and it was agreed to do calibration simulations first in the downlink, and then in the uplink. This contribution provides uplink calibration simulation results.
2 Discussion
Simulation assumptions for calibration were proposed by rapporteur in email discussion. Included simulation cases were 30 and 37 dBm low power node transmission powers with 0 and 3 dB CIO. In addition, two values, 2 and 4 dB are used for the number of LPNs per macro area. The following metrics were proposed:

· UE Throughput (CDFs, Average, Median, 5th percentile gains)
· Sector Throughput (CDFs)

· Rise over Thermal (CDFs, Averages and 90th percentiles)
In this contribution we present our calibration results and discuss possible differences compared to simulation results sent by rapporteur to 3GPP reflector [2]. Results with 3 dB CIO are plotted as figures, 0 dB CIO values are included in tabular form. 

2.1 Simulation results with 30 dBm LPN power
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	Figure 1 UE Throughput, 30 dBm, 4 LPNs.
	Figure 2 UE Throughput, 30 dBm, 2 LPNs.


UE throughput distributions in 30 dBm case are shown in Figure 1 and Figure 2. It is seen that LPN UEs achieve high throughputs and performance of macro UEs is also improved.
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	Figure 3 Sector Throughput, 30 dBm, 4 LPNs.
	Figure 4 Sector Throughput, 30 dBm, 2 LPNs.


Sector throughputs for 30dBm case are shown in Figure 3 and Figure 4. Around 40% and 20% of LPNs are empty in 4 LPN and 2 LPN cases respectively. Both LPN and macro sectors perform better than baseline. 
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	Figure 5 Rise over Thermal, 30 dBm, 4 LPNs.
	Figure 6 Rise over Thermal, 30 dBm, 2 LPNs.


Figure 5 and Figure 6 show Rise over Thermal distribution. There is quite a lot more variation in RoT compared to results in [2] even in the baseline case. We estimate that the difference is caused by differing scheduling and rate adaptation mechanisms. LPNs are in general more lowly loaded that Macro sectors, and therefore their RoT varies even more.
2.2 Simulation results with 37 dBm LPN power
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	Figure 7 UE Throughput, 37 dBm, 4 LPNs.
	Figure 8 UE Throughput, 37 dBm, 2 LPNs.


UE throughput distributions in 37 dBm case are shown in Figure 7 and Figure 8. While LPN UEs achieve high throughputs the macro UEs seem to experience some interference coming from LPN UEs, and therefore performance of the cell edge UEs is not improved.
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	Figure 9 Sector Throughput, 37 dBm, 4 LPNs.
	Figure 10 Sector Throughput, 37 dBm, 2 LPNs.


Sector throughputs in 37 dBm case are shown in Figure 9 and Figure 10. Around 35% and 18% of LPNs are empty in 4 LPN and 2 LPN cases respectively. Macro sector throughput seems to suffer due to addition of LPN UEs.
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	Figure 11 Rise over Thermal, 37 dBm, 4 LPNs. 
	Figure 12 Rise over Thermal, 37 dBm, 2 LPNs.


Figures 11 and 12 show Rise over Thermal distribution. Macro sector RoT is in higher end clearly higher than in baseline case due to interference from LPN UEs.

Numerical data

Key metrics are shown in numerical format for the different LPN power in Table 1 and Table 2.
Table 1 Key metrics for 30dBm case
	30 dBm
	LPNs
	CIO 
	UL Throughput Gain
	Macro RoT
	LPN RoT
	Offload

	
	
	[dB]
	Avg.
	Median
	5th percentile
	Avg
	90th
	Avg
	90th
	%

	
	2
	0
	165%
	94%
	40%
	6.4
	7.5
	6.9
	9.1
	27%

	
	
	3
	202%
	123%
	69%
	6.4
	7.6
	6.6
	8.5
	33%

	
	4
	0
	254%
	133%
	83%
	6.4
	7.6
	6.3
	8.4
	30%

	
	
	3
	319%
	179%
	105%
	6.5
	7.7
	6.1
	8.0
	39%


Table 2 Key metrics for 37dBm case
	37 dBm
	LPNs
	CIO 
	UL Throughput Gain
	Macro RoT
	LPN RoT
	Offload

	
	
	[dB]
	Avg.
	Median
	5th percentile
	Avg
	90th
	Avg
	90th
	%

	
	2
	0
	184%
	74%
	30%
	6.5
	7.6
	5.9
	7.8
	30%

	
	
	3
	202%
	76%
	-5%
	6.7
	7.9
	6.2
	7.9
	39%

	
	4
	0
	281%
	124%
	49%
	6.6
	7.8
	5.5
	7.5
	39%

	
	
	3
	306%
	151%
	2%
	6.9
	8.2
	5.7
	7.6
	49%


3 Conclusion
In this paper we have provided and discussed the results for uplink calibration simulations. In general results show quite similar trends to the ones in [2], however the RoT distribution and macro cell throughput in 37 dBm case have some variation.
4 References
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5 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

[image: image13.emf]Macro Node Pico Node

UE

Pico Node

>

4

0

m

>75m

>

3

5

m

>

1

0

m


· 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
	2, 4

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

	Number of UEs / sector
	Total 8 UEs per macro sector. 50% of UEs dropped to low power node areas.

	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

	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

	UE Antenna Gain
	0 dBi

	Maximum Sector

Transmit Power
	Macro node:

43 dBm

Small power node:

37 dBm, 30 dBm

	Maximum active set size
	3

	Cell Individual Offset (CIO)
	0, 3 dB


� EMBED Equation.3 ���





� EMBED Equation.3 ���
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