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1 Introduction

A study item for UMTS heterogeneous networks was approved in RAN plenary #57 [1]. In order to obtain understanding of the performance of heterogeneous networks, a set of system simulation results is presented in this contribution. Both downlink and uplink results are show with different Cell Range Extension (CRE) values, which also enables making an informed conclusion on the good compromise for amount of cell range extension to be applied.
2 Simulation assumptions
This contribution combines both uplink and downlink system simulation results. In the simulations, full buffer and burst traffic models are assumed. 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
	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
Uplink:

Configuration #1:
Macro UEs: 8 (full buffer traffic) or 16 (burst 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
Burst 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

	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, 10 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, Burst Traffic

	Parameters for Burst 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

	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

	UE Receiver
	Type 3, 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

	Uplink CPC
	Off


3 Downlink simulation results
The simulations study the impact of LPN transmission power and the level of cell range extension in order to find out how much CRE is needed. CRE is implemented by means of introducing a Cell Individual Offset (CIO) in the cell selection in order to compensate for the uplink – downlink imbalance which may lead to a suboptimal uplink cell selection as explained in [3]. CRE is also used to increase offloading of UEs to small cells in case macro cells are heavily loaded. 
Cell range extension has a direct and rather linear effect on the offloading ratio. Each 2 dB of CIO adds on average 6 percentage points to the offloading ratio as shown in Figure 1. 
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Figure 1. Association ratio for different LPN powers and CRE values.
Figure 2 visualizes the user throughput gain for 4 LPN case assuming the full buffer traffic model. The CRE gain stems from the increased offloading as shown in Figure 1. Whereas the optimal CIO value is to some extent a matter of favouring one user group over another, one can establish that a good compromise for the CIO lies somewhere in between 6 – 8 dB for pico cells and 4 – 6 dB for micro cells. Such a CIO value provides close-to-optimal cell edge and median user throughput without sacrificing too much the mean user throughput. 
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Figure 2. User throughput gains compared to macro only scenario assuming full buffer traffic model.
Considering median and 5th percentile user throughputs, the results assuming burst traffic model shown in Figure 3 are sharing the general trends with the full buffer results in Figure 2, only the relative gains are much higher. Whereas the CRE has a detrimental effect on the mean throughput with full buffer, it seems, however, to improve the mean throughput with burst traffic model.
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Figure 3. User throughput gains compared to macro only scenario assuming burst traffic model.
Figure 4 visualizes the burst throughput gain. The burst rate is defined as the ratio between the data burst size in bits and the total time the burst spent in the system.
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Figure 4. Burst throughput gains compared to macro only scenario without multi-flow.
The sector throughputs from the full buffer simulation are presented in Figure 5. It is shown that whereas the macro sector throughput is affected due to introduction of LPNs, the bulk of system throughput gain comes from LPNs considering the number of LPNs. Note that the throughputs are presented per node.
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Figure 5. Sector throughput of macro cell and LPNs assuming full buffer traffic.
As the cell layouts between the baseline hexagonal macro network and the heterogeneous network are very different, one can make a fair comparison between the two by studying the achievable system throughput for example on the geographical area of one macro sector. The overall heterogeneous network throughput on the geographical macro sector area is shown as the macro area aggregate throughput in Figure 6. As the burst traffic model is used, limited and equal amount of traffic is generated for each macro sector area. Thus the differences in aggregated macro area throughputs are small. The baseline bar shows a sector throughput of one cell in the baseline setup. 
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Figure 6. Aggregated throughput of macro cell and LPNs over the macro cell area assuming bursty traffic model
4 Uplink simulation results

The uplink offloading ratios follow the same distribution as was seen in downlink (Figure 1). Figure 7 visualizes the user throughput gain for 4 LPN case assuming the full buffer traffic model and 6dB RoT target. The CRE median and mean user throughput gains stem from the increased offloading as shown in Figure 1. As was case with the downlink, the optimal CIO value is a matter of favouring one user group over another. For pico cells a good compromise with the CIO lies somewhere in between 4 – 6 dB. However, for micro cells the CIO values 2 dB and above show losses for cell edge users. Actually it seems that there is quite heavy interference coming from micro to macro cell. To further investigate this problem simulations were run with lower LPN RoT target of 4dB, which seem to mitigate the problem. Results are shown in Figure 8. Interference to macro cell is mostly coming from UEs that do not have macro cell in their active set so non-serving E-RGCH is not a solution to this issue.
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Figure 7. User throughput gains compared to macro only scenario assuming full buffer traffic model and 6dB LPN RoT target.
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Figure 8. User throughput gains compared to macro only scenario assuming full buffer traffic model and 4dB LPN RoT target.
Considering burst traffic model shown in Figure 9, the general trends are different from the full buffer results in Figure 7. With bursty traffic model increasing the CRE has positive effect on the user throughput with both pico and micro cells, which is probably because of lower load.
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Figure 9. User throughput gains compared to macro only scenario assuming burst traffic model.
 Figure 10 visualizes the burst throughput gain. The burst rate is defined as the ratio between the data burst size in bits and the total time the burst spent in the system. These results show similar trends with the user throughput for burst traffic.
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Figure 10. Burst throughput gains compared to macro only scenario assuming burst traffic model.
The sector throughputs for the full buffer simulations are presented in Figure 11 and Figure 12. As can be seen in figures increasing CRE reduces macro sector throughput especially in micro LPN case, which is caused by interference from micro cells.
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Figure 11. Sector throughput of macro cell and LPNs assuming full buffer traffic and 6dB LPN RoT target.
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Figure 12. Sector throughput of macro cell and LPNs assuming full buffer traffic and 4dB LPN RoT target.
The overall heterogeneous network throughput on the geographical macro sector area is shown as the macro area aggregate throughput in Figure 13. As the burst traffic model is used, limited and equal amount of traffic is generated for each macro sector area. Thus the differences in aggregated macro area throughputs are small. The baseline bar shows a sector throughput of one cell in the baseline setup. 
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Figure 13. Aggregate throughput of macro cell and LPNs over the macro cell area assuming bursty traffic model.
Average Rise over Thermal (RoT) for full buffer and bursty traffic cases are shown in Figure 14, Figure 15 and Figure 16. In bursty traffic case RoT target is not reached due to low amount of generated traffic.
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Figure 14. RoT of macro cell and LPNs assuming full buffer traffic model and 6dB LPN RoT target

[image: image16.emf]3.8

3.9

4

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

CIO 0 dB CIO 2 dB CIO 4 dB CIO 6 dB

dB

ROT

4 pico lpn

4 micro lpn


Figure 15. RoT of macro cell and LPNs assuming full buffer traffic model and 4dB LPN RoT target
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Figure 16. RoT of macro cell and LPNs assuming bursty buffer traffic model
5 Conclusion
In this contribution we have provided a set of simulation results to study compromise of cell range extension for both downlink and uplink. It seems a bit difficult to find an optimum value for CRE since it seems to have a bit different effects to downlink and uplink operation. Also there are interference problems in uplink when higher CRE values are used with micro cells. 
Results are provided only for case with 4 LPN per macro cell area; in case there are less LPNs then gains due to heterogeneous network operation are smaller. 

It may be necessary to study effects of CRE in more detail before actual values to be used can be determined to make sure that there are not any e.g. receiver performance issues to be expected.
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