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1 Introduction

The downlink system performance gain of using HetNet has been evaluated with the results summarised in [1].  During the email discussion, it is noted that the UE outage in bursty traffic is dependent upon the simulation time and this makes it difficult to evaluate the gain that can be achieved in HetNet.  In this contribution we attempt to address this issue by providing simulation evaluations.
2 Simulation Assumptions
The system level simulation assumptions are based on those in [2] and they are summarised in the Appendix.  The simulation assumes bursty traffic using the traffic model in [2].  

The outage percentage is defined as the percentage of UEs whose average burst rate is lower than the offered load, which is assumed to be 400 kbps per UE [1].  It is noted in [1] that the outage percentage increases with the simulation time especially for the macro baseline, which makes it difficult to assess the gain of Hetnet.  

We firstly investigate the effect of simulation time on the burst rate performance.  We then introduce a packet dropping criterion as described in [3] and evaluate the effect of dropping the packet after Tdrop seconds (if the packet is not fully transmitted) on the burst rate performance.  In this evaluation we consider a fixed bias with CIO = 3 dB across the network and evaluate the burst rate performance of the baseline (macro online) and HetNet.
3 Simulation Results
Figure 1 shows the burst rate CDF for the baseline (macro only) , HetNet with 30 dBm LPN and Hetnet with 37 dBm LPN.  The simulation times considered are 30, 60, 120 and 240 s.  It can be observed that there are no significant changes to the burst rate performance for the HetNet scenarios as the simulation time increases.  However, it is observed that as the simulation time increases, the burst rate performance for the baseline reduces as the simulation time increases, which leads to the UE outage percentage increasing as the simulation time increases.  Therefore for loaded cells (e.g. baseline macro only scenario), the burst rate performance reduces as the simulation time increases.  This is consistent with the conclusion in the email discussion (which is also captured in [1])
Observation 1: The burst rate performance is dependent upon the simulation time especially for cells that are highly loaded.
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Figure 1: Simulation time on burst rate performance

Figure 2, Figure 3 and Figure 4 show burst rate performance when the packet is dropped after Tdrop = 30s, Tdrop = 20s and Tdrop = 10s respectively.  Similarly, we do not see any significant difference in burst rate performance for the HetNet scenarios when the simulation time is increased.

For the baseline scenario, it is observed in Figure 2 that using Tdrop = 30s, the difference in burst rate performances for simulation time 60s, 120s and 240s are smaller compared to the case without packet dropping.  There is still a significant difference in burst rate performance between simulation time of 30s and those in other simulation times.
As Tdrop is reduced, it can be observed in Figure 2, Figure 3 and Figure 4 that the differences in burst rate performances using difference simulation time reduce.  However, we still see significant performance difference even at Tdrop = 10s between using simulation time of 30s and other simulation times.  

Observation 2: The difference in burst rate performance is reduced for simulation time ≥  60s when a packet dropping criterion is introduced such that a packet is dropped after Tdrop seconds. 

Observation 3: The difference in burst rate performance using different simulation time reduces as Tdrop reduces.

Based on these observations, we suggest that a packet dropping criterion is used for simulation using bursty traffic and also impose a minimum simulation time.  As a start we can consider that the packet is dropped after 10s and that the minimum simulation time of 60s is used.
Proposal 1: For bursty traffic simulation, consider using a packet dropping criteria such that a packet is dropped after Tdrop seconds and introduce a minimum simulation time.
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Figure 2: Burst rate performance with Tdrop = 30s
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Figure 3: Burst rate performance with Tdrop = 20s
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Figure 4: Burst rate performance with Tdrop = 10s

4 Conclusion

In this contribution we investigated the dependency of the UE outage under bursty traffic on the simulation time.  We observe the following:
Observation 1: The burst rate performance is dependent upon the simulation time especially for cells that are highly loaded.

Observation 2: The difference in burst rate performance is reduced for simulation time ≥  60s when a packet dropping criterion is introduced such that a packet is dropped after Tdrop seconds. 

Observation 3: The difference in burst rate performance using different simulation time reduces as Tdrop reduces.

We therefore propose the following:

Proposal 1: For bursty traffic simulation, consider using a packet dropping criteria such that a packet is dropped after Tdrop seconds and introduce a minimum simulation time.
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Appendix

The system level simulation assumptions used in this evaluation are summarised in Table 1.

Table 1: System level simulation assumptions

	Parameters
	Values and comments

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Cell Layout
	57 cell hexagonal (19 NodeB, 3 sectors per Node B with wrap-around)

	Inter-site distance
	500 m

	Number of LPNs 
	4

	Deployment of LPNs

	Minimum distance between LPN and macro cell: 75m

Minimum distance between LPNs: 40m 

	Dropping criteria for LPNs


	· LPNs are randomly and uniformly distributed within a macro cell.

	Number of UEs
	· 16 UE per macro coverage



	Deployment of UEs
	The minimum distance between UE and macro cell is 35m

The minimum distance between UE and LPN is 10m

	Dropping criteria for UEs


	· Hotspot: Randomly and uniformly dropping with Photspot of the total users within a radius, r, of LPN base station, and randomly and uniformly dropping of the remaining users in the entire macro geographical area of the given macro cell (including LPN area).
Type 1: Photspot = ½ 

Type 2: Photspot = ¾  (optional)
The radius r of the LPN is equal to 20m, 35m, and 60m when the LPN power is 24dBm, 30dBm, and 37dBm, respectively.

	RoT
	Macro cell: 6dB
LPN: 6dB

	Scenarios
	· Outdoor

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometres

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

	Log Normal Fading
(outdoor)
	Standard Deviation: 8dB (macro cell); 10 dB (LPN)
Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
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                                                                              = 70 degrees,     Am = 20 dB
LPN: 2D Antenna, omni-directional

	Channel Model
	PA3

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of NodeB
	Macro Node: 43dBm
LPN: 30 dBm. 37 dBm

	Max BS Antenna Gain
	Macro cell: 14dBi
LP cell: 5 dBi

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	Macro Node: 5 dB

LPN: 5 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz (reception bandwidth 3.84MHz)

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

Total available power for HS-PDSCH is 80% (SIMO) / 75% (MIMO) of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER.
HS-PDSCH HARQ: Both chase combining and IR based can be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority. 

HS-DPCCH decoding is assumed ideal.

UL HARQ operating point: 1% residual BLER after 4th transmission

	Number of HARQ processes
	6

	HS-SCCH code number
	4

	Total overhead power
	20% (SIMO) / 25% (MIMO)

	UE Receiver
	Type 3i (LMMSE 2-rx with IC)

	Soft Handover
	Consideration Scenarios with and without SHO

	Soft Handover Parameters
	SHO available

· R1a (reporting range constant) = 4.5dB

· R1b (reporting range constant) = 4.5dB

Consideration of scenarios without SHO

	CIO
	3 dB

	Max active set size
	3

	Power control
	UL: Target 10% IBLER after the first transmission 

DL: Based on CQI. No IBLER control

	Network Configuration
	SIMO
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