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1 Introduction

In this contribution we evaluate the gain of multi-carrier HetNet in bursty traffic via system level simulation.
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].  In [3], it is noted that the UE outage (i.e. burst rate performance) is dependent upon the simulation time, which is observed in [4].  Based on the conclusion in [4], we introduce a packet dropping criterion where the packet is dropped after Tdrop = 10s  if it is not fully transmitted.
We considered SC, DC and DFDC capable UEs in the simulation.  For the DC and DFDC UEs, we use a fixed CIO of 0 dB and 3 dB for the HetNet case.  For the SC UEs we use a biasing vector with CIO values shown in Table 1.

Table 1: Biasing vector (CIO values) for SC UEs
	Biasing Vector (dB)

	Macro F2
	LPN F1
	LPN F2

	1
	2 (for all LPN in F1)
	3 (for all LPN in F2)


Soft Reuse (referred to in the TR as “range expansion”), with carriers F1 and F2, is used in the simulation and the transmission powers used for the cells on each carrier are summarised in Table 2.  Soft Reuse is compared against macro only deployment using DC UEs and a HetNet deployment without soft reuse using DC UEs. 

Table 2: Soft Reuse transmission power configuration
	Macro Tx Power (dBm)
	LPN Tx Power (dBm)

	F1
	F2
	F1
	F2

	43
	30
	30
	30


The simulation scenarios are summarized in Table 3.

Table 3: Simulation scenarios
	Scenario
	UE Type
	Soft Reuse
	CIO

	1
	DC
	Off
	N/A

	2
	DC
	Off
	3 dB

	3
	SC
	On
	(1-2-3) dB

	4
	DC
	On
	0 dB

	5
	DC
	On
	3 dB

	6
	DFDC
	On
	0 dB

	7
	DFDC
	On
	3 dB


3 Simulation Results
Figure 1 shows the burst rate performance for the scenario with 8 UEs per macro sector.  When the load is low with 8 UEs, we observed that the baseline, macro only scenario, has better cell edge performance than that of the HetNet with DC UE and with 3 dB biasing scenario and SC UE. Biasing would lead to UEs at the cell edge with poor geometry and at low load these UEs’ contribution to the overall system throughput is large and therefore leads to an overall degradation in the CDF at the cell edge.  DF-DC has the best burst rate performance and it is observed that the CIO does not have any significant impact to the burst rate performance for DF-DC scenario.
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Figure 1: Burst rate CDF (8 UEs)

Figure 2 and Figure 3 shows that as the load increases, the benefit of off loading traffic (16 UEs and 32 UEs) from macro cell to the LPN becomes apparent.  Here we observed an improvement in burst rate performance at the cell edge over the baseline for all HetNet scenarios.  It is also observed that in the DC scenarios, Soft Reuse offers better performance regardless of CIO compared to the case without soft reuse.  It is also observed that DC is less sensitive to different CIO values at these (mid) loadings.  For the DFDC scenario, there is no performance difference in using different CIO values.  
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Figure 2: Burst rate CDF (16 UEs)
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Figure 3: Burst rate CDF (32 UEs)

Figure 4 shows the burst rate performance for the scenario with 64 UEs.  At high load, all HetNet scenarios offer gains over the baseline.  At high load, soft reuse offers better throughput performance than without soft reuse.  It is also observed that at high load, having a 3 dB biasing gives performance gain since the scheduling capacity of the LPN is being utilised.  At high load, changes to CIO affect the performance of all types of UEs especially for the DC UEs.  In Figure 4, it is observed that SC UEs have better cell edge performance than that of DC UEs (using 0 dB CIO).  At high load the system behaviour approaches that of a full buffer traffic and, consistent with the observation in [1], appropriate CIO settings are important.
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Figure 4: Burst rate CDF (64 UEs)

The burst rate gains for all the scenarios are summarised in Table 4. 
Table 4: Summary of burst rate gain over baseline

	Config
	Bias (dB)
	Number of users per macro sector

	
	
	8
	16
	32
	64

	
	
	Average
	5%
	Average
	5%
	Average
	5%
	Average
	5%

	DC (No Soft Reuse)
	3
	10%
	25%
	53%
	168%
	629%
	709%
	789%
	57%

	DC 

(Soft Reuse)
	0
	11%
	31%
	66%
	200%
	750%
	1099%
	1255%
	91%

	
	3
	8%
	-9%
	69%
	178%
	790%
	1098%
	1397%
	558%

	DF-DC 

(Soft Reuse)
	0
	17%
	46%
	70%
	281%
	807%
	1510%
	1325%
	488%

	
	3
	16%
	43%
	70%
	278%
	817%
	1557%
	1379%
	721%

	SC (Soft Reuse)
	1-2-3
	-35%
	-18%
	-3%
	114%
	439%
	897%
	937%
	358%


The following general observations can be made:

Observation 1: DFDC burst rate performance is insensitive to changes in CIO at low- to mid-loading
Observation 2: DC burst rate performance is sensitive to changes in CIO and therefore appropriate CIO settings are important

Observation 3: At high load, the burst rate performance is sensitive to changes in CIO for all types of UEs.  Hence appropriate CIO settings are important.
4 Text Proposal

The following is a text proposal using the agreed TP in [5] based on the simulation results in this contribution.
***************************** START OF TEXT PROPOSAL *****************************

7.2.2.4.3
Interference Limited System with Bursty Traffic

The following system performance metrics are considered:

· Average UE burst rate: Calculated as the average burst rate of all UEs in the system

· 5% UE burst rate: Calculated as the burst rate of the UEs at 5% tail across all UEs in the system.

· Offloading Percentage: The LPN offloading percentage is calculated as follows:
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where,

LF1 is the number of radio links associated with LPNs in frequency F1

LF2 is the number of radio links associated with LPNs in frequency F2

MF1 is the number of radio links associated with macro cells in frequency F1

MF2 is the number of radio links associated with macro cells in frequency F2

· Average TTI utilization: For each cell, the TTI utilization is defined as the percentage of TTIs during which each cell schedules a packet to at least one UE. Then, for each Macro/LPN, TTI utilization is averaged over both carriers. TTI utilization is only considered for non-empty cells and is a direct metric to quantify the load in the whole system.

The gains are presented as the percentage increase over the baseline throughput. The baseline is the result for the case where LPNs are not present in the Macro cell. 

Figure X show the UE burst rate improvement from the Dual Carrier HetNet deployment with 30dBm LPNs and 50% clustering UE dropping, with no-indoor UE. It is important to note that range expansion for HetNet dual-carrier deployment benefits the system performance by allowing more UEs to be offloaded from the Macro to LPNs. However, if the system has a low load to begin with, i.e. low UE density or low TTI utilization in the baseline Macro only system, the gains from range expansion are limited. 

Additionally, if the range expansion is performed with DC only operation, it may lead to a small performance loss at very low load situations, especially at the 5% tail. When UEs are limited to be in DC only operations, the UEs in the range expansion region have to be served by the same sector on both carriers with a weaker cell on one carrier. This may negatively impact the UE peak rate. For a lightly loaded system with bursty traffic, the UE burst rate is mostly determined by the peak rate, hence, any scheme that limits the UE peak rate may result in a performance loss. On the other hand, allowing DF-DC operation with range expansion removes this limitation, therefore, does not face the same limitations. 
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Figure X: DL Bursty Traffic Performance, 30dBm LPN and 50% Clustering UE Dropping, No-indoor UE

Table Y shows additional simulation results using range expansion with different CIO values.  It is observed that the burst rate performance, especially for the cell edge, of DC is sensitive to the CIO values used whilst DFDC is insensitive to changes in CIO values at low to mid loading.  Using a suitable CIO value (e.g. 0 dB), a gain in burst rate performance of DC can be achieved at low load with range expansion instead of a loss (e.g. when using CIO = 3 dB).  At high load, it is observed that using SC UEs can achieve greater cell edge burst rate gain than that of DC UEs if the appropriate CIO values are selected.  In this scenario the SC CIO is set such that it is 1 dB towards secondary carrier (F2) of macro cell, 2 dB towards primary carrier (F1) of LPN and 3 dB towards secondary carrier (F2) of LPN.

Table Y: Burst rate performance using different CIO values

	Config
	CIO (dB)
	Number of users per macro sector

	
	
	8
	16
	32
	64

	
	
	Average
	5%
	Average
	5%
	Average
	5%
	Average
	5%

	DC (Range Exp Off)
	3
	10%
	25%
	53%
	168%
	629%
	709%
	789%
	57%

	DC 

(Range Exp On)
	0
	11%
	31%
	66%
	200%
	750%
	1099%
	1255%
	91%

	
	3
	8%
	-9%
	69%
	178%
	790%
	1098%
	1397%
	558%

	DF-DC 

(Range Exp On)
	0
	17%
	46%
	70%
	281%
	807%
	1510%
	1325%
	488%

	
	3
	16%
	43%
	70%
	278%
	817%
	1557%
	1379%
	721%

	SC (Range Exp On)
	1-2-3
	-35%
	-18%
	-3%
	114%
	439%
	897%
	937%
	358%


Table X shows the average TTI utilization with deployment of 30dBm LPNs and 50% clustering UE dropping, no-indoor UE.  

Table X: Average TTI utilization, 30dBm LPNs and 50% Clustering UE Dropping, No-indoor UE

	LPN
Density
	Scenario
	8 UE/Macro
	16 UE/Macro
	32 UE/Macro

	
	
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.

	1
	Baseline
	24%
	0%
	58%
	0%
	97%
	0%

	
	Range Expansion Off
	15%
	8%
	36%
	17%
	80%
	44%

	
	Range Expansion On
DC Only
	12%
	9%
	27%
	18%
	63%
	43%

	
	Range Expansion On
DF-DC Only
	10%
	14%
	21%
	30%
	49%
	65%

	2
	Baseline
	24%
	0%
	58%
	0%
	98%
	0%

	
	Range Expansion Off
	15%
	5%
	33%
	10%
	75%
	26%

	
	Range Expansion On
DC Only
	11%
	5%
	24%
	11%
	53%
	26%

	
	Range Expansion On
DF-DC Only
	8%
	8%
	18%
	17%
	40%
	38%

	4
	Baseline
	24%
	0%
	59%
	0%
	98%
	0%

	
	Range Expansion Off
	13%
	4%
	30%
	7%
	68%
	15%

	
	Range Expansion On
DC Only
	7%
	5%
	14%
	10%
	31%
	22%

	
	Range Expansion On
DF-DC Only
	10%
	4%
	20%
	7%
	42%
	15%


Figure X and Table X show that gains increase with the increase in load and LPN density. DF-DC operation under range expansion offers higher and more robust gains over DC only operation. For example, for the case of 4 LPNs/Macro and16 UEs/Macro, without range expansion, the system offers an average burst rate gain of 41% and a 5% burst rate gain of 71% over the no LPN baseline. Range expansion with DC-only operation increases the average burst rate gain to 55%, and increases 5% burst rate gain to 84%. 

Range expansion with DF-DC operation increases both the average burst rate gain and the 5% burst rate gain to 62% and 133%, respectively. When the load is increased to 98% (32 UEs/Macro), deploying 4 LPNs without range expansion offers an average burst rate gain of 161% and a 5% burst rate gain of 539% over the baseline. Range expansion with DC-only operation increases the average burst rate gain to 246% and increases the 5% burst rate gain to 849%. Range expansion with DF-DC operation increases both the average burst rate gain and the 5% burst rate gain to 237% and 1112%, respectively.
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Figure X: DL Bursty Traffic Performance, 30dBm LPNs and Uniform UE Dropping, No-indoor UEs

Figure X and Table Y show the UE burst rate improvement and average TTI utilization, respectively, from the HetNet deployment with 30dBm LPNs and Uniform UE dropping and no-indoor UEs. Similar observations can be obtained as those from the 50% clustering UE dropping. In general, range expansion with DF-DC operation provides more robust and higher gains compared to range expansion with DC only operation. The HetNet gain, as well as the range expansion improvement, increases as the loading in the system increases. For range expansion with DC only operation may cause some performance loss at low to medium loading (due to UE peak rate impact). However, this could be overcome by allowing DF-DC operation.  

Range expansion with DC only operation performs worse than the HetNet deployment without range expansion at 5% burst rate, under 16 UE/Macro which corresponds to a baseline loading of 57%. On the other side, when DF-DC operation is allowed for range expansion, UEs can be served by different sectors on each carrier. As a result, the negative impact on the UE peak rate is greatly mitigated. 

Table Y: Average TTI utilization, 30dBm LPNs and 50% Uniform Dropping, No-indoor UEs

	LPN
Density
	Scenario
	8 UE/Macro
	16 UE/Macro
	32 UE/Macro

	
	
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.
	Mean Macro TTI Utiliz.
	Mean LPN TTI Utiliz.

	1
	Baseline
	24%
	0%
	58%
	0%
	98%
	0%

	
	Range Expansion Off
	22%
	5%
	53%
	9%
	97%
	15%

	
	Range Expansion On
DC Only
	20%
	8%
	46%
	16%
	92%
	39%

	
	Range Expansion On
DF-DC Only
	17%
	13%
	42%
	24%
	88%
	53%

	2
	Baseline
	24%
	0%
	57%
	0%
	98%
	0%

	
	Range Expansion Off
	21%
	5%
	48%
	9%
	95%
	18%

	
	Range Expansion On
DC Only
	14%
	9%
	32%
	17%
	72%
	39%

	
	Range Expansion On
DF-DC Only
	17%
	6%
	38%
	12%
	80%
	29%

	4
	Baseline
	24%
	0%
	57%
	0%
	98%
	0%

	
	Range Expansion Off
	19%
	5%
	42%
	8%
	91%
	14%

	
	Range Expansion On
DC Only
	10%
	7%
	25%
	11%
	54%
	25%

	
	Range Expansion On
DF-DC Only
	14%
	5%
	30%
	9%
	63%
	19%


5 Conclusion

In this contribution, we provide downlink simulation results for multi-carrier HetNet deployment using soft reuse (referred to in the TR as “range expansion”).  It is shown that soft reuse offers performance gain especially in high loading.  We observe the following:

Observation 1: DFDC burst rate performance is insensitive to changes in CIO at low to mid-loading

Observation 2: DC burst rate performance is sensitive to changes in CIO and therefore appropriate CIO settings are important

Observation 3: At high load, the burst rate performance is sensitive to changes in CIO for all types of UEs.  Hence appropriate CIO settings are important.

A text proposal is also provided for TR25.800 based on these simulation results.
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Appendix

The system level simulation assumptions used in this evaluation are summarised in Table 5.

Table 5: 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
	8, 16, 32 & 64 per macro sector.


	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
	[image: image22.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q

3GPP ant (2D ant):                                                     

[image: image23.wmf]dB

3

q

                                                                              = 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

	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
	0, 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


Cell Association Rule
In SC, the mth UE will select the cell based on:
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Equation 1
Where,

[image: image21.wmf]carrier.

th 

 

in the

sector 

 

Macro

th 

 

in the

 

LPN

th 

 

 the

from

 

th UE

 

for the

 

Ec/Io

  

:

 

,

,

1

 

,

2

,

1

 

,

,

,

1

  

,

sector

 

Macro

th 

 

 the

of

carrier 

th 

 

in the

 

BS

 

Macro

 

 the

from

 

th UE

 

for the

 

Ec/Io

  

:

 

2

,

1

 

,

,

,

1

 

,

sector 

 

Macro

th 

 

in the

 vector 

bias

 

l

dimensiona

-

)

1

2

(

A 

  

:

 

]

,

,

,

,

,

,

[

sector

 

Macro

 

in the

 

LPN

 

of

Number 

:

sectors

 

Macro

 

of

Number 

 

:

1

Equation 

in 

ector 

decision v

 

 the

of

 

maximum

 

 the

of

position 

 

 the

 to

ing

correspond

 

th UE

 

 the

of

n 

Associatio

 

:

ID

0

2

2

1

2

0

1

1

1

i

k

n

m

N

n

i

K

k

k

i

m

i

K

k

k

N

b

b

b

b

b

N

K

m

Fi

kmn

Fi

km

F

kN

F

k

F

k

F

kN

F

k

k

m

K

K

K

K

K

=

=

=

=

=

+

=

r

r

b


In DC, UE association is similar to SC, but the second carrier link from the selected BS is also activated if the downlink Ec/Io difference for both links is lower than the soft handover threshold.

 In DF-DC, each UE carrier is associated with the best cell in terms of downlink Ec/Io plus bias without any restriction on the cell association.  

� EMBED Equation.3  ���
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