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1 Introduction
In RAN#47, it was agreed to investigate Rel-8/9 compatible enhanced inter-cell interference coordination (eICIC) schemes for heterogeneous networks (HetNets). Two basic scenarios for heterogeneous networks were identified: networks consisting of Macro eNBs and closed subscriber group (CSG) Home eNBs, and networks consisting of MeNBs and open subscriber group Pico eNBs with cell range expansion (CRE). The potential benefits of CRE for Pico eNBs in terms of system spectral efficiency gains are currently under discussion in RAN1. The focus is here especially on the impact of very large CRE bias values (e.g. 20 dB). 

This contribution adds bursty traffic results to the full buffer results provided in [1] .
The presented results show that: 
· In general CRE provides performance benefits for full buffer as well as for bursty traffic scenarios.
· CRE bias values larger than 8 dB do not provide additional performance benefits

· The PDSCH resource utilization efficiency decreases with large CRE bias values

2 Simulation Study
2.1 Scenario and Parameters
Following HetNet simulation scenario has been evaluated:
· 4 Pico eNBs and 25 UEs per Macro cell (120 degree sector); uniform distribution of UEs (Configuration 1 as defined in [2])
· Pathloss Model 1 as defined in [2]
· Macro eNB transmission power:  46 dBm

· Pico eNB transmission power: 30 dBm

· 10 MHz channel bandwidth for both Macro and Pico eNBs 
(no time or frequency domain interference coordination, all eNBs can use all time-frequency resources)

· Bursty buffer traffic based on the FTP traffic model with reduced burst sizes and shortened burst inter-arrival times, generating per UE traffic loads from 0.55 – 2.46 Mbit/s
· Frequency selective proportional fair scheduling in both Macro and Pico eNBs

DCI Format 2 is assumed for all PDCCH transmissions. PDCCH transmissions associated to uplink resource allocations are considered, i.e. it is assumed that for each PDCCH transmission allocating PDSCH resources another PDCCH of the same size is allocated for an according PUSCH resource allocation. SFBC is assumed for all PDCCH transmissions.
A detailed list with further important simulation parameters is given in Appendix A.
2.2 Results 

Figure 1 provides the throughput results for CRE bias values ranging from 0 to 20 dB. The results show that CRE in general provides benefits in terms of average UE throughput performance. However, the results also reveal that the system performs very similar with CRE bias values between 8 and 20 dB, suggesting that there is no additional gain with large CRE bias values. This observation is confirmed by the summarized results in Table 1, which shows the maximum per UE traffic load which can be supported assuming that handling 95% of the offered traffic load is satisfactory. As shown in Appendix B, it should further be noted that the required PDSCH resources for obtaining a given system performance increase with large CRE bias values, i.e. the PDSCH utilization efficiency decreases. [image: image1.emf]0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4
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Figure 1: Average served UE throughput depending on offered traffic load per UE
Table 1: Maximum supported UE traffic load 
	CRE bias [dB]
	Maximum UE traffic load [Mbit/s]

	0
	1.0

	5
	1.2

	8
	1.4

	12
	1.4

	16
	1.4

	20
	1.4


The Pico attachment ratios of the investigated scenario are given in the companion contribution addressing full buffer performance [1].
Conclusion
The simulation study presented in this contribution and in [1] lead to the following conclusions:

· In general CRE provides performance benefits for full buffer as well as for bursty traffic scenarios.
· CRE bias values larger than 8 dB do not provide additional performance benefits
· The PDSCH resource utilization efficiency decreases with large CRE bias values
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Appendix A
	Simulation Parameter
	Setting

	Deployment scenario
	Configuration 1 as defined in [2]

	Serving cell attachment 
	RSRP-based (with bias in case of cell range expansion)

	Scheduler 
	Proportional fair frequency selective scheduling in both Macro eNBs and Pico eNBs

	Channel bandwidth
	10 MHz

	Carrier frequency
	2GHz

	Macro cell ISD
	500m

	Max Macro Tx Power
	46 dBm

	Max Pico Tx Power
	30dBm

	Noise PSD
	-174 dBm/Hz

	Macro eNB antenna pattern
	3D antenna pattern, 120 degree sector

	Macro eNB antenna downtilt
	15 degrees

	Pico eNB antenna pattern
	Omni-directional

	Macro eNB antenna gain
	17dBi

	Pico eNB antenna gain
	5dBi

	Antenna configuration
	2-Tx 0.5 lambda, 2-Rx 0.5 lambda for all links

	Minimum distance between Pico eNBs and Macro eNBs
	35m

	Minimum distance between 
Pico eNBs
	40m

	Minimum distance between 
Macro eNB and UEs
	35m

	Minimum distance between 
Pico eNB and UEs
	10m

	Fast Fading Channel 
	ITU UMa for Macro and Pico cells

	MIMO transmission modes
	DL transmission mode 4 
(closed loop 2x2 MIMO with  dynamic rank adaptation)

	CQI Feedback 
	Sub-band CQI (PUSCH mode 3-1 as defined in [3]), periodically every 1 ms with 5ms delay

	Control overhead
	2 OFDM symbols

	Control signalling
	Realistic PDCCH error model
(impact of CCE utilization is considered)

	Path loss model
	Model 1 as defined in [2]
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Figure 2: PDSCH resource utilization
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