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1. Introduction

In this contribution we discuss various aspects related to the Rel-11 WI on Further Enhanced Non-CA Based ICIC for LTE [1]. In particular, we address aspects related to further TDM eICIC performance for cases with Finite Buffer traffic models. The presented eICIC performance results are in line with simulation assumptions in [2]-[3]. Related performance results for full buffer traffic models were previously presented in [4]. In summary, the results show significant gains of eICIC also for finite buffer traffic cases. eICIC gains on the order of 72%-108% are reported, and it is shown how the optimal setting of RE and ABS varies depending on the offered traffic.
The rest of the contribution is organized as follows: In Section 2 we outline the simulation methodology and assumptions, while the corresponding performance results are presented in Section 3. Concluding remarks are summarized in Section 4.

2. Simulation methodology
Co-channel macro + pico scenario 4b as defined in [2] is simulated. A quasi-dynamic system level simulator is used, including explicit simulation of major RRM algorithms. Mainly the downlink is simulated. For scenarios with TDM eICIC enabled, we assume a perfectly synchronized network, where all macro eNBs use the same ABS muting pattern. 

In our system level simulator, the simulation resolution is one subframe (time-step) and one subcarrier (freq domain resolution). Assuming 2x2 MIMO, the CRS overhead is approximately 9%, and thus corresponds to average power level of roughly -10 dB, as compared to normal transmission. Thus, we basically adopt Alternative 2 from [3].

Serving cell selection is based on RSRP UE measurements. However, for Pico cells, an additional range extension (RE) offset is applied to further increase the offload from macro to pico for cases where this is possible. Pico-UEs are configured to report separate CSI for subframes where macro transmits ABS and normal subframes, respectively. Other main simulation parameters are summarized in Table 1. Note here that the path loss model is according to the HetNet models used in Rel-10 according to TR 3GPP 36.814 [2].

As compared to the reported results in [4], we here assume Finite buffer traffic model. That is, Poisson arrival is used, where each user have finite amount of data. Once that amount of data has been successfully received by the UE, the call is ended. The average offered traffic for the network simply equals the product of the arrival rate and data per call.
Table 1: Summary of default simulation assumptions.

	Parameter
	Setting

	Network Layout
	500m macro-layer Inter-Site Distance with 4 pico-eNBs per macro-cell

	Cell layout
	7 macro-sites (21 macro-cells), wrap-around

	UE placement
	2/3 UEs inside the hotspots; the remaining UEs are uniformly distributed within the macro-cell area.

	Traffic model
	Poisson arrival with finite buffer

	Transmit power
	Macro-eNB: 46 dBm; pico-eNB: 30 dBm

	Sub-frame duration
	1 ms (11 data plus 3 control symbols )

	Modulation and coding schemes
	QPSK (1/5 to 3/4), 16-QAM (2/5 to 5/6), 64-QAM (3/5 to 9/10)

	1st transmission block error rate target
	10%

	HARQ modelling
	Ideal chase combining with maximum 4 transmissions

	Bandwidth
	10 MHz at 2000 MHz frequency

	MIMO & Receiver assumption
	2 x 2 with rank adaptation and MMSE-IRC receiver
Pico UE full CRS interference cancellation assumed from macro ABS

	Antenna gain
	Macro: 14 dBi; pico: 5 dBi; UE: 0 dBi

	Antenna pattern
	Macro: 3D [2]; Pico and UE: Omni

	Traffic model
	Finite buffer traffic with 10 to 50 Mbps offered load per macro-cell area

	Path loss
	Macro-eNB to UE: 128.1+37.6·log10(R[km])
Pico-eNB to UE: 140.7+36.7·log10(R[km])

	Shadow fading
	Lognormal. Std=10 dB for pico-eNB to UE links, 8 dB for Macro-eNB to UE links

	eNB packet scheduling
	Proportional Fair (PF)

	ABS muting ratio
	Same for all macro-eNBs, 0/8 to 6/8


3. Simulation results
The reported performance results in Figs 1 and 2 show the user throughput performance at the 5%-ile and 50%-ile versus the average offered load per macro-cell area, respectively. The performance is shown for cases with macro-only, as well as three different configurations for macro+pico channel deployment. The latter include cases with no RE and no eICIC (green), case with RE but no eICIC (red), and case with eICIC enabled. For the case with RE but no eICIC, the RE offset is 3 dB except for the very low load case of 10 Mbps/cell, where a higher offset value of 6 dB is tolerated. For the latter case with eICIC, the RE offset and ABS muting ratio is adjusted maximize the 5%-ile UE throughput at the different offered traffic loads. As observed from Figs 1 and 2, the optimal setting of RE and ABS ratio depends on the offered load. At low loads, there is no need for using ABS at the macro-layer. However, at the higher traffic loads, it becomes more beneficial to use ABS and higher RE values for the pico’s. Thus, at an offered traffic load of 50 Mbps per macro-cell area, our results show that best performance is achieved by using 16 dB RE for the picos and ABS at 50% of the macro subframes.
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Fig 1: User throughput performance at 5%-ile versus the average offered load per macro-cell area.
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Fig 2: User throughput performance at 50%-ile versus the average offered load per macro-cell area.

The gain from using eICIC is clearly visible from the results in Fig. 1 and 2. Assuming that the performance target is to have 1 Mbps 5%-ile UE throughput and 5 Mbps for 50%-ile UE throughput, we have summarize the maximum tolerated offered load in Table 2. From these results it is observed that the performance of eICIC equals 72%-108% over the basic macro+pico case, depending on whether 3 or 0 dB RE is applied (note that 3 dB RE is the maximum recommended values without eICIC at medium to high load). Thus, also for cases with Finite buffer traffic, the eICIC performance remains fairly attractive and in line without previous full buffer results reported in [4].

Table 2: Maximum tolerated offered traffic per macro-cell area to achieve 1 Mbps in 5%-ile UE throughput and 5 Mbps in 50%-ile UE throughput.

	
	Maximum tolerated offered traffic per macro cell area

	Macro only
	16 Mbps

	Macro+pico without RE
	24 Mbps

	Macro+pico with 3 dB RE
	29 Mbps

	Macro+pico with eICIC 
	50 Mbps


As further background information for the reported performance results, the average resource utilization is plotted in Fig. 3 for considered cases versus the offered traffic load per macro-cell area. Here the resource utilization is defined as the number of used PRBs over the total number of available PRBs, averaged over time. The average resource utilization is reported separately per macro and pico, respectively. For the cases with eICIC enabled, the optimal RE offset and ABS configuration is used for each traffic load, i.e. the same settings as for the results in Fig.1 and 2. When ABS is applied at the macro, the resource utilization is only calculated for the subframes where the macro is allowed to schedule its users. Following (expected) observations can be extracted from Fig. 3:

· The macro resource utilization decreases when more RE is applied for picos (i.e. comparing the green and red solid curves).

· The pico resource utilization increases when higher RE is applied for the picos (i.e. comparing the green and red dashed curves).

· When eICIC is enabled, the resource utilization at the macro- and pico-layer is approximately the same with ±10%. This is achieved by adjusting the RE and ABS usage depending of the traffic load. Thus, a simple rule of thumb for setting RE and ABS configuration could be to have same resource utilization at macro and pico.
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Fig 3: Average resource utilization ratio versus the average offered load per macro-cell area.

4. Concluding remarks

In this contribution we have presented extensive TDM eICIC performance results for co-channel macro+pico scenarios, assuming 4 picos per macro cell area. The performance results are obtained with Finite buffer traffic and the standard 3GPP macro+pico HetNet scenario. The reported performance results shows a clear performance gain also for this scenario with eICIC gains on the order of 72%-108% in improved supported offered traffic load to achieve certain minimum user throughput performance at 5%-ile and 50%-ile. Thus, also for cases with finite buffer traffic models it can be concluded that eICIC offer benefits. 
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