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1 Introduction

Cell range expansion (CRE) is currently discussed in RAN1 as a means to increase the throughput performance in heterogeneous network deployments consisting of macro and pico cells. The throughput gains are achieved due to offloading traffic from macro cells to pico cells by virtually increasing the coverage area of pico cells.  Almost blank subframes (ABS) have been introduced in order to reduce the interference from macro eNBs to pico UEs in the downlink. The ABS ratio describes in this context the ratio between ABS and regular downlink subframes.

It is known that the CRE bias increases the number of UEs associated to pico cells.  Further, the ABS ratio basically determines then how many subframes can be used for PDSCH transmissions in the macro cells, and how many subframes are protected in the pico cells. The protected subframes will be used for PDSCH transmissions to pico cell-edge UEs since they would otherwise suffer from severe interference from the macro eNBs.

In this contribution we investigate how the UE throughput performance depends on the combination of CRE bias and ABS ratio under the assumption of perfect interference cancellation of the macro cell CRS of the pico UEs in ABS subframes. Due to this assumption, the results can be considered as upper performance bounds of the ABS subframe performance since no receiver impairments are taken into account.

2 Simulation Assumption

The performance evaluation is based on the agreed RAN1 simulation methodology and models for HetNet ICIC performance evaluations that are defined in [1] and [2]. Regarding the CRS interference cancellation, perfect cancellation of the macro cell CRS of the pico UEs in the ABS subframes is assumed, as indicated in the introduction. 

For CSI measurements and reporting, we assume two complementary interference measurement subframe sets in the pico cell corresponding to the ABS/non-ABS pattern in the macro cells. In the current simulation study we assume that each subframe can be used as ABS in the macro cells, here is has to be taken into account that a maximum number of 6 ABS (ABS ratio of 0.6) is realistic under consideration of MBSFN subframe constraints. 
In the following, we focus on Configuration 1 (uniform distribution of UEs) with 3GPP Model 1 and full buffer traffic in order to evaluate the impact of the ABS ratio on the CRE bias setting. A detailed description of the simulation parameters is given in Appendix A.

3 Simulation Results

Table 1 shows the fraction of UEs associated to pico cells in the evaluated scenario. It can be seen how the attachment ratio increases with the CRE bias as expected. 

Table 1: Pico attachment ratios

	CRE bias [dB]
	0
	6
	9
	12
	18

	Pico attachment ratio [%]
	18.8
	34.5
	42.4
	52.1
	70.1


Fig. 1 shows the cell-edge UE throughput depending on CRE bias and ABS ratio. The curves reveal that there exists an optimum ABS ratio for each CRE bias setting. The basic trend is that large CRE bias values require also a large ABS ratio, which make sense since a large fraction of UEs are associated to the pico cells and only a small fraction of UEs remains associated to macro cells. Fig. 2 and Fig. 3 show both 50th percentile (median) and 95th percentile of the UE throughput distribution, respectively. The results show how increasing the CRE bias reduces the throughput performance of the cell-center UEs (95th percentile) while increasing at the same time the median.
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Fig. 1: 5th percentile (cell-edge) UE throughput
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Fig. 2: 50% percentile (median) of UE throughput
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Fig. 3: 95th percentile of UE throughput

The average UE throughput in the scenario is shown in Fig. 4

 REF _Ref305580140 \h 
. Two effects can be seen here: (a) the throughput grows more or less linearly with the ABS ratio for all investigated CRE bias values, and (b) the throughput is significantly reduced if large CRE bias values (e.g. 18 dB) are used. CRE bias settings of 0 and 6 dB yield the largest average UE throughput. Comparing mean (average) and median of the UE throughput distribution we can see the effect that large CRE bias settings reduce the mean while increasing the median. 
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Fig. 4: Average UE throughput

Fig. 5 shows the concluding evaluation of the combination of cell-edge and average UE throughput depending on the ABS ratio. In each curve, the lowest considered ABS ratio (0.1) is the point on the left hand side, and the largest considered ABS ratio (0.8) is the point on the right hand side.

The figure shows how the highest cell-edge throughput can be achieved with 18 dB CRE bias for the investigated scenario. However, the achievable average cell-edge UE throughput is smaller than the one which can be achieved with smaller CRE bias values.

An important question concerning the throughput performance evaluation is how the requirement for the relation of cell-edge to average UE throughput in terms of fairness should be benchmarked. As an example, we show in the figure the margin for an assumption that the cell-edge throughput should not be less than 10% of the average throughput. If we assume that the average UE throughput should be maximized taking this constraint into account, the optimum operation point would be the most right point above that margin line shown in the figure. Taking this assumption into account, we can see that the CRE bias values between 12 and 6 dB show the best performance. We could achieve higher cell-edge UE throughput with larger CRE bias values (18 dB), but the average UE throughput has to be decreased considerably in order to achieve that cell-edge gain. 

A further characteristic of the large CRE bias (18 dB) that is revealed by the figure is that the cell-edge performance is here extremely sensitive to the ABS ratio setting. Small deviations from the optimum ABS ratio directly yield significant reductions of cell-edge throughput. This is expected to cause potential problems in real-life deployments in case of fluctuating traffic or user loads. That means it will be hard to select the optimum ABS ratio based on the uncertainty of the traffic load prediction i.e. to track the variations of the load over time. The presented results show that that sensitivity to deviations from the optimum ABS ratio is much less severe with lower CRE bias values.
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Fig. 5: Cell-edge vs. average UE throughput

4 Conclusion

In this contribution, we evaluated the UE throughput performance depending on the combination of ABS ratio and CRE bias setting under the assumption of perfect CRS interference cancellation. Due to the latter assumption, we consider the results as upper bounds for the achievable throughput performance gain. We draw the following conclusions based on the results of the simulation study:

1. We observe that the cell-edge performance can be improved when large CRE bias values (12-18 dB) are used in combination of optimum ABS ratio settings under the assumption of perfect CRS interference cancellation. However, these cell-edge UE performance gains come at the cost of reduced average UE performance. From average UE throughput perspective, it is more beneficial to use smaller CRE bias values (e.g. 6 dB).

2. The cell-edge throughput performance gains with large CRE bias settings strongly depend on the optimum ABS ratio setting. Small deviation from that ABS ratio yield significant performance reductions. That means that very accurate traffic load prediction is required in order to achieve maximum throughput gains. With smaller CRE bias settings, the sensitivity to deviations from the optimum ABS ratio is significantly smaller.

3. The adaptation of the CRE bias settings requires the execution of mobility procedures for all relevant UEs. On the other hand, changing the ABS ratio is transparent to UEs according to the current CSI measurement and reporting definition. Therefore, setting the CRE bias to a smaller value and performing rather dynamic adaptation of the ABS ratio seems to be a reasonable way of operating the system in order to have convenient control on the trade-off between cell-edge and average UE throughput performance; our results show that the ABS ratio adaptation with smaller CRE bias values provides larger UE throughput tradeoff flexibility then with larger CRE bias values.

We think it is required to check further whether the observed trend similar when more realistic UE receiver structures (e.g. CRS interference mitigation) are taken into account. It is furthermore required to discuss whether the observed fairness issue between cell-edge and average UE throughput performance would justify the support of large CRE bias settings.
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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
	2 GHz

	Macro cell ISD
	500 m

	Max Macro Tx Power
	46 dBm

	Max Pico Tx Power
	30 dBm

	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
	2D antenna pattern, Omni-directional

	Macro eNB antenna gain
	17 dBi

	Pico eNB antenna gain
	5 dBi

	Minimum distance between Pico eNBs and Macro eNBs
	35 m

	Minimum distance between 
Pico eNBs
	40 m

	Minimum distance between 
Macro eNB and UEs
	35 m

	Minimum distance between 
Pico eNB and UEs
	10 m

	Fast Fading Channel 
	Typical Urban (TU), i.i.d. for spatial extension

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

	CSI Feedback 
	Sub-band CQI (PUSCH mode 3-1), periodically every 1 ms with 5ms delay

	Control overhead
	Dynamic adaptation of control region size (one, two or three OFDM symbols)

	Control signaling
	Explicit modeling of CCE aggregation, power control and errors of DL DCIs , same overhead assumed for UL DCIs.
(interference impact of CCE utilization is considered)

	Path loss model
	Model 1 as defined in [2]


Max average throughput with cell-edge throughput at least 10% of average throughput
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