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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. In particular, we discuss performance aspects of operating FeICIC with low power ABS (LP-ABS), as compared to the traditional Rel-10 case where the aim was to have zero power in ABS for data transmission (PDSCH). We present updated system level FeICIC performance results in Section 2, where we compare the performance of using Rel-10 ABS vs Rel-11 LP-ABS. The contribution is closed with summary and concluding remarks in Section 3.
2. System level performance results
Co-channel macro + pico scenario as defined in [3] 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 (F)eICIC enabled, we assume a perfectly synchronized network, where all macro eNBs use the same (LP-)ABS muting pattern. All performance results presented here correspond to full buffer traffic model, i.e., full load conditions. 

In our system level simulator, the simulation resolution is one subframe (time-step) and one subcarrier (freq domain resolution). 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 (LP-)ABS and normal subframes, respectively. On the other hand, macro-UEs are configured to report separate CSI for LP-ABS and normal subframes. Other main simulation parameters are summarized in Table 1. We provide results for the standard 3GPP HetNet scenario [2] and for the ITU Urban Macro (UMa) and Urban Micro (UMi) for macro and pico links respectively [4]. In the ITU channel, performance results are reported for cases where all users are assumed outdoor, as well as cases where all users are assumed indoor. Finally, two different UE distributions are considered: hotspot distribution (configuration 4b) with 2/3 of UEs inside the hotspot and the remaining UEs uniformly distributed within the macro-cell area; and uniform distribution (configuration 1) with all UEs uniformly distributed within the macro-cell area. 

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

	Traffic model
	Full 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


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

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

	eNB packet scheduling
	Proportional Fair (PF)

	ABS muting ratio
	Same for all macro-eNBs, 1/8 to 4/8


Four different values of power reduction are evaluated: -∞ dB (ABS), -12dB, -9dB and -6dB. The (LP-)ABS ratio varies from 1/8 to 4/8 of the total number of subframes. Both ABS ratio and macro transmission power in ABS are fixed during a simulation run. CRS is transmitted with constant power (same in LP-ABS and in normal subframes). UE CRS IC plays an important role in the performance of (F)eICIC [5]. It is assumed that all UEs perform non ideal CRS IC in the simulations, i.e. some level of CRS interference remains after cancellation. For simplicity, it is assumed that UEs cancel the interference from CRS by the same level as the applied power reduction. For example, if the macro power reduction is -9dB, then the CRS residual interference after cancellation is -9dB. 

2.1. 3GPP channel configuration 4b
Figure 1 shows the 5%-ile UE throughput as a function of the RE offset for the four values of power reduction (ABS, -12dB, -9dB and -6dB) and ABS ratio (4/8, 3/8, 2/8 and 1/8). The benefits of (F)eICIC are more significant as the muting ratio and the RE offset increase. The optimum in cell-edge performance is obtained with a muting ratio of 4/8 and a RE of 14dB for ABS. In the case of LP-ABS this optimum is obtained with the maximum power reduction (-12dB), ABS ratio of 4/8 and RE set to 10dB. 
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Figure 1. 5%-ile UE throughput as a function of the RE bias for configuration #4b. Different power reductions (ABS, -12, -9 and -6) and different muting ratios (4/8, 3/8, 2/8, 1/8) are plot.

Figure 2 shows the 50%-ile UE throughput for the same parameter setting as Figure 1. Similar behaviour as the cell-edge UE throughput is observed, although the differences between different LP-ABS and ABS become negligible as the RE offset increases. Moreover the 50%-ile throughput is not severely affected by the muting ratio. 
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Figure 2. 50%-ile UE throughput as a function of the RE bias for configuration #4b. Different power reductions (ABS, -12, -9 and -6) and different muting ratios (4/8, 3/8, 2/8, 1/8) are plot.

Observation #1: LP-ABS outperforms ABS when the pico-eNB is applying small RE offset (up to 8-10 dB). For high values of RE bias (above 8dB) the cell-edge UE throughput is maximized with macro applying ABS. The assumed setting of the LP-ABS power reduction is especially impacting the 5%-ile user throughput performance.  

Observation #2: In a hotspot scenario, the optimal performance of LP-ABS and ABS (optimum value of RE offset and muting ratio) is very similar, i.e., the loss in gain of cell-edge users is compensated with the better performance of macro UEs.

LP-ABS is expected to improve the macro UE throughput whereas the pico cell-edge users get worse. Thus, with LP-ABS pico-UEs in the extended area will suffer higher interference from the macro-eNB and therefore their throughput will decrease. On the other hand macro-UEs throughput is increased since now the macro layer can schedule some users in the vicinity of the macro-eNB during LP-ABS. The result, as shown in Figures 1 and 2, is that there are no big differences in coverage and median performance between LP-ABS and ABS. To further illustrate this, Figure 3 plots the 5%-ile and 50%-ile throughput for macro and pico UEs separately, for a muting ratio of 4/8.
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Figure 3. 5%-ile and 50%-ile UE throughput as a function of the RE bias for configuration #4b and 4/8 muting ratio. Different power reductions (ABS, -12, -9 and -6) are plot.
2.2. 3GPP channel configuration 1

In Figures 4 and 5 we plot the 5%-ile and 50%-ile UE throughput, respectively, for 3GPP channel with uniform distribution. 

As it can seen in Figure 5, the differences in the median between LP-ABS and ABS with small RE offsets are more noticeable for uniform distribution compared to configuration 4b. Particularly, the 50%-ile UE throughput is better when macro applies LP-ABS. 

Observation #3: With uniform distribution, the 5%-ile UE throughput is similar for LP-ABS and ABS but the 50%-ile UE throughput is better with LP-ABS. 
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Figure 4. 5%-ile UE throughput as a function of the RE bias for configuration #1. Different power reductions (ABS, -12, -9 and -6) and different muting ratios (4/8, 3/8, 2/8, 1/8) are plot.
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Figure 5. 50%-ile UE throughput as a function of the RE bias for configuration #1. Different power reductions (ABS, -12, -9 and -6) and different muting ratios (4/8, 3/8, 2/8, 1/8) are plot.

2.3. Additional performance results
Table 1 summarizes the optimal 5%-ile and 50%-ile user throughput for different cases (low power reduction, configuration 4b and 1, 3GPP channel and ITU channel with all users outdoors and all users indoors). Here “optimal” refers to optimizing the cell-edge throughput. In all cases the optimum is found configuring 4 over 8 reduced power ABSs. The level of power reduction providing the maximum cell-edge throughput is shown (-12dB), although the results for -9dB are very close in all cases. 
Table 1. Best UE throughput for different configurations, channels, power reduction and RE bias

	Configuration
	Channel
	ABS power reduction [dB]
	5%-ile UE throughput [kbps]
	50%-ile UE throughput [Mbps]
	RE bias [dB]

	4b
	3gpp
	ABS
	809
	2.70
	14

	
	
	-12
	797
	2.64
	10

	
	UMa/UMi indoors
	ABS
	777
	2.66
	14

	
	
	-12
	793
	2.63
	10

	
	UMa/UMi outdoors
	ABS
	836
	2.74
	14

	
	
	-12
	836
	2.69
	10

	1
	3gpp
	ABS
	440
	1.37
	16

	
	
	-12
	451
	1.65
	12

	
	UMa/UMi indoors
	ABS
	452
	1.50
	16

	
	
	-12
	468
	1.55
	12

	
	UMa/UMi outdoors
	ABS
	500
	1.39
	16

	
	
	-12
	500
	1.6
	12


If the pico-eNB is applying high RE bias (above 8dB) it is recommended to reduce the macro-eNB ABS transmission power to the minimum (Rel. 10 ABS in the best case). For LP-ABS cases, a power reduction of 9 dB seems reasonable.  
2.4. MCS and power reduction
Following the current requirements and trying to avoid standardization impact, the maximum power reduction is -6dB for QPSK in PDSCH/PDCCH and lower for higher modulation orders [6]. Since the transmission power is reduced during protected subframes, the macro layer is expected to reduce the MCS index in a natural way (and use exclusively QPSK in the ideal case). However, we show in Figure 6 that the results are far away from this assumption. In Figure 6 we show the modulation utilization for a power reduction of -6dB (6a) and -12dB (6b), RE = 0dB and a muting ratio of 50%. The blue bar corresponds to the whole transmission (including protected and non-protected subframes) and all users, while the red bar includes only macro UEs during LP-ABS. As expected, the modulation order decreases when the transmission power is reduced, but still we have a 35% (-6dB) and 21% (-12dB) of 64QAM. In order to minimize the impact of introducing LP-ABS in the specification, the modulation order should be limited to QPSK during LP-ABS. If so and on view of the results of Figure 6, we expect a perceptible degradation in macro performance. 
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Figure 6. Percentage of modulation utilization during the whole transmission (all users) and during LP-ABS (only macro UEs)  (a) LP-ABS -6dB (b) LP-ABS -12dB.

3. Summary
Based on the presented system level performance results, we make the following observations:

· Observation #1: LP-ABS outperforms ABS when the pico-eNB is applying small RE offset (up to 8-10 dB). For high values of RE bias (above 10dB) the cell-edge UE throughput is maximized with macro applying ABS. The assumed setting of the LP-ABS power reduction is especially impacting the 5%-ile user throughput performance.    

· Observation #2: In a hotspot scenario, the optimal performance of LP-ABS and ABS (optimum value of RE offset and muting ratio) is very similar, i.e., the loss in gain of cell-edge users is compensated with the better performance of macro UEs.
· Observation #3: With uniform distribution, the 5%-ile UE throughput is similar for LP-ABS and ABS but the 50%-ile UE throughput is better with LP-ABS.
If the pico-eNB is applying high RE bias (above 8dB) it is recommended to reduce the macro-eNB ABS transmission power to the minimum (Rel. 10 ABS in the best case). For LP-ABS cases, a power reduction of 9 dB seems reasonable.  
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