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1. Introduction

In this contribution we further discuss performance aspects of low power ABS (LP-ABS). Baseline results were presented in a previous contribution [1]. Here, the impact of restricting the MCS during protected subframes is evaluated, with the aim of minimizing the impact of operating FeICIC with low power ABS to the RAN4 RF requirements. Updated system level performance results are shown in Section 2, where we compare the performance of using Rel-10 ABS vs Rel-11 LP-ABS with and without MCS restrictions. Section 3 gives some concluding remarks.
2. Low Power ABS with MCS restrictions
2.1. Dynamic Downlink Power Range and LP-ABS
The current minimum requirement of Resource Element (RE) Power control dynamic range is defined in Table I.

Table I. E-UTRA BS RE power control dynamic range [2]
	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0


The impact of introducing LP-ABS into the RAN4 RF requirements can be minimized by restricting the maximum power reduction to the values indicated in Table I: 6dB for QPSK in PDCCH/PDSCH, 3dB for 16QAM in PDSCH and 0dB for 64QAM in PDSCH. Otherwise larger Error Vector Magnitude (EVM) not accomplishing the current requirements are expected. More details can be found in [3]. Thus, for example, a power reduction of 6dB would be possible without impacting the dynamic downlink power range and EVM requirements only if the maximum MCS index is limited to 9 so that only QPSK is used during LP-ABS. 

2.2. Simulation Settings

Co-channel macro + pico scenario as defined in [5] is simulated, with focus on the downlink. A perfectly synchronized network is assumed for FeICIC operation, with all macro eNBs using the same (LP-)ABS muting pattern. 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. We restrict the simulations here to configuration 4b (hotspot) with 3GPP Model 1 for pathloss and full buffer traffic (full load conditions). CRS is transmitted with constant power (same in LP-ABS and in normal subframes). It is assumed that all UEs perform non ideal CRS IC in the simulations, i.e. some level of CRS interference remains after cancellation. The main simulation parameters are summarized in Table II.
Table II: 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)

	(LP-)ABS muting ratio
	Same for all macro-eNBs, 4/8


2.3. Modulation Utilization
During LP-ABS, the macro layer is expected to schedule mainly users in the vicinity of the macro-eNB. In normal subframes these users experience good channel conditions, which would increase the utilization of high order modulations. However, the power transmission is reduced, degrading the channel conditions of macro users and lowering down the MCS index. In Figure 6 we show the modulation utilization for a power reduction of -6dB, 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 88% of macro users with 16QAM and 64QAM. Thus, a perceptible degradation in the macro performance is expected if the modulation is limited to e.g. QPSK during the protected subframes. 
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Figure 1. Percentage of modulation utilization during the whole transmission (all users) and during LP-ABS (only macro UEs) with a power reduction of 6dB 
2.4. System Level Performance Results
The 5%-ile and 50%-ile UE throughput performance with/without MCS restriction is shown in Figure 2. In Figure 2 (a) all UEs (macro + pico) are plot, while Figure 2 (b) shows only the macro layer performance. The RE varies from 0 to 6dB. The blue line corresponds to the normal unlimited LP-ABS whereas the green line plots the performance of LP-ABS with restrictions on the modulation. As previously discussed, the MCS restriction depends on the RE:

· 0dB: QPSK, 16QAM and 64QAM

· 1dB-3dB: QPSK, 16QAM

· 4dB-6dB: QPSK
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Figure 2. 5%-ile and 50%-ile user throughput depending on RE and ABS power reduction (a) all UEs (b) macro UEs 

The coverage performance is not much affected by the MCS limitation, since mostly users in the vicinity of the macro are scheduled during LP-ABS. In the case of the median user, a significant loss is found compared to the case without MCS restriction. Moreover, the performance loss due to MCS restriction increases with the power reduction, going up to 19% with the maximum power reduction of 6dB. Nevertheless, both the coverage and median user are optimized with the maximum RE and power reduction (6dB), even with the restriction. 
Finally, in Figure 3 we compare the optimal 5%-ile and 50%-ile of LP-ABS (with/without MCS restriction) and zero ABS. First two bars correspond to LP-ABS: dark blue without MCS restriction and light blue with a power reduction of 6dB, RE=6dB and modulation order = 2. The other two bars plot ABS: in yellow we show zero-ABS with a RE of 6dB and the red bar corresponds to the optimal value of zero-ABS (the one optimizing the coverage) obtained for a RE of 14dB. 
Focusing on the overall performance (macro+pico users), it can be observed that the optimal zero ABS (with optimal setting of eICIC parameters) outperforms LP-ABS with/without MCS limitation both in coverage and median performance. Compared to no-limited LP-ABS, a gain of 26% in 5%-ile and 36% in 50%-ile throughput. If the MCS is limited, the gain grows to 45% in 5%-ile and 56% in 50%-ile.

If a small RE is applied, then LP-ABS performs better than zero ABS. In the example of the Figure, with a RE of 6dB, the gain of LP-ABS in coverage is 67% and 3% in the median with no MCS restrictions. When the modulation is limited, this gain drops to 40 in 5%-ile and a loss of 17% in 50%-ile throughput. 
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Figure 3. Comparison of the 5%-ile and 50%-ile user throughput with/without MCS limitation and zero-power ABS (a) all UEs (b) macro UEs 
3. Summary
We presented updated performance results of operating FeICIC with LP-ABS. Particularly, the impact of limiting the modulation order accordingly to current dynamic downlink power range specifications is evaluated. 

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

· Observation #1: Performance losses in the order of 10-19% are expected operating LP-ABS with MCS restrictions compared to normal operation with no limitation on the modulation order.    

· Observation #2: For high values of RE bias (above 10dB) the cell-edge UE throughput is maximized with macro applying ABS.    

· Observation #3: For small values of RE (up to 6dB) LP-ABS with MCS restrictions slightly outperforms the coverage of zero-ABS.

However, before drawing final conclusions on the performance and concept details of LP-ABS, RAN1 should await further input from RAN4. 
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