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1 Introduction

The concept of non-zero transmit power ABS has been proposed in RAN1 as an efficient means for further enhanced inter-cell interference coordination (FeICIC) in HetNet scenarios consisting of macro and pico cells with cell range expansion (CRE). Comprehensive performance studies have shown that the optimum PDSCH power reduction in ABS approximately corresponds to the CRE bias.

Following has been discussed as a possible working assumption during RAN1#68 [1]:

· Ratio of PDSCH EPRE to RC EPRE value for the reduced power ABS is configured with higher layer signalling at least for TM 1 to 6

· FFS: TM 7 to 9

However, there has not been an agreement so far since RAN4 is currently also discussing the impact of PDSCH power reductions of up to 9 dB in low power ABS. Some companies expressed concerns regarding that issue since the ongoing work in RAN4 might impact the potential working assumption.

In this contribution, we first discuss the issues of dynamic downlink power range restrictions and show that this causes a significant loss in the system performance of the macro cells when operating with low power ABS. We furthermore present and discuss different options for addressing that issue.

This contribution is accompanied by two companion contributions [2] and [3] discussing the details of signalling enhancements for low power ABS for both macro and pico UEs.

2 Dynamic Downlink Power Range

The use of low power ABS (LP-ABS) with for example up to 9 dB power offset between CRS and PDSCH REs in case of CRS based PDSCH transmissions yield a significantly increased dynamic range of RE power within an OFDM symbol.

In [4] we provided a first analysis how the throughput performance in HetNet scenarios with LP-ABS will be affected by possible restrictions regarding the use of different modulation schemes in case of CRS based PDSCH. Especially the use of 16QAM and 64QAM might be problematic in terms of a large error vector magnitude (EVM) in case of large power level differences between PDSCH and CRS REs.

The current minimum eNB requirements regarding dynamic downlink power range are given in Table 1.
Table 1: E-UTRA BS RE power control dynamic range [5]
	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


Hence, the maximum PDSCH power level reductions for the different modulation schemes that can be assumed to be supported by all eNB implementations without exceed the specified EVM requirements are given by Table 2 assuming the same average transmission power.

Table 2: Maximum PDSCH power level reductions

	Modulation scheme for PDSCH
	Maximum power reduction (dB]



	QPSK (PDSCH)
	6

	16QAM (PDSCH)
	3

	64QAM (PDSCH)
	0


The result of these restrictions is that high-order modulation schemes (16QAM and 64QAM) cannot be supported efficiently in subframes with low PDSCH transmission power if eNB implementations meet just the specified current minimum requirements.

It has been shown by comprehensive simulation studies that the optimum power reduction in an LP-ABS would typically be within the range of the CRE bias value. That means for a large CRE bias value of e.g. 9 dB, the usage of a PDSCH power reduction of up to 9 dB is suggested for a typical HetNet scenario. However, previous simulation studies did not take into account potential modulation scheme restrictions for LP-ABS. 

In the following, we provide HetNet simulation results taking into account modulation order restrictions based on current minimum requirements for the dynamic downlink power range as given in Table 1 for the different modulation schemes. Although these are minimum requirements, the results provide a good indication on how the performance in HetNet scenarios with LP-ABS is affected if certain modulation scheme restrictions have to be taken into account.

3 LP-ABS Performance with Modulation Restrictions

Figure 1 shows simulation results for a typical HetNet scenario consisting of macro and pico cells with CRE. We investigated the performance with Configuration 1 (uniform UE dropping), 3GPP Model 1 for pathloss and full buffer traffic. A detailed description of further simulation parameters is given in Appendix A. The figure shows the median (50th percentile) of the UE throughput distribution, taking into account both macro and pico UEs.
The FeICIC specific simulation settings are:

· ABS ratio (ratio between ABS and regular subframes) is fixed to 0.5 and 0.7, respectively

· CRE bias value 6 dB

· LP-ABS power reduction (offset between CRS and PDSCH) is set to 6 and 9 dB, respectively

· Assumption of perfect CRS interference cancellation

· Simulations with Rel-10 zero-power ABS (ZP-ABS) are used as performance reference


It is assumed for both power reduction settings that only transmissions with QPSK are possible in an LP-ABS; the case of 6 dB PDSCH power reduction corresponds to the current QPSK limit according to Table 2, and the case of 9 dB would correspond to an enhanced eNB implementation where up to 9 dB power level reduction would be possible with QPSK.
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Figure 1: UE throughput performance with LP-ABS 
(with and without modulation scheme restrictions) and with ZP-ABS
The results shown in Figure 1 reveal that UEs will experience significant throughput reductions if modulation order restrictions in an LP-ABS are taken into account. Since the restriction affects only transmissions in LP-ABS, it can be observed that the magnitude of the throughput reduction increases with growing LP-ABS ratios. It can furthermore be seen that the benefit of using LP-ABS instead of zero-power ABS (ZP-ABS) without any PDSCH transmissions in macro cells clearly disappears. Even the use of more advanced eNB implementations cannot compensate for that effect in sufficient manner. Modulation restrictions yield performance losses of up to 13% in the evaluated scenarios.
· Observation: Modulation order restrictions due to dynamic power range issues in low power ABS results in significant macro cell performance reduction in HetNet scenarios with CRE bias.

· Proposal 1: RAN1 and/or RAN4 should adopt a solution for handling the impact of modulation order restrictions due to dynamic power range limitation on eNB side.  

4 Strategies for Handling of Dynamic Range Issue in LP-ABS
The issue of restrictions on the supported downlink dynamic power range with high-order modulation schemes could be addressed by different options, as discussed in the following.
Option A: 
The EVM in an LP-ABS could be improved by enhanced macro eNB implementation; the EVM can be improved by increasing the dynamic range of the power amplifier in the eNB. Since the requirements for eNB implementations in [5] are minimum requirements, the specification does not prohibit eNBs with improved larger dynamic ranges. However, the drawback of this is that it would result in increased eNB implementation complexity, costs and more power consumption. The simulation results discussed in Section 3 have furthermore shown that the expected gains due to enhanced eNB implementations are rather small.
Option B: 
The occurrence of a degraded EVM in subframes with PDSCH reduced transmission power can be accepted as a further signal quality degradation in addition to receiver noise, interference and radio channel attenuation and fading. The eNB could schedule PDSCH transmissions with high-order modulation schemes ignoring the degraded EVM. The effect of that approach is an increased BLER due to the degraded EVM. The degree of the experienced BLER grows depends on how much the EVM is degraded. 

Option C: 
The use of high-order modulation schemes is avoided in subframes with low PDSCH transmission power. Even if an UE reports a high CQI, the eNB would transmit PDSCHs only with low-order modulation schemes. It has been proposed for example in [8] to configure UEs with QPSK modulation in subframes with reduced PDSCH transmission power. Such an approach could be used to avoid the problem of high EVM within these subframes. However, this results in significant throughput reductions in the macro cells as shown in Section 3. 

The critical point is here that the current MCS table for PDSCH transmissions supports only a limited set of code rates for the different modulation schemes [6]. The ranges of the supported code rates are given in Table 3. They have been determined under the assumption of PDSCH transmissions on 10 PRBs each with 144 REs used for the PDSCH (corresponding to CFI=1, two CRS antenna ports, and no DM-RS); the exact code rates for different number of PRBs vary only slightly.

Table 3: Supported code rates for PDSCH transmissions

	PDSCH modulation scheme 
	Code rate R

	
	 Min
	 max

	QPSK
	~0.09
	~0.54

	16QAM
	~0.27
	~0.54

	64QAM
	~0.36
	~0.87


Option D: 
Due to potential EVM problems with high-order modulation schemes (16QAM and 64QAM) and expected significant performance reduction in case of restricting PDSCH transmissions only to QPSK as described in Option C, it seems attractive to increase the set of supported code rates (determined by the supported TBS sizes) for low order modulation schemes. Whether the set of supported code rates should be increased for QPSK or for 16QAM could depend on the PDSCH power reduction level as follows:

· In case of moderate power reductions of up to 3 dB, where 64QAM cannot be used efficiently, it would be sufficient to increase the number of 16QAM code rates. 
· In case of larger power reductions (e.g. up to 6 dB), it would be reasonable to increase the number of QPSK code rates since both 64QAM and 16QAM cannot be used efficiently.
This approach is expected to provide an efficient means for reducing the impact of modulation restrictions in LP-ABS on the throughput performance. It can be implemented in the specification by simply adjusting the modulation order values in the MCS table in LP-ABS as described in more detail in Appendix C.
For the scenario evaluated in Section 3, this simple adjustment recovers 58-68 % of the throughput performance loss. A more detailed analysis and simulation results can be found in Appendix B and Appendix D, respectively.

· Proposal 2: The extension of supported code rates for QPSK and/or 16QAM should be considered in RAN1 for LP-ABS since it provides an efficient means for increasing the throughput in low power ABS with modulation order restrictions due to dynamic range limitations on eNB side.

5 Conclusion

In this contribution, we discussed and evaluated the issues of dynamic downlink power range restrictions on the system performance with low power ABS and discuss possible approaches for addressing that issue in HetNet scenarios. Based on our discussion and the present simulation study, we draw following conclusions:

· Observation: Modulation order restrictions due to dynamic power range issues in low power ABS results in significant macro cell performance reduction in HetNet scenarios with CRE bias.

· Proposal 1: RAN1 and/or RAN4 should adopt a solution for handling the impact of modulation order restrictions due to dynamic power range limitation on eNB side.  

· Proposal 2: The extension of supported code rates for QPSK and/or 16QAM should be considered in RAN1 for LP-ABS since it provides an efficient means for increasing the throughput in low power ABS with modulation order restrictions due to dynamic range limitations on eNB side.
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Appendix A
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Simulation Parameter
	Setting

	Deployment scenario
	Configuration 1 as defined in [7]

	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 DCI transmission , same overhead assumed for UL DCI.
(interference impact of CCE utilization is considered)

	Path loss model
	Model 1 as defined in [7]


Appendix B

In order to provide a more detailed analysis, Figure 2 and Figure 3 show the supported code rates for PDSCH transmissions derived from the current MCS table with 16QAM and QPSK, respectively. For the determination of the code rates, we assumed 10 used PRBs, each with 120 REs used for PDSCH transmissions (corresponding to CFI=3, two CRS antenna ports, and no DM-RS). It can be seen that only a limited set of technically possible code rates are supported by the current MCS table. Especially the gap between the maximum supported code rates in the current MCS table and a code rate of 1.0 (no redundancy) is of interest here since these code rates could be used to increase the spectral efficiency in LP-ABS in case of modulation order restrictions. 
It has to be kept in mind that the design choice regarding the current MCS table structure was made at a time when the concept of low power ABS with large PDSCH power level reductions was not taken into account; meaning that the basic conditions were actually differing quite a lot from the current conditions in LP-ABS with CRS.
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Figure 2: Supported code rates for 16QAM in Rel-10 MCS table
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Figure 3: Supported code rates for QPSK in Rel-10 MCS table
Appendix C

Table 4 and Table 5 show two suggested MCS table adaptations for PDSCH transmissions in low power ABS. The first one extends the supported code rates for QPSK transmissions, and the second one extends in the same manner the code rates for 16QAM transmissions. The entries between the two bold lines in each table represent the MSC levels with reasonable code rate extensions up to 1.0. 

Corresponding to the previous discussion in Section 4, could be used for PDSCH transmissions in subframes with large PDSCH power reduction (e.g. 6 dB) where only QPSK transmissions are possible due to limitations on the eNB side could be used for PDSCH transmissions in subframes with moderate power reduction levels where 16QAM can still be used with sufficiently small EVM.

	Table 4: MCS table for extended 
code rates for QPSK
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	Table 5: MCS table with extended 
code rates for 16QAM
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Appendix D
Table 6 and Table 7 show a performance evaluation for the HetNet scenario described in Section 3 where the proposed code rate extension for QPSK according to option D in Section 4 (as described in Appendix C) is taken into account.

The FeICIC specific simulation parameter settings are:

· ABS ratio is fixed to 0.5 and 0.7, respectively

· CRE bias value 6 dB

· LP-ABS power reduction fixed to 6 dB and 9 dB, respectively
Corresponding to the performance results shown in Section 3, it assumed that in both cases (6 and 9 dB power reduction) only QPSK can be used by the macro eNB in an LP-ABS, where the latter case would correspond to an enhanced eNB implementation. The results clearly show that a code rate extension for QPSK can provide here a significant alleviation of the performance loss due to a modulation order restriction in LP-ABS.
Table 6: Median of macro UE throughput distribution

	
	LP-ABS without MCS restriction
	LP-ABS with MCS restriction
	LP-ABS with MCS restriction and adapted MCS table

	ABS ratio = 0.5,
Power reduction = 6 dB
	1.54
	1.35
	1.41

	ABS ratio = 0.5,
Power reduction = 9 dB
	1.43
	1.28
	1.35

	ABS ratio = 0.7,
Power reduction = 6 dB
	1.54
	1.35
	1.41

	ABS ratio = 0.7,
Power reduction = 9 dB
	1.43
	1.28
	1.35


Table 7: Median of UE throughput distribution (macro and pico UEs)

	
	LP-ABS without MCS restriction
	LP-ABS with MCS restriction
	LP-ABS with MCS restriction and adapted MCS table

	ABS ratio = 0.5,
Power reduction = 6 dB
	2.43
	2.21
	2.28

	ABS ratio = 0.5,
Power reduction = 9 dB
	2.49
	2.32
	2.38

	ABS ratio = 0.7,
Power reduction = 6 dB
	2.44
	2.13
	2.24

	ABS ratio = 0.7,
Power reduction = 9 dB
	2.50
	2.19
	2.32
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