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1 Introduction
Within the scope of further enhanced inter-cell interference coordination (FeICIC), it has been agree in RAN1 that the use of Low Power ABS (almost blank subframes) in macro cells can provide significant downlink throughput performance improvements in HetNet deployments consisting of macro and pico cells with cell range expansion (CRE). It has been shown by many companies that the use of Low Power ABS (LP-ABS) clearly outperforms Zero Power ABS (ZP-ABS) if ABS ratio (ratio between almost blank and regular subframes) and PDSCH power reduction are configured properly.

However, during RAN1#69 there was no agreement on the question whether the ratio between PDSCH EPRE and CRS EPRE for LP-ABS should be signalled by higher layer signalling to UEs or not [4]. The introduction of additional signalling was objected by some companies since they did not see sufficient performance gains that would justify the introduction of such signalling.  
In this contribution, we evaluate the throughput performance of HetNet scenarios with LP-ABS in macro cells taking into account the impact of introducing additional signalling and transmitter-side impairments in terms of error vector magnitude (EVM). We furthermore show the benefits of introducing an MCS/TBS table adaptation for LP-ABS in which only QPSK can be used for PDSCH transmissions due to missing power level signalling.
2 Signalling Support

It is basically possible for an eNB to apply PDSCH power reduction in a certain subframe set (i.e. LP-ABS) without informing the associated UEs about the power level difference between CRS and PDSCH REs. In case of CRS based PDSCH transmissions (e.g. TM4), this however restricts the modulation scheme usage to QPSK since the use of 16QAM or 64QAM requires a signal amplitude (power level) reference for decoding. With DM-RS based transmission schemes (e.g. TM8 or TM9), the modulation restrictions does not appear. 

The major advantage of avoiding the introduction of additional power level signalling is that the support of LP-ABS would require only marginal specification changes, if changes are required at all. It furthermore keeps the implementation simple. On the other hand, this will also result in a reduction of the supported spectral efficiency if high order modulation schemes cannot be used.
If the PDSCH modulation scheme is restricted to QPSK in a certain subframe set (LP-ABS), this also means that the PDSCH power level can dynamically change without informing the UE about the current power level setting. It is however questionable whether this degree of dynamics is required and reasonable since this would also increase the uncertainty in the interference estimation in interference victim (pico) cells; if the macro eNB changes the PDSCH transmission power very frequently, this would from interference victim UE point of view basically correspond to an increased flash-light effect.
If an additional power level signalling is supported for a defined set of subframes (LP-ABS), both 16QAM and 64QAM can be used in these subframes for CRS based PDSCH transmissions. This is basically beneficial for UEs in the cell centre that could be scheduled with such high order modulation schemes even in case of reduced transmission power. As we have shown in a previous contribution, the fraction of UEs scheduled in LP-ASB that would benefit from that is actually very large (more than 80% in case of Configuration 4b) [2]. However, it has to be taken into account that in case of large power reductions these high order modulation schemes might not be applicable taking into account latest RAN4 feedback [5]. 
3 MCS/TBS Table Adaptation for LP-ABS

As described in the previous section, the absence of additional PDSCH power level indication for LP-ABS would restrict the usable modulation scheme to QPSK. That means that the supported spectral efficiencies are limited, too. An important aspect is here that the supported transport block sizes for a PDSCH allocation on a given number of PRBs, and hence the corresponding code rates, are limited due to the current MCS/TBS table specification. 
Figure 1 shows the currently supported code rates for PDSCH transmissions in the MCS/TBS table for QPSK. For the determination of the code rates, we assumed the transport block sizes (TBS) defined for 10 assigned PRBs, each with 120 REs used for PDSCH transmissions (corresponding to normal subframes with 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/TBS table. Especially the gap between maximum supported code rate in the current MCS/TBS 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/TBS table structure was made at a time when the concept of LP-ABS with large PDSCH power level reductions was not envisaged; meaning that the basic conditions were actually differing quite a lot from the current conditions in LP-ABS
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Figure 1: Supported code rates for QPSK in Rel-10 MCS/TBS table

Table 1 and Table 2 show the current Rel-10 MCS/TBS table and a proposed adaptation for LP-ABS where only QPSK transmissions are possible due to missing PDSCH power level signalling. The advantage of this adaptation is the support of larger transport blocks (and hence higher code rates) in case of PDSCH transmissions with QPSK.
Taking into account a modulation order restriction for LP-ABS depending on the PDSCH power level reduction as suggested by RAN4, it is beneficial to apply certain MCS/TBS table adaptations as well. These adaptations should either extend the supported transport block sizes for QPSK or 16QAM. Appropriate MCS/TBS table adaptations and corresponding performance evaluations have been discussed in detail in a previous contribution [2].

Proposal 1: The MCS/TBS table should be adapted for LP-ABS without signalling in order to support larger transport block sizes, and hence higher code rates, for QPSK transmissions.
	Table 1: Rel-10 MCS/TBS table
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	Table 2: Adapted MCS/TBS table for LP-ABS
MCS Index
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4 Performance Evaluation
In the following, we evaluate the performance for Configuration 4b (clustered UE dropping) according to [3] with full buffer traffic and both 6 and 9 dB CRE bias. Transmission mode 4 is used throughout the study, and for taking into account the EVM impact, the model described in [1] is used. Further details regarding the simulation parameters are given in Appendix A.

In terms of FeICIC we consider four schemes:

1. Low Power ABS without any modulation order restrictions

2. Low Power ABS with only QPSK based on current Rel-10 MCS/TBS table

3. Low Power ABS with only QPSK based on adapted MCS/TBS table

4. Zero Power ABS

ABS ratio and PDSCH power reduction in LP-ABS have in all scenarios been configured in a way so that the cell-edge UE throughput is maximized. The maximum PDSCH power reduction considered is 9 dB which actually exceeds the maximum supported power reduction according to latest feedback from RAN4 [5]. Regarding transmitter impairments, an EMV of either 0 % (no transmitter impairments) or 8 % is assumed throughout the simulation study.
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Figure 2: Cell-edge UE throughput with Configuration 4b
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Figure 3: Median of UE throughput with Configuration 4b
Figure 2 and Figure 3 show the results for cell-edge throughput and median of the UE throughput distribution, respectively. The four FeICIC schemes described above correspond here to ‘No restriction’, ‘Only QPSK’, ‘Only QPSK (ext)’, and ‘ZP-ABS’.
It can be seen clearly that using LP-ABS with additional signalling for the PDSCH power level (allowing 16QAM and 64QAM transmissions) outperforms the usage of ZP-ABS with both 6 and 9 dB CRE bias. This applies for both EVM = 0% and EVM = 8%. Especially the cell-edge throughput benefits from using LP-ABS instead of ZP-ABS which corresponds to observations from previous contributions that did not take into account any EVM impact. The transmitter impairments reflected by the EVM affect all evaluated FeICIC schemes in a similar way. The relative performance differences between the schemes are basically preserved.
The results also show that the use of LP-ABS without additional signalling (i.e. allowing only QPSK) reduces the performance compared to LP-ABS with signalling in terms of both cell-edge throughput and median of throughput distribution. With EVM = 8%, the performance reduction amounts to 10-11% for the median of the UE throughput distribution. The impact on the cell-edge throughput is slightly less severe. As described in Section 2, that performance reduction is based on the fact that the size of transport blocks that can be transmitted on a given number of PRBs is limited which also limits the supported spectral efficiencies. This results in the effect that the median of the UE throughput distribution falls actually below the median with ZP-ABS while the cell-edge performance is still better than with ZP-ABS.

Using the proposed MCS/TBS table adaptation in case of LP-ABS without signalling shows a significant performance gain compared to using the current MCS/TBS table. Especially in case of 9 dB CRE bias with EVM = 8%, the cell-edge performance is the same as in case of LP-ABS with signalling. 

With 9 dB CRE bias, the use of the adapted MCS/TBS table increases both cell-edge throughput and median of the throughput distribution by 4% if EVM = 8% is assumed. In case of EMV = 0%, both metrics are increased by approximately 3%. With 6 dB CRE bias, the gains due to using the adapted table are slightly lower. These observations show that the MCS/TBS table adaptation provides an efficient means for improving the throughput performance for LP-ABS without additional PDSCH power level signalling where only QPSK can be used.
The main conclusions drawn from the performance evaluation can therefore be summarized as follows:
Observation 1: The use of LP-ABS shows better performance than the use of ZP-ABS in terms of cell-edge throughput and median of throughput distribution when transmitter impairments are taken into account.

Observation 2: The use of 9 dB CRE bias shows better performance than the use of 6 dB CRE in terms of cell-edge throughput and median of throughput distribution.

Observation 3: Without additional MCS/TBS table adaptations, the use of LP-ABS with additional signalling outperforms the use of LP-ABS without signalling.

Observation 4: The adaptation of the MCS/TBS table for LP-ABS without signalling in order to support larger transport block sizes for QPSK significantly increases the throughput performance.
5 Conclusion
In this contribution, we addressed the question whether the introduction of additional PDSCH power level signalling for LP-ABS is beneficial or not. In this context, we also discussed the merits of adapting the MCS/TBS table for LP-ABS in order to support larger transport block sizes (and hence higher code rates) for QPSK. Based on the discussion we draw following conclusions:
Proposal 1: The MCS/TBS table should be adapted for LP-ABS without signalling in order to support larger transport block sizes, and hence higher code rates, for QPSK transmissions.

We furthermore presented a performance evaluation of LP-ABS under consideration of impacts of signalling support and transmitter impairments in terms of EVM. The results suggest following observations:

Observation 1: The use of LP-ABS shows better performance than the use of ZP-ABS in terms of cell-edge throughput and median of throughput distribution when transmitter impairments are taken into account.

Observation 2: The use of 9 dB CRE bias shows better performance than the use of 6 dB CRE in terms of cell-edge throughput and median of throughput distribution.

Observation 3: Without additional MCS/TBS table adaptations, the use of LP-ABS with additional signalling outperforms the use of LP-ABS without signalling.

Observation 4: The adaptation of the MCS/TBS table for LP-ABS without signalling in order to support larger transport block sizes for QPSK significantly increases the throughput performance. 
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Appendix A – Simulation Parameters
	Simulation Parameter
	Setting

	Deployment scenario
	Configuration 4b as defined in [3]

	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 (including cable loss)
	14 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 with wideband PMI (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 signalling
	Explicit modelling 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 [3]
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