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1 Introduction
Within the scope of further enhanced inter-cell interference coordination (FeICIC), it has been agreed 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 that the use of Low Power ABS (LP-ABS) outperforms Zero Power ABS (ZP-ABS) especially when the ABS ratio setting (ratio between almost blank and regular subframes) is suboptimal. The optimal ABS setting is often very difficult to determine because it needs accurate traffic load estimation.However, during RAN1#70 there was no agreement on introducing in Rel-11 a second set of power level indicators for LP-ABS in addition to the already existing set of power level indicators that are not bound to subframe sets [1]. The consequence of this conclusion is that only QPSK can be used as modulation scheme in LP-ABS. As already shown in a previous contribution [2], this yields in a significant throughput performance reduction since even heavy power reductions in macro LP-ABS still provide sufficient SINR levels for using high order modulation schemes such as 16QAM in macro cells scheduling UEs in an LP-ABS. 

In this contribution, in order not to decrease the spectrum efficiency while using LP-ABS configurations, we propose an MCS/TBS table adaptation for LP-ABS as a correction for subframes where only QPSK can be used. We evaluate the throughput performance of HetNet scenarios with LP-ABS in macro cells and CRE in pico cells taking into account the impact of introducing additional signalling and transmitter-side impairments in terms of error vector magnitude (EVM). As an extension to the full buffer simulation study presented in [2], we provide here results for a scenario with FTP traffic. 
2 Discussion
The absence of additional PDSCH power level indication for LP-ABS restricts the usable modulation scheme in these subframes to QPSK. That means that the supported spectral efficiency is limited as well. 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 given in [4]. The code rates supported for QPSK are limited in the current MCS/TBS table specification since higher spectral efficiencies are achieved by 16QAM low code rates in contrast to QPSK with high code rates. That MCS table design was reasonable at a specification phase where LP-ABS with modulation order restriction did not have to be taken into account. However, the use of LP-ABS with QPSK restriction significantly changes to situation; the current MCS/TBS table design is in this case suboptimal and should be adapted. In the following, we describe an appropriate MCS/TBS table adaptation for LP-ABS in order to increase the spectral efficiency.
2.1 MCS/TBS Table Adaptation

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. This adaptation allows to support larger transport blocks (and hence higher code rates) in case of PDSCH transmissions with QPSK. The spectral efficiencies (given by the support of certain transport block sizes) that were so far provided by 16QAM with low code rates will now be provided by QPSK with high code rates. Macro UEs with high SINR levels even in LP-ABS would benefit from that adaptation.

Proposal 1: The MCS/TBS table should be adapted for LP-ABS without additional power level signalling in order to support larger transport block sizes, and hence higher code rates, for QPSK transmissions.
2.2 MCS/TBS Table Indication

In order to make use of the optimized MCS table for LP-ABS, the UEs have to know which MCS table will be used for which subframe. Regarding the CQI reporting we do currently not see a need for adaptations since the eNB can take care of mapping the CQI reports to an appropriate MCS of the adapted MCS table.
There are currently two possible approaches for informing an UE about the MCS table that is used:

(1) The eNB could explicitly indicate which MCS table should be used for which subframe set.
(2) The MCS/TBS table could be implicitly linked to a CSI measurement subframe set.
The MCS table usage should be configured semi-statically since it is not expected that the ABS ratio would change very frequently. Our preference is to link the MCS/TBS table usage to a CSI measurement set. The benefit is here that no additional signalling would be required with this approach. 
Proposal 2: The use of the adapted MCS/TBS table should be linked to a CSI measurement subframe set.
	Table 1: Rel-10 MCS/TBS table
MCS Index
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	Table 2: Adapted MCS/TBS table for LP-ABS
MCS Index
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3 Performance Evaluation
In the following, we evaluate the performance for a HetNet deployment with Configuration 1 (uniform UE dropping) according to [3] with 6 and 9 dB CRE bias. The performance is evaluated for FTP traffic with Transmission Mode 4. 

In terms of FeICIC we consider following four configurations:

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. An EVM magnitude of 8 % is assumed throughout the simulation study. Simulations have been conducted with 30 and 60 UEs per macro cell area. Further details regarding the simulation parameters are given in Appendix A. Two CSI measurement subframe sets (one for ABS/LP-ABS, and one for regular subframes in terms of power level) are used for the CQI reporting, and the adapted MCS/TBS table is linked to the CSI measurement set for ABS/LP-ABS.  
The FTP traffic is modelled according to Model 2 described  in [3] with a small modification in order to increase the simulation speed in order to increase the confidence of the results by having more file transmissions within a given time window; both file size and reading time have been reduced to 1/8 of the values given in [3]. 
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Figure 2: Cell-edge UE throughput with Configuration 1
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Figure 3: Median of UE throughput with Configuration 1
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’.

Correspond to previous results for full buffer [2], it can be seen that restricting the modulation order to QPSK in LP-ABS yields extensive throughput reduction in terms of both median and cell-edge. However, the results also reveal that using the proposed MCS/TBS table adaptation as described in Section 2 provides an efficient means for alleviating that performance loss. The relative performance gains that are achieved by using the MCS/TBS table with extended code rates for QPSK instead of the conventional Rel-10 MCS/TBS table are summarized in Table 3. In addition to the results shown above, the table contains furthermore the mean throughput gains. It can be seen that the proposed MCS/TBS table adaptation provides significant gains for all evaluated performance metrics. 
Table 3: Throughput gains due to MCS/TBS table adaptation for LP-ABS

	
	5th percentile (cell-edge)
	50th percentile (median)
	mean

	
	30 UEs
	60 UEs
	30 UEs
	60 UEs
	30 UEs
	60 UEs

	6 dB CRE bias
	3,8 %
	1,9 %
	4,1 %
	8,6 %
	3,4 %
	7,5 %

	9 dB CRE bias
	9,4 %
	3.2 %
	6.4 %
	5,9 %
	6,9 %
	5,7 %


4 Conclusion
In this contribution we discussed an MCS/TBS table adaptation for LP-ABS without additional power level indication in order to support higher code rates for QPSK. The performance of such an adaptation has been evaluated thoroughly for a typical HetNet deployment with CRE and FTP traffic. Taking into account the conclusive results of the simulation study, we propose the following:

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.

Proposal 2: The use of the adapted MCS/TBS table should be linked to a CSI measurement subframe set.
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Appendix A – Simulation Parameters
	Simulation Parameter
	Setting

	Deployment scenario
	Configuration 1 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
	Fixed to two 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]


Appendix B – Resource Utilization
Figure 4 shows the overall resource block utilization (taking into account both macro and pico cells) for a deployment with 9 dB CRE bias and an ABS ratio of 0.5. It can be seen that the deployment with 30 UEs results in utilizations between 30% and 40% depending on the power level reduction while the deployment with 60 UEs yields utilizations between 70% and 60%. Hence, doubling the number of UEs approximately doubles the resource utilization as well, which corresponds to the expectations.
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Figure 4: Overall resource block utilization
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