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1 Introduction

The introduction of low power ABS (LP-ABS) is currently discussed at RAN1 in order to increase the UE throughput performance in HetNet scenarios with cell range expansion (CRE) for pico cells. However, there is so far no agreement on the question whether addition PDSCH power level signalling should be introduced for restricted subframe sets (i.e. LP-ABS). Following has been discussed during RAN1#68bis [1] as a possible working assumption regarding that issue: 

· RRC signalling for reduced power ABS

· Downlink power allocation parameters PA,ABS, PB,ABS
· FFS if PA,ABS  below -6dB shall be supported

· FFS whether PB,ABS shall be signalled or PB,ABS = 1

· FFS: CSI feedback related parameters offset,ABS, PC,ABS
· Linked to the “protected” CSI subset subframe set

· FFS if to use dynamic or semi-static signalling to indicate reduced power ABS subframes

Regarding the applicability of different modulation schemes within LP-ABS, RAN1 has received a liaison statement from RAN4 [2] stating the following:

· The feasible power reduction in LP-ABS that RAN4 can guarantee is following the current RE power control dynamic range requirements with the MCS restriction (i.e. the maximum power reduction for LP-ABS support is 6dB for QPSK PDSCH/PDCCH or 3dB for 16QAM PDSCH. No power reduction is allowed for 64QAM PDSCH.) 

· Further power reduction can be considered on particular situation for vendor implementation. And necessary power back-off of BS which impacts the CRS TX power is needed to be considered as well depend on the implementation. Preliminary studies have shown that 9dB or more LP-ABS power reduction could require a power back-off using the assumptions stated above.  

· No additional BS requirement for LP-ABS will be specified in RAN4 within Rel-11 time frame.

In this contribution, we discuss the signalling support for LP-ABS and provide a performance evaluation of a typical HetNet deployment with CRE taking into account the modulation restrictions formulated by RAN4.

We furthermore point out that the current MCS field transmitted in a PDCCH can indicate only rather low code rates for low order modulation schemes, which limits the performance in LP-ABS. Therefore we present an MCS table adaptation strategy to resolve this issue .The benefits are shown by performance evaluation results.

2 Signalling Support for LP-ABS

As discussed in detail in [3], the support of additional PDSCH power level signalling for low power ABS serves two purposes. The first purpose is to allow proper demodulation of CRS based PDSCH transmissions with 16QAM or 64QAM in low power ABS, and the second addresses the accurate CQI reporting for low power ABS. If an UE has accurate information about the PDSCH transmit power level used in subframes corresponding to a CSI measurement set, it can provide the eNB with accurate CQI information.

In the following we discuss benefits and disadvantages of introducing additional PDSCH transmit power level reporting for low power ABS taking into account RAN4 feedback regarding the assumption of modulation order restrictions in low power ABS [2].

2.1 LP-Subframes without additional signalling

It is basically possible to apply power reduction on the macro eNB side without informing the associated UEs about the power level difference between CRS and PDSCH REs. This however restricts the modulation scheme usage to QPSK in case of CRS based transmissions since the PDSCH information is in this case conveyed only by the phase of the transmitted signal. The major advantage of this approach is the avoidance of introducing additional signalling in order to keep the implementation as simple as possible.

Assuming that PDSCH transmit power reductions of more than 3 dB in subframes with CRS will most probably result in a restriction to QPSK, the additional signalling is from PDSCH reception point of view only beneficial for power reductions between 0 dB and 3 dB since 16QAM and 64QAM can only be assumed to be supported with such a power level setting.

However, even in scenarios where only QPSK can be used for PDSCH transmissions, it is expected to be beneficial to support additional PDSCH power level signalling for low power ABS in order to facilitate accurate CQI reporting from UEs; usually the UE calculates the CSI based on CRS (or CSI-RS) assuming the same semi-statically configured power offset between PDSCH and CRS (or CSI-RS) for all subframes, which cannot reflect different transmission power in different subframe sets  such as regular subframes and subframes with reduced power (LP-ABS). If the UE has no information about the applied PDSCH transmit power level, a CQI correction has to be performed on eNB side which is expected to be less accurate since the eNB cannot take into account any UE specific receiver implementations. 

If the PDSCH modulation scheme is restricted to QPSK in a certain (low power) subframe set, 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 frequent, this would from interference victim UE point of view basically correspond to an increased flash-light effect.
If the PDSCH transmission scheme is DMRS based (e.g. TM 8 or TM 9), the demodulation problem described above does not exist.

2.2 LP-ABS with additional signalling

If additional power level signalling is supported for a defined set of low power ABS, it is possible to use both 16QAM and 64QAM in these subframes for CRS based PDSCH transmissions. This is basically beneficial for macro UEs in the cell centre that could be scheduled with such high order modulation schemes even in case of reduced transmission power. However, it has to be considered that in case of large power reductions these high order modulation schemes might not be used in low power ABS taking into account latest RAN4 feedback [2]. 

When discussing additional power level signalling for low power ABS, it also has to be considered whether the power level should be indicated semi-statically via higher-layer signalling, or dynamically per subframe (e.g. by DCI format extension). The benefits from dynamic power level indication are currently not clear, especially since it also increases the interference estimation uncertainty in interference victim (pico) cells as already mentioned in the previous subsection. In ZP-ABS, the ABS ratio is quite sensitive for the performance. On the other hand, the performance with LP-ABS reacts less sensitive on sub-optimal ABS ratio settings. Semi-static ABS ratio setting could therefore be applicable.. It furthermore has to be taken into account that the specification and implementation impact of semi-static indication by higher-layer signalling is small compared to extending the DCI.

From CQI reporting point of view, it is beneficial to semi-statically link a fixed PDSCH power level to a (low power) subframe set. If this subframe set is aligned with a CSI measurement set on UE side, the reduced PDSCH power level can be taken into account on UE side during SINR (CQI) estimation and reporting. If the PDSCH power level is indicated only dynamically within the DCI, it cannot be used as a reliable basis for SINR (CQI) estimations on UE side due to the expected large variance.
Based in the discussion above, we draw following conclusions:

Proposal 1: The PDSCH transmit power in low power ABS should be indicated semi-statically by higher-layer signalling in order to efficiently support QAM for CRS based PDSCH transmissions and accurate CQI reporting from UE side.

3 PDSCH Code Rate Extension

Modulation order restrictions in low power ABS as suggested by RAN4 can yield a significant reduction of the supported transport block sizes; the current MCS/TBS table supports only a limited set of code rates for each modulation scheme (QPSK, 16QAM and 64QAM). The supported code rates are evaluated in detail in the following.

Figure 1 and Figure 2 show the currently supported code rates for PDSCH transmissions in the MCS table for QPSK and 16QAM, respectively. 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 the maximum supported code rates 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 low power 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

[image: image1.jpg]0L < 9)el 3pod

10

o
0}-19y u pauoddns

‘» o

- (] < =
s & &

djel apod

TBS index




Figure 1: Supported code rates for QPSK in Rel-10 MCS/TBS table
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Figure 2: Supported code rates for 16QAM in Rel-10 MCS/TBS table

The evaluation of the supported code rates for PDSCH transmissions suggest the support of larger transport block sizes for low order modulation schemes in LP-ABS where high order modulation schemes cannot be used efficiently due to dynamic power range issues as described by RAN4. Details regarding the MCS/TBS table adaptation for LP-ABS are given in Appendix B - basically the MCS/TBS table is modified to allow larger I_TBS values for lower order modulation schemes. The impact of the suggested code rate extension for low order modulation schemes is presented in the following section. Especially in case of 16QAM, the set of supported transport block sizes can be significantly increased.  

A simple approach is to apply Table 1 (code rate extension for QPSK) from Appendix B for LP-ABS with more than 3 dB power reduction and Table 2 (code rate extension for 16QAM) for LP-ABS with power reduction up to 3dB considering the minimum eNB requirements defined by RAN4. It might furthermore be beneficial to support MCS table adaptation corresponding to individual eNB capabilities.
4 Performance Evaluation

In the following we evaluate the UE throughput performance for Configuration 4b as defined in [4] with 4 pico cells and 30 UEs per macro cell sector. Two different CRE bias settings are considered, 6 dB and 9 dB; the corresponding pico attachment ratios are 57% and 65%, respectively, when Model 1 as defined in [4] is used for the pathloss.

The ABS ratio (ratio between regular and almost blank subframe) is set to 0.5 in all simulations, and the performance depending on the PDSCH power reduction in the ABS is evaluated in detail.

4.1 Impact of Modulation Order Restrictions on CRE Bias Selection

Figure 3 and Figure 4 show cell-edge and average UE throughput, respectively. Both macro and pico UEs are taken into account in the evaluation. 

Considering an optimization of the cell-edge UE throughput performance under consideration of the RAN4 restrictions regarding modulation restrictions for LP-ABS, it can be seen that best performance achieved with 9 dB CRE bias with PDSCH power reduction of 6 dB only slightly outperforms 6 dB CRE bias with 3 dB power reduction. Power reductions of more than 6 dB are not considered here since not even QPSK usage could be assumed to be supported efficiently according the RAN4 LS [2]. Compared to the case without any modulation restrictions, the benefit of large CRE bias values is significantly reduced. 

Furthermore, it can be seen that the median of the UE throughput distributions also just shows a small difference between 6 dB CRE bias with 3 dB power reduction and 9 dB CRE bias with 6 dB power reduction. The performance drop between 3 dB and 4 dB power reduction in Figure 4 is based on the following fact: with 3 dB power reduction both QPSK and 16QAM can be used for PDSCH transmission, with 4 dB power reduction the modulation order is restricted to QPSK according to RAN4. This results therefore in the observed loss of spectral efficiency at that switching point.
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Figure 3: Cell-edge UE throughput
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Figure 4: Median of UE throughput distribution


In order to make use of large CRE bias values efficiently, large PDSCH power level reductions in LP-ABS are required. This corresponds to observations made in previous RAN1 contributions. Since the RAN4 suggestions regarding modulation restriction assumption do not allow any PDSCH transmission with more than 6 dB power reduction, the benefits of large CRE bias values up to 9 dB is rather questionable, especially taking into account the additional burden on UE side regarding pico cell detection and CRS interference handling.   

Proposal 2: It should be discussed at RAN1 whether the support of large CRE bias values (i.e. 9 dB) is still justified considering the modulation restrictions suggested by RAN4. 

4.2 Impact of Code Rate Extensions

In the following, the performance with 9 dB CRE bias is analyzed in detail. As in the previous simulations, an ABS ratio of 0.5 is used. In addition to the results without any modulation restriction and with RAN4 restrictions, the performance with zero power ABS (ZP-ABS) and with RAN4 restrictions in combination with the proposed code rate extensions are also evaluated.
Figure 5 and Figure 6 show 5th percentile (cell-edge) and 50th percentile (median) of the UE throughput distribution for PDSCH power level reductions between 2 dB and 9 dB. Simulations with power level reductions of 6 dB and less assume an eNB implementation based on the minimum RAN4 requirements, while power level reduction of more than 6 dB is performed under the assumption of an enhanced eNB implementation supporting up to 9 dB dynamic power reduction with QPSK. 

The figures reveal the basic effect achieved by using LP-ABS instead of ZP-ABS under the assumption of proportional fair scheduling; the cell-edge throughput is increased and the median of the throughput distribution is reduced. 
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Figure 5: Cell-edge UE throughput
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Figure 6: Median of UE throughput distribution


The results show that the impact of modulation restrictions on the cell-edge throughput performance is rather small. The reason for this effect is that the cell-edge performance is basically determined by low geometry UEs which can anyway just be served by PDSCH transmission with QPSK. Hence, a modulation restriction does not further affect these UEs.

In contrast to that, modulation restrictions yield significant reductions of the 50th percentile of the UE throughput distribution. In case of 6 dB power reduction, the throughput is reduced by approximately 8 %.  In case of 9 dB power reduction, the loss is only 4 % in the figure.

Considering a code rate extension for low order modulation schemes in low power ABS as proposed in Section 4, it can be seen that the performance loss due to modulation restrictions can be clearly reduced. Table 2 (code rate extension for 16QAM) from Appendix B has been used for 1 and 2 dB power reduction, and Table 2 (code rate extension for QPSK) from Appendix B has been used for 3 and more dB power reduction.

Especially large power reductions (more than 3 dB) benefit here from the code rate extension for QPSK. An important aspect in this sense is that even enhanced eNB implementations that support increased dynamic ranges for transmissions with QPSK (e.g. up to 9 dB) will benefit from supporting higher code rates for QPSK (shown by the dotted part of the curves in Figure 6). 

The modulation order utilization for both all PDSCH transmissions in the scenario (macro and pico UEs) and only macro cell PDSCH transmissions in low power ABS is evaluated in Appendix C. The results show that a very large fraction of PDSCH transmissions would benefit from code rate extensions for QPSK and/or 16QAM; approximately 90% and 45%, respectively in case of 6 dB power reduction. Even under the assumption of supporting QPSK with 9 dB power reduction, still more than 80% of macro cell PDSCH transmissions in low power ABS would benefit from a QPSK code rate extension. 

Based on these performance evaluations, we draw the following conclusion:

Proposal 3: Code rate extensions based on MCS table adaptations for low power ABS should be supported in order to efficiently facilitate the use of large CRE bias values. 

5 Conclusion
In this contribution we discussed benefits and disadvantages of introducing additional PDSCH power level signalling for low power ABS, and we presented a performance evaluation of a typical HetNet scenario with low power ABS taking into account modulation order restrictions as suggested by RAN4. We furthermore presented a proposal for increasing the UE throughput performance in low power ABS by introducing an MCS/TBS table adaptation for low power ABS. The purpose of this adaptation is the support of higher code rates for low order modulation schemes. 

Based on the discussion and performance evaluation we propose the following:

Proposal 1: The PDSCH transmit power in low power ABS should be indicated semi-statically by higher-layer signalling in order to efficiently support QAM for CRS based PDSCH transmissions and accurate CQI reporting from UE side.

Proposal 2: It should be discussed at RAN1 whether the support of large CRE bias values (i.e. 9 dB) is still justified considering the modulation restrictions suggested by RAN4. 

Proposal 3: Code rate extensions based on MCS table adaptations for low power ABS should be supported in order to efficiently facilitate the use of large CRE bias values. 
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Appendix A

	Simulation Parameter
	Setting

	Deployment scenario
	Configuration 4b as defined in [4]

	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 (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 [4]


Appendix B

Table 1 and Table 2 show two suggested MCS/TBS 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 16-QAM transmissions. The entries between the two bold lines in each table represent the MCS levels with reasonable code rate extensions up to 1.0. Same as in Section 3, we assumed 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).

	Table 1: MCS table for extended 
code rates for QPSK
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	Table 2: MCS table with extended 
code rates for 16QAM

MCS Index
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Appendix C

Figure 7 and Figure 8 show the modulation order utilization for all transport block transmissions (including macro and pico cells) in the evaluated scenario and for macro cell transport block transmissions in low power ABS. No modulation order restrictions are taken into account in this evaluation.

It can be seen that the overall modulation order utilization in all cells (macro and pico) is almost not affected by the PDSCH power reduction in the LP-ABS. In contrast to that, it is revealed that the utilization of 64QAM and 16QAM in LP-ABS is reduced with the PDSCH transmission power in these subframes, which is reasonable since the power reduction directly yields an SINR reduction.

The interesting question is here how many PDSCH transmissions would actually benefit from a code rate extension for low order modulation schemes in LP-ABS. Assuming that only QPSK can be used in case of more then 6 dB power reduction (which would correspond already to an enhanced eNB implementation), it means that all PDSCH transmissions that would normally (without restrictions) use 16QAM or 64QAM would here benefit from a code rate extension for QPSK. The fraction of these PDSCH transmissions is between 80 % and 90 % depending on the actual power reduction which means that it can be expected that a code rate extension for QPSK is a quite promising strategy for increasing the macro UE performance in LP-ABS.
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Figure 7: All PDSCH transmissions
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Figure 8: PDSCH transmissions in macro cell LP-ABS
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