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1 Introduction
In the RAN1 #68bis meeting, it was concluded further study and evaluation are needed based on RAN4 feedback LS [1] for the support of additional signaling for reduced power ABS.

In this contribution, further analysis and evaluations are done with respect to the realistic dynamic range restriction stated in [1]. Based on these evaluation results, it is observed very limited performance gain could be obtained by introducing an additional set of power allocation parameters compared to the existing single set. At the same time the limited cell edge throughput gain is at the cost of cell average performance loss. Therefore we have the following proposal:
Proposal: A single set of power allocation parameters from eNB to UE as defined in Rel-8/10 is enough even for the support of CRS-based TMs in reduced power ABS.
2 Analysis of introducing new signaling for reduced power ABS
If the PDSCH scheduling for a UE is either in normal subframes or in reduced power ABS but not both, only one set of parameters is enough. Furthermore if the power allocation parameters are kept the same in the two kinds of subframes, e.g., low-power transmission is also allowed in normal subframes, then there is also no need of new signaling for reduced power ABS. 
Whether such a scheduling restriction may significantly reduce gains from reduced power ABS depends on many factors, one of which is the dynamic range of power reduction in ABS compared to normal subframes.  According to [1], the allowed power reduction levels for different modulation schemes in the reduced power ABS are shown in Table 1 below. 
Table 1. Maximum power reduction level for PDSCH EPRE in reduced power ABS
 (Compared with CRS EPRE)
	Modulation scheme for PDSCH
	Maximum Power reduction level 

	QPSK
	-6dB

	16QAM
	-3dB

	64QAM
	0dB


Based on the guidance from RAN4, if we want to make sure a UE can be scheduled in both normal subframes and reduced power ABS with different PDSCH transmission power, the potential impact is analyzed as below.
· For the purpose of demodulation

It is known that no power ratio indication is needed for QPSK demodulation. According to Table 1, only 16QAM and QPSK could be used with PDSCH REs power reduction in the reduced power ABS. For TM 7~9 there is no need of power indication for demodulation because DMRS is used.  Consequently, for the purpose of demodulation there are only possible benefits to introduce additional signaling for reduced power ABS when 

· A UE is scheduled in both normal subframes and reduced power ABS with different PDSCH transmission power.

· TM1~6.

· 16QAM is used in the reduced power ABS.
Observation1:  for the purpose of demodulation, there are only possible benefits to introduce additional signaling for reduced power ABS when a UE is scheduled in both normal subframes and reduced power ABS with different PDSCH transmission power, TM1~6 is used and  16QAM is scheduled in the reduced power ABS. 
· For the purpose of CSI measurement and feedback
To derive CSI measurement and feedback for proper scheduling, the relative power ratio of PDSCH RE and CRS/CSI-RS is helpful for the UE because the measured and reported CSI would otherwise somewhat mismatch the PDSCH transmission without this information. For CSI-RS, according to [3], there would be one Pc per CSI-RS resource which indicates the assumed ratio of PDSCH EPRE to CSI-RS EPRE when the UE derives CSI feedback. Therefore for TM9 where CSI measurement and feedback is based on CSI-RS, the PDSCH EPRE difference between normal subframes and reduced power ABS could be indicated by configuring the UE respective CSI-RS resources with different Pc values. In addition, for other transmission modes since the eNB is aware of the PDSCH EPRE to CRS EPRE ratio difference, the eNB could adjust the reported CSI before scheduling. For example, some existing methods like OLLA have already been used to adjust reported CQI inaccuracy. Also for PMI/RI selection, some adjustments to the reported values also have been supported. For example, when supporting MU-MIMO transmission, actual PMI/RI of the paired UEs is modified based on the reported ones. From the simulation results in Section3, it will be observed that lack of additional signalling would not impact the performance much.
Observation2: for the purpose of CSI measurement and feedback, for TM9 the PDSCH EPRE difference between normal subframes and reduced power ABS could be indicated by configuring the UE respective CSI-RS resources with different Pc values. For other transmission modes, eNB could do some adjustments to the reported CSI before scheduling.
3 Evaluation of reduced power ABS based on RAN4 feedback
3.1 Simulation methodology and assumptions
In this section, the system performance of the downlink data channel is evaluated when PDSCH transmission power in normal subframes and reduced power ABS are different for a UE. The simulation is for full-buffer traffic with ITU channel model and 3GPP channel model-1. Most of the detailed simulation methodology and assumptions are provided in [2] except for the following aspects.

· Power reduction level of reduced power ABS
The power reduction levels for different modulation schemes follow the values in Table 1 with and without new signaling for power allocation indication of reduced power ABS. 

· Power allocation parameters for reduced power ABS 
· Without new signaling
-6dB power reduction and only QPSK (case 1) is used in the reduced power ABS. Without new signaling for power indication of reduced power ABS, independent OLLA is used in the simulation and fixed Rank1 transmission in reduced power ABS is assumed to simplify eNB adjustments on the reported PMI/RI. The actual performance with more advanced adjustments should be better than this.
· With new signaling. 
-6dB power reduction with QPSK (case 2-1) and -3dB power reduction with QPSK/16QAM (case 2-2) in the reduced power ABS are evaluated respectively for simplicity. The actual performance with reduced power ABS depends on the ratio of scheduled RB number with -6dB power reduction (only QPSK permitted) to the scheduled RB number with -3dB power reduction (QPSK/16QAM permitted) in each ABS instance. The demodulation and CSI measurement/report is done accordingly with the new signaling of power indication.  

· ABS ratio

The optimum muting ratio is dependent on the exact power level of reduced power ABS, channel model, UE drop deployment and other factors etc. In this simulation, the ABS ratio is optimized according to the ratio of UEs associated with macro cell. At the same time, the ABS configuration is static and the same for all of the macro cells for each scenario.

· Transmission mode

TM4 is used.
3.2 Simulation results
Also as in [2], two cases are evaluated as below. 
Scheme1: Macro-Pico scenario with CRE/ABS configuration (with zero/reduced power in ABS) and CRS interference modeling without any CRS interference handling. For colliding CRS case, the CRS interference impact to channel estimation is not considered. 
Scheme2: Macro-Pico scenario with CRE/ABS configuration (with zero /reduced power in ABS) and perfect CRS interference handling (PDSCH muting modeling) assumed where the CRS interference from strongest interfering cell is perfectly removed. Rate matching around the REs which are muted is assumed and UE is also aware of it.

The relative cell-average and cell-edge gains are shown. The gains are about reduced-power ABS over zero-power ABS when each of the two schemes is used respectively. Table 2 and Table 3 are for ITU model with configuration 1 and 4b respectively. 
Table 2. Gain of reduced-power ABS over zero-power ABS for ITU model with configuration 1.
	Baseline
	zero power ABS with Scheme1
	zero power ABS with Scheme2

	Simulation Scheme
	Scheme1-CRS interference
	Scheme2-PDSCH muting

	CRE bias
	6dB
	9dB
	6dB
	9dB

	Without new signaling 
	-6dB reduction with QPSK(case 1)
	Cell average
	-3.92%
	-4.4%
	-10.3%
	-11.5%

	
	
	Cell edge
	16.45%
	-9.6%
	24%
	-9.7%

	With new signaling
	-6dB reduction with QPSK(case 2-1)
	Cell average
	-1.25%
	-0.34%
	-7.72%
	-8.61%

	
	
	Cell edge
	16.25%
	-8.68%
	20.33%
	-11.99%

	
	-3dB reduction with QPSK/16QAM (case 2-2)
	Cell average
	-1.52%
	-0.75%
	-8.44%
	-8.65%

	
	
	Cell edge
	20.82%
	-21.95%
	24.5%
	-24.71%


Table 3. Gain of reduced-power ABS over zero-power ABS for ITU model with configuration 4b.
	Baseline
	zero power ABS with Scheme1
	zero power ABS with Scheme2

	Simulation Scheme
	Scheme1-CRS interference
	Scheme2-PDSCH muting

	CRE bias
	6dB
	9dB
	6dB
	9dB

	Without new signaling
	-6dB reduction with QPSK(case 1)
	Cell average
	-3.7%
	-4.17%
	-9%
	-10%

	
	
	Cell edge
	-0.12%
	-19.4%
	-0.19%
	-25.6%

	With new signaling
	-6dB reduction with QPSK(case 2-1)
	Cell average
	-1.65%
	-1.84%
	-7.03%
	-7.76%

	
	
	Cell edge
	0.04%
	-19.42%
	-1.58%
	-25.97%

	
	-3dB reduction with QPSK/16QAM (case 2-2)
	Cell average
	-2.22%
	-1.8%
	-7.94%
	-8.14%

	
	
	Cell edge
	-4.82%
	-34.16%
	-7.28%
	-41.29%


Table 4 and Table 5 give the corresponding results with 3GPP model-1 channel. 

Table 4. Gain of reduced-power ABS over zero-power ABS for 3GPP model-1 with configuration1
	Baseline
	zero power ABS with Scheme1
	zero power ABS with Scheme2

	Simulation Scheme
	Scheme1-CRS interference
	Scheme2-PDSCH muting

	CRE bias
	6dB
	9dB
	6dB
	9dB

	Without new signaling
	-6dB reduction with QPSK(case 1)
	Cell average
	-5%
	-7.2%
	-11.6%
	-15.3%

	
	
	Cell edge
	13.3%
	11.2%
	16.5%
	17.7%

	With new signaling
	-6dB reduction with QPSK(case 2-1)
	Cell average
	-2.8%
	-4 %
	 -9.3%
	-12.4%

	
	
	Cell edge
	16.3%
	13.1%
	19%
	18.2%

	
	-3dB reduction with QPSK/16QAM (case 2-2)
	Cell average
	-3.2%
	-3.88%
	-10%
	-12.7%

	
	
	Cell edge
	27%
	14.07%
	28.8%
	16%


Table 5. Gain of reduced-power ABS over zero-power ABS for 3GPP model-1 with configuration 4b
	Baseline
	zero power ABS with Scheme1
	zero power ABS with Scheme2

	Simulation Scheme
	Scheme1-CRS interference
	Scheme2-PDSCH muting

	CRE bias
	6dB
	9dB
	6dB
	9dB

	Without new signaling
	-6dB reduction with QPSK(case 1)
	Cell average
	-8.36%
	-8.8%
	-15.9%
	-16.8%

	
	
	Cell edge
	20.6%
	-2.4%
	22.9%
	-3.2%

	With new signaling
	-6dB reduction with QPSK(case 2-1)
	Cell average
	-6.4%
	-6.6%
	-14.2%
	-14.8%

	
	
	Cell edge
	21.2%
	-2.1%
	23.8%
	-2.9%

	
	-3dB reduction with QPSK/16QAM (case 2-2)
	Cell average
	-7.9%
	-7.6%
	-15.9%
	-16.2%

	
	
	Cell edge
	27.9%
	-10.3%
	29.3%
	-13.3%


Based on these evaluation results, some observations can be summarized as: 

· With the restricted dynamic range of PDSCH, compared to zero power ABS there is a loss in the cell average throughput performance with reduced power ABS. Sometimes cell edge UE throughput gain is obtained but the gain is neither consistent nor significant. These observations do not depend on whether there is new signaling for power allocation indication.
· For ITU model 
· For 9dB CRE bias there is neither cell average nor cell edge gain regardless of the various conditions (with/without new signaling, configuration 1/ configuration 4b, Scheme1/Scheme2). 
· For 6dB CRE bias there is some cell edge throughput gain with configuration1 but noticeable cell average performance loss at the same time. For configuration4b, however, no gain for cell average and cell edge performance.
· For 3GPP model-1 

· Cell edge throughput gain is obtained for most of the cases with loss of cell average throughput gain.

· Very limited extra performance gain could be obtained by introducing additional power allocation parameters compared to that with a single set.
· Even with new signaling to indicate power allocation in reduced power ABS, using 16QAM with 3dB power reduction contributes limited cell edge UE throughput gain.
· Limited extra performance gain is mainly for cell edge UE throughput. However at the same time, the cell average throughput loss was observed from reduced power ABS.

In addition, for simplicity in the evaluation a very simple scheduler is assumed by which 16QAM/64QAM is not applied in the reduced power ABS for case1. Actually, as mentioned in Section 2, higher order modulation could be used in the reduced power ABS as long as the PDSCH transmission power is kept same in normal and reduced power ABS suframes for one particular UE. Therefore with an advanced scheduler for case 1, the system performance gap between case 1 and case 2 should be further reduced. 
As a result, we can give the following proposal
Proposal: A single set of power allocation parameters from eNB to UE as defined in Rel-8/10 is enough even for the support of CRS-based TMs in reduced power ABS.
4 Conclusion
In this contribution, by analyzing and evaluating the performance of reduced power ABS with respect to the dynamic range restriction informed from RAN4 [1], it is observed that very limited performance gain could be obtained by introducing additional power allocation parameters, and following proposal can be concluded:
Proposal: A single set of power allocation parameters from eNB to UE as defined in Rel-8/10 is enough even for the support of CRS-based TMs in reduced power ABS.
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