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1 Introduction

At the RAN1#69 meeting, the conclusions and working assumptions on signaling support for low-power ABS (LP-ABS) were agreed as follows [1]:

	Possible working assumption:

· Agree on the proposed working assumption from RAN1#68:
· “Ratio of PDSCH EPRE to RS EPRE value for the reduced power ABS is configured with higher layer signaling at least for TM 1 to 6

· FFS: TM 7 to 9



In this contribution, we will further discuss the signaling support for LP-ABS. In order to clarify the necessity for the additional signaling to inform the transmission power in LP-ABS, we evaluate the downlink performance of LP-ABS with/without the aid of additional signaling and provide our recommendations.
2 Discussion
In clause 6.3.1 of [2], the requirement of resource element (RE) power control dynamic range for eNB is defined in the current specification, as shown in Table 1. This dynamic range varies for different modulation schemes (MCS). More specifically, only low-order MCSs may be applied when a large power reduction is employed, since a higher-order modulation imposes stricter requirements with respect to the error vector magnitude (EVM). For instance, the value of -6 dB may only be applied to QPSK.

Table 1: E-UTRA BS RE Power Control Dynamic Range [2].
	Modulation Scheme

Used on 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

	NOTE 1: 
Output power per carrier shall always be less or equal to the maximum output power of the base station.


According to Table 1，when the power reduction in LP-ABS is larger than 6 dB, only the QPSK is applicable as the modulation scheme, while the 16QAM modulation is eligible only if power reduction in LP-ABS is less than 3 dB. As the transmission power information is needed for demodulating 16QAM in LP-ABS, it is beneficial to restrict the MCS in LP-ABS to be QPSK for minimizing the standardization efforts, unless the gain of applying 16QAM in LP-ABS, which requires additional standardization support, is justified.

In the sequel, we provide system-level simulation results for evaluating the performance of LP-ABS with and without the support of additional signaling for eNB RE power control.
2.1 Performance evaluation
We first define 6 test cases as outlined in Table 2 for the performance evaluation.
Table 2: Configuration of the test cases.
	Cases
	Power reduction
	MCS restriction
	Additional signaling support

	Case 1
	zero-power
	N/A
	No

	Case 2
	9 dB
	QPSK
	No

	Case 3
	6 dB
	QPSK
	No

	Case 4
	6 dB
	QPSK/16QAM
	Yes

	Case 5
	3 dB
	QPSK
	No

	Case 6
	3 dB
	QPSK/16QAM
	Yes


The simulation results are listed in Table 3. We considered the ITU channel model assuming 4 pico cells per macro cell. The ABS ratio was adapted with the UE association ratio on low power nodes (e.g., pico cells), and the CRE bias value of 9 dB was tested. The traffic model used was FTP model 1 with file size of 0.5 Mbyte and the arrival rate of 0.625. Ideal cancellation of neighbor cell CRS interferences was applied. Other detailed simulation assumptions and parameters are provided in the Appendix.
Table 3: Simulation results of the test cases defined in Table 2.
	Cases
	ITU config. 1
	ITU config. 4b

	
	Cell average
(Mbps/Hz)
	Gain
	Cell edge
(Mbps/Hz)
	Gain
	Cell average
(Mbps/Hz)
	Gain
	Cell edge
(Mbps/Hz)
	Gain

	Case 1
	2.537
	0.00%
	1.434
	0.00%
	2.693
	0.00%
	1.617
	0.00%

	Case 2
	2.585
	1.89%
	1.596
	11.32%
	2.725
	1.17%
	1.804
	11.52%

	Case 3
	2.563
	1.06%
	1.592
	11.02%
	2.712
	0.70%
	1.688
	4.38%

	Case 4
	2.708
	6.77%
	1.808
	26.15%
	2.775
	3.03%
	1.899
	17.41%

	Case 5
	2.550
	0.53%
	1.667
	16.28%
	2.690
	-0.11%
	1.578
	-2.43%

	Case 6
	2.639
	4.05%
	1.709
	19.24%
	2.778
	3.17%
	1.833
	13.30%


According to the results shown in Table 3, we can find that:
1. Compared with the case of ZP-ABS (case 1), all the LP-ABS cases (cases 2 to 6) can improve not only the cell average throughput but also the cell edge throughput, except for case 5 with ITU config. 4b. Especially, LP-ABS can significantly improve the cell edge throughput.
2. Compared with lower power reduction (cases 5 and 6), moderate power reduction (cases 3 and 4) can provide a higher performance gain on both cell average and cell edge throughput, regardless of additional signaling support. On the other hand, only marginal gain was observed for the higher power reduction scheme (case 2), as the greatly reduced transmission power largely affected the achievable system performance.
3. Compared with their counterparts without additional signaling (cases 3 and 5), the cases with additional signaling support (i.e. cases 4 and 6) provided significant performance gain. Such gain is even more obvious in ITU config. 4b cases, where more UEs were associated with low power nodes. Note that the throughput gain vanished when the MCS was restricted to QPSK under the ITU config. 4b model (case 5).
From the above simulation results, we summarize our observations as below:
Observation 1: Compared with ZP-ABS, LP-ABS can improve both the cell average and cell edge throughput performances.
Observation 2: Compared with LP-ABS employing 3 dB and 6 dB power reduction, much less throughput gains can be observed for LP-ABS with 9 dB power reduction.
Observation 3: The LP-ABS scheme with additional signaling support can provide large performance gains than its counterpart without additional signaling support.
We proposal that:
Proposal 1: It is beneficial to provide additional signaling support for LP-ABS for eNB RE power control.
Proposal 2: It is not necessary to provide standardization support for a power reduction level greater than 6 dB.
2.2 Signaling support for LP-ABS
In this section, we will discuss the signaling design for LP-ABS in more details.
When LP-ABS is applied to the macro eNB, if the associated UEs are informed about the additional ratio of PDSCH EPRE to CRS EPRE in LP-ABS, not only QPSK but also 16QAM can be applicable for modulation. From the perspective of CRS-based demodulation, the ratio of PDSCH EPRE to CRS EPRE in LP-ABS is necessary for macro UE to demodulate the data modulated with 16QAM scheme. As a result, the macro UE in the cell centre could be scheduled with higher order modulation schemes even in the LP-ABS. Thus, the system throughput is increased, which has been proved in our simulation results above. Therefore, we propose:
Proposal 3: The ratio of PDSCH EPRE to CRS EPRE for LP-ABS is necessary for UE at least for TM1-TM6, especially from the perspective of PDSCH demodulation.
Furthermore, note that UE may assume that downlink CRS/CSI-RS EPRE is constant across the downlink system bandwidth and all subframes. Therefore, even in the scenarios where only QPSK was used for PDSCH transmissions, or in the case of DMRS-based demodulation was employed, it is necessary to introduce additional signaling for LP-ABS for sake of facilitating accurate CQI reporting. This is also demonstrated in our pervious contribution [3]. Hence, we suggest:
Proposal 4: It is necessary to define the ratio of PDSCH EPRE to CRS/CSI-RS EPRE and offset for LP-ABS for UE performing accurate CQI report.
If standardization support for LP-ABS is agreed, it is necessary to make the UE be aware of which subframes are LP-ABS, so that the UE can apply corresponding handling for PDSCH demodulation within the LP-ABS, as well as performing accurate derivation of CSI feedback. As has been discussed in our previous contribution [4], the LP-ABS subframes can either be indicated via semi-static signalling or dynamic signalling. In our view, it is more preferable to indicate the LP-ABS subframes via dynamic signalling.
Proposal 5: LP-ABS subframes should be indicated via dynamic signaling.
3 Conclusion
In this contribution, we evaluate the system performance of Zero power ABS and LP-ABS and further discussed the signaling support for LP-ABS. According to the above performance evaluation, we have the following observations:

Observation 1: Compared with ZP-ABS, LP-ABS can improve both the cell average and cell edge throughput performances.
Observation 2: Compared with LP-ABS employing 3 dB and 6 dB power reduction, much less throughput gains can be observed for LP-ABS with 9 dB power reduction.
Observation 3: The LP-ABS scheme with additional signaling support can provide large performance gains than its counterpart without additional signaling support.
According to these observations, we kindly suggest that RAN1 agree on the following proposals:
Proposal 1: It is beneficial to provide additional signaling support for LP-ABS for eNB RE power control.
Proposal 2: It is not necessary to provide standardization support for a power reduction level greater than 6 dB.
Proposal 3: The ratio of PDSCH EPRE to CRS EPRE for LP-ABS is necessary for UE at least for TM1-TM6, especially from the perspective of PDSCH demodulation.
Proposal 4: It is necessary to define the ratio of PDSCH EPRE to CRS/CSI-RS EPRE and offset for LP-ABS for UE performing accurate CQI report.
Proposal 5: LP-ABS subframes should be indicated via dynamic signaling.
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Appendix: Simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	Average user throughput, cell-edge user throughput

	Deployment scenarios
	Heterogeneous network with low-power RRHs within the macro-cell coverage; 1 macro-cell with 4 low-power nodes

	Channel model
	ITU UMa for macro, UMi for low power node

	
	3GPP channel model case 1

	High power RRH Tx power
	46 dBm in a 10 MHz carrier

	Low power RRH Tx power
	30 dBm in a 10 MHz carrier

	Placing of new nodes and UEs
	Configuration 1 

	
	Configuration 4b

	Number of UEs per cell
	30 for Config. 4b, 25 for Config. 1

	System bandwidth
	10 MHz

	Transmission schemes in DL
	TM4

	CSI/CQI delay
	6 TTIs

	Overhead
	3 OFDM symbols for PDCCH, 2 CRS ports outside PDCCH region 

	Number of Tx at eNB
	2

	Number of antennas at UE
	2

	Antenna pattern
	3D for macro eNB

	
	Omni-directional for low-power node

	eNB antenna tilt
	12 degrees for macro eNB

	
	10 degrees for low-power node

	Channel estimation
	Ideal

	UE receiver
	MMSE receiver

	Traffic model
	FTP
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