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1 Introduction
In the RAN1 68-bis meeting, RAN4 sent the following LS about the lower power (LP-) ABS to RAN1 [1]:
· The feasible power reduction in LP-ABS that RAN4 can guarantee is following the current resource element (RE) power control dynamic range requirements with the MCS restriction (i.e. the maximum power reduction for LP-ABS support is 6 dB for QPSK PDSCH/PDCCH or 3 dB for 16QAM PDSCH. No power reduction is allowed for 64QAM PDSCH.) 
· No additional BS requirement for LP-ABS will be specified in RAN4 within Rel-11 time frame.
 The way forward (WF) to add the signalling to inform the transmit power in ABS was discussed [2]. However, this WF was not approved and concluded that further study and evaluation are needed based on RAN4 feedback LS until the next meeting. 
 In this contribution, we discuss on the signalling support for non-zero transmit power ABS. In order to clarify the need for the additional signalling to inform the transmit power in ABS, simulation parameters requiring the additional signalling are discussed and the downlink performances of non-zero transmit power ABS are evaluated with those simulation parameters. 
2 Simulation parameters requiring the additional signalling
 In section 6.3.1 of [3], the difference between the power of an RE and the average RE power for a BS at maximum output power is specified. The RE power control dynamic range is different when the modulation scheme used on the RE is different. The maximum power reduction is up to 0 dB for 64QAM, 3 dB for 16QAM, and 6 dB for QPSK, respectively. 
 Based on the above information, in this contribution, four scenarios that indicate the relationships between modulation scheme and transmit power information in ABS are considered. It is assumed that the BS transmits the signal with maximum power in non-ABS and reduced power in ABS. The UEs attached to macro BS have the opportunity to assign the PRBs in both ABS and non-ABS. Details of the four scenarios in ABS are summarized in Table 1. 
Here, the transmit power information is important for demodulating 16QAM and 64QAM because 16QAM and 64QAM modulate the information into amplitude. However, it is not needed when QPSK is used because the demodulation of QPSK symbols only needs the phase information. On the other hand, the amplitude information in addition to phase information is required to demodulate 16QAM symbols. Furthermore, the transmit power information is needed for accurate CSI measurement because it helps to measure the CSI if the transmit power of CRS and that of PDSCH is different. It is noted that 64QAM is not considered in the scenarios since the maximum power reduction of it is 0 dB. 
Table 1. Details of each scenario in ABS

	Scenario
	power reduction [dB]
	modulation scheme
	need for additional signalling

	Scenario 1
	-6
	QPSK
	unnecessary

	Scenario 2
	-6
	QPSK
	necessary for accurate CSI measurement

	Scenario 3
	-3
	QPSK/16QAM
	necessary for  16QAM

	Scenario 4
	-3
	16QAM
	necessary


 From Table 1, the additional signalling for non-zero transmit power ABS is required in scenario 2, 3 and 4. In scenario 2, the transmit power is required for accurate CSI measurement. Scenario 3 and 4 support 16QAM and the transmit power information is required for demodulation.  
Observation1: The additional signalling is needed if accurate CSI measurement is required or available modulation scheme supports 16QAM.
3 Performance evaluations
In this section, the downlink performances of non-zero transmit power ABS with Scenario 2, 3 and 4 are evaluated. These three scenarios need the additional signalling. The simulation assumptions are summarized in the Appendix. Configuration 4b is assumed because it is the typical case in real environment. Only the full buffer traffic model is considered. The CRE bias value is set to 6 dB and the ABSF duty ratio is 25%. Downlink throughputs of non-zero transmit power ABS with tree scenarios are summarized in Table 2, in which the downlink throughput of zero transmit power ABS (enhanced ICIC) is also summarized. Figure 1 shows the cumulative distribution function (CDF) of user throughput in each scenario.
Table 2. Downlink throughputs of zero transmit power and non-zero transmit power ABS
	user throughput [Mbps]
	zero transmit power
	non-zero transmit power (scenario 2)
	non-zero transmit power (scenario 3)
	non-zero transmit power (scenario 4)

	Average
	1.911 
	1.570 
	1.531 
	1.537 

	Median
	1.224 
	1.041 
	1.100 
	1.105 

	5% worst
	0.292 
	0.270 
	0.216 
	0.210 
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Figure 1. CDF of user throughput in each scenario. 
Zero transmit power ABS gives the highest throughput compared to scenario 2, 3 and 4, because the interference from macro BS to pico UEs in ABS is significant and the throughput of pico UE decreases compared to that of zero transmit power ABS.  
Observation2: The throughput of non-zero transmit power ABS decreases compared to that of zero transmit power ABS. 
It means that there is no need to support the additional signalling for non-zero transmit power ABS. Therefore, our proposal is as follows:
Proposal: There is no need to add the signalling to inform the transmit power for non-zero transmit power ABS.
4 Conclusions
In this contribution, the signalling support for non-zero transmit power was discussed. Our observations and proposal are summarized as following:
Observation1: The additional signalling is needed if accurate CSI measurement is required or available modulation scheme supports 16QAM.
Observation2: The throughput of non-zero transmit power ABS decreases compared to that of zero transmit power ABS.
Proposal: There is no need to add the signalling to inform the transmit power for non-zero transmit power ABS.
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Appendix
Table 5: Simulation parameters
	Parameter
	Macro BS
	LPN (Low Power Node)
	UE

	Carrier frequency / System bandwidth
	2.0 GHz / 10 MHz (macro and LPN carriers are located in the co-channel)

	Duplex method
	FDD

	Cellular layout
	- Macro:  7 tri-sectored hexagonal cells are arranged in a single ring. The inter-site distance is 500 m.

- LPN and UE:
  - Number of clusters (and corresponding LPNs) per macro cell area:  2
    - Cluster drop:  uniformly distributed in the macro cell area

    - LPN drop:  located at the center of the cluster

  - Number of UEs per macro cell area:  30
    - Number of UEs located in a cluster:

      - 10 (UE within 40 m radius of each LPN)

    - Number of uniformly distributed UEs in a macro cell area:

      - 10

	Minimum distance
	>= 35 m (macro to UE), >= 10 m (LPN to UE), >= 75 m (macro to LPN), >= 40 m (LPN to LPN)

	Path loss, shadowing loss, and penetration loss
	- 3GPP model 1:  Standard deviation in shadowing loss is 10 dB. Penetration loss is 0 dB. Path loss is given by the following equations (d in merter). 

  - macro to UE:  L = 15.3 + 37.6 log10(d) [dB]

  - LPN to UE:  L = 30.6 + 36.7 log10(d) [dB]

	Fading model
	SCM, UE velocity of 3 km/h

	Maximum TX-power
	46 dBm
	30 dBm
	23 dBm

	Antenna height
	32 m
	10 m
	1.5 m

	Antenna gain with cable loss
	14 dBi
	5 dBi
	0 dBi

	Antenna pattern
	- Macro:  A(, ) = - min{- [AH() + AV()], Am}

  - Horizontal:  AH() = - min[12 ( / 3dB)2, Am], 3dB = 70 deg., Am = 25 dB
  - Vertical:  AV() = - min[12 {( - etilt) / 3dB)}2, SLAv], 3dB = 10 deg., SLAv = 20 dB
  - etilt = 15 deg.
- LPN and UE:  Omni

	Number of TX-/RX-antennas
	2 (10 -ULA)/2 (10 -ULA)
	2 (10 -ULA)/2 (10 -ULA)
	1/2 (0.5 -ULA)

	Noise figure
	5 dB
	5 dB
	9 dB

	Antenna bore-sight
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	N/A
	N/A


Table 1:  Signal processing parameters

	Parameter
	Value


	MIMO scheme 
	SU-MIMO (open-loop spatial multiplexing with rank adaptation)

	Network synchronization
	Synchronized

	Number of OFDM symbols for PDCCH
	3

	UE receiver type
	Conventional MMSE (option 1)

	HARQ scheme
	Based on incremental redundancy, up to 5 re-transmissions

	Link adaptation
	CQI/PMI/RI reports delay (*1):  4 msec., scheduling delay (*2):  4 msec., CQI of all subbands are reported in every feedback period (= 5 msec.)
*1:  the delay from the reception of CRS at UE until the arrival of CQI at BS
*2:  the delay from the arrival of CQI at BS until the transmission of the phy. packet using the corresponding CQI

	Link to system mapping
	Exponential effective SINR mapping

	Channel estimation
	Ideal

	Scheduling algorithm
	Proportional fairness
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