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1 Introduction
In the RAN1#68 meeting, due to the ongoing dynamic range issue from RAN4, RAN1 has not achieved an agreement on signalling to support for non-zero transmit power ABS. 

RAN4 discussed the BS issues about lower power ABS during the Dresden meeting and agreed on the following
· Up to -9dB power reduction will be studied [1]
  In this contribution, we evaluated downlink and uplink system performances of reduced transmit power ABS in the dynamic range of -9 dB in order to clarify the benefit of reduced power transmission. 
2 Downlink power allocation
 In LTE Rel-10, downlink power allocation is described in subclause 5.2[1]. The ratio of PDSCH EPRE to cell-specific RS EPRE in symbols without CRS is presented by the parameter PA whereas the ratio of PDSCH EPRE in symbols with CRS to PDSCH EPRE in symbols without CRS is presented by parameter PB. PA is a UE specific parameter provided by higher layers with its values selected from {-6, -4.77, -3, -1.77, 0, 1, 2, 3} dB [2] in LTE Rel-10. According to the RAN4 WF [1], power reduction of PA up to -9 dB will be studied. That means that the dynamic range of PA may be enhanced from -6dB~3dB to -9dB~3dB. In section 3, we examine the benefit of the reduced power transmission via downlink and uplink system level simulation evaluations. 
3 Performance evaluations
In this section, the downlink and uplink system performances of reduced transmit power ABS with power reduction of -9 dB are evaluated. The simulation assumptions are summarized in Appendix. Only the full buffer traffic model is considered in this section. 
Downlink and uplink system performances with enhanced ICIC (zero transmit power in ABS) are summarized in Table 1 and Table 2, respectively. They are treated as the baseline in this section. 
Table 1. Downlink throughput performances with eICIC 
	ABS ratio
	CRE bias value [dB]
	Throughput [Mbps]

	
	
	Average user
	5% worst user

	25
	0
	1.986 
	0.194 

	
	4
	1.954 
	0.265 

	
	8
	1.898 
	0.317 

	50
	0
	2.279 
	0.132 

	
	4
	2.246 
	0.178 

	
	8
	2.143 
	0.243 


Table 2. Uplink throughput performances with eICIC 
	ABS ratio
	CRE bias value [dB]
	Throughput [Mbps]

	
	
	Average user
	5% worst user

	25
	0
	0.902 
	0.146 

	
	4
	1.016 
	0.204 

	
	8
	1.034 
	0.263 

	50
	0
	1.093 
	0.108 

	
	4
	1.105 
	0.141 

	
	8
	1.089 
	0.180 


Table 3 shows the relative gain of reduced transmit power ABS with power reduction of -9 dB compared to the baseline on downlink system performances. Figure 1 (a) and (b) show the cumulative distribution function (CDF) of user throughput. 
Table 3:  Relative gain of reduced transmit power ABS with power reduction of -9 dB compared to the baseline (downlink)
	Power reduction [dB]
	ABS ratio
	CRE bias value [dB]
	Relative gain [%]

	
	
	
	Average user
	5% worst user

	-9
	25
	0
	-11.633 
	9.266 

	
	
	4
	-13.394 
	2.281 

	
	
	8
	-13.039 
	-10.387 

	
	50
	0
	-15.586 
	28.825 

	
	
	4
	-17.851 
	42.422 

	
	
	8
	-17.366 
	26.527 
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Figure 1. CDF of user throughput (a) ABS ratio is 25 %, (b) ABS ratio is 50 %. 
The average user throughput of reduced power eICIC is always lower than that of zero-power eICIC because the inter-cell interference of the UE attached to pico eNB in reduced transmit power ABS is more serious when compared to that in zero-power eICIC. Moreover, when the ABS ratio is 50%, some performance gains for 5% worst user throughput are derived from adopting the reduced transmit power ABS, however, average user throughput experiences up to 17.851% performance loss compared to zero-power ABS. 
Observation 1: From the downlink perspective, throughput gain of reduced transmit power with power reduction of -9 dB is small. Some performance gains for 5% worst user throughput can be obtained by adopting reduced transmit power ABS, however the average user throughput decreases.  
Table 4 shows the relative gain in the uplink due to reduced transmit power ABS compared to the baseline. Figure 2 (a) and (b) show the CDF of user throughput.
Table 4:  Relative gain of reduced transmit power ABS with power reduction of -9 dB compared to the baseline (uplink) 
	Power reduction [dB]
	ABS ratio
	CRE bias value [dB]
	Relative gain [%]

	
	
	
	Average user
	5% worst user

	-9
	25
	0
	-6.269 
	-2.449 

	
	
	4
	-10.480 
	13.595 

	
	
	8
	-6.359 
	6.150 

	
	50
	0
	-22.829 
	35.527 

	
	
	4
	-17.613 
	63.490 

	
	
	8
	-11.059 
	56.691 
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Figure 2. CDF of user throughput (a) ABS ratio is 25 %, (b) ABS ratio is 50 %.
Similar to the downlink, the average user throughput of reduced power eICIC is always lower than zero power eICIC because the inter-cell interference of the UE attached to pico eNB in reduced transmit power ABS is serious when compared to zero-power eICIC. However, 5% user throughput significantly increases. From the results shown above, our observation about uplink reduced transmit power in ABS is as follows.
Observation 2: From the uplink perspective, reduced transmit power with power reduction of -9 dB is effective in improving 5% worst user throughput. 
Furthermore, reduced transmit power ABS has the possibility of higher average throughput than that of zero power eICIC when the MCS limitation is adopted [3]. Therefore, reduced transmit power with power reduction of -9 dB is effective, and our proposal is as follows:

Proposal: In order to support dynamic range up to -9 dB, additional signaling of transmission power information for reduced power ABS should be introduced. 
4 Conclusions
In this contribution, both downlink and uplink system performances of reduced transmit power with power reduction of -9 dB were evaluated. Our observations and proposal are summarized as following:
Observation 1: From the downlink perspective, the throughput gain of reduced transmit power with power reduction of -9 dB is small.
Observation 2: From the uplink perspective, reduced transmit power with power reduction of -9 dB is effective. 
Proposal 1: In order to support dynamic range up to -9dB, additional signaling of transmission power information for reduced power ABS should be introduced.
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Appendix
Table 5: Simulation parameters
	Parameter
	MeNB
	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:  and 4b

  - 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:

      - Configuration 4b:  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 6:  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

	Power Control
	PB 1 (DL)
α 0.8, P0_PUSCH  -80 for macro and Pico(UL)

	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 eNB

*2:  the delay from the arrival of CQI at eNB 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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