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1. Introduction
In RAN1 66bis, the agreement of the session FeICIC [1] specify the following works shall be done before RAN1 67. 
· Further RAN1 work (evaluations and design/solutions) is to be done for

· 6 through 12 dB bias
· Zero and reduced power ABS
· Receiver-based solutions 
In this document, we evaluate the zero-power ABS and reduced-power ABS, under the scenarios in which the CRE biases are configured as [6 dB 8dB 10dB 12 dB] and the UE placements are according to configuration 1 and 4, with legacy UEs and 3GPP TU channel model.  
2. Discussion
2.1 Evaluation Cases
In this document we evaluate three cases as zero-power ABS (Z), reduced-power ABS (R) and one ideal case (I) in which there is no CRS interference in the zero-power ABS. For the zeros-power ABS, the macro eNB configures some subframes as ABS and transmits only CRS in it. It implies the UEs attached to macro eNB are scheduled only in non-ABS subframes.  
For the reduced power ABS [11], the macro eNB also configure some subframes as ABS but in this case the MeNB still schedules UEs in the ABS, but with lower transmission power. In this document we set the transmission power in ABS as (normal MeNB transmission power - CRE bias), while set the transmission power in non-ABS subframe as normal MBS transmission power.
Finally, we also demonstrate an ideal case in which there is no CRS interference in ABS. It implies we assume the CRS in PDSCH of ABS from MeNB is muted. It is somewhat like the MBSFN-ABS, where there is no CRS in PDSCH. 
In this document, we assume the PSS/SSS/PBCH collision between MeNB and Pico eNB have been avoided (e.g. subframe shifting [2]), and evaluate the CRS interference only. All the UEs are assumed to be legacy UE, as they do nothing to the interference.
3. Simulation Results
The simulations demonstrated in this section are according to the assumptions listed in the appendix, which follows the agreements achieved in RAN1 66 [3].
3.1 Pico-cell Association Rate

At first, we demonstrate the pico cell association rate as follows, where the more the UEs connected to pico-cell as the increase of the CRE bias. The pico association rate under UE drop configuration 4b is in general larger than configuration 1, it is due to in configuration 1 the UEs are uniformly distributed in the macro-area while in configuration 4b some UEs are clustered around pico-cell. Furthermore, due to the total number of UEs of the two drop configurations are the same, the increase of CRE bias results in equal increase of pico association rate in configuration 1 but reducing increase in configuration 4b.
Table 1: Pico-cell association rate

	RE bias
	UE drop
	6 dB
	8 dB
	10 dB
	12 dB

	Pico association rate
	Config. 1
	20 %
	25 %
	29 %
	37 %

	
	Config. 4b
	46 %
	54 %
	58 %
	62 %


3.2 Configuration 1 for 3GPP TU Channel Model
In Table 2 we demonstrate the 5% UE throughput resulted from the cases of zero-power ABS (denoted as Z), reduced power ABS (denoted as R) and Ideal case (denoted as I) in which there is no CRS interference, with different configuration of CRE bias and ABS ratio, under UE drop configuration 1 and 3GPP TU channel model. 
From table 2, it can be observed that, for the UE connected to macro-cell, the 5% throughputs are increasing with the CRE but decreased with the ABS ratio, the prior is due to the offloading effect while the latter is due to the less resource is available for macro UEs. Among the three cases, reduced-power ABS achieves the lowest throughputs, it may be due to some of the boundary UEs now would be scheduled in the reduce power ABS by round robin scheduler, and thus get less throughput. 
On the other hand, for the UE connected to pico-cell, 5% throughput is in general decreased with CRE bias but increase with the ABS ratio. The prior may be due to the more competitors for the pico resource while the later should be due to the more resource available for the pcio UEs. Among the three schemes as “Z”, “R” and “I”, as the CRS interference increase from the “I” case (no CRS interference) to “Z” case (normal CRS power in zero-power BAS) through “R” case (reduce power ABS), the “I” scheme reaches the highest throughput, then are the reduce-power ABS and zero-power ABS.  

For all the UE in the macro-area, the 5% throughput increase or decrease with CRE bias is according to the competition between 5% Pico UE throughput and 5% Macro UE throughput, and may becomes a convex function of CRE bias. The 5% UE throughputs of the “I” case are larger than in the “Z” case for Pico UE but may not be the case for Macro UE. It is due to the CRS interference is induced only for Pico UE, and whether the CRS interference exists has no impact for macro UE throughput. Finally, note that there exists 5% throughput gain from the macro-only configuration, which is 62 Kbps.
Table 2: 5% UE Throughput. (For Macro only and legacy UE, the result is 62 Kbps)
	Bias
	Macro UE
	Pico UE
	UE in macro area

	ABS
	20%
	40%
	60%
	20%
	40%
	60%
	20%
	40%
	60%

	
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I

	6 dB
	136
	76
	142
	107
	76
	100
	0
	62
	0
	48
	65
	220
	63
	99
	288
	125
	152
	435
	83
	89
	169
	108
	96
	122
	0
	71
	43

	8 dB
	194
	82
	192
	110
	80
	120
	0
	81
	0
	0
	35
	33
	0
	69
	122
	76
	138
	362
	28
	69
	111
	55
	83
	121
	0
	83
	43

	10 dB
	207
	93
	194
	124
	90
	129
	0
	87
	0
	0
	7
	10
	0
	62
	55
	0
	7
	217
	7
	48
	70
	5
	76
	122
	0
	90
	0

	12 dB
	244
	111
	248
	150
	94
	146
	0
	94
	0
	0
	0
	0
	0
	14
	0
	0
	0
	138
	0
	21
	110
	0
	83
	0
	0
	90
	65


Z: denotes the configuration of zero-power ABS and legacy UE.

R: denotes the configuration of reduced-power ABS and legacy UE.

I: denotes the configuration in which MeNB mute the CRS in ABS.   
Then we consider the mean UE throughput in Table 3, where the macro-only result is 0.49 Mbps. For macro UE, the mean throughput tends to increase with CRE bias but to decrease with ABS ratio. We can observe there is throughput gain for macro UE by reduced-power ABS from zero-power ABS, it may be due to there are indeed more resource for macro UE. We also found that for the pico UE the mean throughput is decreased with CRE bias but increase with the ABS ratio, and the reduced-power ABS is in general achieves throughput gain from zero-power ABS. In summary, as the mean throughput of all UEs in the macro-area is the combination of macro UE mean throughput and pico UE mean throughput, throughput gains are observed in most cases by reduced-power ABS.
Table 3: Mean UE Throughput. (For Macro only and legacy UE, the result is 0.49 Mbps)

	Bias
	Macro UE
	Pico UE
	UE in macro area

	ABS
	20%
	40%
	60%
	20%
	40%
	60%
	20%
	40%
	60%

	
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I

	6 dB
	.47
	.55
	.55
	.35
	.59
	.35
	.23
	.53
	.25
	1.4
	1.2
	2.2
	1.5
	1.5
	3.5
	1.5
	2.3
	4.4
	.66
	.65
	.89
	.56
	.76
	.97
	.51
	.9
	1.11

	8 dB
	.56
	.66
	.56
	.38
	.65
	.38
	.3
	.53
	.25
	.86
	.95
	1.3
	1
	1.2
	2.9
	1.4
	1.6
	3.1
	.64
	.7
	.75
	.53
	.71
	.97
	.61
	.75
	1.01

	10 dB
	.58
	.68
	.63
	.44
	.66
	.42
	.3
	.63
	.29
	.45
	.89
	1.1
	.72
	1.1
	1.8
	.9
	1.5
	2.4
	.54
	.74
	.78
	.52
	.79
	.83
	.47
	.88
	0.97

	12 dB
	.68
	.87
	.65
	.49
	.76
	.53
	.31
	.74
	.34
	.43
	.59
	.87
	.49
	.8
	1.1
	.71
	0.9
	1.7
	.59
	.76
	.72
	.45
	.78
	.77
	.45
	.81
	0.84


Observation 1: The all UE throughput may increase or decrease with CRE bias.
Observation 2: The reduce-power ABS achieves throughput gain in most cases.

Observation 3: The optimal CRE bias and ABS ratio are depending on which target we selected to optimize. 
Observation 4: Throughput gains from macro-only case are observed in most cases.

3.3 Configuration 4b for 3GPP TU Channel Model
In this section we demonstrate the simulated throughputs under the configuration 4b and 3GPP TU channel model.  We start from the 5% throughput listed in Table 4. For the UEs connected to macro eNB, the throughputs tends to increase with CRE bias but to decrease with ABS ratio. The reduce-power ABS scheme performs moderate, but still achieves throughput gain from the macro-only case and zero-power ABS in some cases. For the UE connected to pico eNB, the throughputs are also decreased with CRE bias but increase with ABS ratio. Throughput gain are also observed by the reduced-power ABS, even for all UEs inn the macro area. 
The mean throughput of UEs dropped according to configuration 4b is listed in Table 5. The tendency of throughput changes of all cases is similar to the configuration 1. But we would like to mention that, due to the UEs are clustered around the pico eNB, the interference from macro eNB becomes smaller, and thus the throughput achieved by reduce-power ABS scheme becomes larger. Actually, in many cases, the reduce-power ABS achieves better throughput gains from the zero-power ABS than configuration 1. Furthermore, in configuration 4b the pico UEs are in general have higher throughput than macro UEs.
Table 4: 5% UE Throughput. (For Macro only and legacy UE, the result is 62 Kbps)
	Bias
	Macro UE
	Pico UE
	UE in macro area

	ABS
	20%
	40%
	60%
	20%
	40%
	60%
	20%
	40%
	60%

	
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I

	6 dB
	234
	125
	255
	0
	120
	0
	0
	104
	0
	42
	28
	110
	69
	69
	206
	104
	114
	348
	70
	45
	138
	42
	98
	190
	65
	104
	0

	8 dB
	310
	125
	356
	0
	125
	160
	0
	125
	0
	21
	28
	103
	25
	55
	154
	35
	97
	261
	28
	45
	138
	42
	69
	154
	32
	119
	106

	10 dB
	328
	159
	371
	156
	173
	182
	0
	141
	0
	0
	7
	72
	0
	48
	90
	0
	90
	180
	14
	28
	93
	0
	55
	138
	0
	90
	0

	12 dB
	463
	233
	547
	231
	152
	253
	0
	152
	0
	0
	7
	0
	0
	42
	90
	0
	69
	83
	0
	21
	35
	0
	78
	86
	0
	104
	74


Table 5: Mean UE Throughput. (For Macro only and legacy UE, the result is 0.49 Mbps)
	Bias
	Macro UE
	Pico UE
	UE in macro area

	ABS
	20%
	40%
	60%
	20%
	40%
	60%
	20%
	40%
	60%

	
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I
	Z
	R
	I

	6 dB
	.69
	.94
	.77
	.56
	.82
	.65
	.36
	.91
	.4
	1.2
	1.2
	1.6
	1.3
	1.5
	2.3
	1.5
	1.7
	2.6
	.94
	1.1
	1.2
	.84
	1.2
	1.4
	.89
	1.2
	1.5

	8 dB
	.98
	1.2
	.82
	.67
	1.1
	.66
	.48
	.98
	.42
	.89
	1
	1.8
	1
	.12
	1.8
	1.2
	1.2
	2.1
	.93
	1.1
	1.1
	.86
	1.1
	1.3
	.9
	1.1
	1.3

	10 dB
	1
	1.3
	1.1
	.71
	1.3
	.87
	.54
	1.1
	.55
	.74
	.81
	1.3
	.95
	1.1
	1.6
	1
	1.2
	2.1
	.86
	1
	1.1
	.85
	1.1
	1.3
	.8
	1.2
	1.4

	12 dB
	1.2
	1.3
	1.2
	.87
	1.2
	.99
	.62
	1.3
	.6
	.72
	.77
	1
	.79
	.97
	1.3
	.79
	1.1
	1.9
	.9
	.97
	1.1
	.82
	1.1
	1.2
	.73
	1.2
	1.4


Observation 5: For configuration 4b, reduce ABS power scheme may achieve higher throughput.
4. Conclusion
In this document, we have several observations as follows.
Observation 1: The all UE throughput may increase or decrease with CRE bias.
Observation 2: The reduce-power ABS achieves throughput gain in most cases.

Observation 3: The optimal CRE bias and ABS ratio are depending on which target we selected to optimize. 

Observation 4: Throughput gains from macro-only case are observed in most cases.

Observation 5: For configuration 4b, reduce ABS power scheme may achieve higher throughput.
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Simulation Assumption
	Simulation Parameter 
	Description/Value 

	Number of macro sites
	19

	Inter-Site distance
	500 m

	Carrier frequency 
	2 GHz 

	Transmission bandwidth 
	10 MHz 

	MBS transmission power 
	46 dBm 

	PBS transmission power
	30 dBm 

	Number of UEs 
	60 UEs/macro-area 

	Number of cells 
	3 cells in 1 site 

	Number of pcios per macro site
	4 picos per macro area

	UE placement
	Configuration 1 and 4b

	Number of Antenna 
	2TX for Macro, 2TX for Pico, 2Rx for UE

	Traffic model
	Full Queue model

	Antenna tiling
	15 degrees for Macro, 0 degree for Pico

	CRE offset
	6 dB, 8 dB, 10 dB,12 dB

	ABS ratio
	20%, 40%, 60%

	CRS interference modeling
	Macro: planned cell ID layout, Pico: Random cell ID selection

	Subframe configuration
	Non-MBSFN subframe for all subframes

	CRS power
	No power boosting

	UE receiver
	Legacy receiver

	Transmission mode 
	2x2 SU-MIMO 

	HARQ 
	No

	Downlink scheduler 
	Round robin

	Min. MBS-PBS distance 
	75 meters 

	Min. PBS-PBS distance 
	40 meters 

	Min. MBS-UE distance 
	35 meters 

	Min. PBS-UE distance 
	10 meters 

	Pathloss model
	See 3GPP TR 36.814.

	Shadow standard deviation 
	8dB for links between MBS and UE 

10dB for links between PBS and UE

	Penetration loss
	20 dB for all cases.

	Channel model
	3GPP TU model

	Antenna gain of PBS
	5 dB

	Antenna pattern of PBS 
	Omni 

	Antenna gain of MBS
	14 dB

	Antenna pattern (MBS) 
	
[image: image1.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

H

A

A

,

12

min

2

3

q

q

q

, 
[image: image2.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

etilt

V

SLA

A

,

12

min

2

3

f

f

f

f



[image: image3.wmf](

)

(

)

(

)

[

]

{

}

m

V

H

A

A

A

A

,

min

,

f

q

f

q

+

-

-

=




PAGE  
5/5

_1382195008.unknown

_1382195252.unknown

_1382194799.unknown

