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1 Introduction
In the RAN1#62bis meeting, the followings in [1] were concluded as the observation in RAN1 after the discussions using extensive performance evaluation results on the cell range expansion (CRE) for the downlink (DL) in the macro-pico deployment scenario [e.g. 3-5]:
· CRE gives gains at least for low to moderate cell association bias values

· In the absence of CRS interference, studies are split on usefulness of large bias values

· Already available techniques (in Rel-8/9) to help optimise the gains from CRE include:

· selection of appropriate number of pico eNBs

· macro eNB power setting 

· subframe offset (FDD)

· data channel ICIC

· MBSFN subframes

· Agreed ABS /TDM mechanism works well in conjunction with CRE without further impact on physical layer

· Suggestions for further techniques that could be beneficial:

· IC (at least CRS; also consider PBCH/PSS/SSS/SIB1) at the UE 

· transmit side RE muting 

· Semi-static indication of PCFICH value
This contribution focuses on the following points and presents numerical results through system-level simulations:
· Effectiveness of the time domain eICIC scheme 

· Effect from CRS in the almost blank subframes

Note that the following terms are defined to have a common understanding of the following two time domain eICIC schemes related the almost blank subframes;
· ABSF: Almost Blank Subframe, which is defined as the blanked (or muted) subframe without sending both PDSCH and PDCCH in the normal subframe structure.

· MBSF: MBSFN Subframe, which is exclusively used to mitigate interference from Macro eNB (abbreviated as “MeNB,” hereafter) to UEs in a biased Pico eNB (abbreviated as “PeNB,” hereafter) area and  NOT used for the other purposes (such as MBMS data and relay node operations)
2 Simulation studies
2.1 Simulation conditions and procedures
2.1.1 Macro-pico deployment scenario

The macro-pico deployment scenario in this simulation study follows the baseline in the Configuration #4b in [5]. 
· Number of clusters (and its corresponding PeNBs) per cell: 2

· Cluster drop: uniformly distributed in a cell
· PeNB drop: located at the center of the cluster
· Number of UE per cell: 30

· Number of UE located in a cluster : 10 (UE with in 40 m radius of each PeNB)
· Number of uniformly distributed UE in a cell: 10

· The full queue model for traffic
The detailed simulation conditions and parameters as in Appendix. Most of the parameters are in line with TR36.814 [5]. Note that the ideal control channels reception is assumed in the study. 
The example of the eNB and UE layouts depending on the CRE bias is shown in Fig. 1, where the following terms are defined for the sake of easier explanation throughout this contribution;

· MUE: the UE connected with a MeNB
· PUE: the UE connected with a PeNB even when there is no CRE bias (i.e. CRE bias value of 0 dB)
· CRE UE: the UE connected with a PeNB only when we set the CRE bias value more than 0 dB
The ratio of UEs connected to either PeNB or MeNB is summarized in Fig. 2. Note that the number of CRE UEs increased as the bias value increases is the same as the decreasing number of MUEs, while the number of PUEs remains regardless of the CRE bias values.
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(a) CRE bias = 0 dB
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(b) CRE bias = 12 dB


Fig. 1:   Example of the eNB and UE layouts depending on the CRE bias
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Fig. 2:   Statistics in terms of ratio of MUEs, PUEs and CRE UEs
2.1.2 Simulation procedure for evaluations
The numerical results were obtained based on the following steps for the simplicity but without loss of generality. 

· Step 1: to determine the UE type (i.e. MUE, PUE, and CRE UE) after determining the CRE bias value
· Step 2: to run system-level simulations and obtain the user throughput per UE for the cases that all the subframes per radio frame are fully occupied with (a) the normal subframe only, and (b) ABSF only or MBSF only
· Step 3: to estimate the aggregated user throughput per UE for the case of mixed subframe configurations using the results from Step 2 from the linear interpolation equation by varying the weight of (a) and (b) in accordance with the ratio of ABSF or MBSF per radio frame
Additional explanation for Step 2 is given below.

Let TABSF(u) and Tnormal(u) be denoted as the user throughput of UE u obtained from the simulation study for the case of the ABSF only and normal SF only, respectively. Then, the aggregated UE throughput for the case of mixed configuration including both the ABSF and normal SF, TABSF+normal(u), is estimated by the following equation. 


TABSF+normal(u) = d TABSF(u) + (1 - d) Tnormal(u) ,
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1)

where d is referred to as the ABSF duty ratio expressing the ratio of ABSFs per radio frame. The same equation is applied to estimate the aggregated user throughtput for the case of the mixed configuration of MBSF and normal SF.
We provide the statistics in terms of the 5 percentile and median user throughput after generating CDF results from all the results obtained from Eq. (1) 
Table 1 summarizes the key features of the various subframes from the viewpoints of UE types served by either MeNB or PeNB, and the signals used for CQI estimation. Note that both ABSF and MBSF serve both PUE and CRE UE, however, we assume that the PeNB does not assign the normal SF to CRE UE, since CRE UE suffers severe interference from the MeNB.
Note that the differences between ABSF and MBSF are marked in the red color.

Table 1:   Features of subframe types
	Condition
	Normal SF
	ABSF
	MBSF

	
	MeNB
	PeNB
	MeNB
	PeNB
	MeNB
	PeNB

	Type of UEs connected to eNBs
	MUE
	PUE
	N/A
	PUE and 
CRE UE
	N/A
	PUE and 
CRE UE

	Signals used for CQI measurement
	Desired signals
	CRS of the serving MeNB
	CRS of the serving PeNB
	N/A
	CRS of the serving PeNB
	N/A
	CRS of the serving PeNB

	
	Undesired signals
	- CRS of the other MeNBs and all the PeNBs using the same PCI with the serving MeNB’s one
- PDSCH of the other MeNBs and all the PeNBs using the different PCIs from the one of the serving MeNB
	same as the left
	N/A
	- CRS of all the MeNBs and the other PeNBs using the same PCI with the serving PeNB’s one

- PDSCH of the other PeNBs using the different PCIs from the one of the serving PeNB
	N/A
	- CRS of the other PeNBs using the same PCI with the serving PeNB’s one
- PDSCH of the other PeNBs using the different PCIs from the one of the serving PeNB


Table 2:   CRS pattern assumed in the simulation study
	CRS pattern
	CRS pattern for MeNBs

	MeNB
	PeNB of its associated MeNB as in the left column
	

	0
	1, 2
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	1
	2, 0
	

	2
	0, 1
	


In this simulation study, 2x2 antenna configuration is assumed as in Appendix. Then, there are three patterns (#0, #1, and #2) in terms of the cell-specific frequency shifts of CRS according to TS36.211 [6]. 
As listed in Table 2, we assume that the CRS pattern is assigned so as to avoid using the identical one to all the MeNBs per MeNB site and to assign different CRS pattern to the two PeNBs within the macro cell area of their associated MeNB. 

2.2 Simulation results
Table 3 firstly shows the summary of the macro cell area throughput as well as both median and 5 percentile user throughputs for the both “macro only” and “Macro+Pico with normal SF only.” Note that the latter one does not apply the CRE scheme (i.e. the CRE bias value = 0 dB). 
The numerical values for “Macro+Pico with normal SF only” in Table 3 are used as a set of reference values to obtain the normalized performance gain in the remaining of this paper.

Table 3:   Throughput of the macro only and normal SF only (baseline)

	Assumption
	Macro Cell Area Throughput [Mbps]
	Median User Throughput [Mbps]
	5% Worst User Throughput [Mbps]

	Macro only
	19.668 
	0.543 
	0.196 

	Macro+Pico with normal SF only 
(CRE bias value = 0 dB)
	45.860 
	0.934 
	0.273 


Figs. 3 to 5 present the normalized values of macro cell area, median user, and 5 percentile user throughputs for the case of mixed configurations of normal SFs and ABSFs as a function of the ABSF duty ratio, which is varied from 0.1 to 0.9. Table 4 summarizes the values in Figs. 3 to 5 for the purpose of references. Note that the CRE bias values are changed from 0 to 12 dB with the step of 4 dB.
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Fig. 3:   Normalized macro cell area throughput in the mixed configuration of normal SF and ABSF
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Fig. 4:   Normalized median user throughput in the mixed configuration of normal SF and ABSF
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Fig. 5:   Normalized 5% worst user throughput in the mixed configuration of normal SF and ABSF
Table 4:   Numerical values of Figs. 3 to 5
	ABSF Duty Ratio
	Normalized Macro Cell Area Throughput
	Normalized Median User Throughput
	Normalized 5% Worst User Throughput

	
	0 dB
	4 dB
	8 dB
	12 dB
	0 dB
	4 dB
	8 dB
	12 dB
	0 dB
	4 dB
	8 dB
	12 dB

	0.1
	1.015
	0.981
	0.976
	0.958
	0.932
	1.096
	1.169
	0.987
	0.900
	0.482
	0.265
	0.151

	0.2
	1.029
	1.004
	1.003
	0.981
	0.839
	1.143
	1.262
	1.189
	0.800
	0.830
	0.528
	0.300

	0.3
	1.044
	1.028
	1.029
	1.004
	0.738
	1.133
	1.313
	1.300
	0.700
	0.921
	0.733
	0.448

	0.4
	1.059
	1.052
	1.056
	1.027
	0.635
	1.070
	1.310
	1.369
	0.600
	0.857
	0.840
	0.598

	0.5
	1.073
	1.075
	1.083
	1.050
	0.530
	0.974
	1.238
	1.393
	0.500
	0.746
	0.840
	0.719

	0.6
	1.088
	1.099
	1.109
	1.073
	0.424
	0.844
	1.133
	1.346
	0.400
	0.614
	0.715
	0.773

	0.7
	1.103
	1.123
	1.136
	1.096
	0.318
	0.673
	0.978
	1.250
	0.300
	0.479
	0.567
	0.682

	0.8
	1.117
	1.146
	1.162
	1.119
	0.212
	0.471
	0.770
	1.150
	0.200
	0.329
	0.402
	0.511

	0.9
	1.132
	1.170
	1.189
	1.142
	0.106
	0.243
	0.549
	1.115
	0.100
	0.168
	0.222
	0.281


It is demonstrated from Fig.3 that the time domain eICIC scheme even in the usage of ABSF, which causes higher interferences than MBSF, is effective from the viewpoint of the macro cell area throughput. However, we should care about the degradation of both the median and 5 percentile user throughput depending on the ABSF duty ratio and the CRE bias value. We can also observe from Figs. 4 and 5 that the optimum (i.e. highest) point changes from the ABSF duty ratio and the CRE bias value. It is also concluded that we need to consider the configurations in term of both the CRE bias value and the ABSF duty ratio in accordance with the operational policy.

Figs. 6 to 8 are similar figures as Figs. 3 to 5 except that MBSF is applied instead of ABSF. Note that the duty ratio for the usage of MBSF is up to 0.6 in accordance with the 3GPP specifications. Table 5 is prepared for the same purpose of Table 4 to summarize the numerical results. 
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Fig. 6:   Normalized macro cell area throughput in the mixed configuration of normal SF and MBSF
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Fig. 7:   Normalized median user throughput in the mixed configuration of normal SF and MBSF
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Fig. 8:   Normalized 5% worst user throughput in the mixed configuration of normal SF and MBSF
Table 5:   Numerical values of Figs. 6 to 8
	MBSF Duty Ratio
	Normalized Macro Cell Area Throughput
	Normalized Median User Throughput
	Normalized 5% Worst User Throughput

	
	0 dB
	4 dB
	8 dB
	12 dB
	0 dB
	4 dB
	8 dB
	12 dB
	0 dB
	4 dB
	8 dB
	12 dB

	0.1
	1.075
	1.040
	1.033
	1.014
	0.941
	1.174
	1.264
	1.107
	0.900
	0.949
	0.661
	0.483

	0.2
	1.150
	1.123
	1.116
	1.092
	0.845
	1.307
	1.453
	1.407
	0.800
	1.191
	1.144
	0.961

	0.3
	1.225
	1.207
	1.199
	1.171
	0.742
	1.313
	1.571
	1.669
	0.700
	1.169
	1.356
	1.359

	0.4
	1.299
	1.290
	1.282
	1.249
	0.636
	1.264
	1.617
	1.827
	0.600
	1.018
	1.300
	1.521

	0.5
	1.374
	1.373
	1.365
	1.328
	0.530
	1.153
	1.547
	1.889
	0.500
	0.850
	1.160
	1.473

	0.6
	1.449
	1.457
	1.449
	1.406
	0.424
	0.972
	1.468
	1.882
	0.400
	0.682
	0.947
	1.332


It is revealed from the comparison the numerical results for the cases of between ABSF (in Figs. 3 to 5 and Table 4) and MBSF (in Figs. 6 to 8 and Table 5) that MBSF provides higher performance gains than ABSF due to the absence of interference from CRS. 
The other tendencies are the same as those for the case of ABSF. 

3 Conclusions
This contribution evaluated the macro cell area, median user, and 5 percentile user throughputs through system-level simulation studies in order to reveal the effectiveness of the time domain eICIC scheme and performance differences between ABSF and MBSF. 
The followings are demonstrated from the above numerical results:
· The time domain eICIC scheme using ABSF and MBSF is a promising way to improve the throughtput.
· Although ABSF gives a significant gain, MBSF provides further performance gain compared with ABSF.
This paper also revealed that there are several optimum configurations in terms of the CRE bias value and the ABSF/MBSF duty ratio. The optimum points depend on which metric we attach importance to. In general, operators will configure the optimum one from their point of view.
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Appendix:   Simulation conditions [5]
Except assumptions are marked with †.

Table 6:   3GPP Case 1 (Macro cell) system simulation baseline parameters

	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 7 cell sites, 3 sectors per site†

	Inter-site distance
	500 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	AH() = - min[12 ( / 3dB)2, Am]

3dB = 70 degrees, Am = 25 dB

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
	AV() = - min[12 {( - etilt) / 3dB)}2, SLAv]
3dB = 10 degrees, SLAv = 20 dB, etilt = 15 degrees.

BS antenna height is set to 32 m.

	Combining method in 3D antenna pattern
	A(, ) = - min{- [AH() + AV(), Am}

	Channel model
	SCM (urban macro with angular spread of 8 deg.)

	Number of B
S TX antennas
	2

	Total BS TX power (Ptotal)
	46 dBm

	BS antenna gain after cable loss
	14 dBi

	Antenna bore-sight points toward flat side of cell
(for 3-sector sites with fixed antenna patterns)
	 SHAPE  \* MERGEFORMAT 




	Minimum distance between UE and MeNB
	>= 35 m


Table 7:   Heterogeneous system simulation baseline parameters

	Parameter
	Assumption

	Shadowing
correlation
	Between cells
	0.5

	
	Between sectors
	N/A

	Antenna pattern (horizontal)
	A() = 0 dB (omni-directional)

	Channel model
	SCM (urban macro with angular spread of 8 deg.)

	Total BS TX power (Ptotal)
	30 dBm

	Number of BS TX antennas
	2

	Antenna gain + connector loss
	5 dBi

	Minimum distance between PeNB and MeNB
	>= 75 m

	Minimum distance between UE and PeNB
	>= 10 m


Table 8:   Other simulation parameters

	Parameter
	Value

	Duplex method
	FDD

	Carrier frequency / System bandwidth
	0.8 GHz / 10 MHz

	Bandwidth configuration
between Macro cell and Pico cell
	Co-channel

	Distance-dependent path loss
	Model 1
- MeNB to UE: 7.0 + 37.6 log10(d) , d in m

- PeNB to UE: 21.4 + 39.8 log10(d), d in m

	Inter-cell interference modeling
	Mixed of the both explicit and implicit modelling as follows:

- Explicit modelling: top six interfering cells

- Implicit modelling: other interfering cells

	UE speeds of interest
	3 km/h

	Number of UE RX antennas
	2

	UE antenna gain
	0 dBi

	Traffic model
	Full-buffer traffic model

	Transmission scheme
	Open-loop spatial multiplexing

	Scheduling algorithm
	Proportional fairness 

	Receiver type
	MMSE

	HARQ scheme
	HARQ-IR, up to 5 re-transmission

	Link adaptation
	CQI/PMI/RI reports delay (*1): 4ms, scheduling delay (*2): 4ms, 1 ms period, CQI of all subbands are reported in every feedback period
*1: the delay from reception of CRS at UE until arrival of CQI at eNB

*2: the delay from arrival of CQI at eNB until transmission of the phy. packet using the corresponding CQI

	Control channel reception
	Ideal

	Channel estimation
	Ideal

	Number of symbols for PDCCH
	3

	Link to system mapping
	EESM

	Number of simulation drops
	6
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