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1		Introduction 
Enhanced interference management for Heterogeneous Networks (HetNets) have been added to the list of LTE-A work items in Rel 10 [1]. In this contribution, we consider one such HetNet deployment, where low power nodes (picos) are placed in a macro network. We focus on the FTP traffic model for DL and illustrate how techniques considered to increase the footprint of low power nodes [3][4][5] enable reliable DL control channel performance and improve cell throughput.
2		Simulation Assumptions
We consider three deployment scenarios with 2x2 antenna configuration and a 10MHz system bandwidth.
· Macro only
· Co-channel deployment without resource partitioning (RP), where serving cell selection is based on best RSRP, and there is no inter-cell interference management.
· Range Expansion (RE): Co-channel deployment where increased footprint for low power nodes is enabled and combined with enhanced interference management via resource partitioning among cells.
For the resource partitioning case, the serving cell for each UE is first determined based on the best DL RSRP with a fixed 18dB bias towards the hotzone (low power) cells. The serving cell is guaranteed to have a geometry -18dB or higher. Therefore, if after applying the bias, UE geometry is below – 18 dB, UE remains associated with a macro eNB. Once the serving cell is selected, it is fixed and no longer changed. After that, resource partitioning algorithm is performed to coordinate inter-cell interference.
In this contribution, the consider configurations  #1, 4a and 4b [2]. Both the UEs and the hotzone cells are randomly dropped. The density of the hotzone (pico) cells is 4 hotzones/macro cell for configurations 1 and 4a, and 2 hotzones/macro cell in configuration 4b. In particular, the following aspects are considered:
· Scheduling: We focus on proportional fair (PF) scheduling.  
· 
Vertical Antenna: Vertical antenna as defined in the Appendix of TR 36.814 [2] is enabled, where the electrical antenna downtilt  = 10 degrees, which we believe better reflect realistic deployments.
· Channel Model: Both NLOS and LOS based path loss modelling is considered.
· Traffic Model: FTP traffic model 1 from [2] is considered. In order to reduce simulation run time the file size is reduced to 1 Mbytes (instead of recommended 2 Mbyte). 
3		Discussion of Numerical Results
In the following, we summarize the simulation results from the macro only, macro + picos without resource partition and macro + picos with semi-static resource partitioning, for each configuration. The semi-static resource partitioning refers to the case where resource partitioning algorithm is executed only once at the beginning of the simulation. The partition is based on the estimated average user distribution assuming full buffer scenario. The partition realization is then kept unchanged during the entire simulation run. This approach is clearly suboptimum. Yet, as we show later on in this section, even a semi-static scheme can significantly improve cell throughput relative to the case without resource partitioning. 
The simulation run time is relatively short (25 seconds)  and there is no warm up period for the traffic model. In addition, statistics are collected only on the files that have been successfully transmitted while files in progress are not counted towards the served throughput. For that reason, even for the case where there are no stability issues, the served throughput results are generally lower that the targeted offered load. 
Table 1 and Table 2 summarize the user throughput (mean, median and 5%), cell throughput and resource utilization for the macro-only case in the NLOS and LOS scenarios, respectively, under various loading conditions. Only uniform random placement of UEs is considered. As pointed out in the tables, when the offered load increases, the resource utilization increases as well. The served throughput increases to a certain point where it starts to saturate due to the cell capacity limitations. Since the users at the cell edge take more resources to be served and each user is downloading equal amount of data, the cell capacity is generally lower than in case of full buffer simulations. 
[bookmark: _Ref265641978]Table 1: UE and cell throughput and resource utilization summary – macro only, NLOS
	Macro Only  
	 
	NLOS
	 
	 
	 

	Offered load
	Served  throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%

	10
	9.8
	29.4
	27.8
	9
	34

	12
	11.8
	23.9
	22.7
	6.4
	47

	14
	13.6
	19.6
	17.8
	4.2
	59

	16
	14.1
	11.6
	8.1
	1.3
	86

	20
	16.55
	9.1
	4.3
	0.75
	95

	Full buffer
	20.2
	0.81
	0.72
	0.4
	100



Table 2: UE and cell throughput and resource utilization summary – macro only, LOS
	Macro Only 
	LOS
	 
	 
	 

	Offered load
	Served  throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%

	10
	9.7
	35.1
	33.1
	11.5
	29

	12
	11.8
	30
	28
	9
	39

	14
	13.8
	24.1
	21.7
	5.5
	52

	16
	15.3
	13.9
	9.9
	1.4
	81

	20
	17.6
	12.7
	7.1
	0.98
	91

	Full buffer
	22
	0.88
	0.77
	0.43
	100




3.1 Configuration 1, NLOS
Table 3 and Table 4 summarize the results for the hotzone deployment without resource partition and with semi-static resource partition, respectively, under the NLOS scenario. 
As it can be seen from the tables, the resource utilization of pico cells is generally much lower than the utilization of macro cells. That is because the UEs associated with the pico cells are typically in better radio conditions than macro users, particularly in case of co channel deployments without resource partitioning, where very small number of users is associated with picos. 
In order to define system capacity, one cannot simply refer to the case where all resources are utilized. In case of fully utilized systems, the system becomes unstable, as is evidenced by the large difference between served throughput and offered load. For the purpose of typical user experience, 50% loading is commonly defined as a reference point. Comparing the served cell throughput values for 50% loading from Table 1, Table 3, and Table 4, one can estimate the cell capacity gain due to the deployment of pico cells with and without semi-static resource partition. The corresponding throughout for the macro only case is 12.3 Mbps, the throughout for the case with 4 picos without resource partitioning is around 14.2 Mbps - providing 15% gain - and the throughput for the case with semi-static resource partitioning is 20.5 Mbps, providing additional 44% gain over the case without resource partitioning. Figure 1 illustrates cell throughput as a function of resource utilization. Table 5 summarizes the cell throughput comparison under typical (50%) and high (75%) loading scenarios. 
[bookmark: _Ref265641981]
[bookmark: _Ref265641983]Table 3: UE and cell throughput and resource utilization summary – co-channel, no RP, NLOS
	4 Picos, no RP 
	Config 1, NLOS
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization (macro)
	Resource utilization (pico)

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%
	%

	12
	11.8
	30.6
	28.9
	9.9
	36
	2

	14
	13.6
	25.8
	23.9
	6.3
	46
	3

	16
	16
	20.7
	18.3
	4.2
	62
	4

	18
	17
	18.7
	16.2
	3.2
	69
	5

	20
	19.2
	13.6
	9.6
	1.3
	88
	7

	24
	20.15
	11.4
	6.7
	0.9
	95
	9

	Full buffer
	60.75
	2.4
	0.86
	0.43
	100
	100




Table 4: UE and cell throughput and resource utilization summary – co-channel, semi-static RP, NLOS
	4 Picos, semi-static RP 
	Config 1, NLOS
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization (macro)
	Resource utilization (pico)

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%
	%

	16
	15.55
	20
	25.5
	4.1
	38
	9

	20
	19.5
	16.3
	12.3
	3.3
	46
	12

	24
	23.35
	13.8
	10.1
	2.4
	61
	16

	28
	26.1
	12
	8.5
	1.9
	73
	20

	32
	28.5
	10.6
	7.2
	1.4
	83
	24

	36
	30.8
	9.6
	5.9
	1.1
	89
	28

	Full buffer
	66
	2.6
	1.5
	0.6
	100
	100




[image: ]
[bookmark: _Ref265708974]Figure 1: Served throughput and resource utilization – Config 1, NLOS.
[bookmark: _Ref265765497][bookmark: _Ref265765494]Table 5: Throughput comparison in Config 1, NLOS: 4 picos without RP and 4 picos with semi-static RP.
	Cfg1 NLOS –Summary
	 
	 
	 

	Served Throughput Mbps]
(gain vs. macro only/gain vs. no RP)
	Macro only
	4 picos, no RP
	4 picos, RP

	50% Macro Utilization
	12.3
	14.2
	20.5

	
	 
	(1.15x/1x)
	(1.66x/1.44x)

	75% Macro Utilization
	13.9
	17.7
	26.6

	
	 
	(1.27x/1x)
	(1.91x/1.50x)



 3.2 Configuration 1, LOS
Table 6 and Table 7 summarize the results for the hotzone deployment without resource partition and with semi-static resource partition, respectively, under the LOS scenario. 
Comparing the served cell throughput values for 50% loading from Table 2, Table 6, and Table 7, one can estimate the cell throughout for the macro only case to be 13.5 Mbps, the throughout for the case with 4 picos without resource partitioning to be around 21.4 Mbps - providing 58% gain - and the throughput for the case with semi-static resource partitioning being 29.3 Mbps, providing additional 37% gain over the case without resource partitioning. Figure 2 illustrates cell throughput as a function of resource utilization. Table 8 summarizes the cell throughput comparison under typical (50%) and high (75%) loading scenarios. 
Table 6: UE and cell throughput and resource utilization summary – co-channel, no RP, LOS
	4 Picos, no RP 
	Config 1, LOS
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization (macro)
	Resource utilization (pico)

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%
	%

	18
	17.7
	35.5
	32.9
	11.1
	36
	5

	20
	19.3
	33.2
	31
	9.8
	41
	6

	24
	23.5
	26.5
	24.1
	5.2
	59
	9

	28
	27.2
	20.7
	18.3
	2.5
	78
	12

	32
	30
	17.9
	15.3
	1.6
	89
	16

	36
	31.8
	16.3
	13.3
	1.2
	93
	18

	Full buffer
	93
	3.72
	1.6
	0.6
	100
	100



Table 7: UE and cell throughput and resource utilization summary – co-channel, semi-static RP, LOS
	4 Picos, semi-static RP 
	Config 1, LOS
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization (macro)
	Resource utilization (pico)

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%
	%

	20
	19.1
	32.9
	27.5
	8
	25
	8

	24
	23.6
	28.9
	23.7
	6.7
	34
	11

	28
	27.3
	25.7
	20.8
	5.4
	45
	15

	32
	31.6
	22.4
	17.6
	4.2
	56
	19

	36
	35.2
	20.3
	15.8
	3.3
	67
	23

	40
	39.1
	18.3
	14.1
	2.6
	77
	28

	48
	43.9
	16.7
	12.5
	2.1
	84
	33

	Full buffer
	110
	4.4
	3.2
	1
	100
	100



Figure 2: Served throughput and resource utilization – Config 1, LOS.
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Table 8: Throughput comparison in Config 1, LOS: 4 picos without RP and 4 picos with semi-static RP.
	Cfg1 LOS - Summary
	 
	 
	 

	Served Throughput Mbps]
(gain vs. macro only/gain vs. no RP)
	Macro only
	4 picos, no RP
	4 picos, RP

	50% Macro Utilization
	13.5
	21.4
	29.3

	
	 
	(1.58x/1x)
	(2.17x/1.37x)

	75% Macro Utilization
	15
	26.6
	38.3

	
	 
	(1.77x/1x)
	(2.55x/1.44x)


3.3 Configuration 4a, NLOS
Table 9 and Table 10 summarize the results for the hotzone deployment without resource partition and with semi-static resource partition, respectively, under the LOS scenario. 
Comparing the served cell throughput values for 50% loading from Table 9, and Table 10, one can estimate the cell throughout the case with 4 picos without resource partitioning to be around 15.2 Mbps and the throughput for the case with semi-static resource partitioning being 25 Mbps, providing 64% gain over the case without resource partitioning. Figure 3 illustrates cell throughput as a function of resource utilization. Table 11 summarizes the cell throughput comparison under typical (50%) and high (75%) loading scenarios. 
Table 9: UE and cell throughput and resource utilization summary – co-channel, no RP, NLOS
	4 Picos, no RP 
	Config 4a, NLOS
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization (macro)
	Resource utilization (pico)

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%
	%

	12
	11.9
	30
	27.6
	8.6
	31
	2

	16
	15.2
	22.7
	19.7
	4.2
	50
	4

	20
	19
	15.6
	12.3
	1.6
	76
	6

	24
	21.1
	12.2
	8
	0.9
	90
	9

	28
	22
	11
	6.2
	0.75
	94
	10

	32
	23
	9.9
	4.1
	0.65
	96
	12

	Full buffer
	81.9
	2.73
	0.8
	0.345
	100
	100



Table 10: UE and cell throughput and resource utilization summary – co-channel, semi-static RP, NLOS
	4 Picos, semi-static RP 
	Config 4a, NLOS
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization (macro)
	Resource utilization (pico)

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%
	%

	20
	18.9
	20
	14.3
	4.1
	33
	12

	24
	23.4
	17.5
	12.3
	3.4
	43
	16

	28
	26.1
	15.3
	10.4
	2.5
	55
	20

	32
	30.6
	13.3
	8.8
	1.9
	68
	26

	36
	33.6
	11.7
	7.3
	1.5
	80
	31

	Full buffer
	82.5
	2.75
	1.7
	0.64
	100
	100



Figure 3: Served throughput and resource utilization – Config 4a, NLOS.
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Table 11: Throughput comparison in Config 4a, NLOS: 4 picos without RP and 4 picos with semi-static RP. 
	Cfg 4a NLOS - Summary
	 
	 

	Served Throughput Mbps]
(gain vs. no RP)
	4 picos, no RP
	4 picos, RP

	50% Macro Utilization
	15.2
	25

	
	(1x)
	(1.64x)

	75% Macro Utilization
	18.9
	32.4

	
	(1x)
	(1.71x)



3.4 Configuration 4a, LOS
Table12 and Table 13 summarize the results for the hotzone deployment without resource partition and with semi-static resource partition, respectively, under the LOS scenario. 
Comparing the served cell throughput values for 50% loading fromTable 12, and Table 13, one can estimate the cell throughout for the case with 4 picos without resource partitioning to be around 23.9 Mbps  and the throughput for the case with semi-static resource partitioning being 34.1 Mbps, providing 43% gain over the case without resource partitioning. Figure 4 illustrates cell throughput as a function of resource utilization. Table 14 summarizes the cell throughput comparison under typical (50%) and high (75%) loading scenarios. 
Table 12: UE and cell throughput and resource utilization summary – co-channel, no RP, LOS
	4 Picos, no RP 
	Config 4a, LOS
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization (macro)
	Resource utilization (pico)

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%
	%

	20
	19.7
	32.3
	29.3
	7.7
	38
	6

	24
	23.7
	27.7
	25.3
	6
	49
	9

	28
	27
	22.9
	20.4
	3.5
	65
	11

	32
	30.6
	19.7
	16.9
	2.2
	77
	15

	36
	33.2
	17.1
	14.4
	1.4
	87
	18

	Full buffer
	100.5
	3.35
	1.63
	0.54
	100
	100



Table 13: UE and cell throughput and resource utilization summary – co-channel, semi-static RP, LOS
	4 Picos, semi-static RP 
	Config 4a, LOS
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization (macro)
	Resource utilization (pico)

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%
	%

	28
	27.2
	28.7
	24.2
	6.3
	35
	14

	32
	30.9
	26.8
	22.5
	5.5
	43
	16

	36
	35
	24
	20.1
	4.4
	52
	20

	40
	38.4
	22.2
	18.6
	3.9
	61
	24

	48
	44.8
	19.5
	16
	2.9
	73
	31

	56
	52.8
	17.3
	13.5
	2.1
	84
	41

	Full buffer
	120
	4
	3.2
	1
	100
	100



Figure 4: Served throughput and resource utilization – Config 4a, LOS.
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Table 14: Throughput comparison in Config 4a, LOS: 4 picos without RP and 4 picos with semi-static RP. 
	Cfg4a LOS - Summary
	 
	 

	Served Throughput Mbps]
(gain vs. no RP)
	4 picos, no RP
	4 picos, RP

	50% Macro Utilization
	23.9
	34.1

	
	(1x)
	(1.43x)

	75% Macro Utilization
	30
	46.3

	
	(1x)
	(1.54x)



3.5 Configuration 4b, NLOS
Table 15 and Table 16 summarize the results for the hotzone deployment without resource partition and with semi-static resource partition, respectively, under the NLOS scenario. 
Comparing the served cell throughput values for 50% loading from Table 15, and Table 16, one can estimate the cell throughout for the case with 2 picos without resource partitioning to be around 16.9 Mbps and the throughput for the case with semi-static resource partitioning being 24.2 Mbps, providing additional 43% gain over the case without resource partitioning. Figure 5 illustrates cell throughput as a function of resource utilization. Table 17 summarizes the cell throughput comparison under typical (50%) and high (75%) loading scenarios. 







Table 15: UE and cell throughput and resource utilization summary – co-channel, no RP, NLOS
	2 Picos, no RP 
	Config 4b, NLOS
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization (macro)
	Resource utilization (pico)

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%
	%

	14
	14
	23.5
	19
	5.1
	34
	7

	16
	15
	22
	17.4
	5.2
	38
	8

	20
	19
	14.8
	10
	2.6
	63
	12

	24
	22.4
	11.5
	7
	1.5
	78
	17

	28
	23.7
	8.6
	4.6
	0.7
	92
	23

	Full buffer
	66
	2.2
	1
	0.4
	100
	100



Table 16: UE and cell throughput and resource utilization summary – co-channel, semi-static RP, NLOS
	2 Picos, semi-static RP 
	Config 4b, NLOS
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization (macro)
	Resource utilization (pico)

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%
	%

	20
	18.7
	16.6
	11.4
	3.2
	35
	19

	24
	23.3
	11.6
	7.5
	2.1
	49
	29

	28
	26.7
	12.4
	7.9
	2.2
	53
	31

	32
	30.8
	10.8
	6.8
	2
	65
	39

	36
	33.8
	10.2
	6.2
	1.7
	71
	44

	40
	35.6
	9.7
	5.9
	1.67
	76
	48

	48
	41.9
	8.8
	5.1
	1.1
	85
	60

	Full buffer
	69
	2.3
	1.8
	0.6
	100
	100



Figure 5: Served throughput and resource utilization – Config 4b, NLOS.
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Table 17: Throughput comparison in Config 4b, NLOS: 2 picos without RP and 2 picos with semi-static RP. 
	Cfg4b NLOS - Summary
	 
	 

	Served Throughput Mbps]
(gain vs. no RP)
	2 picos, no RP
	2 picos, RP

	50% Macro Utilization
	16.9
	24.2

	
	(1x)
	(1.43x)

	75% Macro Utilization
	21.7
	35.8

	
	(1x)
	(1.65x)



3.6 Configuration 4b, LOS
Table 18 and Table 19 summarize the results for the hotzone deployment without resource partition and with semi-static resource partition, respectively, under the NLOS scenario. 
Comparing the served cell throughput values for 50% loading from Table 15, and Table 16, one can estimate the cell throughout for the case with 2 picos without resource partitioning to be around 24.5 Mbps and the throughput for the case with semi-static resource partitioning being 35.3Mbps, providing additional 44% gain over the case without resource partitioning. Figure 6 illustrates cell throughput as a function of resource utilization. Table 20 summarizes the cell throughput comparison under typical (50%) and high (75%) loading scenarios. 
Table 18: UE and cell throughput and resource utilization summary – co-channel, no RP, LOS
	2 Picos, no RP 
	Config 4b, LOS
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization (macro)
	Resource utilization (pico)

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%
	%

	20
	19.5
	25.5
	21.2
	6.3
	34
	13

	24
	24
	19.75
	14.6
	4.6
	47
	19

	28
	27
	14.1
	9.4
	2.9
	66
	27

	32
	30.5
	14.5
	9.7
	2.8
	70
	29

	36
	34.5
	12.6
	8
	2.1
	81
	37

	40
	37.3
	11.7
	7.1
	1.6
	89
	43

	Full buffer
	71.7
	2.39
	1.82
	0.68
	100
	100



Table 19: UE and cell throughput and resource utilization summary – co-channel, semi-static RP, LOS
	2 Picos, semi-static RP 
	Config 4b, LOS
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 
	Resource utilization (macro)
	Resource utilization (pico)

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps
	%
	%

	24
	23.6
	17.6
	12.2
	3.9
	31
	22

	28
	26.9
	18.7
	13.3
	4
	34
	23

	32
	30.6
	16.5
	11.2
	3.7
	42
	28

	36
	35
	14.5
	9.9
	3.2
	49
	33

	40
	38.1
	13.4
	9.3
	3
	58
	38

	48
	44.6
	10.1
	7.2
	2.4
	73
	54

	56
	52.5
	10.9
	7.7
	2.3
	77
	58

	Full buffer
	90
	3
	2.84
	0.95
	100
	100



Figure 6: Served throughput and resource utilization – Config 4b, LOS.
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Table 20: Throughput comparison in Config 4b, LOS: 2 picos without RP and 2 picos with semi-static RP. 
	Cfg4b LOS - Summary
	 
	 

	Served Throughput Mbps]
(gain vs no RP)
	2 picos, no RP
	2 picos, RP

	50% Macro Utilization
	24.5
	35.3

	
	(1x)
	(1.44x)

	75% Macro Utilization
	32.3
	48.6

	
	(1x)
	(1.5x)




4		Conclusions
In this contribution, we evaluated the impact of traffic models on DL HetNet performance. We observe that, even with semi-static partitioning, co-channel deployment of pico cells provides significant gains in sustainable cell throughput across all investigated scenarios. Specifically: a) gains of 37% or higher were observed under a typical loading scenario (resource utilization of 50% at the macros), when compared to mixed macro/pico deployments without resource partitioning; b) gains of  44% or higher were observed in a high loading scenario (resource utilization of 75% at the macros).  
Cell range expansion therefore provides significant gains for macro/pico scenario. Techniques that enable increased footprint of low power nodes, or cell range extension [4][6] need to be adopted. 
Proposal 1: Cell range expansion provides significant capacity gains in the macro pico/scenario.
Proposal 2: Adopt techniques that enable cell range expansion for the macro/pico scenario.
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