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1
Introduction
eICIC (enhanced inter-cell interference coordination) was defined in Rel-10 to enable better system performance (by range expansion) in heterogeneous network deployments. The eICIC is based on the time domain ICIC, where subframe utilization across different cells are coordinated in time by Almost Blank Subframe (ABS) patterns. The almost blank subframes are subframes with reduced transmit power (including no transmission) on some physical channels. Measurement resource restrictions patterns based on ABSs are signaled to the UE to restrict the UE measurement to specific subframes. 
In Rel-10, the measurement resource restriction is defined for UE’s PCell only. The lack of measurement resource restriction for UE’s SCell results in performance degradation. We provide system simulation results quantifying the performance loss. Based on the analysis and minimal spec impact to define measurement resource restriction configuration for SCell, we propose that it gets adopted in Rel-11.
2
Discussion
Rel-10 eICIC was adopted as a technique to address interference conditions in heterogeneous network deployments. It assumes TDM partitioning of the subframes, where in some subframes (ABS) high power nodes would halt transmission in order to allow range expansion of the low power nodes. The necessary tool to enable proper operation are the measurement resource restrictions patterns based on ABSs, signaled to the UE to restrict the UE measurement to specific subframes. This is signaled to a UE for the PCell only.
If eICIC is utilized on a carrier to provide performance benefit for single carrier UEs, in a carrier aggregation (CA) deployment (where single carrier UEs and CA capable UEs may be present), one scenario of interest is where eICIC is applied on more than one component carrier (CC). It provides range expansion on multiple CC, allowing for good load balancing across CCs, both on UL and DL, and better mobility. This deployment scenario may especially be useful for UEs with single UL carrier, because the choice of the PCell could be balanced across multiple CCs, effectively providing the traffic (data and control) balance on UL as well. In particular, if there are two DL and two UL carriers in a system, and eICIC is deployed on DL CC1 only, all range expansion UEs would have to be configured with DL CC1 as their PCC. That implies that they will be using only UL CC1 for the control. Additionally, if the majority of the UEs are also single carrier UL capable, only UL CC1 would be utilized for data, leaving the other UL CC2 unutilized. This would clearly result in performance loss.   

However, if eICIC is applied on more than one CC, CA UEs would not be able to take advantage of the eICIC benefits on their SCells because the signaling for restricted measurement resources is signaled for PCell only. Hence, the behavior on the SCell would be equivalent to a Rel-8 UE. In other words, due to the lack of configuration, a CA UE would not be able to report separate measurements for ABS and non-ABS subframes, and so it would not be able to take advantage of range expansion on SCell.
Figure 1 shows the coverage area on ABS on PCell and SCell without restricted measurement configuration for SCell (a), and with restricted measurement configuration for SCell (b). It can be seen that in case of (b), UE could be scheduled on SCell ABS, and effectively be served on both carriers, as opposed to PCell only in case of (a). 
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Figure 1: Coverage on ABS without (a) and with (b) restricted beasurement configuration for SCell
We believe that this restriction of not signaling the measurement resource restrictions pattern for SCell is unnecessary and it results in significant performance loss (as our results below indicate), and needs to be provided in Rel-11. The specification impact to make available this signalling is minimal.
2.1
 Performance Analysis
The impact of the lack of measurement resource restriction configuration for SCell when eICIC is applied on two CC is investigated. The system simulation is utilized to compare the performance of CA capable UEs.
Basic simulation assumptions are given in Table 1.


[image: image2]
[image: image3]

 SHAPE  \* MERGEFORMAT 
Additional assumptions:

· 2 CC aggregation:

· 700MHz CC and 2GHz CC
· UEs and Pico cells are randomly placed

· 4 Pico cells per Macro cell

· Macro cell Tx power 46dBm, Pico cell Tx power 30dBm
· Simulation time = 40s
· Bursty traffic model

· User traffic arrival is round-robin
· FTP traffic model 

· Poisson user arrival process per Macro cell area, creating partial loading conditions
· A single arriving data process per Macro cell area, where packets are in order distributed to the UEs in the Macro cell area
· Macro cell area includes Macro cell and all Pico cells within its coverage

· Each user arrives at a random geographic location in the network, and downloads one file 

· File size = 1MB

· User throughput is computed from the time it takes to download a file 

· Offered load (main input parameter)

· Mean data arrival rate per Macro cell area
· Served throughput

· Mean served throughput per Macro cell area
· The same TDM configuration for both CCs
· 5(macro):3(pico) subframe split

· 16dB association bias for offloading
· Colliding CRS among cells is assumed, such that CQI measurement for the UEs in extended coverage of SCell have polluted feedback in all subframes.
Table 2: Performance without restricted resource configuration signaled for SCell
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Offered load 

Served  
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Mean user 

data rate 

50% user 

data rate 

5% user data 

rate  

Macro 

Resource 

utilisation  

Pico 

Resource 

utilization 95%-ile delay  

Mbps  Mbps  Mbps  Mbps  Mbps  %  % sec 

4

4.1 39.9 31.6 2.8 5 4 2.72

10

10.1 35.8 28 2.4 14 10 3.05

14

13.8 33.9 26.3 2.4 20 14 3.36

20

19.7 30.1 21.9 2 31 20 3.96

30

30.5 24.7 15.1 1.5 55 31 5.19

40

38.2 21.5 11.6 1 75 39 6.84

50

47.5 18.5 9 0.7 90 45 9.87

60

54 17 7.4 0.5 96 49 12.82

70

59.1 15.6 5.7 0.5 97 51 14.92

80

63.1 14.6 4.7 0.4 98 54 16.41

700MHz+2GHz, TDM HetNet, CA-Capable UE


Table 3: Performance with restricted resource configuration signaled for SCell
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50% user 
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rate  

Macro 

Resource 

utilisation  

Pico 

Resource 

utilization 95%-ile delay  

Tail Delay 

improvement

Mbps  Mbps  Mbps  Mbps  Mbps  %  % sec  % 

4 3.8 51.5 47.9 9.6 5 2 0.80

71

10 10.2 46.4 41.5 8.0 14 6 1.00

67

14 13.7 43.3 38.1 7.3 21 9 1.12

67

20 19.7 38.8 33.6 5.6 32 15 1.45

63

30 30.2 31.7 25.8 3.6 53 28 2.14

59

40 39.4 25.4 18.9 2.1 77 43 3.52

48

50 48.8 22.2 15.1 1.2 91 55 5.67

43

60 56.1 20.1 12.0 0.7 96 63 9.18

28

70 62.8 18.5 9.7 0.6 98 68 11.99

20

80 68.3 17.1 7.7 0.5 98 72 14.16

14

700MHz+2GHz, TDM HetNet, CA-Capable UE


Table 2 and Table 3 present the throughput and delay performance of the system without and with the restricted resource configuration signalled for SCell, respectively. In the last column of the Table 3 we show the tail delay improvement due to the signalled SCell restricted resource configuration. The gain is significant, ranging from 48% to 71%, depending on the system load (considering medium to light system loading). The gains are especially pronounced at the light system loading, as when a UE gets data to transmit it can utilize both carriers at the same time, without having to share resources with other UEs. In the case when restricted measurement configuration for a SCell is not available, the range expansion UEs would not be able to transmit on the other carrier (its SCell), hence taking longer time to transmit its data. Additionally, providing the full range expansion for UEs on both carriers provides more robust operation, i.e. less sensitivity to the choice of PCell, because both cells can opportunistically be used, as the part of scheduling decision, as opposed to semi-statically optimizing load balancing of UEs among the two cells and providing range expansion and utilization of resources on only one of them (PCell). 
3
Conclusions 

In this document we addressed the need for measurement resource restriction configuration for SCells when eICIC is applied on more than one CC. We provided the system simulation results quantifying the performance loss due to the lack of measurement resource restriction for a SCell. Significant gain due to the signalled SCell restricted resource configuration is observed (up to 70% tail delay improvement). Based on the analysis and minimal spec impact to define measurement resource restriction configuration for SCell, we propose that it gets adopted in Rel-11. The corresponding CR to capture this proposal in the specification is provided in [1].
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_1398151758.xls
D1, 2GHz+2GHz

				Single Carrier, Macro Only

				10MHz, 2GHz				 		 		 		 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Resource utilisation						95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%						sec		%

		4.1		2		2.1		53.9		58.4		23.0		4						0.36		-2

		10		5		5.0		44.9		44.9		19.1		13						0.45		0

		13.92		7		7.0		41.0		38.6		17.2		19						0.48		1

		20.6		10		10.3		34.5		33.6		11.1		32						0.72		-3

		30.06		15		15.0		25.4		23.5		4.7		59						1.69		-0

		40.06		20		20.0		16.6		11.8		0.9		90						7.67		-0

				Full buffer				0.9		0.8		0.4		100						N/A		N/A

				Carrier Aggregation, Macro Only

				20MHz, dual carrier, 2GHz+2GHz										 						 		 				Mean user data rate		50% user data rate		5% user data rate

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Resource utilisation						95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%						sec		%

				4		4.0		106.4		112.7		50.6		4						0.16		1				2.0		1.9		2.2				4   Mbps

				10		9.9		89.2		87.9		37.4		13						0.22		1				2.0		2.0		2.0				10 Mbps

				14		14.3		78.7		76.2		31.5		20						0.26		-2				1.9		2.0		1.8				14 Mbps

				20		20.3		67.5		64.0		22.2		32						0.36		-1				2.0		1.9		2.0				20 Mbps

				30		30.1		51.1		48.2		10.4		59						0.80		-0				2.0		2.1		2.2				30 Mbps

				40		39.7		35.4		29.1		2.1		91						3.57		1				2.1		2.5		2.2				40 Mbps

				Full buffer				1.8		1.5		0.8		100						N/A		N/A

				CA HetNet, CA-Capable UEs

				2GHz+2GHz, CA HetNet, CA-Capable UE										 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

				4		3.9		87.9		89.9		30.1		2		1		1.5		0.26		3				0.8		0.8		0.6				4   Mbps

				10		9.9		80.9		81.6		28.7		5		3		4		0.28		1				0.9		0.9		0.8				10 Mbps

				14		14.0		77.2		76.2		26.8		7		4		5.5		0.30		-0				1.0		1.0		0.8				14 Mbps

				20		20.1		71.5		69.6		24.2		11		6		8.5		0.33		-1				1.1		1.1		1.1				20 Mbps

				30		29.7		64.8		62.5		19.3		18		10		14		0.42		1				1.3		1.3		1.9				30 Mbps

				40		39.4		58.1		55.2		15.2		27		16		21.5		0.53		1				1.6		1.9		7.2				40 Mbps

				50		50.4		50.8		46.5		11.9		36		23		29.5		0.67		-1

				60		59.6		44.1		38.6		8.5		48		32		40		0.93		1

				70		70.2		37.8		32.0		5.6		61		43		52		1.36		-0

				80		79.4		33.1		26.6		3.7		73		53		63		2.05		1

				90		88.6		29.0		21.9		2.2		82		61		71.5		2.96		2

				Full buffer										100								N/A

				CA HetNet, CA-Capable UEs, No IC

				2GHz+2GHz, CA HetNet, CA-Capable UE, No IC										 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

				4		4.2		69.9		63.5		16.1		2		1		1.5		0.48		-4				1.2		1.2		1.1				4   Mbps

				10		10.2		65.4		59.3		15.3		5		3		4		0.53		-2				1.3		1.3		1.3				10 Mbps

				14		14.3		61.8		56.3		14.1		7		4		5.5		0.57		-2				1.4		1.5		1.7				14 Mbps

				20		20.2		58.1		51.3		12.7		11		6		8.5		0.63		-1				1.5		1.6		2.3				20 Mbps

				30		30.4		53.0		46.2		10.7		18		10		14		0.76		-1				1.6		1.7		2.9				30 Mbps

				40		40.6		47.6		39.8		8.7		26		14		20		0.92		-2				1.6		1.8		4.0				40 Mbps

				50		50.8		42.5		34.5		6.7		36		19		27.5		1.20		-2

				60		59.8		38.0		29.9		5.0		48		25		36.5		1.61		0

				70		69.7		33.9		26.0		3.3		59		30		44.5		2.23		0

				80		78.5		30.4		22.6		1.8		70		35		52.5		3.63		2

				90		85.0		27.9		19.8		1.0		79		39		59		5.93		6

				Full buffer										100								N/A

				CA HetNet, Single-Carrier UEs

				2GHz+2GHz, CA HetNet, Single-Carrier UE										 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

				4		3.8		48.1		52.3		16.3		3		1		2		0.50		5

				10		10.2		44.3		45.7		14.8		7		2		4.5		0.54		-2

				14		14.1		41.3		41.2		13.6		10		3		6.5		0.58		-1

				20		20.3		38.8		37.9		13.0		15		5		10		0.61		-2

				30		29.4		34.6		32.9		10.8		23		8		15.5		0.75		2

				40		39.3		30.9		29.1		8.9		32		12		22		0.93		2

				50		49.0		27.6		25.6		7.1		42		15		28.5		1.14		2

				60		59.7		24.1		22.1		5.3		53		21		37		1.50		1

				70		70.0		20.8		18.6		3.3		65		27		46		2.33		0

				80		78.2		18.7		15.9		2.0		73		32		52.5		3.27		2

				90		86.8		16.7		13.7		1.0		79		37		58		6.10		4

				Full buffer										100								N/A

				High + TDM, CA-Capable UEs										x16/9 due to partitioning

				2GHz+2GHz, CA HetNet, Single-Carrier UE										 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput				Macor Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

				4		3.9		62.0		57.1		14.4		2		1		1.4		0.53		2				1

				10		10.0		58.9		54.8		13.1		5		3		4.2		0.61		-0				3

				14		14.5		55.7		50.6		12.6		9		4		6.4		0.64		-4				5

				20		20.2		52.5		45.7		10.7		12		6		9.2		0.74		-1				7

				30		30.4		47.3		40.2		9.2		21		10		15.7		0.87		-1				12

				40		40.1		42.1		34.5		7.0		30		14		22.1		1.14		-0				17

				50		50.1		37.5		29.9		5.4		41		19		29.9		1.45		-0				23

				60		59.5		33.3		25.6		3.9		55		24		39.6		2.02		1				31

				70		68.3		29.7		22.4		2.4		66		29		47.4		2.91		2				37

				80		77.1		26.6		19.1		1.1		78		34		56.1		5.43		4				44

				90		83.2		24.4		16.4		0.8		87		37		62.1		7.82		8				49

				Full buffer										100								N/A

				TDM HetNet, CA-Capable UEs										x2 due to partitioning

				2GHz+2GHz, TDM HetNet, CA-Capable UE										 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput				Macro Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

				4		3.8		52.6		45.7		8.7		2		2		2		0.89		5				1

				10		9.9		48.0		38.7		7.6		6		5		5.5		1.05		1				3

				14		14.1		45.7		34.9		7.2		10		7		8.5		1.10		-1				5

				20		20.3		41.8		31.0		6.1		14		11		12.5		1.31		-1				7

				30		29.9		36.8		26.1		4.8		24		17		20.5		1.68		0				12

				40		40.2		32.2		21.4		3.9		36		24		30		2.06		-0				18

				50		49.2		28.4		18.1		2.8		50		31		40.5		2.79		2				25

				60		58.9		25.0		15.6		1.7		64		37		50.5		3.97		2				32

				70		66.9		22.7		13.7		1.0		76		41		58.5		6.00		4				38

				80		75.1		20.1		11.3		0.7		88		45		66.5		8.94		6				44

				90		79.9		18.9		9.9		0.6		92		48		70		11.01		11				46

				Full buffer										100								N/A

				TDM HetNet, Single-Carrier UEs										x2 due to partitioning

				2GHz+2GHz, TDM HetNet, Single Carrier UE										 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput				Macro Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

				4		4.0		30.9		30.2		8.0		2		1		1.5		0.94		1				1

				10		10.0		29.3		27.4		8.0		6		3		4.5		1.02		0				3

				14		14.1		27.9		25.6		7.1		10		4		7		1.11		-1				5

				20		19.9		26.0		22.9		6.7		14		6		10		1.22		1				7

				30		30.7		23.0		19.1		5.4		24		10		17		1.46		-2				12

				40		40.6		20.6		16.9		4.5		36		14		25		1.76		-1				18

				50		50.4		18.3		14.8		3.5		48		18		33		2.22		-1				24

				60		59.6		16.3		13.0		2.4		62		23		42.5		3.06		1				31

				70		67.8		14.8		11.3		1.4		72		27		49.5		4.62		3				36

				80		76.0		13.4		9.7		0.8		80		32		56		7.73		5				40

				90		82.3		12.6		8.6		0.7		84		35		59.5		10.09		9				42

				Full buffer										100								N/A

				TDM HetNet, SC w/ Low Power ABS

				10MHz, 2GHz				 		 		 		 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

		4.28		2		2.1		46.3		47.9		13.9		3		1		2		0.56		-7

		9.88		5		4.9		41.6		42.1		12.3		8		2		5		0.61		1

		13.66		7		6.8		39.5		39.0		11.8		10		3		6.5		0.66		2

		19.58		10		9.8		36.9		35.1		10.7		15		4		9.5		0.75		2

		29.8		15		14.9		32.2		28.9		9.0		25		7		16		0.86		1

		40.24		20		20.1		27.5		23.7		6.9		37		12		24.5		1.18		-1

		59.38		30		29.7		17.7		13.4		3.4		64		23		43.5		2.29		1

		78.06		40		39.0		10.8		6.9		1.5		88		38		63		4.88		2

				Full buffer																N/A		N/A

				TDM HetNet, SC w/ Low Power ABS, 4:4

				10MHz, 2GHz				 		 		 		 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

		4.14		2		2.1		37.6		35.4		9.1		2		1		1.5		1.00		-3

		10.18		5		5.1		32.1		29.6		6.6		6		3		4.5		1.12		-2

		13.68		7		6.8		31.2		28.4		6.3		8		4		6		1.21		2

		19.64		10		9.8		29.5		26.6		5.8		12		6		9		1.35		2

		29.96		15		15.0		25.7		22.1		4.4		21		10		15.5		1.79		0

		39.54		20		19.8		22.4		17.8		3.4		30		15		22.5		2.33		1

		61		30		30.5		16.5		11.9		1.4		55		28		41.5		4.93		-2

		76.68		40		38.3		13.4		8.7		0.7		77		39		58		8.67		4

				Full buffer																N/A		N/A

				TDM HetNet 21-Cell

				10MHz, 2GHz				 		 		 		 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

		42.16		20		21.1		29.9		26.3		8.2		20		12		16		1.99		-5

		47.08		24		23.5		26.6		22.7		6.8		25		15		20		2.49		2

		53.54		28		26.8		22.4		18.3		5.1		31		20		25.5		3.34		4

		64.32		32		32.2		17.9		13.9		3.8		40		26		33		4.09		-0

		71.98		36		36.0		15.0		10.8		2.7		46		30		38		5.41		0

		73.08		40		36.5		14.4		10.4		2.6		48		32		40		5.71		9

		84.98		44		42.5		10.9		7.7		2.1		57		41		49		7.04		3

		90.64		48		45.3		9.3		6.4		1.3		65		46		55.5		10.10		6

				Full buffer																N/A		N/A
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D1, 2GHz+2GHz

		



Mean user data rate

50% user data rate

5% user data rate



D3, 700MHz+2GHz

		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



Sheet3

		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs

TDM HetNet, SC w/ Low Power ABS

TDM HetNet, Single-Carrier UEs

TDM HetNet 21-Cell



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs

TDM HetNet, SC w/ Low Power ABS

TDM HetNet, Single-Carrier UEs



				Single Carrier, Macro Only

				10MHz, 2GHz				 		 		 		 						 

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

				Mbps		Mbps		Mbps		Mbps		Mbps		%						%

		0		2																100

		0		5																100

		0		7																100

		0		10																100

		0		15																100

		0		20																100

				Full buffer				0.9		0.8		0.4		100						N/A

				Carrier Aggregation, Macro Only

				20MHz, dual carrier, 2GHz+2GHz										 						 				Mean user data rate		50% user data rate		5% user data rate

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

				Mbps		Mbps		Mbps		Mbps		Mbps		%						%

				4																100				0.0		0.0		0.0				4   Mbps

				10																100				0.0		0.0		0.0				10 Mbps

				14																100				0.0		0.0		0.0				14 Mbps

				20																100				0.0		0.0		0.0				20 Mbps

				30																100				0.0		0.0		0.0				30 Mbps

				40																100				0.0		0.0		0.0				40 Mbps

				Full buffer				1.8		1.5		0.8		100						N/A

				CA HetNet, CA-Capable UEs

				2GHz+2GHz, CA HetNet, CA-Capable UE										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

				4																100				0.0		0.0		0.0				4   Mbps

				10																100				0.0		0.0		0.0				10 Mbps

				14																100				0.0		0.0		0.0				14 Mbps

				20																100				0.0		0.0		0.0				20 Mbps

				30																100				0.0		0.0		0.0				30 Mbps

				40																100				0.0		0.0		0.0				40 Mbps

				50																100

				60																100

				70																100

				80																100

				90																100

				Full buffer										100						N/A

				CA HetNet, CA-Capable UEs, No IC

				2GHz+2GHz, CA HetNet, CA-Capable UE, No IC										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

				4																100				0.0		0.0		0.0				4   Mbps

				10																100				0.0		0.0		0.0				10 Mbps

				14																100				0.0		0.0		0.0				14 Mbps

				20																100				0.0		0.0		0.0				20 Mbps

				30																100				0.0		0.0		0.0				30 Mbps

				40																100				0.0		0.0		0.0				40 Mbps

				50																100

				60																100

				70																100

				80																100

				90																100

				Full buffer										100						N/A

				CA HetNet, Single-Carrier UEs

				2GHz+2GHz, CA HetNet, Single-Carrier UE										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

				4																100

				10																100

				14																100

				20																100

				30																100

				40																100

				50																100

				60																100

				70																100

				80																100

				90																100

				Full buffer										100						N/A

				High + TDM, CA-Capable UEs										x16/9 due to partitioning

				2GHz+2GHz, CA HetNet, Single-Carrier UE										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput				Macor Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

				4																100

				10																100

				14																100

				20																100

				30																100

				40																100

				50																100

				60																100

				70																100

				80																100

				90																100

				Full buffer										100						N/A

				TDM HetNet, CA-Capable UEs, No restricted resource configuration signaled for Scell

				700MHz+2GHz, TDM HetNet, CA-Capable UE										 				 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		95%-ile delay				Macro Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		sec

				4		4.1		39.9		31.6		2.8		5		4		2.72				5

				10		10.1		35.8		28		2.4		14		10		3.05				13

				14		13.8		33.9		26.3		2.4		20		14		3.36				19

				20		19.7		30.1		21.9		2		31		20		3.96				31

				30		30.5		24.7		15.1		1.5		55		31		5.19				52

				40		38.2		21.5		11.6		1		75		39		6.84				60

				50		47.5		18.5		9		0.7		90		45		9.87				62

				60		54		17		7.4		0.5		96		49		12.82				62

				70		59.1		15.6		5.7		0.5		97		51		14.92				62

				80		63.1		14.6		4.7		0.4		98		54		16.41				62

				90																100

				Full buffer										100						N/A

				TDM HetNet, CA-Capable UEs, w/ eICIC SCC										x8/5 due to partitioning

				2GHz+2GHz, TDM HetNet, CA-Capable UE										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		95%-ile delay		Delay improvement				Macro Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		sec		%

				4		3.8		51.5		47.9		9.6		5		2		0.80		71				3

				10		10.2		46.4		41.5		8.0		14		6		1.00		67				9

				14		13.7		43.3		38.1		7.3		21		9		1.12		67				13

				20		19.7		38.8		33.6		5.6		32		15		1.45		63				20

				30		30.2		31.7		25.8		3.6		53		28		2.14		59				33

				40		39.4		25.4		18.9		2.1		77		43		3.52		48				48

				50		48.8		22.2		15.1		1.2		91		55		5.67		43				57

				60		56.1		20.1		12.0		0.7		96		63		9.18		28				60

				70		62.8		18.5		9.7		0.6		98		68		11.99		20				61

				80		68.3		17.1		7.7		0.5		98		72		14.16		14				61

				90																0

				Full buffer										100						N/A

				TDM HetNet, Single-Carrier UEs										x2 due to partitioning

				2GHz+2GHz, TDM HetNet, Single Carrier UE										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput				Macro Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

				4																100

				10																100

				14																100

				20																100

				30																100

				40																100

				50																100

				60																100

				70																100

				80																100

				90																100

				Full buffer										100						N/A

				TDM HetNet, SC w/ Low Power ABS

				10MHz, 2GHz				 		 		 		 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

		4.28		2		2.1		46.3		47.9		13.9		3		1		2		-7

		9.88		5		4.9		41.6		42.1		12.3		8		2		5		1

		13.66		7		6.8		39.5		39.0		11.8		10		3		6.5		2

		19.58		10		9.8		36.9		35.1		10.7		15		4		9.5		2

		29.8		15		14.9		32.2		28.9		9.0		25		7		16		1

		40.24		20		20.1		27.5		23.7		6.9		37		12		24.5		-1

		59.38		30		29.7		17.7		13.4		3.4		64		23		43.5		1

		78.06		40		39.0		10.8		6.9		1.5		88		38		63		2

				Full buffer																N/A
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Mean user data rate

50% user data rate

5% user data rate



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No restricted resource configuration signaled for Scell

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No restricted resource configuration signaled for Scell



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No restricted resource configuration signaled for Scell



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No restricted resource configuration signaled for Scell

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No restricted resource configuration signaled for Scell

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No restricted resource configuration signaled for Scell

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



																7.87452844484254E-297



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No restricted resource configuration signaled for Scell

TDM HetNet, SC w/ Low Power ABS

TDM HetNet, Single-Carrier UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No restricted resource configuration signaled for Scell

TDM HetNet, SC w/ Low Power ABS

TDM HetNet, Single-Carrier UEs
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_1398502467.vsd

_1398151701.xls
D1, 2GHz+2GHz

				Single Carrier, Macro Only

				10MHz, 2GHz				 		 		 		 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Resource utilisation						95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%						sec		%

		4.1		2		2.1		53.9		58.4		23.0		4						0.36		-2

		10		5		5.0		44.9		44.9		19.1		13						0.45		0

		13.92		7		7.0		41.0		38.6		17.2		19						0.48		1

		20.6		10		10.3		34.5		33.6		11.1		32						0.72		-3

		30.06		15		15.0		25.4		23.5		4.7		59						1.69		-0

		40.06		20		20.0		16.6		11.8		0.9		90						7.67		-0

				Full buffer				0.9		0.8		0.4		100						N/A		N/A

				Carrier Aggregation, Macro Only

				20MHz, dual carrier, 2GHz+2GHz										 						 		 				Mean user data rate		50% user data rate		5% user data rate

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Resource utilisation						95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%						sec		%

				4		4.0		106.4		112.7		50.6		4						0.16		1				2.0		1.9		2.2				4   Mbps

				10		9.9		89.2		87.9		37.4		13						0.22		1				2.0		2.0		2.0				10 Mbps

				14		14.3		78.7		76.2		31.5		20						0.26		-2				1.9		2.0		1.8				14 Mbps

				20		20.3		67.5		64.0		22.2		32						0.36		-1				2.0		1.9		2.0				20 Mbps

				30		30.1		51.1		48.2		10.4		59						0.80		-0				2.0		2.1		2.2				30 Mbps

				40		39.7		35.4		29.1		2.1		91						3.57		1				2.1		2.5		2.2				40 Mbps

				Full buffer				1.8		1.5		0.8		100						N/A		N/A

				CA HetNet, CA-Capable UEs

				2GHz+2GHz, CA HetNet, CA-Capable UE										 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

				4		3.9		87.9		89.9		30.1		2		1		1.5		0.26		3				0.8		0.8		0.6				4   Mbps

				10		9.9		80.9		81.6		28.7		5		3		4		0.28		1				0.9		0.9		0.8				10 Mbps

				14		14.0		77.2		76.2		26.8		7		4		5.5		0.30		-0				1.0		1.0		0.8				14 Mbps

				20		20.1		71.5		69.6		24.2		11		6		8.5		0.33		-1				1.1		1.1		1.1				20 Mbps

				30		29.7		64.8		62.5		19.3		18		10		14		0.42		1				1.3		1.3		1.9				30 Mbps

				40		39.4		58.1		55.2		15.2		27		16		21.5		0.53		1				1.6		1.9		7.2				40 Mbps

				50		50.4		50.8		46.5		11.9		36		23		29.5		0.67		-1

				60		59.6		44.1		38.6		8.5		48		32		40		0.93		1

				70		70.2		37.8		32.0		5.6		61		43		52		1.36		-0

				80		79.4		33.1		26.6		3.7		73		53		63		2.05		1

				90		88.6		29.0		21.9		2.2		82		61		71.5		2.96		2

				Full buffer										100								N/A

				CA HetNet, CA-Capable UEs, No IC

				2GHz+2GHz, CA HetNet, CA-Capable UE, No IC										 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

				4		4.2		69.9		63.5		16.1		2		1		1.5		0.48		-4				1.2		1.2		1.1				4   Mbps

				10		10.2		65.4		59.3		15.3		5		3		4		0.53		-2				1.3		1.3		1.3				10 Mbps

				14		14.3		61.8		56.3		14.1		7		4		5.5		0.57		-2				1.4		1.5		1.7				14 Mbps

				20		20.2		58.1		51.3		12.7		11		6		8.5		0.63		-1				1.5		1.6		2.3				20 Mbps

				30		30.4		53.0		46.2		10.7		18		10		14		0.76		-1				1.6		1.7		2.9				30 Mbps

				40		40.6		47.6		39.8		8.7		26		14		20		0.92		-2				1.6		1.8		4.0				40 Mbps

				50		50.8		42.5		34.5		6.7		36		19		27.5		1.20		-2

				60		59.8		38.0		29.9		5.0		48		25		36.5		1.61		0

				70		69.7		33.9		26.0		3.3		59		30		44.5		2.23		0

				80		78.5		30.4		22.6		1.8		70		35		52.5		3.63		2

				90		85.0		27.9		19.8		1.0		79		39		59		5.93		6

				Full buffer										100								N/A

				CA HetNet, Single-Carrier UEs

				2GHz+2GHz, CA HetNet, Single-Carrier UE										 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

				4		3.8		48.1		52.3		16.3		3		1		2		0.50		5

				10		10.2		44.3		45.7		14.8		7		2		4.5		0.54		-2

				14		14.1		41.3		41.2		13.6		10		3		6.5		0.58		-1

				20		20.3		38.8		37.9		13.0		15		5		10		0.61		-2

				30		29.4		34.6		32.9		10.8		23		8		15.5		0.75		2

				40		39.3		30.9		29.1		8.9		32		12		22		0.93		2

				50		49.0		27.6		25.6		7.1		42		15		28.5		1.14		2

				60		59.7		24.1		22.1		5.3		53		21		37		1.50		1

				70		70.0		20.8		18.6		3.3		65		27		46		2.33		0

				80		78.2		18.7		15.9		2.0		73		32		52.5		3.27		2

				90		86.8		16.7		13.7		1.0		79		37		58		6.10		4

				Full buffer										100								N/A

				High + TDM, CA-Capable UEs										x16/9 due to partitioning

				2GHz+2GHz, CA HetNet, Single-Carrier UE										 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput				Macor Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

				4		3.9		62.0		57.1		14.4		2		1		1.4		0.53		2				1

				10		10.0		58.9		54.8		13.1		5		3		4.2		0.61		-0				3

				14		14.5		55.7		50.6		12.6		9		4		6.4		0.64		-4				5

				20		20.2		52.5		45.7		10.7		12		6		9.2		0.74		-1				7

				30		30.4		47.3		40.2		9.2		21		10		15.7		0.87		-1				12

				40		40.1		42.1		34.5		7.0		30		14		22.1		1.14		-0				17

				50		50.1		37.5		29.9		5.4		41		19		29.9		1.45		-0				23

				60		59.5		33.3		25.6		3.9		55		24		39.6		2.02		1				31

				70		68.3		29.7		22.4		2.4		66		29		47.4		2.91		2				37

				80		77.1		26.6		19.1		1.1		78		34		56.1		5.43		4				44

				90		83.2		24.4		16.4		0.8		87		37		62.1		7.82		8				49

				Full buffer										100								N/A

				TDM HetNet, CA-Capable UEs										x2 due to partitioning

				2GHz+2GHz, TDM HetNet, CA-Capable UE										 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput				Macro Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

				4		3.8		52.6		45.7		8.7		2		2		2		0.89		5				1

				10		9.9		48.0		38.7		7.6		6		5		5.5		1.05		1				3

				14		14.1		45.7		34.9		7.2		10		7		8.5		1.10		-1				5

				20		20.3		41.8		31.0		6.1		14		11		12.5		1.31		-1				7

				30		29.9		36.8		26.1		4.8		24		17		20.5		1.68		0				12

				40		40.2		32.2		21.4		3.9		36		24		30		2.06		-0				18

				50		49.2		28.4		18.1		2.8		50		31		40.5		2.79		2				25

				60		58.9		25.0		15.6		1.7		64		37		50.5		3.97		2				32

				70		66.9		22.7		13.7		1.0		76		41		58.5		6.00		4				38

				80		75.1		20.1		11.3		0.7		88		45		66.5		8.94		6				44

				90		79.9		18.9		9.9		0.6		92		48		70		11.01		11				46

				Full buffer										100								N/A

				TDM HetNet, Single-Carrier UEs										x2 due to partitioning

				2GHz+2GHz, TDM HetNet, Single Carrier UE										 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput				Macro Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

				4		4.0		30.9		30.2		8.0		2		1		1.5		0.94		1				1

				10		10.0		29.3		27.4		8.0		6		3		4.5		1.02		0				3

				14		14.1		27.9		25.6		7.1		10		4		7		1.11		-1				5

				20		19.9		26.0		22.9		6.7		14		6		10		1.22		1				7

				30		30.7		23.0		19.1		5.4		24		10		17		1.46		-2				12

				40		40.6		20.6		16.9		4.5		36		14		25		1.76		-1				18

				50		50.4		18.3		14.8		3.5		48		18		33		2.22		-1				24

				60		59.6		16.3		13.0		2.4		62		23		42.5		3.06		1				31

				70		67.8		14.8		11.3		1.4		72		27		49.5		4.62		3				36

				80		76.0		13.4		9.7		0.8		80		32		56		7.73		5				40

				90		82.3		12.6		8.6		0.7		84		35		59.5		10.09		9				42

				Full buffer										100								N/A

				TDM HetNet, SC w/ Low Power ABS

				10MHz, 2GHz				 		 		 		 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

		4.28		2		2.1		46.3		47.9		13.9		3		1		2		0.56		-7

		9.88		5		4.9		41.6		42.1		12.3		8		2		5		0.61		1

		13.66		7		6.8		39.5		39.0		11.8		10		3		6.5		0.66		2

		19.58		10		9.8		36.9		35.1		10.7		15		4		9.5		0.75		2

		29.8		15		14.9		32.2		28.9		9.0		25		7		16		0.86		1

		40.24		20		20.1		27.5		23.7		6.9		37		12		24.5		1.18		-1

		59.38		30		29.7		17.7		13.4		3.4		64		23		43.5		2.29		1

		78.06		40		39.0		10.8		6.9		1.5		88		38		63		4.88		2

				Full buffer																N/A		N/A

				TDM HetNet, SC w/ Low Power ABS, 4:4

				10MHz, 2GHz				 		 		 		 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

		4.14		2		2.1		37.6		35.4		9.1		2		1		1.5		1.00		-3

		10.18		5		5.1		32.1		29.6		6.6		6		3		4.5		1.12		-2

		13.68		7		6.8		31.2		28.4		6.3		8		4		6		1.21		2

		19.64		10		9.8		29.5		26.6		5.8		12		6		9		1.35		2

		29.96		15		15.0		25.7		22.1		4.4		21		10		15.5		1.79		0

		39.54		20		19.8		22.4		17.8		3.4		30		15		22.5		2.33		1

		61		30		30.5		16.5		11.9		1.4		55		28		41.5		4.93		-2

		76.68		40		38.3		13.4		8.7		0.7		77		39		58		8.67		4

				Full buffer																N/A		N/A

				TDM HetNet 21-Cell

				10MHz, 2GHz				 		 		 		 						 		 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		95%-ile delay		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		sec		%

		42.16		20		21.1		29.9		26.3		8.2		20		12		16		1.99		-5

		47.08		24		23.5		26.6		22.7		6.8		25		15		20		2.49		2

		53.54		28		26.8		22.4		18.3		5.1		31		20		25.5		3.34		4

		64.32		32		32.2		17.9		13.9		3.8		40		26		33		4.09		-0

		71.98		36		36.0		15.0		10.8		2.7		46		30		38		5.41		0

		73.08		40		36.5		14.4		10.4		2.6		48		32		40		5.71		9

		84.98		44		42.5		10.9		7.7		2.1		57		41		49		7.04		3

		90.64		48		45.3		9.3		6.4		1.3		65		46		55.5		10.10		6

				Full buffer																N/A		N/A
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D1, 2GHz+2GHz

		



Mean user data rate

50% user data rate

5% user data rate



D3, 700MHz+2GHz

		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



Sheet3

		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs

TDM HetNet, SC w/ Low Power ABS

TDM HetNet, Single-Carrier UEs

TDM HetNet 21-Cell



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs

TDM HetNet, SC w/ Low Power ABS

TDM HetNet, Single-Carrier UEs



				Single Carrier, Macro Only

				10MHz, 2GHz				 		 		 		 						 

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

				Mbps		Mbps		Mbps		Mbps		Mbps		%						%

		0		2																100

		0		5																100

		0		7																100

		0		10																100

		0		15																100

		0		20																100

				Full buffer				0.9		0.8		0.4		100						N/A

				Carrier Aggregation, Macro Only

				20MHz, dual carrier, 2GHz+2GHz										 						 				Mean user data rate		50% user data rate		5% user data rate

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

				Mbps		Mbps		Mbps		Mbps		Mbps		%						%

				4																100				0.0		0.0		0.0				4   Mbps

				10																100				0.0		0.0		0.0				10 Mbps

				14																100				0.0		0.0		0.0				14 Mbps

				20																100				0.0		0.0		0.0				20 Mbps

				30																100				0.0		0.0		0.0				30 Mbps

				40																100				0.0		0.0		0.0				40 Mbps

				Full buffer				1.8		1.5		0.8		100						N/A

				CA HetNet, CA-Capable UEs

				2GHz+2GHz, CA HetNet, CA-Capable UE										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

				4																100				0.0		0.0		0.0				4   Mbps

				10																100				0.0		0.0		0.0				10 Mbps

				14																100				0.0		0.0		0.0				14 Mbps

				20																100				0.0		0.0		0.0				20 Mbps

				30																100				0.0		0.0		0.0				30 Mbps

				40																100				0.0		0.0		0.0				40 Mbps

				50																100

				60																100

				70																100

				80																100

				90																100

				Full buffer										100						N/A

				CA HetNet, CA-Capable UEs, No IC

				2GHz+2GHz, CA HetNet, CA-Capable UE, No IC										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

				4																100				0.0		0.0		0.0				4   Mbps

				10																100				0.0		0.0		0.0				10 Mbps

				14																100				0.0		0.0		0.0				14 Mbps

				20																100				0.0		0.0		0.0				20 Mbps

				30																100				0.0		0.0		0.0				30 Mbps

				40																100				0.0		0.0		0.0				40 Mbps

				50																100

				60																100

				70																100

				80																100

				90																100

				Full buffer										100						N/A

				CA HetNet, Single-Carrier UEs

				2GHz+2GHz, CA HetNet, Single-Carrier UE										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

				4																100

				10																100

				14																100

				20																100

				30																100

				40																100

				50																100

				60																100

				70																100

				80																100

				90																100

				Full buffer										100						N/A

				High + TDM, CA-Capable UEs										x16/9 due to partitioning

				2GHz+2GHz, CA HetNet, Single-Carrier UE										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput				Macor Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

				4																100

				10																100

				14																100

				20																100

				30																100

				40																100

				50																100

				60																100

				70																100

				80																100

				90																100

				Full buffer										100						N/A

				TDM HetNet, CA-Capable UEs, No eICIC SCC										x8/5 due to partitioning

				2GHz+2GHz, TDM HetNet, CA-Capable UE										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput				Macro Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

				4		4.0		43.3		33.2		7.5		8		2				-0				5

				10		9.9		37.5		28.3		6.6		21		5				1				13

				14		14.0		34.1		25.2		5.7		30		7				-0				19

				20		19.7		29.6		21.2		4.4		50		11				1				31

				30		29.5		22.4		14.1		2.2		83		19				2				52

				40		38.8		19.2		10.6		0.9		96		27				3				60

				50		45.4		17.4		8.7		0.6		99		32				9				62

				60		51.1		15.7		6.8		0.5		99		37				15				62

				70		56.0		14.4		5.6		0.4		99		42				20				62

				80		60.9		13.4		4.8		0.4		99		45				24				62

				90																100

				Full buffer										100						N/A

				TDM HetNet, CA-Capable UEs, With restricted resource configuration signaled for Scell

				700MHz+2GHz, TDM HetNet, CA-Capable UE										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		95%-ile delay		Tail Delay improvement				Macro Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		sec		%

				4		3.8		51.5		47.9		9.6		5		2		0.80		71				3

				10		10.2		46.4		41.5		8.0		14		6		1.00		67				9

				14		13.7		43.3		38.1		7.3		21		9		1.12		67				13

				20		19.7		38.8		33.6		5.6		32		15		1.45		63				20

				30		30.2		31.7		25.8		3.6		53		28		2.14		59				33

				40		39.4		25.4		18.9		2.1		77		43		3.52		48				48

				50		48.8		22.2		15.1		1.2		91		55		5.67		43				57

				60		56.1		20.1		12.0		0.7		96		63		9.18		28				?

				70		62.8		18.5		9.7		0.6		98		68		11.99		20				61

				80		68.3		17.1		7.7		0.5		98		72		14.16		14				61

				90																0

				Full buffer										100						N/A

				TDM HetNet, Single-Carrier UEs										x2 due to partitioning

				2GHz+2GHz, TDM HetNet, Single Carrier UE										 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput				Macro Utilization

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

				4																100

				10																100

				14																100

				20																100

				30																100

				40																100

				50																100

				60																100

				70																100

				80																100

				90																100

				Full buffer										100						N/A

				TDM HetNet, SC w/ Low Power ABS

				10MHz, 2GHz				 		 		 		 						 

				Offered load		Served  throughput		Mean user data rate		50% user data rate		5% user data rate		Macro Resource utilisation		Pico Resource utilization		Average Resource utilization		Unserved throughput

				Mbps		Mbps		Mbps		Mbps		Mbps		%		%		%		%

		4.28		2		2.1		46.3		47.9		13.9		3		1		2		-7

		9.88		5		4.9		41.6		42.1		12.3		8		2		5		1

		13.66		7		6.8		39.5		39.0		11.8		10		3		6.5		2

		19.58		10		9.8		36.9		35.1		10.7		15		4		9.5		2

		29.8		15		14.9		32.2		28.9		9.0		25		7		16		1

		40.24		20		20.1		27.5		23.7		6.9		37		12		24.5		-1

		59.38		30		29.7		17.7		13.4		3.4		64		23		43.5		1

		78.06		40		39.0		10.8		6.9		1.5		88		38		63		2

				Full buffer																N/A
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Mean user data rate

50% user data rate

5% user data rate



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No eICIC SCC

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No eICIC SCC



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No eICIC SCC



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No eICIC SCC

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No eICIC SCC

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, CA-Capable UEs, No IC

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No eICIC SCC

TDM HetNet, Single-Carrier UEs

TDM HetNet, SC w/ Low Power ABS

High + TDM, CA-Capable UEs
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Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No eICIC SCC

TDM HetNet, SC w/ Low Power ABS

TDM HetNet, Single-Carrier UEs



		



Single Carrier, Macro Only

Carrier Aggregation, Macro Only

CA HetNet, CA-Capable UEs

CA HetNet, Single-Carrier UEs

TDM HetNet, CA-Capable UEs, No eICIC SCC

TDM HetNet, SC w/ Low Power ABS

TDM HetNet, Single-Carrier UEs
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