
3GPP TSG RAN1#57       





                        R1-092167
San Francisco, USA
May 4–8, 2009
Source:
Motorola

Title:
LTE Link Budgets for IMT-A
Agenda Item:
15
Document for:
Discussion
1. Introduction
In this contribution, LTE LB for IMT-A is proposed.
2. Notes on the Link Budget
The proposed link budget for IMT-A under various scenarios are embedded in this document.  The following additional points may be noted.

a. The ACR was set to 95% for control channel and to 90% for the data channel.  This affects the shadow fade margin used in the spreadsheet.
b. The UL rate was set to 1Mbps for indoor hotspot and 200Kbps otherwise. The DL rate was set to 4.6Mbps for indoor hotspot and 2.2Mbps otherwise.  Also included separate LB for UL ACK/CQI/RACH.
c. The SNR included fade margin with 2 Rx antennas (UL:1Tx-2Rx, DL:2Tx-2Rx).  The SNR corresponds to per receive antenna SNR.  Receiver diversity gain beyond 2 antennas is accounted separately in row 64.  The SNR plots are also included in the spreadsheet.
d. The HARQ gain is accounted separately assuming 10% re-transmission on the average.
e. The IoT numbers are tentative and needs to be verified.
f. Beam-forming gain is applicable if number of antenna > 2.
g. No BS selection/macro-diversity gain is included.

h. The shadow fade margin is computed from slope, shadow fade SD and target ACR/ECR based on [2].
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_1302349427.xls
LB-200 Kbps UL - UL CQI

		Deployment Scenario		Indoor Hotspot								Urban micro-cell												Urban macro-cell								Rural macro-cell								Suburban macro-cell

				LoS				NLoS				LoS				NLoS				O-to-I				LoS				NLoS				LoS				NLoS				LoS				NLoS				Comments

		Item		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL

		System configuration

		Carrier frequency (GHz)		3.4		3.4		3.4		3.4		2.5		2.5		2.5		2.5		2.5		2.5		2		2		2		2		0.8		0.8		0.8		0.8		2		2		2		2

		BS antenna heights (m)		6		6		6		6		10		10		10		10		10		10		25		25		25		25		35		35		35		35		35		35		35		35

		UT antenna heights (m)		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5

		Cell area reliability(1) (%) (Please specify how it is calculated.) for control channel		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%

		Cell area reliability(1) (%) (Please specify how it is calculated.) for data channel		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%

		Transmission bit rate for control channel (bit/s)		44000		4000		44000		4000		42000		4000		42000		4000		42000		4000		42000		4000		42000		4000		42000		4000		42000		4000		42000		4000		42000		4000		DL: PDCCH, UL: CQI

		Transmission bit rate for data channel (bit/s)		4125600		928800		4125600		928800		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		Indoor: DL:100RB; UL:10RB
Others: DL:50RB; UL:5RB

		Target packet error rate for the required SNR in item (19a) for control channel		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%

		Target packet error rate for the required SNR in item (19b) for data channel		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%

		Spectral efficiency(2) (bit/s/Hz)		0.23		0.52		0.23		0.52		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21

		Pathloss model(3) (select from LoS or NLoS)		LoS				NLoS				LoS				NLoS				O-to-I				LoS				NLoS				LoS				NLoS				LoS				NLoS

		Mobile speed (km/h)		3		3		3		3		3		3		3		3		3		3		30		30		30		30		120		120		120		120		3 or 90		3 or 90		3 or 90		3 or 90

		Feeder loss (dB)		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		Feeder loss = 2dB
Connector loss = 1dB

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1

		(2) Maximal transmit power per antenna (dBm)		18		21		18		21		38		24		38		24		41		24		43		24		43		24		43		24		43		24		43		24		43		24

		(3) Total transmit power = function of (1) and (2) (dBm)
(The value shall not exceed the indicated value in Table 6 of Report ITU-R M.2135)		21		21		21		21		41		24		41		24		44		24		46		24		46		24		46		24		46		24		46		24		46		24

		(4) Transmitter antenna gain (dBi)		0		0		0		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0

		(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(6) Control channel power boosting gain (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(7) Data channel power loss due to pilot/control boosting (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		18		20		18		20		55		23		55		23		58		23		60		23		60		23		60		23		60		23		60		23		60		23

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		18		20		18		20		55		23		55		23		58		23		60		23		60		23		60		23		60		23		60		23		60		23

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)		2		4		2		4		2		4		2		4		2		4		2		4		2		4		2		4		2		4		2		4		2		4

		(11) Receiver antenna gain (dBi)		0		0		0		0		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0		17

		(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3

		(13) Receiver noise figure (dB)		7		5		7		5		7		5		7		5		7		5		7		5		7		5		7		5		7		5		7		5		7		5

		(14) Thermal noise density (dBm/Hz)		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174

		(15a) Receiver interference density (dBm/Hz) for data		-174		-173		-174		-173		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169

		(15b) Receiver interference over thermal noise (dB) for control channel		0		1		0		1		2		8		2		8		2		8		2		8		2		8		2		8		2		8		2		8		2		8

		(15c) Receiver interference over thermal noise (dB) for data channel		0		1		0		1		2		5		2		5		2		5		2		5		2		5		2		5		2		5		2		5		2		5

		(16a) Total noise plus interference density for control channel (dBm/Hz)		-167		-168		-167		-168		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161

		(16b) Total noise plus interference density for control channel (dBm/Hz)		-167		-168		-167		-168		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		18000000		180000		18000000		180000		9000000		180000		9000000		180000		9000000		180000		9000000		180000		9000000		180000		9000000		180000		9000000		180000		9000000		180000		9000000		180000

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18000000		1800000		18000000		1800000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000

		(18a) Effective noise power for control channel = (16) + 10 log((17)) dBm		-94		-115		-94		-115		-95		-108		-95		-108		-95		-108		-95		-108		-95		-108		-95		-108		-95		-108		-95		-108		-95		-108

		(18b) Effective noise power for data channel = (16) + 10 log((17)) dBm		-94		-105		-94		-105		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101

		(19a) Required SNR for the control channel (dB)		-4.2		-6.5		-4.2		-6.5		-4.2		-6.5		-4.2		-6.5		-4.2		-6.5		-4.2		-6.5		-4.2		-6.5		-4.2		-6.5		-4.2		-6.5		-4.2		-6.5		-4.2		-6.5

		(19b) Required SNR for the data channel (dB)		-1.6		0.8		-1.6		0.8		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7

		(20) Receiver implementation margin (dB)		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2

		(21a) H-ARQ gain for control channel (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(21b) H-ARQ gain for data channel (dB)		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		(22a) Receiver sensitivity for control channel		-97		-120		-97		-120		-98		-113		-98		-113		-98		-113		-98		-113		-98		-113		-98		-113		-98		-113		-98		-113		-98		-113

		= (18) + (19a) + (20) – (21a)  dBm

		(22b) Receiver sensitivity for data channel		-95		-103		-95		-103		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102

		= (18) + (19b) + (20) – (21b)  dBm

		(23a) Hardware link budget for control channel		115		140		115		140		153		153		153		153		156		153		158		153		158		153		158		153		158		153		158		153		158		153

		= (9a) + (11) − (22a)   dB

		(23b) Hardware link budget for data channel		113		123		113		123		151		142		151		142		154		142		156		142		156		142		156		142		156		142		156		142		156		142

		= (9b) + (11) − (22b)  dB

		Calculation of available pathloss

		(24a) Lognormal shadow fading std deviation for control channel (dB)		3		3		4		4		3		3		4		4		7		7		4		4		6		6		6		6		8		8		6		6		8		8

		(24b) Lognormal shadow fading std deviation for data channel (dB)		3		3		4		4		3		3		4		4		7		7		4		4		6		6		6		6		8		8		6		6		8		8

		(25a) Shadow fading margin (function of the cell area reliability and (24a)) (dB) for control channel		3		3		3		3		2		2		4		4		5		5		3		3		6		6		6		6		8.5		8.5		6		6		8.5		8.5

		(25b) Shadow fading margin (function of the cell area reliability and (24b)) (dB) for data channel		2		2		1		1		2		2		3		3		5		5		3		3		4		4		4		4		5.5		5.5		4		4		5.5		5.5

		(26) BS selection/macro-diversity gain (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(27) Penetration margin (dB)		0		0		0		0		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20

		(28) Other gains (dB) (Rx Diversity Gain beyond 2 Rx antennas)		0		3		0		3		0		3		0		3		0		3		0		3		0		3		0		3		0		3		0		3		0		3

		(29a) Available path loss for control channel 
         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		111		137		111		137		130		131		128		129		130		128		134		130		131		127		131		127		129		125		131		127		129		125

		(29b) Available path loss for data channel 
          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		110		121		111		122		128		120		127		119		128		117		132		119		131		118		131		118		129		116		131		118		129		116

		Deployment Scenario		Indoor Hotspot								Urban micro-cell												Urban macro-cell								Rural macro-cell								Suburban macro-cell

				LoS				NLoS				LoS				NLoS				O-to-I				LoS				NLoS				LoS				NLoS				LoS				NLoS

		Item		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL

		Range/coverage efficiency calculation

		(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)		100.0		100.0		100.0		100.0		2150.0		2315.7		389.9		422.8						4255.7		3437.3		853.5		685.9		8696.4		7024.0		1931.0		1547.9		5000.0		5000.0		1028.7		824.6

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		100.0		100.0		100.0		100.0		1861.8		1174.7		354.9		214.8						3685.3		1743.7		736.6		342.5		8449.7		3998.0		1989.4		916.7		5000.0		2929.7		1059.8		488.3

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		3.14E+04		3.14E+04		3.14E+04		3.14E+04		1.45E+07		1.68E+07		4.78E+05		5.62E+05		0.00E+00		0.00E+00		5.69E+07		3.71E+07		2.29E+06		1.48E+06		2.38E+08		1.55E+08		1.17E+07		7.53E+06		7.85E+07		7.85E+07		3.32E+06		2.14E+06

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		3.14E+04		3.14E+04		3.14E+04		3.14E+04		1.09E+07		4.34E+06		3.96E+05		1.45E+05		0.00E+00		0.00E+00		4.27E+07		9.55E+06		1.70E+06		3.69E+05		2.24E+08		5.02E+07		1.24E+07		2.64E+06		7.85E+07		2.70E+07		3.53E+06		7.49E+05

		Intersite Distance		200		200		200		200		3225		2035		615		372		0		0		6383		3020		1276		593		14635		6925		3345		1588		8660		5074		1782		846

		Required Intersite Distance		60								200												500								1732								1299

		(1)  Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to c

		(2)  The spectral efficiency of the chosen modulation scheme.

		(3)  The pathloss models are summarized in Table 9 of Report ITU-R M.2135.

		Break point distance (dBP)		113.3		113.3		113.3		113.3		150.0		150.0		150.0		150.0		150.0		150.0		320.0		320.0		320.0		320.0		879.6		879.6		879.6		879.6		2199.1		2199.1		2199.1		2199.1

		d1_1 (control)										19088.4		21847.1										35537.6		24101.2						116575.7		76048.9						56061.9		36572.4

		d1_2 (control)										2150.0		2315.7										4255.7		3437.3						8696.4		7024.0						6372.6		5147.1

		d1_1 (data)										14693.8		6360.6										27356.0		7016.9						110054.5		24638.1						52925.9		11848.6

		d1_2 (data)										1861.8		1174.7										3685.3		1743.7						8449.7		3998.0						6191.8		2929.7





LB-200 Kbps UL - UL ACK

		Deployment Scenario		Indoor Hotspot								Urban micro-cell												Urban macro-cell								Rural macro-cell								Suburban macro-cell

				LoS				NLoS				LoS				NLoS				O-to-I				LoS				NLoS				LoS				NLoS				LoS				NLoS				Comments

		Item		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL

		System configuration

		Carrier frequency (GHz)		3.4		3.4		3.4		3.4		2.5		2.5		2.5		2.5		2.5		2.5		2		2		2		2		0.8		0.8		0.8		0.8		2		2		2		2

		BS antenna heights (m)		6		6		6		6		10		10		10		10		10		10		25		25		25		25		35		35		35		35		35		35		35		35

		UT antenna heights (m)		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5

		Cell area reliability(1) (%) (Please specify how it is calculated.) for control channel		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%

		Cell area reliability(1) (%) (Please specify how it is calculated.) for data channel		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%

		Transmission bit rate for control channel (bit/s)		44000		1000		44000		1000		42000		1000		42000		1000		42000		1000		42000		1000		42000		1000		42000		1000		42000		1000		42000		1000		42000		1000		DL: PDCCH, UL: CQI

		Transmission bit rate for data channel (bit/s)		4125600		928800		4125600		928800		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		Indoor: DL:100RB; UL:10RB
Others: DL:50RB; UL:5RB

		Target packet error rate for the required SNR in item (19a) for control channel		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%

		Target packet error rate for the required SNR in item (19b) for data channel		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%

		Spectral efficiency(2) (bit/s/Hz)		0.23		0.52		0.23		0.52		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21

		Pathloss model(3) (select from LoS or NLoS)		LoS				NLoS				LoS				NLoS				O-to-I				LoS				NLoS				LoS				NLoS				LoS				NLoS

		Mobile speed (km/h)		3		3		3		3		3		3		3		3		3		3		30		30		30		30		120		120		120		120		3 or 90		3 or 90		3 or 90		3 or 90

		Feeder loss (dB)		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		Feeder loss = 2dB
Connector loss = 1dB

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1

		(2) Maximal transmit power per antenna (dBm)		18		21		18		21		38		24		38		24		41		24		43		24		43		24		43		24		43		24		43		24		43		24

		(3) Total transmit power = function of (1) and (2) (dBm)
(The value shall not exceed the indicated value in Table 6 of Report ITU-R M.2135)		21		21		21		21		41		24		41		24		44		24		46		24		46		24		46		24		46		24		46		24		46		24

		(4) Transmitter antenna gain (dBi)		0		0		0		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0

		(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(6) Control channel power boosting gain (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(7) Data channel power loss due to pilot/control boosting (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		18		20		18		20		55		23		55		23		58		23		60		23		60		23		60		23		60		23		60		23		60		23

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		18		20		18		20		55		23		55		23		58		23		60		23		60		23		60		23		60		23		60		23		60		23

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)		2		4		2		4		2		4		2		4		2		4		2		4		2		4		2		4		2		4		2		4		2		4

		(11) Receiver antenna gain (dBi)		0		0		0		0		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0		17

		(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3

		(13) Receiver noise figure (dB)		7		5		7		5		7		5		7		5		7		5		7		5		7		5		7		5		7		5		7		5		7		5

		(14) Thermal noise density (dBm/Hz)		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174

		(15a) Receiver interference density (dBm/Hz) for data channel		-174		-173		-174		-173		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169

		(15b) Receiver interference over thermal noise (dB) for control channel		0		1		0		1		2		8		2		8		2		8		2		8		2		8		2		8		2		8		2		8		2		8

		(15c) Receiver interference over thermal noise (dB) for data channel		0		1		0		1		2		5		2		5		2		5		2		5		2		5		2		5		2		5		2		5		2		5

		(16a) Total noise plus interference density for control channel		-167		-168		-167		-168		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161

		(16b) Total noise plus interference density for control channel		-167		-168		-167		-168		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		18000000		180000		18000000		180000		9000000		180000		9000000		180000		9000000		180000		9000000		180000		9000000		180000		9000000		180000		9000000		180000		9000000		180000		9000000		180000

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18000000		1800000		18000000		1800000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000

		(18a) Effective noise power for control channel = (16) + 10 log((17)) dBm		-94		-115		-94		-115		-95		-108		-95		-108		-95		-108		-95		-108		-95		-108		-95		-108		-95		-108		-95		-108		-95		-108

		(18b) Effective noise power for data channel = (16) + 10 log((17)) dBm		-94		-105		-94		-105		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101

		(19a) Required SNR for the control channel (dB)		-4.2		-7.1		-4.2		-7.1		-4.2		-7.1		-4.2		-7.1		-4.2		-7.1		-4.2		-7.1		-4.2		-7.1		-4.2		-7.1		-4.2		-7.1		-4.2		-7.1		-4.2		-7.1

		(19b) Required SNR for the data channel (dB)		-1.6		0.8		-1.6		0.8		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7

		(20) Receiver implementation margin (dB)		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2

		(21a) H-ARQ gain for control channel (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(21b) H-ARQ gain for data channel (dB)		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		(22a) Receiver sensitivity for control channel		-97		-121		-97		-121		-98		-114		-98		-114		-98		-114		-98		-114		-98		-114		-98		-114		-98		-114		-98		-114		-98		-114

		= (18) + (19a) + (20) – (21a)  dBm

		(22b) Receiver sensitivity for data channel		-95		-103		-95		-103		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102

		= (18) + (19b) + (20) – (21b)  dBm

		(23a) Hardware link budget for control channel		115		141		115		141		153		154		153		154		156		154		158		154		158		154		158		154		158		154		158		154		158		154

		= (9a) + (11) − (22a)   dB

		(23b) Hardware link budget for data channel		113		123		113		123		151		142		151		142		154		142		156		142		156		142		156		142		156		142		156		142		156		142

		= (9b) + (11) − (22b)  dB

		Calculation of available pathloss

		(24a) Lognormal shadow fading std deviation for control channel (dB)		3		3		4		4		3		3		4		4		7		7		4		4		6		6		6		6		8		8		6		6		8		8

		(24b) Lognormal shadow fading std deviation for data channel (dB)		3		3		4		4		3		3		4		4		7		7		4		4		6		6		6		6		8		8		6		6		8		8

		(25a) Shadow fading margin (function of the cell area reliability and (24a)) (dB) for control channel		3		3		3		3		2		2		4		4		5		5		3		3		6		6		6		6		8.5		8.5		6		6		8.5		8.5

		(25b) Shadow fading margin (function of the cell area reliability and (24b)) (dB) for data channel		2		2		1		1		2		2		3		3		5		5		3		3		4		4		4		4		5.5		5.5		4		4		5.5		5.5

		(26) BS selection/macro-diversity gain (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(27) Penetration margin (dB)		0		0		0		0		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20

		(28) Other gains (dB) (Rx Diversity Gain beyond 2 Rx antennas)		0		3		0		3		0		3		0		3		0		3		0		3		0		3		0		3		0		3		0		3		0		3

		(29a) Available path loss for control channel 
         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		111		138		111		138		130		132		128		130		130		129		134		131		131		128		131		128		129		126		131		128		129		126

		(29b) Available path loss for data channel 
          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		110		121		111		122		128		120		127		119		128		117		132		119		131		118		131		118		129		116		131		118		129		116

		Deployment Scenario		Indoor Hotspot								Urban micro-cell												Urban macro-cell								Rural macro-cell								Suburban macro-cell

				LoS				NLoS				LoS				NLoS				O-to-I				LoS				NLoS				LoS				NLoS				LoS				NLoS

		Item		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL

		Range/coverage efficiency calculation

		(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)		100.0		100.0		100.0		100.0		2150.0		2397.1		389.9		439.0						4255.7		3558.1		853.5		710.6		8696.4		7270.8		1931.0		1604.2		5000.0		5000.0		1028.7		854.6

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		100.0		100.0		100.0		100.0		1861.8		1174.7		354.9		214.8						3685.3		1743.7		736.6		342.5		8449.7		3998.0		1989.4		916.7		5000.0		2929.7		1059.8		488.3

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		3.14E+04		3.14E+04		3.14E+04		3.14E+04		1.45E+07		1.81E+07		4.78E+05		6.05E+05		0.00E+00		0.00E+00		5.69E+07		3.98E+07		2.29E+06		1.59E+06		2.38E+08		1.66E+08		1.17E+07		8.09E+06		7.85E+07		7.85E+07		3.32E+06		2.29E+06

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		3.14E+04		3.14E+04		3.14E+04		3.14E+04		1.09E+07		4.34E+06		3.96E+05		1.45E+05		0.00E+00		0.00E+00		4.27E+07		9.55E+06		1.70E+06		3.69E+05		2.24E+08		5.02E+07		1.24E+07		2.64E+06		7.85E+07		2.70E+07		3.53E+06		7.49E+05

		Intersite Distance		200		200		200		200		3225		2035		615		372		0		0		6383		3020		1276		593		14635		6925		3345		1588		8660		5074		1782		846

		Required Intersite Distance		60								200												500								1732								1299

		(1)  Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to c

		(2)  The spectral efficiency of the chosen modulation scheme.

		(3)  The pathloss models are summarized in Table 9 of Report ITU-R M.2135.

		Break point distance (dBP)		113.3		113.3		113.3		113.3		150.0		150.0		150.0		150.0		150.0		150.0		320.0		320.0		320.0		320.0		879.6		879.6		879.6		879.6		2199.1		2199.1		2199.1		2199.1

		d1_1 (control)										19088.4		23263.0										35537.6		25663.2						116575.7		81487.9						56061.9		39188.0

		d1_2 (control)										2150.0		2397.1										4255.7		3558.1						8696.4		7270.8						6372.6		5328.0

		d1_1 (data)										14693.8		6360.6										27356.0		7016.9						110054.5		24638.1						52925.9		11848.6

		d1_2 (data)										1861.8		1174.7										3685.3		1743.7						8449.7		3998.0						6191.8		2929.7





LB-200 Kbps UL - UL RACH

		Deployment Scenario		Indoor Hotspot								Urban micro-cell												Urban macro-cell								Rural macro-cell								Suburban macro-cell

				LoS				NLoS				LoS				NLoS				O-to-I				LoS				NLoS				LoS				NLoS				LoS				NLoS				Comments																																																				Comments

		Item		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL

		System configuration

		Carrier frequency (GHz)		3.4		3.4		3.4		3.4		2.5		2.5		2.5		2.5		2.5		2.5		2		2		2		2		0.8		0.8		0.8		0.8		2		2		2		2

		BS antenna heights (m)		6		6		6		6		10		10		10		10		10		10		25		25		25		25		35		35		35		35		35		35		35		35

		UT antenna heights (m)		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5

		Cell area reliability(1) (%) (Please specify how it is calculated.) for control channel		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%		95%

		Cell area reliability(1) (%) (Please specify how it is calculated.) for data channel		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%		90%

		Transmission bit rate for control channel (bit/s)		44000		1000		44000		1000		42000		1000		42000		1000		42000		1000		42000		1000		42000		1000		42000		1000		42000		1000		42000		1000		42000		1000		DL: PDCCH, UL: CQI																																																				DL: PDCCH, UL: CQI

		Transmission bit rate for data channel (bit/s)		4125600		928800		4125600		928800		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		1994400		187200		Indoor: DL:100RB; UL:10RB
Others: DL:50RB; UL:5RB																																																				Indoor: DL:100RB; UL:10RB
Others: DL:50RB; UL:5RB

		Target packet error rate for the required SNR in item (19a) for control channel		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%		1%

		Target packet error rate for the required SNR in item (19b) for data channel		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%		10%

		Spectral efficiency(2) (bit/s/Hz)		0.23		0.52		0.23		0.52		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21		0.22		0.21

		Pathloss model(3) (select from LoS or NLoS)		LoS				NLoS				LoS				NLoS				O-to-I				LoS				NLoS				LoS				NLoS				LoS				NLoS

		Mobile speed (km/h)		3		3		3		3		3		3		3		3		3		3		30		30		30		30		120		120		120		120		3 or 90		3 or 90		3 or 90		3 or 90

		Feeder loss (dB)		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		Feeder loss = 2dB
Connector loss = 1dB																																																				Feeder loss = 2dB
Connector loss = 1dB

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1		2		1

		(2) Maximal transmit power per antenna (dBm)		18		21		18		21		38		24		38		24		41		24		43		24		43		24		43		24		43		24		43		24		43		24

		(3) Total transmit power = function of (1) and (2) (dBm)
(The value shall not exceed the indicated value in Table 6 of Report ITU-R M.2135)		21		21		21		21		41		24		41		24		44		24		46		24		46		24		46		24		46		24		46		24		46		24

		(4) Transmitter antenna gain (dBi)		0		0		0		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0

		(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(6) Control channel power boosting gain (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(7) Data channel power loss due to pilot/control boosting (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		18		20		18		20		55		23		55		23		58		23		60		23		60		23		60		23		60		23		60		23		60		23

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		18		20		18		20		55		23		55		23		58		23		60		23		60		23		60		23		60		23		60		23		60		23

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)		2		4		2		4		2		4		2		4		2		4		2		4		2		4		2		4		2		4		2		4		2		4

		(11) Receiver antenna gain (dBi)		0		0		0		0		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0		17		0		17

		(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3		1		3

		(13) Receiver noise figure (dB)		7		5		7		5		7		5		7		5		7		5		7		5		7		5		7		5		7		5		7		5		7		5

		(14) Thermal noise density (dBm/Hz)		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174

		(15a) Receiver interference density (dBm/Hz) for data channel		-174		-173		-174		-173		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169		-172		-169

		(15b) Receiver interference over thermal noise (dB) for control channel		0		1		0		1		2		8		2		8		2		8		2		8		2		8		2		8		2		8		2		8		2		8

		(15c) Receiver interference over thermal noise (dB) for data channel		0		1		0		1		2		5		2		5		2		5		2		5		2		5		2		5		2		5		2		5		2		5

		(16a) Total noise plus interference density for control channel		-167		-168		-167		-168		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161		-165		-161

		(16b) Total noise plus interference density for control channel		-167		-168		-167		-168		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164		-165		-164

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		18000000		1080000		18000000		1080000		9000000		1080000		9000000		1080000		9000000		1080000		9000000		1080000		9000000		1080000		9000000		1080000		9000000		1080000		9000000		1080000		9000000		1080000

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18000000		1800000		18000000		1800000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000		9000000		900000

		(18a) Effective noise power for control channel = (16) + 10 log((17)) dBm		-94		-108		-94		-108		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101

		(18b) Effective noise power for data channel = (16) + 10 log((17)) dBm		-94		-105		-94		-105		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101		-95		-101

		(19a) Required SNR for the control channel (dB)		-4.2		-10.6		-4.2		-10.6		-4.2		-10.6		-4.2		-10.6		-4.2		-10.6		-4.2		-10.6		-4.2		-10.6		-4.2		-10.6		-4.2		-10.6		-4.2		-10.6		-4.2		-10.6

		(19b) Required SNR for the data channel (dB)		-1.6		0.8		-1.6		0.8		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7		-1.7

		(20) Receiver implementation margin (dB)		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2		2

		(21a) H-ARQ gain for control channel (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(21b) H-ARQ gain for data channel (dB)		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		(22a) Receiver sensitivity for control channel		-97		-117		-97		-117		-98		-110		-98		-110		-98		-110		-98		-110		-98		-110		-98		-110		-98		-110		-98		-110		-98		-110

		= (18) + (19a) + (20) – (21a)  dBm

		(22b) Receiver sensitivity for data channel		-95		-103		-95		-103		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102		-96		-102

		= (18) + (19b) + (20) – (21b)  dBm

		(23a) Hardware link budget for control channel		115		137		115		137		153		150		153		150		156		150		158		150		158		150		158		150		158		150		158		150		158		150

		= (9a) + (11) − (22a)   dB

		(23b) Hardware link budget for data channel		113		123		113		123		151		142		151		142		154		142		156		142		156		142		156		142		156		142		156		142		156		142

		= (9b) + (11) − (22b)  dB

		Calculation of available pathloss

		(24a) Lognormal shadow fading std deviation for control channel (dB)		3		3		4		4		3		3		4		4		7		7		4		4		6		6		6		6		8		8		6		6		8		8

		(24b) Lognormal shadow fading std deviation for data channel (dB)		3		3		4		4		3		3		4		4		7		7		4		4		6		6		6		6		8		8		6		6		8		8

		(25a) Shadow fading margin (function of the cell area reliability and (24a)) (dB) for control channel		3		3		3		3		2		2		4		4		5		5		3		3		6		6		6		6		8.5		8.5		6		6		8.5		8.5

		(25b) Shadow fading margin (function of the cell area reliability and (24b)) (dB) for data channel		2		2		1		1		2		2		3		3		5		5		3		3		4		4		4		4		5.5		5.5		4		4		5.5		5.5

		(26) BS selection/macro-diversity gain (dB)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(27) Penetration margin (dB)		0		0		0		0		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20		20

		(28) Other gains (dB) (Rx Diversity Gain beyond 2 Rx antennas)		0		3		0		3		0		3		0		3		0		3		0		3		0		3		0		3		0		3		0		3		0		3

		(29a) Available path loss for control channel 
         = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		111		134		111		134		130		128		128		126		130		125		134		127		131		124		131		124		129		121		131		124		129		121

		(29b) Available path loss for data channel 
          = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		110		121		111		122		128		120		127		119		128		117		132		119		131		118		131		118		129		116		131		118		129		116

		Deployment Scenario		Indoor Hotspot								Urban micro-cell												Urban macro-cell								Rural macro-cell								Suburban macro-cell

				LoS				NLoS				LoS				NLoS				O-to-I				LoS				NLoS				LoS				NLoS				LoS				NLoS

		Item		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL		DL		UL

		Range/coverage efficiency calculation

		(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)		100.0		100.0		100.0		100.0		2150.0		1873.5		389.9		335.6						4255.7		2780.9		853.5		552.2		8696.4		5682.6		1931.0		1242.9		5000.0		4164.1		1028.7		662.1

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		100.0		100.0		100.0		100.0		1861.8		1174.7		354.9		214.8						3685.3		1743.7		736.6		342.5		8449.7		3998.0		1989.4		916.7		5000.0		2929.7		1059.8		488.3

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		3.14E+04		3.14E+04		3.14E+04		3.14E+04		1.45E+07		1.10E+07		4.78E+05		3.54E+05		0.00E+00		0.00E+00		5.69E+07		2.43E+07		2.29E+06		9.58E+05		2.38E+08		1.01E+08		1.17E+07		4.85E+06		7.85E+07		5.45E+07		3.32E+06		1.38E+06

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		3.14E+04		3.14E+04		3.14E+04		3.14E+04		1.09E+07		4.34E+06		3.96E+05		1.45E+05		0.00E+00		0.00E+00		4.27E+07		9.55E+06		1.70E+06		3.69E+05		2.24E+08		5.02E+07		1.24E+07		2.64E+06		7.85E+07		2.70E+07		3.53E+06		7.49E+05

		Intersite Distance		200		200		200		200		3225		2035		615		372		0		0		6383		3020		1276		593		14635		6925		3345		1588		8660		5074		1782		846

		Required Intersite Distance		60								200												500								1732								1299

		(1)  Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to c

		(2)  The spectral efficiency of the chosen modulation scheme.

		(3)  The pathloss models are summarized in Table 9 of Report ITU-R M.2135.

		Break point distance (dBP)		113.3		113.3		113.3		113.3		150.0		150.0		150.0		150.0		150.0		150.0		320.0		320.0		320.0		320.0		879.6		879.6		879.6		879.6		2199.1		2199.1		2199.1		2199.1

		d1_1 (control)										19088.4		14861.1										35537.6		16394.5						116575.7		49775.7						56061.9		23937.4

		d1_2 (control)										2150.0		1873.5										4255.7		2780.9						8696.4		5682.6						6372.6		4164.1

		d1_1 (data)										14693.8		6360.6										27356.0		7016.9						110054.5		24638.1						52925.9		11848.6

		d1_2 (data)										1861.8		1174.7										3685.3		1743.7						8449.7		3998.0						6191.8		2929.7





Link Results

		

								Uplink																Downlink

				Uplink (R1-082474) - ETU channel, non-ideal channel estimation																		Downlink - ETU channel, non-ideal channel estimation

				Channel		PRACH				PUCCH		PUCCH		PUSCH 
( 5 RBs)		PUSCH 
( 10 RBs)						Channel		PDCCH		PDSCH 
( 50 RBs)		PDSCH 
(100 RBs)

						P(FA) = 1%				P(FA) = 1%		1% BLER		10% BLER		10% BLER								Format 1A - 8 CCEs		10% BLER		10% BLER

						Format 0		Format 2		1-bit A/N		4-bit CQI		208 kbps		1032 kbps								44 bits		2216 kbps		4584 kbps

				Required SNR (dB)		-10.6		-12.3		-7.1		-6.5		-1.7		0.8						Required SNR (dB)		-4.2		-1.7		-1.6
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