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Introduction
In the RAN1#101e meeting, significant progresses had been accomplished. Most the evaluation assumptions had been agreed [1]. Only a few issues remain for this meeting. 
Agreement:
· Down selection on the following options for the link budget template for FR1 in next meeting.
· Option 1: Adopt single link budget template based on IMT-2020 self-evaluation with necessary revisions, including adding/removing/revising some parameters.
· FFS: The template provided by FL in Tdoc R1-2005005.
· Option 2: Adopt both templates, i.e. link budget template in IMT-2020 self-evaluation and link budget template in TR 36.824.
· Option 3: Adopt single link budget template in TR 36.824 with necessary revisions, including adding/revising some parameters.

Agreement:
Down selection on the following options for antenna array gain for LLS based methodology for FR1 in next meeting.
· Option 1: Antenna array gain is included in the link budget template. 
· FFS: array gain = 10 * 1og10 (number of antenna elements/number of TxRUs)
· FFS: For TDL channel model
· FFS: Values reflective of realistic implementation and network operation.
· Option 2: Antenna array gain is included in LLS.
· FFS: For CDL channel model

During the email discussion, some proposals are left for this meeting. [2].
Proposal 5:
Identify the target performance and coverage bottlenecks based on target performance metric for FR1.
· FFS: the target performance metric and potential down selection.
· Option 1: The target path loss or relative MPL is considered as the target performance.
· Alt1: The target path loss is derived from the target ISD.
· Alt2: Relative MPL.
· Option 2: The target MCL An MCL or MCL based metric is considered as the target performance.
· Alt1: Derived from the target ISD.
· Alt2: Fixed target MCL, e.g. 147dB for VoIP [to achieve better performance than other RAT(s)].
· Alt3: Relative MCL
· If optional SLS is performed, the target performance for SLS is determined by the 5th percentile SINR value in CDF curve for different physical channels
· Other target performance metrics are not precluded.

In this contribution, we provide our views on the remaining issues of the evaluation and preliminary evaluation results for FR1.
Discussion 
2.1 Link budget template
Three options about the link budget templates had been proposed in the last meeting. Actually two templates, the IMT-2020 and TR 36.824 templates, were proposed for consideration. 
The template from TR 36.824 is quite simple and easy to understand. It only considers the transmit power, receiver sensitivities and then derive the maximum coupling loss. The antenna gains, pathloss, shadow fading, body loss which relates to the deployment are not explicitly included. The template from 36.824 could be used for the relative comparison but cannot give a clue to the products and the real deployments. 
The template from IMT-2020 self-evaluation is more comprehensive. The important components within the link are highlighted, including propagation characteristic (shadow fading, penetration loss), antenna numbers and antenna port numbers, transmitting and receiving units (TxRU) and the gains of HARQ. Though it is more complicated than TR 36.824, it is more clear to observe the impact factors of the system. And this is helpful for the system design and network deployment. Besides that, based on the IMT-2020 template, the maximum coupling loss could also be derived. On the contrary, the maximum pahtloss could not be derived from the 36.824 template. So we prefer the 1st option. And adopting both templates would make the discussion more complicate. 
Proposal 1:
The 1st option is preferred, in which the template could be updated with necessary revisions.
· Option 1: Adopt single link budget template based on IMT-2020 self-evaluation with necessary revisions, including adding/removing/revising some parameters.
Another issue is that, the total transmit power in the IMT-2020 template is the power corresponding to the system bandwidth. The power is calculated based on the transmit power per antenna and the antenna numbers. Some downlink channels, such as PBCH and the PDCCH, occupies a portion of the system bandwidth. The noise power of them is computed considering the occupied bandwidth. But the transmit power is still the full bandwidth power, which leads a misalignment of bandwidth for calculating the available pathloss and MCL. Two alternatives could be considered to solve this issue. 
· Alt 1. Insert a new row at the transmitter part to present the effective transmit power under the occupied bandwidth.
· Alt 2. Calculate the noise power according to the whole band at the receiver part. And add notes about the reason.
Observation 1:
The bandwidth of the transmit power at the transmitter part and that of noise power at the receiver part is not aligned in the template of IMT-2020.
Proposal 2: 
Two alternatives are proposed to solve the misalignment of the bandwidth in the template of IMT2020, 
· Alt 1. Insert a new row at the transmitter part to present the effective transmit power under the occupied bandwidth.
· Alt 2. Calculate the noise power according to the whole band at the receiver part. And add notes about the reason.
2.2 Antenna array gain
The second issue from the last meeting is to down select the antenna array gain for LLS based methodology for FR1. The option 1 is to include the antenna array gain in the link budget template. The option 2 is to include the antenna array gain in the LLS. 
The antenna array gain could impact the total antenna gain, beam formed or emission pattern, and the antenna port assumptions. The total antenna gain equals the sum of antenna array gain and single element gain. This absolute value of the total antenna gain does not impact the link level simulation. Since the power is normalized during the procedure of LLS. The beam formed antenna pattern will power the multi-path profile according to the angle of each path, which is simulated in the CDL channel mode. However, FR1 link level simulation only use TDL model. The antenna port assumption will impact the demodulation sensitivities. Assuming 64 TXRU will reflect a realistic performance of the system, but it is too complicate and time-consuming. But 3dB gain assumption for every 2-fold port number increment is too ideal. Thus, the option 1 is preferred generally. But the non-ideal performance of multiple antenna port should be reflected in the link budget. 
Proposal 3:
The antenna array gain should be included in the link budget with the consideration of realistic implementation, such as non-ideal performance of multiple antenna port.
Another two issues should be considered for the antenna array gain. The first is that the beam formed antenna gain are not evenly distributed at different horizontal angles. When the UE locates close to the bore-sight of the antenna array, the beamforming gain will be close to the ideal value. When the UE locates far from the bore-sight, such as 45 to 60 degree to the bore-sight, the beamforming gain will be lower. The second issue is that the beamforming gains of some common channel, such as PBCH, cannot achieve a similar gain as the UE specific channels. And since the such kind of beam may have a fixed direction, i.e. a grid of beam, the location of the UE within the one beam could also impact the beamforming gain. How to reflect those gain losses due to the broader beam width and the specific location within one beam should be discussed. Two candidate solution could be considered. The first one is to introduce a beamforming gain loss due to the broader beam and the specific location in the link budget. The other one is to use a virtual antenna array number to imitate this case. The element number of such a virtual array should be less than the actual antenna elements. 
Proposal 4:
The losses of antenna array gain due to the UE location and the broader beam of common channels should be considered in the link budget. Introducing a beamforming gain loss could be considered.
2.3 The target performance metric
According to the discussion in the last meeting, multiple concepts, such as maximum coupling loss (MCL), maximum pathloss (MPL) and Maximum isotropic loss (MIL), had been raised, which include various components for calculating the loss during the propagation. Since the definitions of those concepts are not fully aligned among the companies, the discussion could be difficult. Then we propose that,
Proposal 5:
Further clarify and align the definition of MCL, MPL and MIL to facilitate the discussion. 
Our understanding of the MCL is same as TR 36.824, which is
· UL MCL = UL Max Tx power - eNB Sensitivity
· DL MCL = DL Max Tx power - UE Sensitivity
The antenna array gain is included in the MCL implicitly. But it is not easy to observe the impact of antenna array from the MCL, since the MCL also contains the pathloss, shadow fading and some other components. The MCL could facilitate the relative comparison. It cannot provide any direct observation or guidance to the deployment, such as tolerable pathloss or coverage distance. Thus, among the down selection of the performance metric, the maximum pathloss (MPL) is preferred. To achieve this, multiple configurations should be assumed or identified, such as the assumptions of antenna array, shadow fading, penetration loss and other enhancement technology gains. But MPL is more clear and easy to compare with the real deployment parameters. 
Also it is the same reason we propose to use the IMT-2020 template. According to this template, we could also derive the MCL, which may fulfil some companies’ requirements. 
Proposal 6:
For the target performance metric and coverage bottlenecks, we prefer to use the target pathloss or relative MPL as the target performance (the option 1).
To solve some companies’ concern and facilitate that they can use the results as a reference for the deployments, the definition of MCL could be updated with the explicit inclusion of antenna array gains. To avoid any collision of the definition, the updated MCL definition could be captured in the TR. The updated MCL calculation are as below,
· UL MCL = UL Max Tx power - eNB Sensitivity+ Transmitter array gain + Receiver array gain
· DL MCL = DL Max Tx power - UE Sensitivity+ Transmitter array gain + Receiver array gain

Proposal 7
Update the definition of MCL with consideration of antenna array gain explicitly. Capture the new definition of MCL in the TR to facilitate the discussion.
· UL MCL = UL Max Tx power - eNB Sensitivity+ Transmitter array gain + Receiver array gain
· DL MCL = DL Max Tx power - UE Sensitivity+ Transmitter array gain + Receiver array gain

Preliminary coverage results
According to the simulation assumption defined in the last meeting, a preliminary coverage performances have been derived according the IMT-2020 template. The specific simulation assumptions could refer to the Annex I. And the template used for the link budget could refer to Annex II. For 2.6GHz, 26dBm is used as the maximum power of UE. 
 
Figure 1 Coverage performance of Dense Urban O2I scenario in MPL
It is obvious that the PUSCH with 1Mbps requirement is most limited channel of the system. The MPL of PUSCH with 1Mbps is 112dB. And the PUSCH carrying voip with repetition number 1 is the second limited channel, whose MPL is 122dB. Considering 2.6GHz and UMa NLOS pathloss model from 38.901, the 500m ISD will require around 118 dB pathloss. The PUSCH with 1Mbps needs 9dB enhancements. PUSCH with voip traffic do not need any enhancement. If the centre frequency is configured as 3.5GHz, 500m ISD requires 120.57dB. The PUSCH with 1Mbps needs 8.5dB enhancements. The voip traffic in PUSCH does not need enhancements.
With different assumption of carrier frequencies and inter site distance, the pathloss requirements could be different, which is shown below.
Table 1 The required Pahtloss (dB)
	
	Inter-site distance, m

	Centre frequency, GHz
	500
	400
	350
	300

	2.6
	117.99
	114.21
	111.94
	109.32

	3.5
	120.57
	116.79
	114.52
	111.90

	4.9
	123.50
	119.71
	117.44
	114.83



Observation 2
PUSCH with 1Mbps requirement is the most limited channel within the system.
Observation 3
According to different system centre frequency, the specific enhancement requirement will be different. 

Conclusions
In this contribution, we provide our views on the remaining issues of the evaluation and preliminary evaluation results for FR1. The proposals and observations are as follows,
Proposal 1:
The 1st option is preferred, in which the template could be updated with necessary revisions.
· Option 1: Adopt single link budget template based on IMT-2020 self-evaluation with necessary revisions, including adding/removing/revising some parameters.
Proposal 2: 
Two alternatives are proposed to solve the misalignment of the bandwidth in the template of IMT2020, 
· Alt 1. Insert a new row at the transmitter part to present the effective transmit power under the occupied bandwidth.
· Alt 2. Calculate the noise power according to the whole band at the receiver part. And add notes about the reason.
Proposal 3:
The antenna array gain should be included in the link budget with the consideration of realistic implementation, such as non-ideal performance of multiple antenna port.
Proposal 4:
The losses of antenna array gain due to the UE location and the broader beam of common channels should be considered in the link budget. Introducing a beamforming gain loss could be considered.
Proposal 5:
Further clarify and align the definition of MCL, MPL and MIL to facilitate the discussion. 
Proposal 6:
For the target performance metric and coverage bottlenecks, we prefer to use the target pathloss or relative MPL as the target performance (the option 1).
Proposal 7
Update the definition of MCL with consideration of antenna array gain explicitly. Capture the new definition of MCL in the TR.
· UL MCL = UL Max Tx power - eNB Sensitivity+ Transmitter array gain + Receiver array gain
· DL MCL = DL Max Tx power - UE Sensitivity+ Transmitter array gain + Receiver array gain
Observation 1:
The bandwidth of the transmit power at the transmitter part and that of noise power at the receiver part is not aligned in the template of IMT-2020.
Observation 2:
PUSCH with 1Mbps requirement is the most limited channel within the system.
Observation 3:
According to different system centre frequency, the specific enhancement requirement will be different. 
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Annex 1- Simulation assumptions


Annex 2- link budget calculation using the modified template of IMT-2020 



MPL Dense Urban O2I


PUSCH-urban-O2I	PUSCH-voip-1-rep	PUSCH-voip-2-rep	PUSCH-msg 3	PUCCH format 1	PUCCH format  3-11bit	PUCCH format 3-22bit	PRACH 0	PRACH B4-15k	PRACH B4-30k	PRACH C2	PDSCH 10Mbps	PDSCH voip	PBCH with 8 beams
	PDCCH with 8 beams 40bit	PDCCH with 8 beams msg 2-29bit	112.08169789425307	122.83231052817004	125.03231052817006	125.14261048480986	125.49777626653619	123.69777626653621	121.5777762665362	128.12656371933957	127.85626376269977	125.05596380605996	123.21626376269975	142.58348659833106	139.88348659833105	136.34348659833103	134.42348659833104	135.10348659833102	
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Link level simulation assumptions for FR1

System parameters for PUSCH and PUCCH



		Parameters

		Values



		Scenario and frequency

		Urban: 2.6GHz (TDD) (NLOS)

Rural: 2.6GHz (TDD) (NLOS)



		Frame structure for TDD

		DDDDDDDSUU (S: 6D:4G:4U) only for 2.6GHz 



		Pathloss model (select from LoS or NLoS)

		Urban: NLoS

Rural: NLoS 



		BWP

		100MHz for 2.6GHz.



		SCS

		30kHz for TDD



		Channel model for link-level simulation

		TDL-C for NLOS, TDL-D for LOS.



		UE velocity

		Urban: 3km/h for indoor

Rural: 3km/h for indoor, 120km/h



		Frequency hopping

		w/o frequency hopping for PUSCH

w/ frequency hopping for PUCCH







		Parameters

		Values



		Number of antenna elements for BS

		Urban: 192 antenna elements for 2.6GHz, 

(M,N,P,Mg,Ng) = (12,8,2,1,1)

Rural: 64 antenna elements for 2.6GHz

(M,N,P,Mg,Ng) = (8,4,2,1,1)



		Number of TxRUs for BS

		· Urban，64 TXRU

· 4 TXRU for LLS 

· Rural 2.6GHz，8 TXRU 

· 4 TXRU for LLS 



		Delay spread

		Urban: 300ns

Rural: 300ns



		PRBs/TBS/MCS for eMBB for PUSCH

		30 PRBs for 1Mbps, MCS =5

4 PRBs for 100kbps, MCS =4

Msg 3, 2 PRBs, MCS = 0



		PRBs/MCS for VoIP for PUSCH

		Urban, Rural indoor

4PRB MCS = 4







PUSCH parameters

		Parameters

		Values



		BLER for PUSCH

		For eMBB, 

w/ HARQ, 10% iBLER; 

w/o HARQ, 10% iBLER.

For VoIP, 2% rBLER.



		Number of UE transmit chains for PUSCH

		1 



		UE velocity

		Urban: 3km/h for indoor

Rural: 3km/h for indoor, 120km/h  (optional 30km/h) for outdoor



		DMRS configuration for PUSCH

		For 120km/h, Type I, 3 DMRS symbol, no multiplexing with data.

DMRS symbol [2,7,11]



For 3km/h: Type I, 2 DMRS symbol, no multiplexing with data.

DMRS symbol [2, 11]



		Waveform for PUSCH

		DFT-s-OFDM, 



		Repetitions for PUSCH

		For eMBB, 

w/o repetition as baseline, 



For VoIP, w/ repetition. 

Repletion 1 and 2



		HARQ configuration for PUSCH

		For eMBB, w/ HARQ

1 new transmission ， 4 HARQ retransmissions

For VoIP, w/ HARQ

1 new transmission ， 4 HARQ retransmissions



		Latency requirements for voice

		50ms 



		PUSCH duration 

		14 OS



		Frequency hopping

		w/o frequency hopping for PUSCH

w/ frequency hopping for PUCCH







PUCCH parameters 



		Parameters

		Values



		PUCCH format type

		Format 1, 2bits UCI.

Format 3, 11/22 bits UCI



		BLER for PUCCH

		For PUCCH format 1: 

DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.

ACK missed detection probability: 1%.



For PUCCH format 3: 

BLER for Ack/Nack, SR: 1%

FFS: BLER for CSI ( 1%)



		Number of PRBs for PUCCH

		1 PRB



		Number of UE transmit chains for PUCCH

		1



		Number of repetitions for PUCCH

		w/o repetition for PUCCH. 



		PUCCH duration 

		14 OS



		DMRS configuration for PUCCH

		FFS: number of DMRS symbols for PUCCH Format 3.

3km/h，DMRS [3,10

120km/h, DMRS [1,5,8,12]



		Frequency hopping

		w/ frequency hopping for PUCCH







PDSCH parameters

		Parameters

		Values



		Waveform

		CP-OFDM



		PRBs/MCS/TBS

		Urban

10Mbps, 272 PRBs, MCS = 0

Msg 4, payload = 3000 bit



		PDSCH duration

		12 OS



		UE receive chain 

		The number of UE receive chains is 4 for 2.6GHz 



		DMRS config 

		Reuse PUSCH



		HARQ

		Reuse PUSCH 



		Scenario and frequency, frame structure, SCS, pathloss model, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS.

		Reuse PUSCH









PDCCH parameters



		Parameters

		Values



		Aggregation level

		16



		Payload

		40 bits for unicast PDCCH (PDCCH)

29 bits for broadcast PDCCH (msg 2 PDCCH)



		CORESET size

		2 symbols, 48 PRBs



		Tx Diversity

		w/ Tx Diversity, e.g. precoder cycling



		BLER for PDCCH

		1% BLER.



		UE receive chains

		· The number of UE receive chains is 4 for 2.6GHz



		CCE to REG

		[bookmark: _GoBack]Interleaved



		SSB beam

		8 beam



		REG bundling size

		6









Msg 3 (PUSCH) parameters

		Parameters

		Values



		Number of PRBs

		2



		Waveform

		DFT-s-OFDM



		TBS

		56 bits



		Number of DMRS symbol

		w/o frequency hopping: 3, [2,7,11] symbol



		Frequency hopping

		w/o frequency hopping



		PUSCH duration

		14 OS



		Other parameters

		Reported by companies.







PBCH parameters

		Parameters

		Values



		Periodicity

		20ms



		Performance metric

		Combination of 4 SSBs in 80ms.



		Other parameters

		Reported by companies.







PRACH parameters

		Parameters

		Values



		Format

		Format 0, Format B4 (15kHz, 30kHz), Format C2 (15kHz)



		SCS

		Format B4 (15kHz, 30kHz), Format C2 (15kHz)



		Performance metric

		1% missed detection at 0.1% false alarm probability

10% missed detection.
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Dense Uraban FR1

		Item		UL																								DL

		System configuration		PUSCH-urban-O2I		PUSCH-voip-1-rep		PUSCH-voip-2-rep		PUSCH-msg 3		PUCCH format 1		PUCCH format  3-11bit		PUCCH format 3-22bit		PRACH 0		PRACH B4-15k		PRACH B4-30k		PRACH C2		PDSCH
10Mbps		PDSCH
voip		PBCH with 8 beams
		PDCCH with 8 beams
40bit		PDCCH with 8 beams
msg 2-29bit

		Carrier frequency (GHz)		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6

		BS antenna heights (m)		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		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

		Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		-		-		-		95%		95%		95%		95%		95%		95%		95%		-		-		95%		95%		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		90%		90%		90%		-		-		-		-		-		-		-		90%		90%		-		-		-

		Transmission bit rate for control channel (bit/s)		-		-		-		-																-		-

		Transmission bit rate for data channel (bit/s)		1000000								-		-		-		-		-		-		-				voip		-		-		-

		Target packet error rate for the required SNR in item (19a) for control channel		-		-		-		-		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%		2%						-		-		-		-		-		-		-						-		-		-

		Spectral efficiency(2) (bit/s/Hz)		0.38

		Pathloss model(3) (select from LoS or NLoS)		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS

		UE speed (km/h)		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3

		Feeder loss (dB)		3		3		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)		1		1		1		1		1		1		1		1		1		1		1		192		192		192		192		192

		(1bis) Number of transmit antenna ports		1		1		1		1		1		1		1		1		1		1		1		2		2		2		2		2

		(2) Maximal transmit power per antenna (dBm)		26		26		26		26		26		26		26		26		26		26		26		32.22		32.22		32.22		32.22		32.22

		(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)		26		26		26		26		26		26		26		26		26		26		26		53		53		53		53		53

		(4) Transmitter antenna gain (dBi)		0		0		0		0		0		0		0		0		0		0		0		8		8		8		8		8

		(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		22.83		22.83		22.83		22.83		22.83

		(5a) Reduce array gains due to broadcast beam（dB）																												6		6		6

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

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

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		-		-		-		-		25		25		25		25		25		25		25		-		-		74.83		74.83		74.83

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		25		25		25		25		-		-		-		-		-		-		-		80.83		80.83		-		-		-

		(9c) Control channel effective EIRP (dBm) （considering the occupied bandwidth )		-		-		-		-		25		25		25		25		25		25		25		-		-		63.50		67.30		67.30

		(9d) Data channel effective EIRP (dBm)
（considering the occupied bandwidth )		25		25		25		25		-		-		-		-		-		-		-		80.83		62.51		-		-		-

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		192		192		192		192		192		192		192		192		192		192		192		4		4		4		4		4

		(10bis) Number of receive antenna ports		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4

		(11) Receiver antenna gain (dBi)		8		8		8		8		8		8		8		8		8		8		8		0		0		0		0		0

		(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)		16.81		16.81		16.81		16.81		16.81		16.81		16.81		16.81		16.81		16.81		16.81		0		0		0		0		0

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

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

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

		(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )		-		-		-		-		-161.70		-161.70		-161.70		-161.70		-161.70		-161.70		-161.70		-		-		-169.3		-169.3		-169.3

		(15b) Receiver interference density for data channel (dBm/Hz) 		-165.70		-165.70		-165.70		-165.70		-		-		-		-		-		-		-		-169.3		-169.3		-		-		-

		(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-		-		-		-		-160.96		-160.96		-160.96		-160.96		-160.96		-160.96		-160.96		-		-		-164.99		-164.99		-164.99

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-164.034		-164.034		-164.034		-164.034		-		-		-		-		-		-		-		-164.99		-164.99		-		-		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		-		-		-		360000		360000		360000		1080000		2160000		4320000		2160000		-		-		7200000		17280000		17280000

		Occupied PRB number		30		4		4		2		1		1		1		3		6		12		6		272		4		20		48		48

		Sub-carrier spacing (kHz)		30		30		30		30		30		30		30		30		30		30		30		30		30		30		30		30

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		10800000		1440000		1440000		720000		-		-		-		-		-		-		-		97920000		1440000		-		-		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-		-		-		-105.40		-105.40		-105.40		-100.62		-97.61		-94.60		-97.61		-		-		-96.42		-92.61		-92.61

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-93.70		-102.45		-102.45		-105.46		-		-		-		-		-		-		-		-85.08		-103.41		-		-		-

		(19a) Required SNR for the control channel (dB)		-		-		-		-		-9.1		-7.3		-5.18		-16.5		-19.24		-19.45		-14.6		-		-		-13.24		-11.3		-12.0

		(19b) Required SNR for the data channel (dB)		-4.3		-6.3		-8.5		-5.6		-		-		-		-		-		-		-		-9.9		-7.2		-		-		-

		(20) Receiver implementation margin (dB)		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

		(21b) H-ARQ gain for data channel (dB)		0		0		0		0		-		-		-		-		-		-		-		0.5		0.5		-		-		-

		(22a) Receiver sensitivity for control channel  = (18a) + (19a)  + (20) – (21a)  dBm		-		-		-		-		-112.50		-110.70		-108.58		-115.12		-114.85		-112.05		-110.21		-		-		-107.66		-101.93		-102.61

		(22b) Receiver sensitivity for data channel  = (18b)  + (19b) + (20) – (21b)  dBm		-96.00		-106.75		-108.95		-109.06		-		-		-		-		-		-		-		-93.48		-109.11		-		-		-

		(23a) Hardware link budget for control channel  =  (9c) + (11) + (11bis) − (22a) dB
		-		-		-		-		162.31		160.51		158.39		164.94		164.67		161.87		160.03		-		-		171.15		169.23		169.91

		(23b) Hardware link budget for data channel  = (9d) + (11) + (11bis) − (22b)   dB
		145.81		156.56		158.76		158.87		-		-		-		-		-		-		-		174.31		171.61		-		-		-

		Calculation of available pathloss

		Scenarios		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I		Urban-Uma
O2I

		(24) Lognormal shadow fading std deviation (dB)		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		-		-		-		-		7.56		7.56		7.56		7.56		7.56		7.56		7.56		-		-		7.56		7.56		7.56

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		4.48		4.48		4.48		4.48		-		-		-		-		-		-		-		4.48		4.48		-		-		-

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

		(27) Penetration margin (dB)		26.25		26.25		26.25		26.25		26.25		26.25		26.25		26.25		26.25		26.25		26.25		26.25		26.25		26.25		26.25		26.25

		(28) Other gains (dB) (if any please specify)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(29a) Available path loss for control channel = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		-		-		-		-		125.50		123.70		121.58		128.13		127.86		125.06		123.22		-		-		136.34		134.42		135.10

		(29b) Available path loss for data channel = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		112.08		122.83		125.03		125.14		-		-		-		-		-		-		-		142.58		139.88		-		-		-

		Calculation of MCL

		MCL for control channel = (3) + (6) - (22a) +  [Transmitter array gain] + [Receiver array gain] dB
Note: 
1. If transmitter array gain/receiver array gain/HARQ gain is considered in LLS, then  [Transmitter array gain]/[ Receiver array gain]/HARQ gain (21a) = 0 dB when calculating MCL; Otherwise, [Transmitter array gain]/[ Receiver array gain]/HARQ gain (21a) should be provided for MCL calculation.
2.  Transmitter array gain/Receiver array gain indicates the gain from mapping between antenna elements and corresponding TxRU.		-		-		-		-		155.31		153.51		151.39		157.94		157.67		154.87		153.03		-		-		177.49		171.77		172.45

		MCL for data channel = (3) - (7) - (22b) +  [Transmitter array gain] + [Receiver array gain]  dB
Note: similar as the note for control channel MCL calculation.		138.81		149.56		151.76		151.87		-		-		-		-		-		-		-		169.31		184.94		-		-		-

		Calculation of MIL

		MIL for control channel  = MCL for control channel + (4) + (11) dB

		MIL for data channel = MCL for data channel + (4) + (11) dB





Rural indoor

		Item		UL																								DL

		System configuration		PUSCH-urban-O2I
100kbps		PUSCH-voip-1-rep		PUSCH-voip-2-rep		PUSCH-msg 3		PUCCH format 1		PUCCH format  3-11bit		PUCCH format 3-22bit		PRACH 0		PRACH B4-15k		PRACH B4-30k		PRACH C2		PDSCH
1Mbps		PDSCH
voip		PBCH 8 beams		PDCCH 8 beams
40bit		PDCCH 8 beams
msg 2-29bit

		Carrier frequency (GHz)		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6		2.6

		BS antenna heights (m)		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25		25

		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

		Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		-		-		-		95%		95%		95%		95%		95%		95%		95%		-		-		95%		95%		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		90%		90%		90%		-		-		-		-		-		-		-		90%		90%		-		-		-

		Transmission bit rate for control channel (bit/s)		-		-		-		-																-		-

		Transmission bit rate for data channel (bit/s)

		Target packet error rate for the required SNR in item (19a) for control channel		-		-		-		-		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%		2%						-		-		-		-		-		-		-						-		-		-

		Spectral efficiency(2) (bit/s/Hz)

		Pathloss model(3) (select from LoS or NLoS)		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS		NLOS

		UE speed (km/h)		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3

		Feeder loss (dB)		3		3		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3		3.00		3.00		3.00

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)		1		1		1		1		1		1		1		1		1		1		1		64		64		64		64		64

		(1bis) Number of transmit antenna ports		1		1		1		1		1		1		1		1		1		1		1		2		2		2		2		2

		(2) Maximal transmit power per antenna (dBm)		26		26		26		26		26		26		26		26		26		26		26		32.22		32.22		32.22		32.22		32.22

		(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)		26		26		26		26		26		26		26		26		26		26		26		53		53		53		53		53

		(4) Transmitter antenna gain (dBi)		0		0		0		0		0		0		0		0		0		0		0		8		8		8		8		8

		(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		18.06		18.06		18.06		18.06		18.06

		(5a) Reduce array gains due to broadcast beam（dB）																												6		6		6

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

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

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		-		-		-		-		25		25		25		25		25		25		25		-		-		70.06		70.06		70.06

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		25		25		25		25		-		-		-		-		-		-		-		76.06		76.06		-		-		-

		(9c) Control channel effective EIRP (dBm)		-		-		-		-		25		25		25		25		25		25		25		-		-		58.73		62.53		62.53

		(9d) Data channel effective EIRP (dBm)		25		25		25		25		-		-		-		-		-		-		-		76.06		57.74		-		-		-

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		64		64		64		64		64		64		64		64		64		64		64		4		4		4		4		4

		(10bis) Number of receive antenna ports		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4

		(11) Receiver antenna gain (dBi)		8		8		8		8		8		8		8		8		8		8		8		0		0		0		0		0

		(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)		12.04		12.04		12.04		12.04		12.04		12.04		12.04		12.04		12.04		12.04		12.04		0		0		0		0		0

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

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

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

		(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )		-		-		-		-		-161.70		-161.70		-161.70		-161.70		-161.70		-161.70		-161.70		-		-		-169.3		-169.3		-169.3

		(15b) Receiver interference density for data channel (dBm/Hz) 		-165.70		-165.70		-165.70		-165.70		-		-		-		-		-		-		-		-169.3		-169.3		-		-		-

		(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-		-		-		-		-160.9583889005		-160.9583889005		-160.9583889005		-160.9583889005		-160.9583889005		-160.9583889005		-160.9583889005		-		-		-164.99		-164.99		-164.99

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-164.034		-164.034		-164.034		-164.034		-		-		-		-		-		-		-		-164.99		-164.99		-		-		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		-		-		-		360000		360000		360000		1080000		2160000		4320000		2160000		-		-		7200000		17280000		17280000

		Occupied PRB number		4		4		4		2		1		1		1		3		6		12		6		272		4		20		48		48

		Sub-carrier spacing (kHz)		30		30		30		30		30		30		30		30		30		30		30		30		30		30		30		30

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		1440000		1440000		1440000		720000		-		-		-		-		-		-		-		97920000		1440000		-		-		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-		-		-		-105.3953638928		-105.3953638928		-105.3953638928		-100.62		-97.61		-94.60		-97.61		-		-		-96.42		-92.61		-92.61

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-102.45		-102.45		-102.45		-105.46		-		-		-		-		-		-		-		-85.08		-103.41		-		-		-

		(19a) Required SNR for the control channel (dB)		-		-		-		-		-9.1		-7.3		-5.18		-16.5		-19.24		-19.45		-14.6		-		-		-12.8		-11.3		-12.0

		(19b) Required SNR for the data channel (dB)		-3.3		-6.3		-8.5		-5.6		-		-		-		-		-		-		-		-9.9		-7.2		-		-		-

		(20) Receiver implementation margin (dB)		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

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

		(22a) Receiver sensitivity for control channel  = (18a) + (19a)  + (20) – (21a)  dBm		-		-		-		-		-112.4953638928		-110.6953638928		-108.5753638928		-115.1241513456		-114.8538513889		-112.0535514323		-110.2138513889		-		-		-107.19		-101.93		-102.61

		(22b) Receiver sensitivity for data channel  = (18b)  + (19b) + (20) – (21b)  dBm		-103.75		-106.75		-108.95		-109.06		-		-		-		-		-		-		-		-92.98		-108.61		-		-		-

		(23a) Hardware link budget for control channel  =  (9c) + (11) + (11bis) − (22a) dB
		-		-		-		-		157.54		155.74		153.62		160.17		159.90		157.09		155.26		-		-		165.91		164.46		165.14

		(23b) Hardware link budget for data channel  = (9d) + (11) + (11bis) − (22b)   dB
		148.79		151.79		153.99		154.10		-		-		-		-		-		-		-		169.04		166.34		-		-		-

		Calculation of available pathloss

		Scenarios		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor
		Rural indoor


		(24) Lognormal shadow fading std deviation (dB)		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		-		-		-		-		8.45		8.45		8.45		8.45		8.45		8.45		8.45		-		-		8.45		8.45		8.45

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		5.13		5.13		5.13		5.13		-		-		-		-		-		-		-		5.13		5.13		-		-		-

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

		(27) Penetration margin (dB)		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5		12.5

		(28) Other gains (dB) (if any please specify)		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		(29a) Available path loss for control channel = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		-		-		-		-		133.59		131.79		129.67		136.22		135.95		133.14		131.31		-		-		143.96		142.51		143.19

		(29b) Available path loss for data channel = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		128.16		131.16		133.36		133.47		-		-		-		-		-		-		-		150.41		147.71		-		-		-

		Calculation of MCL

		MCL for control channel = (3) + (6) - (22a) +  [Transmitter array gain] + [Receiver array gain] dB
Note: 
1. If transmitter array gain/receiver array gain/HARQ gain is considered in LLS, then  [Transmitter array gain]/[ Receiver array gain]/HARQ gain (21a) = 0 dB when calculating MCL; Otherwise, [Transmitter array gain]/[ Receiver array gain]/HARQ gain (21a) should be provided for MCL calculation.
2.  Transmitter array gain/Receiver array gain indicates the gain from mapping between antenna elements and corresponding TxRU.		-		-		-		-		150.54		148.74		146.62		153.17		152.90		150.09		148.26		-		-		178.25		173.00		173.68

		MCL for data channel = (3) - (7) - (22b) +  [Transmitter array gain] + [Receiver array gain]  dB
Note: similar as the note for control channel MCL calculation.		141.79		144.79		146.99		147.10		-		-		-		-		-		-		-		164.04		179.67		-		-		-

		Calculation of MIL

		MIL for control channel  = MCL for control channel + (4) + (11) dB

		MIL for data channel = MCL for data channel + (4) + (11) dB






