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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _GoBack]To identify coverage bottleneck channels, link budget calculation based on the IMT-2020 self-evaluation link budget template with necessary revisions is agreed in the RAN#102 e-meeting [1]. According to the agreed evaluation assumptions such as target data rates, channel model, moving speed, DMRS configuration, target BLER etc., key metrics such as MIL and MPL are used for coverage bottleneck identification. Agreements:
· Adopt single link budget template for both FR1 and FR2 based on IMT-2020 self-evaluation with rows for MIL, MCL, MPL, and necessary revisions, including adding/removing/revising/simplifying some parameters
· [For LLS based methodology,] coverage bottleneck(s) identification is performed using at least [MCL and] MIL. 
· [MCL values can also be considered to compare channels with similar antenna (and antenna array) gain]
Agreements:
· MPL can be used as supplemental information for coverage bottleneck(s) identification
· The results based on MPL are to be captured in TR

In this contribution, we provide our evaluation observations and analysis on the baseline coverage performance for FR1, aiming to conclude the coverage bottleneck channels and propose coverage enhancement targets.

2. Link budget results and analysis
As shown in table 2-1, several typical scenarios are considered with different carrier frequencies, channel models and ISD (Inter site distance) values.
Table 2-1. Simulation scenarios for coverage performance evaluation
	Urban (TDD @4GHz)
	Scenario 1-1: NLoS O2I, ISD=400m

	
	Scenario 1-2: NLoS O2I, ISD=500m

	Urban (TDD @2.6GHz)
	Scenario 1-3: NLoS O2I, ISD=400m

	
	Scenario 1-4: NLoS O2I, ISD=500m

	Rural (TDD @ 4GHz)
	Scenario 2-1: NLoS O2I, ISD=1732m

	
	Scenario 2-2: NLoS O2O, ISD=1732m

	Rural (FDD @ 2GHz)
	Scenario 3-1: NLoS O2I, ISD=1732m

	
	Scenario 3-2: NLoS O2O, ISD=1732m

	Rural with long distance (FDD @ 700MHz)
	Scenario 4-1: LoS O2O, ISD=6 km

	
	Scenario 4-2: LoS O2O, ISD=12 km


Based on the link level simulation assumptions listed in Appendix A.1~3, the required SNRs for different channels are obtained and shown in Appendix A.4. In the following sections, the MIL and MPL based link level simulation results and identified coverage bottleneck channels are present.

2.1.1 MIL based link level simulation results
According to the agreement of MIL definition in [1], we present the MIL values of both downlink and uplink channels under different scenario based on LLS results and link budget calculations.Agreements:
· For TDL Option 1
· Definition of MIL
· Total transmit power - Receiver sensitivity + gNB antenna gain (component 2 + 3 + 4) + UE antenna gain- Rx loss 

· Scenario: Urban (TDD @ 4GHz & 2.6GHz)

Figure 2.1.1-1 MIL values of different channels under scenario 1-1~1-4
· Scenario: Rural (TDD @ 4GHz)

Figure 2.1.1-2 MIL values of different channels under scenario 2-1

Figure 2.1.1-3 MIL values of different channels under scenario 2-2

· Scenario: Rural (FDD @ 2GHz)

Figure 2.1.1-4 MIL values of different channels under scenario 3-1

Figure 2.1.1-5 MIL values of different channels under scenario 3-2

· Scenario: Rural with long distance (FDD @ 700MHz)

Figure 2.1.1-6 MIL values of different channels under scenario 4-1~4-2
In light of above results, the MIL values are summarized as follows:
Table 2.1.1-1. MIL based coverage performance of all channels
	MIL(dB)
	PUSCH
eMBB
	PUSCH VoIP
(0rep,0retrans,No FH)
	PUSCH VoIP
(4 rep, 3 retrans, No FH)
	PUSCH VoIP
(4 rep, 3 retrans, with FH)
	Msg3
(No FH)
	Msg3
(FH)
	PUCCH
format1 (2bits)
	PUCCH
Format3 (11bits)
	PUCCH
Format3 (22bits)
	PDSCH
(MCS0)
	PDCCH
(40bits)

	Scenario
1-1~1-4
	142.38 
	147.51 
	155.61 
	156.26
	155.92 
	156.22 
	159.76 
	157.36
	155.46 
	163.56 
	163.71 

	Scenario 2-1
	146.57 
	142.74 
	150.84 
	151.49 
	151.15 
	151.45 
	154.99 
	152.59
	150.69 
	158.29 
	158.94 

	Scenario 2-2
	147.04 
	142.49 
	153.89 
	153.99 
	150.75 
	150.85 
	154.99 
	152.49 
	150.69 
	158.64 
	158.84 

	Scenario 3-1
	145.34 
	140.49 
	148.34 
	148.94 
	149.25 
	149.55 
	152.79 
	150.29
	148.44 
	159.52 
	162.02 

	Scenario 3-2
	145.99 
	140.59 
	151.99 
	152.14 
	149.00 
	149.10 
	152.74 
	150.24
	148.19 
	159.87 
	161.92 

	Scenario
4-1 & 4-2
	145.28 
	141.23 
	149.28 
	149.28 
	148.69 
	148.89 
	149.23 
	147.23
	144.43 
	154.26 
	161.11 


As a smaller MIL value indicates a poorer coverage, based on the relative comparison of MIL values among different channels, we have the following observations:

Observation 1: For VoIP service without repetition, retransmission and frequency hopping, it has the smallest MIL value under almost all channels except urban scenario. By repetition, retransmission and frequency hopping, 8-11dB gain can be obtained. However, the aforementioned gain is under the ideal assumption of 20ms packet arrival period without considering effects of actual packet arrival delay and network jitter on VoIP service. 
Observation 2: For eMBB service, PUSCH service has the smallest MIL values as compared to other uplink channels. 
Observation 3: PUCCH has >3dB coverage gain over PUSCH with eMBB service under all scenarios.
Observation 4: Obvious MIL gap can be observed between uplink and downlink channels, e.g. the largest MIL unbalance between uplink and downlink can be 21dB for TDD and 22dB for FDD.

In light of above observations, we have following proposal:
Proposal 1: PUSCH is identified as the coverage bottleneck for FR1.

2.1.2 MPL based link level simulation results
According to the definition of MPL where parameters related to fading channel are included, we could deduce the available pathloss based on link budget calculations and find out the coverage bottleneck channel by comparing the Available pathloss and Target performance. 
· Available pathloss means the maximum pathloss subject to achieving the target data rate in a given evaluation setting.
· Target performance means the pathloss corresponding to a cell radius that is the distance of  from the base station for hexagonal cells.
As shown below, MPL based coverage performance based on link budget results for different scenarios are provided:
· Urban scenario (TDD @4GHz, ISD=400m & 500m)
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· Rural scenario (TDD @4GHz, NLoS, ISD=1732m)
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· Rural scenario (FDD @2GHz, NLoS, ISD=1732m)
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· Rural scenario with long distance (FDD @700MHz, LoS, ISD=6km & 12km)
[image: ]
Over all, the MPL based coverage performance of all channels are summarized as follows:
Table 2.1.2-1. MPL based coverage performance of all channels
	Gap
	PUSCH
eMBB
	PUSCH VoIP
(0rep,0retrans,No FH)
	PUSCH VoIP
(4 rep, 3 retrans, No FH)
	PUSCH VoIP
(4 rep, 3 retrans, with FH)
	Msg3
(No FH)
	Msg3
(FH)
	PUCCH
format1 (2bits)
	PUCCH
Format3 (11bits)
	PUCCH
Format3 (22bits)
	PDSCH
(MCS0)
	PDCCH
(40bits)

	Scenario 1-1
(ISD=400m)
	-8.75 
	-3.62 
	4.48 
	5.13 
	4.79 
	5.09 
	5.55 
	3.15
	1.25 
	12.43 
	9.50 

	Scenario 1-2
(ISD=500m)
	-12.53 
	-7.40 
	0.70 
	1.35 
	1.01 
	1.31 
	1.77 
	-0.63
	-2.53 
	8.65 
	5.72 

	Scenario 1-3
(ISD=400m)
	-5.02
	0.11 
	8.21 
	8.86 
	8.52
	8.82
	9.28
	6.88
	4.98
	16.16
	13.23

	Scenario 1-4
(ISD=500m)
	-8.80
	-3.67 
	4.43 
	5.08 
	4.74
	5.04
	5.50
	3.10
	1.20
	12.38
	9.45

	Scenario 2-1
(ISD=1732m)
	-7.07 
	-10.90 
	-2.80 
	-2.15 
	-2.49 
	-2.19 
	-1.98 
	-4.38 
	-6.28 
	4.65 
	1.98 

	Scenario 2-2
[bookmark: OLE_LINK11][bookmark: OLE_LINK12](ISD=1732m)
	-2.55 
	-7.10 
	4.30 
	4.40 
	1.16 
	1.26 
	1.55 
	-0.95 
	-2.75 
	9.05 
	5.41 

	Scenario 3-1
(ISD=1732m)
	-1.25 
	-6.10 
	1.75 
	2.35 
	2.66 
	2.96 
	2.88 
	0.38 
	-1.47 
	12.93 
	12.11 

	Scenario 3-2
(ISD=1732m)
	2.42 
	-2.98 
	8.42 
	8.57 
	5.43 
	5.53 
	5.33 
	2.83 
	0.78 
	16.30 
	14.51 

	Scenario 4-1
(ISD=6km)
	14.04 
	9.99 
	18.04 
	18.04 
	17.45 
	17.65 
	16.78 
	14.78 
	11.98 
	23.02 
	28.66 

	Scenario 4-2
(ISD=12km)
	2.00 
	-2.05 
	6.00 
	6.00 
	5.41 
	5.61 
	4.74 
	2.74 
	-0.06 
	10.98 
	16.62 


Notes: Negative gap (Available pathloss - Target performance) refers to insufficient coverage, FH denotes frequency hopping. 
Thus, we have following observations for coverage performance:
Observation 5: MPL-based coverage gaps show that coverage of PUSCH with eMBB services are limited under scenarios including urban (TDD, NLoS O2I, ISD=400 & 500m), rural (TDD, NLoS, ISD=1732m) scenarios.
Observation 6: MPL-based coverage gap show that the coverage of PUSCH with VoIP service with no repetition and no retransmission is limited under urban and rural scenarios, the coverage of PUSCH with VoIP service with 4 valid repetitions and 3 retransmission is limited under rural (TDD, NLoS O2I, ISD=1732m) scenario by assuming a physical packet size around 320bits and the packet arrival period of 20ms without considering packet arrival delay and network jitter for VoIP service.
Observation 7：MPL-based coverage gaps show that coverage of PUCCH format 1 with 2bits is only limited under rural (TDD, NLoS O2I, ISD=1732m) scenario, while coverage of PUCCH format 3 with 22 bits payload is limited under urban (TDD, NLoS O2I @4GHz, ISD=500m), rural (TDD, NLoS @4GHz, ISD=1732m) and rural (FDD, NLoS O2I @2GHz, ISD=1732m) scenarios.
Observation 8: MPL-based coverage gaps show that coverage of Msg3 with and without frequency hopping are limited under rural (TDD, NLoS O2I, ISD=1732m) scenario where the coverage of PUSCH is also limited.
Observation 9：MPL-based coverage gaps show that coverage of PDCCH with 40 bits payload can be achieved under all above mentioned scenarios.
Observation 10: MPL-based coverage gaps show that coverage of PDSCH can be achieved under all above mentioned scenarios.

In light of above observations, we have the following proposal:
Proposal 2: PUCCH format 3 with large payload size can be considered in coverage deficit for FR1.

3. Conclusions
In summary, the following observations and proposals are achieved,
Observation 1: For VoIP service without repetition, retransmission and frequency hopping, it has the smallest MIL value under almost all channels except urban scenario. By repetition, retransmission and frequency hopping, 8-11dB gain can be obtained. However, the aforementioned gain is under the ideal assumption of 20ms packet arrival period without considering effects of actual packet arrival delay and network jitter on VoIP service. 
Observation 2: For eMBB service, PUSCH service has the smallest MIL values as compared to other uplink channels. 
Observation 3: PUCCH has >3dB coverage gain over PUSCH with eMBB service under all scenarios.
Observation 4: Obvious MIL gap can be observed between uplink and downlink channels, e.g. the largest MIL unbalance between uplink and downlink can be 21dB for TDD and 22dB for FDD.
Observation 5: MPL-based coverage gaps show that coverage of PUSCH with eMBB services are limited under scenarios including urban (TDD, NLoS O2I, ISD=400 & 500m), rural (TDD, NLoS, ISD=1732m) scenarios.
Observation 6: MPL-based coverage gap show that the coverage of PUSCH with VoIP service with no repetition and no retransmission is limited under urban and rural scenarios, the coverage of PUSCH with VoIP service with 4 valid repetitions and 3 retransmission is limited under rural (TDD, NLoS O2I, ISD=1732m) scenario by assuming a physical packet size around 320bits and the packet arrival period of 20ms without considering packet arrival delay and network jitter for VoIP service.
Observation 7：MPL-based coverage gaps show that coverage of PUCCH format 1 with 2bits is only limited under rural (TDD, NLoS O2I, ISD=1732m) scenario, while coverage of PUCCH format 3 with 22 bits payload is limited under urban (TDD, NLoS O2I @4GHz, ISD=500m), rural (TDD, NLoS @4GHz, ISD=1732m) and rural (FDD, NLoS O2I @2GHz, ISD=1732m) scenarios.
Observation 8: MPL-based coverage gaps show that coverage of Msg3 with and without frequency hopping are limited under rural (TDD, NLoS O2I, ISD=1732m) scenario where the coverage of PUSCH is also limited.
Observation 9：MPL-based coverage gaps show that coverage of PDCCH with 40 bits payload can be achieved under all above mentioned scenarios.
Observation 10: MPL-based coverage gaps show that coverage of PDSCH can be achieved under all above mentioned scenarios.

Proposal 1: PUSCH is identified as the coverage bottleneck for FR1.
Proposal 2: PUCCH format 3 with large payload size can be considered in coverage deficit for FR1.
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Appendix
A.1. Link level evaluation assumption for PUSCH
Table A.1-1. Simulation parameter setting for PUSCH eMBB
	scenario
	Frequency carrier
	Channel model
	Delay spread
	DMRS configuration
	Moving speed
	Scheduled PRB
	MCS
	TBS

	Scenario
1-1 & 1-2
	4GHz
	TDL-C
	300ns
	1 FL
	3km/h
	30
	MCS3
	2280

	Scenario 2-1
	4GHz
	TDL-C
	300ns
	1 FL
	3km/h
	4
	MCS1
	184

	Scenario 2-2
	4GHz
	TDL-C
	300ns
	1 FL+1 Add
	120 km/h
	4
	MCS1
	176

	Scenario 3-1
	2GHz
	TDL-C
	300ns
	1 FL
	3km/h
	4
	MCS0
	144

	Scenario 3-2
	2GHz
	TDL-C
	300ns
	1 FL+1 Add
	120 km/h
	4
	MCS0
	128

	Scenario
4-1 & 4-2
	700MHz
	TDL-D
	30ns
	1 FL+1 Add
	120 km/h
	4
	MCS0
	128

	Other parameters
	· Metric: 10% BLER for eMBB 
· Antenna number: 1T4R
· DFT-S-OFDM
· No repetition, No retransmission
· 14OS
· TDD frame structure: DDDDSUDDSUU
· 15KHz SCS for FDD; 30KHz SCS for TDD



Table A.1-2. Simulation parameter setting for PUSCH VoIP
	scenario
	Frequency carrier
	Channel model
	Delay spread
	DMRS configuration
	Moving speed
	Scheduled PRB
	MCS
	TBS

	Scenario
1-1 & 1-2
	4GHz
	TDL-C
	300ns
	1 FL
	3km/h
	4
	MCS3
	304

	Scenario 2-1
	4GHz
	TDL-C
	300ns
	1 FL
	3km/h
	4
	MCS3
	304

	Scenario 2-2
	4GHz
	TDL-C
	300ns
	1 FL+1 Add
	120 km/h
	4
	MCS4
	352

	Scenario 3-1
	2GHz
	TDL-C
	300ns
	1 FL
	3km/h
	4
	MCS3
	304

	Scenario 3-2
	2GHz
	TDL-C
	300ns
	1 FL+1 Add
	120 km/h
	4
	MCS4
	352

	Scenario
4-1 & 4-2
	700MHz
	TDL-D
	30ns
	1 FL+1 Add
	120 km/h
	4
	MCS4
	352

	Other parameters
	· Metric: 2% rBLER for VoIP
· Antenna number: 1T4R
· DFT-S-OFDM
· (repetition number, retransmission number, frequency hopping) assumptions:
· (1,1,no) , (4,3,no), (4,3, yes)
· 14OS
· TDD frame structure: DDDDSUDDSUU
· 15KHz SCS for FDD; 30KHz SCS for TDD



A.2. Link level evaluation assumption for PUCCH
Table A.2-1. Simulation parameter setting for PUCCH format1
	scenario
	Frequency carrier
	Channel model
	Delay spread
	Scheduled PRB
	Performance metric

	Scenario 1-1 & 1-2
	4GHz
	TDL-C
	300ns
	1
	NACK to ACK 0.1%
DTX to ACK 1%
ACK missed 1%


	Scenario 2-1
	4GHz
	TDL-C
	300ns
	1
	

	Scenario 2-2
	4GHz
	TDL-C
	300ns
	1
	

	Scenario 3-1
	2GHz
	TDL-C
	300ns
	1
	

	Scenario 3-2
	2GHz
	TDL-C
	300ns
	1
	

	Scenario 4-1 & 4-2
	700MHz
	TDL-D
	30ns
	1
	

	Other parameters
	· TBS= 2 bits
· Antenna number: 1T4R
· DFT-S-OFDM
· No repetitions, No retransmissions 
· 14OS scheduled
· Frequency hopping: enabled



Table A.2-2. Simulation parameters for PUCCH format3
	scenario
	Frequency carrier
	Channel model
	Delay spread
	Scheduled PRB
	Performance metric

	Scenario 1-1 & 1-2
	4GHz
	TDL-C
	300ns
	1
	BLER=1%

	Scenario 2-1
	4GHz
	TDL-C
	300ns
	1
	

	Scenario 2-2
	4GHz
	TDL-C
	300ns
	1
	

	Scenario 3-1
	2GHz
	TDL-C
	300ns
	1
	

	Scenario 3-2
	2GHz
	TDL-C
	300ns
	1
	

	Scenario 4-1 & 4-2
	700MHz
	TDL-D
	30ns
	1
	

	Other parameters
	· 22bits payload and 11bits CRC, Polar coding
· 11bits payload and RM coding
· Antenna number: 1T4R
· DFT-S-OFDM
· No repetitions, No retransmissions 
· 14OS scheduled
· Frequency hopping: enabled



A.3. Link level evaluation assumption for other channels
Table A.3-1. Simulation parameter setting for Msg3
	scenario
	Frequency carrier
	Channel model
	Delay spread
	Moving speed
	Without frequency hopping
	With frequency hopping

	
	
	
	
	
	DMRS configuration
	TBS
	DMRS configuration
	TBS

	[bookmark: _Hlk46471177]Scenario 1-1 & 1-2
	4GHz
	TDL-C
	300ns
	3km/h
	1 FL+2 Add
	56bits
	1 FL+1 Add
	64bits

	Scenario 2-1
	4GHz
	TDL-C
	300ns
	3km/h
	
	
	
	

	Scenario 2-2
	4GHz
	TDL-C
	300ns
	120 km/h
	
	
	
	

	Scenario 3-1
	2GHz
	TDL-C
	300ns
	3km/h
	
	
	
	

	Scenario 3-2
	2GHz
	TDL-C
	300ns
	120 km/h
	
	
	
	

	Scenario 4-1 & 4-2
	700MHz
	TDL-D
	30ns
	120 km/h
	
	
	
	

	Other parameters
	· Metric: 10% BLER
· Scheduled PRB 2;
· MCS 0
· Antenna number: 1T4R
· DFT-S-OFDM
· No repetition, No retransmission
· 14OS



Table A.3-2. Simulation parameter settings for PDSCH
	Scenario
	Frequency carrier
	Channel model
	Delay spread
	DMRS configuration
	Moving speed
	Scheduled PRB
	TBS

	Scenario 1-1 & 1-2
	4GHz
	TDL-C
	300ns
	1 FL
	3 km/h
	268
	8208 for D
6792 for S

	Scenario 2-1
	4GHz
	TDL-C
	300ns
	1 FL
	3 km/h
	28
	888 for D
704 for S

	Scenario 2-2
	4GHz
	TDL-C
	300ns
	1 FL+1 Add
	120 km/h
	30
	848 for D
672 for S

	Scenario 3-1
	2GHz
	TDL-C
	300ns
	1 FL
	3 km/h
	38
	1192

	Scenario 3-2
	2GHz
	TDL-C
	300ns
	1 FL+1 Add
	120 km/h
	40
	1128

	Scenario 4-1 & 4-2
	700MHz
	TDL-D
	30ns
	1 FL+1 Add
	120 km/h
	40
	1128

	Other parameters
	· Metric: 10% BLER
· Antenna number: 4T2R
· CP-OFDM
· No repetition, No retransmission, No frequency hopping
· 12OS wideband precoding



Table A.3-3. Simulation parameter setting for PDCCH
	Scenario
	Frequency carrier
	Channel model
	Delay spread
	Moving speed
	DCI payload

	Scenario 1-1 & 1-2
	4GHz
	TDL-C
	300ns
	3km/h
	64bits (including 24 bits CRC) AL=16
2 symbols
48 PRB

	Scenario 2-1
	4GHz
	TDL-C
	300ns
	3km/h
	

	Scenario 2-2
	4GHz
	TDL-C
	300ns
	120 km/h
	

	Scenario 3-1
	2GHz
	TDL-C
	300ns
	3km/h
	

	Scenario 3-2
	2GHz
	TDL-C
	300ns
	120 km/h
	

	Scenario 4-1 & 4-2
	700MHz
	TDL-D
	30ns
	120 km/h
	

	Other parameters
	· Metric: 1% BLER
· Antenna number: 4T2R
· No repetition, No retransmission, No frequency hopping



A.4. On required SNR of different channels
As we can see from Table 3, the required SNR (19a/19b) of the target channel is one key factor for identifying coverage bottleneck. According to above mentioned method of parameter determination, we conduct link level simulations and required SNR towards different channels are provided as follows:
Table A.4-1. Required SNR of PUSCH and PUCCH towards different scenarios
	Required SNR (dB)
	PUSCH (eMBB)
	PUSCH (VoIP)
	PUCCH format 1 (2bits)
	PUCCH format 1 (11bits)
	PUCCH format 3 (22bits)

	
	
	no rep, no trans
	4 rep, 3 trans, no FH
	4 rep, 3 trans, with FH
	
	
	

	Scenario 1-1 & 1-2
	-4.62
	-1
	-9.1
	-9.75
	-10.3
	-7.9
	-6

	Scenario 2-1
	-4.83
	-1
	-9.1
	-9.75
	-10.3
	-7.9
	-6

	Scenario 2-2
	-5.30
	-0.75
	-12.15
	-12.25
	-10.3
	-7.8
	-6

	Scenario 3-1
	-5.6
	-0.85
	-8.7
	-9.3
	-10.1
	-7.6
	-5.75

	Scenario 3-2
	-6.25
	-0.7
	-12.10
	-12.25
	-10.05
	-7.55
	-5.5

	Scenario 4-1 & 4-2
	-8.3
	-4.25
	-12.30
	-12.30
	-9.3
	-7.3
	-4.5


Notes: FH denotes frequency hopping.

Table A.4-2. Required SNR of other channels including Msg3, PDCCH and PDSCH
	Required SNR (dB)
	Msg3
(10% BLER, no FH)
	Msg3
(10% BLER, FH)
	PDCCH
(1% BLER)
	PDSCH
(10% BLER)

	Scenario 1-1 & 1-2
	-6.4
	-6.7
	-9.8
	-4.5

	Scenario 2-1
	-6.4
	-6.7
	-9.8
	-4

	Scenario 2-2
	-6
	-6.1
	-9.7
	-4.35

	Scenario 3-1
	-6.5
	-6.8
	-9.9
	-4.25

	Scenario 3-2
	-6.25
	-6.35
	-9.8
	-4.6

	Scenario 4-1 & 4-2
	-8.7
	-8.9
	-9.0
	-1.75



A.5. On antenna array gain modelling
Given the limited time to evaluate the coverage of numbers of scenarios and channels, the following agreement is reached to reduce the simulation workload and obtain a more accurate antenna array gain estimation:Agreements:
Further clarify the agreement on antenna gain and antenna gain components including antenna gain correction factors as follows:
· For both TDL option 1 (table A below) and TDL option 2 & CDL (table B below)
· The gain of antenna gain component 1 is included in LLS results
· The gain of antenna gain component 2 is included in link budget template
· The gain is expressed by 10 * log 10( N/k ) - 1
·  For TDL option 2 & CDL, the gain is 0 dB
· The gain of antenna gain component 3 is included in link budget template
· The gain of antenna gain component 4 is included in link budget template
· The gain of antenna gain components 3 and 4 is expressed by Antenna Element Gain + 10 * log 10( M/N ) -2
· For Tx, One row is used represent the gain of antenna gain component 3 + 4, i.e. row No. (4) 
· For Rx, One row is used represent the gain of antenna gain component 3 + 4, i.e. row No. (11)
· Note: more appropriate name or explanation will be added to row No.(4) and (11). Details can be discussed when the link budget template is updated. 


where the non-idealities of mapping component 2 to component 1 (denoted as 1) and mapping component 3 to component 2 (denoted as 2) can be reported based on observations. In link budget calculation, the number of receiver chain in LLS, number of TxRU and number of antenna elements under various scenarios for BS are listed as follows:
Table A.5-1: antenna array gain loss for unicast channel
	Scenarios
	# receive chains in LLS (component 1)
	# TxRU  (component 2)
	1
(dB)
	# antenna element (component 3)
	2 (dB)

	Urban
(TDD @4GHz)
	4
	64
	1.25
	192
	0

	Rural
(TDD @4GHz)
	4
	64
	1.25
	64
	0

	Rural
(FDD @2GHz)
	4
	32
	0.25
	32
	0

	Rural
(FDD @700MHz)
	4
	4
	0
	16
	0



For broadcast channel such as PDCCH, the switching beams is wider than the ideal digital beamforming which cause large beamforming gain loss. By SLS method, the beamforming gain of broadcast channel can be modeled more accurately and the beamforming gain loss of broadcast channel as compared to ideal antenna array gain are presented as follows:

Table A.5-2: antenna array gain loss for broadcast channel
	Scenarios
	# receive chains in LLS (component 1)
	# TxRU  (component 2)
	1
(dB)
	# antenna element (component 3)
	2 (dB)

	Urban
(TDD @4GHz)
	4
	64
	6.4
	192
	0

	Rural
(TDD @4GHz)
	4
	64
	6.4
	64
	0

	Rural
(FDD @2GHz)
	4
	32
	3.4
	32
	0

	Rural
(FDD @700MHz)
	4
	4
	0.4
	16
	0



A.6. On shadow fading and penetration margins
Table A.6-1: values of shadow fading margin and penetration margin
	Parameters
	Urban
TDD
	Rural NLoS
TDD
	Rural NLoS
FDD
	Rural with long distance FDD

	(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)
	7.56
	10.45(O2O)
8.45(O2I)
	10.45(O2O)
8.45(O2I)
	6

	(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB)
	4.48
	6.61(O2O)
5.13 (O2I)
	6.61(O2O)
5.13 (O2I)
	4.79

	(27) Penetration margin (dB)
	26.25
	9(O2O)
14.53 (O2I)
	9(O2O)
13.5 (O2I)
	9



MIL (dB) for Rural TDD @ 4GHz (NLoS O2O)

MIL (dB)	
PUSCH eMBB	PUSCH VoIP	PUSCH VoIP (4rep,3trans,No FH)	PUSCH VoIP (4rep,3trans,FH)	Msg3 (64bits,No FH)	Msg3 (64bits,FH)	PUCCH format1 (2bits)	PUCCH format3 (11bits)	PUCCH format3 (22bits)	PDSCH	PDCCH	147.0410979809734	142.49109798097342	153.89109798097343	153.99109798097342	150.75139793761323	150.85139793761323	154.98656371934001	152.48656371934001	150.68656371933957	158.64068814250945	158.84068814250946	


MIL (dB) for Rural FDD @2GHz (NLoS O2I)

MIL (dB)	
PUSCH eMBB	PUSCH VoIP	PUSCH VoIP (4rep,3trans,No FH)	PUSCH VoIP (4rep,3trans,FH)	Msg3 (64bits,No FH)	Msg3 (64bits,FH)	PUCCH format1 (2bits)	PUCCH format3 (11bits)	PUCCH format3 (22bits)	PDSCH	PDCCH	145.34109798097342	140.49109798097342	148.34109798097342	148.94109798097341	149.25139793761323	149.55139793761325	152.78656371933957	150.28656371933957	148.43656371933957	159.52008822922983	162.02008822922983	


MIL (dB) for Rural FDD @2GHz (NLoS O2O)

MIL (dB)	
PUSCH eMBB	PUSCH VoIP	PUSCH VoIP (4rep,3trans,No FH)	PUSCH VoIP (4rep,3trans,FH)	Msg3 (64bits,No FH)	Msg3 (64bits,FH)	PUCCH format1 (2bits)	PUCCH format3 (11bits)	PUCCH format3 (22bits)	PDSCH	PDCCH	145.99109798097342	140.59109798097342	151.99109798097342	152.14109798097343	149.00139793761323	149.10139793761323	152.73656371933959	150.23656371933959	148.18656371933957	159.87008822922985	161.9200882292298	


MIL (dB) for Rural long distance FDD @700MHz (LoS)

MIL (dB)	
PUSCH eMBB	PUSCH VoIP	PUSCH VoIP (4rep,3trans,No FH)	PUSCH VoIP (4rep,3trans,FH)	Msg3 (64bits,No FH)	Msg3 (64bits,FH)	PUCCH format1 (2bits)	PUCCH format3 (11bits)	PUCCH format3 (22bits)	PDSCH	PDCCH	145.28079802433359	141.23079802433361	149.28079802433362	149.28079802433362	148.69109798097344	148.89109798097343	149.22626376269977	147.22626376269977	144.42626376269976	154.25978827259001	161.10978827259001	


MIL (dB) for Urban TDD @4GHz&2.6GHz (NLoS O2I)

MIL (dB)	
PUSCH eMBB	PUSCH VoIP	PUSCH VoIP (4rep,3trans,No FH)	PUSCH VoIP (4rep,3trans,FH)	Msg3 (64bits,No FH)	Msg3 (64bits,FH)	PUCCH format1 (2bits)	PUCCH format3 (11bits)	PUCCH format3 (22bits)	PDSCH	PDCCH	142.38169789425308	147.51231052817005	155.61231052817004	156.26231052817005	155.92261048480987	156.22261048480988	159.75777626653621	157.35777626653621	155.4577762665362	163.56190068970608	163.71190068970606	


MIL (dB) for Rural TDD @ 4GHz (NLoS O2I)

MIL (dB)	
PUSCH eMBB	PUSCH VoIP	PUSCH VoIP (4rep,3trans,No FH)	PUSCH VoIP (4rep,3trans,FH)	Msg3 (64bits,No FH)	Msg3 (64bits,FH)	PUCCH format1 (2bits)	PUCCH format3 (11bits)	PUCCH format3 (22bits)	PDSCH	PDCCH	146.57109798097343	142.74109798097342	150.84109798097342	151.49109798097342	151.15139793761324	151.45139793761325	154.98656371933959	152.58656371933958	150.68656371933957	158.29068814250945	158.94068814250943	
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Available MPL (dB) for Urban TDD @2.6GHz
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Available MPL (dB) for Rural TDD @4GHz (NLoS 021)
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Available MPL (dB) for Rural long distance FDD @700MHz (LoS)
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