3GPP TSG RAN WG1 Meeting #102-e	R1-2005256
E-meeting, August 17– 28, 2020

Agenda Item:	8.8.1.1
Source:	Huawei, HiSilicon
Title:	Evaluation on the baseline performance for FR1
Document for:	Discussion and Decision

1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1 101 e-meeting, simulation parameters for baseline coverage performance evaluation of different channels, services and scenarios were agreed in [1], aiming to identify the coverage bottleneck channels based on LLS and link budget calculation results. In this contribution, we provide our observations and analysis on the baseline coverage performance for FR1.
2. Link budget calculation methodology
In the RAN1 101 e-meeting, link budget calculation methodology has been discussed with the following agreements and options:
Agreements:
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.
Although the link budget template in TR 36.824 is simpler to identify the bottleneck channel, it is not effective to identify the coverage gap for a given cell radius because the antenna gains, penetration loss, and shadow fading etc., are not taken into account. The template based on IMT-2020 self-evaluation can be used to both identify the coverage bottleneck channel and have a rough understanding of the cell coverage gap for a given cell radius. Furthermore, the antenna array gain and antenna gain items in the template can accommodate different ways of array gain calculation. Thus, we prefer to reuse the IMT-2020 self-evaluation template with some revised values of parameters. 
Table 1. The revised parameters for coverage enhancement evaluation under different scenarios
	Parameters
	Urban
TDD
	Rural NLoS
TDD
	Rural NLoS
FDD
	Rural with long distance FDD

	Spectral efficiency(2) (bit/s/Hz)
	0.27 eMBB
	0.2 eMBB
	0.14 eMBB
	0.14 eMBB

	(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 dBm (uplink)
51.02 dBm (downlink)
	26 dBm (uplink)
53 dBm (downlink)
	23 dBm (uplink)
46.06 dBm (downlink)

	(24) Lognormal shadow fading std deviation (dB)
	7 (NLoS)
	8 (NLoS)
	8 (NLoS)
	6 (LoS)

	(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)
12.5 (O2I)
	9


Notes: Above values colored in green can be found in IMT-2020 self-evaluation contributions without revisions for the same scenario, while for other scenarios with different assumptions, values of total transmit power, penetration and shadow fading margins should be revised by following the determination method provided in Appendix A.1. 

Proposal 1: Reuse the IMT-2020 self-evaluation link budget template and adopt the revised values in Table 1 for the baseline coverage evaluation of Rel-17 coverage enhancement. 
3. Link budget results and analysis
The scenarios for coverage performance evaluation are listed as follows
Table 2. Simulation scenarios for coverage performance evaluation
	Scenario 1-1
	Urban (NLoS O2I) TDD @ 4GHz, ISD=400m

	Scenario 1-2
	Urban (NLoS O2I) TDD @ 4GHz, ISD=500m

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

	Scenario 2-2
	Rural (NLoS O2O) TDD @ 4GHz, ISD=1732m

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

	Scenario 3-2
	Rural (NLoS O2O) FDD @ 2GHz, ISD=1732m

	Scenario 4-1
	Rural with long distance (LoS O2O) FDD @ 700MHz, ISD=3 km

	Scenario 4-2
	Rural with long distance (LoS O2O) FDD @ 700MHz, ISD=12 km


Based on the link level simulation assumptions listed in Appendix A.2~4 for different channels, the required SNR could be obtained as shown in Appendix A.5. Then, the available path loss can be deduced from aforementioned inputs for the link budget template and we could 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, coverage performance based on link budget results for different scenarios are provided:
· Scenario 1-1 & 1-2: Urban scenario (NLoS O2I) TDD @4GHz
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· Scenario 2-1: Rural scenario (NLoS O2I) TDD @4GHz
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· Scenario 2-2: Rural scenario (NLoS O2O) TDD @4GHz
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· Scenario 3-1: Rural scenario (NLoS O2I) FDD @2GHz
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· Scenario 3-2: Rural scenario (NLoS O2O) FDD @2GHz
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· Scenario 4-1 & 4-2: Rural scenario with long distance (LoS O2O) @700MHz
[bookmark: _GoBack][image: ]
Over all, the coverage performance of all channels are summarized in the following table: 





Table 3. 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)
	PUCCH
format1 (2bits)
	PUCCH
Format3 (22bits)
	Msg3
(No FH)
	Msg3
(FH)
	PDSCH
(MCS0)
	PDCCH
(40bits)

	Scenario 1-1
	-7.98
	-2.85
	5.25
	5.9
	6.32
	4.52
	5.56
	5.86
	11.3
	13.52

	Scenario 1-2
	-11.78
	-6.65
	1.45
	2.1
	2.52
	0.72
	1.76
	2.06
	7.5
	9.72

	Scenario 2-1
	-6.32
	-10.15
	-2.05
	-1.4
	-1.22
	-3.02
	-1.74
	-1.44
	5.48
	7.96

	Scenario 2-2
	-1.8
	-6.35
	5.05
	2.15
	2.31
	0.46
	1.91
	2.01
	9.87
	11.39

	Scenario 3-1
	2.5
	-2.25
	5.6
	6.2
	6.63
	4.83
	6.41
	6.71
	10.94
	13.27

	Scenario 3-2
	5.17
	-0.38
	11.02
	11.17
	8.08
	6.28
	8.18
	11.29
	13.31
	14.67

	Scenario 4-1
	31.6
	27.55
	35.6
	35.6
	34.34
	33.04
	35.01
	35.21
	34.84
	42.78

	Scenario 4-2
	10.68
	6.63
	14.68
	14.68
	13.42
	12.12
	14.09
	14.29
	13.92
	21.86


Notes: Negative gap (Available pathloss - Target performance) refers to insufficient coverage. FH denotes frequency hopping.
Thus, we have following observations for coverage performance:
Observation1: Coverage of PUSCH with eMBB services are limited under scenarios including urban (NLoS O2I) TDD scenario with ISD=400m & 500m, rural (NLoS O2I) TDD scenario with ISD=1732m and rural (NLoS O2O) TDD scenario with ISD=1732m.
Observation 2: 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, the coverage of VoIP with no repetition and no retransmission is limited under urban and rural scenarios, the coverage of VoIP with 4 valid repetitions and 3 retransmission is limited under rural (NLoS O2I) TDD scenario.
Observation 3：Coverage of PUCCH format 1 with 2bits is limited under rural (NLoS O2I) TDD scenario.
Observation 4: Coverage of Msg3 without and with frequency hopping are limited under rural (NLoS O2I, ISD=1732m) TDD scenario.
Observation 5：Coverage of PDCCH with 40 bits payload can be achieved under all above mentioned scenarios.
Observation 6: Coverage of PDSCH can be achieved under all above mentioned scenarios.

In light of above observations, we have the following proposal:
Proposal 2: Coverage enhancement of PUSCH should be prioritized for FR1.
4. Evaluation assumptions on antenna array gains
The agreements achieved for TxRU modelling in the RAN1 101 e-meeting are listed as follows 
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
For option 1, the antenna array gain can be regarded as a maximum value with the assumption that the antenna beamforming direction points directly to the cell edge, thus the beamforming gain can be modelled as the array gain with high accuracy and can be included in the link budget template.
In the RAN1 101 e-meeting, agreements for gNB modelling are listed as follows 
Agreement
gNB architectures to study:
· 2 or 4 TxRUs for 2GHz, 700 MHz
· 64 TxRUs for 2.6 and 4 GHz. 
gNB modeling in LLS for TDL:
· Option 1: 2 or 4 gNB receive chains in LLS FFS: correlation
· Option 2: Number of gNB receive chains = number of TXRUs in LLS. FFS: correlation.
We prefer TDL channel modelling which is used in IMT-2020 self-evaluation, and the antenna array gain should be included in the link budget template. For the above two options of gNB modeling in LLS for TDL, there are following potential issues:
· For option 1: by using 2 or 4 gNB receive chains in LLS, the LLS complexity is low but there would be deviations between  and actual antenna array gains.
· For option 2: by using more gNB receive chains, a more accurate antenna array gain can be obtained at the cost of very high simulation load. 
Given the limited time to evaluate the coverage of numbers of scenarios and channels, we present a potential method to reduce the simulation workload and obtain a more accurate antenna array gain estimation as follows:
· Step1: using 4 TRXU in LLS to obtain required SNR
· Step2.1: refer to margins of antenna array gain under different scenarios (based on statistic simulation results under different scenarios)
· Step2.2: 10log10(#Ant/4) + margin  LLS antenna array gain
· Step3: adopt the obtained LLS antenna array gain in link budget calculation.
As the following example shows, the gaps of antenna array gain between LLS and antenna approximation ‘’ are presented for different antenna numbers
	# of  BS antennas
	4R
	8R
	16R
	32R
	64R

	LLS required SNR (dB)
	-7
	-10.25
	-13.25
	-15.75
	-17.75

	Antenna gain over 4R (dB)
	N/A
	3.25
	6.25
	8.75
	10.75

	Antenna gain approximation 10log10(#Ant/4) (dB)
	N/A
	3
	6
	9
	12

	Gap margins (dB)
	N/A
	0.25
	0.25
	-0.25
	-1.25


As we can see, the antenna array gain in LLS has a derivation to the assumed antenna gain approximation 10log10(#Ant/#TxRU). The derivation is small (e.g. 0.25dB) for low and medium antenna numbers and the derivation would increase to 1.25dB for large antenna numbers. More values of gap margins for antenna array gain under different scenarios can be obtained. By referring to above stored gap margins between small and large antenna numbers,  the antenna array gains of large antenna numbers in LLS can be estimated accurately with low simulation workload based on LLS of few antenna numbers.

Proposal 3: Antenna array gain can be included in link budget calculation and TDL channel model with 2 or 4 gNB receive chains can be used in LLS. 

5. Conclusions
Observation1: Coverage of PUSCH with eMBB services are limited under scenarios including urban (NLoS O2I) TDD scenario with ISD=400m & 500m, rural (NLoS O2I) TDD scenario with ISD=1732m and rural (NLoS O2O) TDD scenario with ISD=1732m.
Observation 2: 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, the coverage of VoIP with no repetition and no retransmission is limited under urban and rural scenarios, the coverage of VoIP with 4 valid repetitions and 3 retransmission is limited under rural (NLoS O2I) TDD scenario.
Observation 3：Coverage of PUCCH format 1 with 2bits is limited under rural (NLoS O2I) TDD scenario.
Observation 4: Coverage of Msg3 without and with frequency hopping are limited under rural (NLoS O2I, ISD=1732m) TDD scenario.
Observation 5：Coverage of PDCCH with 40 bits payload can be achieved under all above mentioned scenarios.
Observation 6: Coverage of PDSCH can be achieved under all above mentioned scenarios.

Proposal 1: Reuse the IMT-2020 self-evaluation link budget template and adopt the revised values in Table 1 for the baseline coverage evaluation of Rel-17 coverage enhancement. 
Proposal 2: Coverage enhancement of PUSCH should be prioritized for FR1.
Proposal 3: Antenna array gain can be included in link budget calculation and TDL channel model with 2 or 4 gNB receive chains can be used in LLS. 
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Appendix
A.1. On determine of total transmission powers and margins 
According to the total transmit power for different scenarios in [4] with the assumption of 20MHz bandwidth for TDD, the total transmit powers under urban (NLoS O2I) and rural (NLoS O2I) TDD scenarios with 100 MHz bandwidth have been revised in Table 1.
· Urban (NLoS O2I) TDD scenario: by assuming the same power spectrum density, the suggested total transmit power of 44dBm for 20MHz bandwidth should be revised as 44dBm+10*log10(100/20)=51 dBm for 100MHz bandwidth.
· Rural (NLoS O2I) TDD scenario: following the same calculation method as urban scenario, the suggested total transmission power of 49dBm for 20MHz bandwidth should be revised as 49+10*log10(100/20)=56dBm for 100MHz bandwidth. However, a maximum 200W transmission power (53dBm) for 100MHz can be supported in real deployment, thus a total transmission power of 53dBm is used for rural (NLoS O2I) TDD scenario.

According to TS 38.901 [2], we could find the recommended value and calculation formula for the aforementioned parameters such as shadow fading margin and penetration margin, respectively. Taking penetration loss as an example: 
The pathloss incorporating O2I building penetration loss is modelled as in the following:


Where  is the basic outdoor path loss given in Subclause 7.4.1, where  is replaced by .  is the building penetration loss through the external wall,  is the inside loss dependent on the depth into the building, and σP is the standard deviation for the penetration loss.
Equations for the building penetration loss  can be expressed as:
[image: ]
 is an additional loss is added to the external wall loss to account for non-perpendicular incidence;  is proportion of i-th materials; is the penetration of material I as calculated by 
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with following guidelines:
[image: ]
Overall, based on above analysis, 2 penetration loss models are provided [2] as follows:
[image: ]
Given a 4GHz frequency carrier for rural scenario in TDD mode,
,
,
Using the low loss model we have 

A  is assumed in our calculation, thus a total penetration loss for rural (NLoS O2I) at 4GHz is obtained as

For the calculation of shadow fading margins under different scenarios, three typical methods are provided in [3]. Taking the shadowing fading margin in rural (NLoS O2I) TDD as an example:
By following ‘Method 2’, the area coverage reliability after derivation and simplicity is given by 

where 
· , n is the pathloss coefficient which could be found in table 7.4.1-1 [2] with an equation , here  denotes the BS height.
· M denotes the horizontal indoor propagation distance which ranges from 0~25 m for UMa scenario and 0~10 m for Rural scenario. 
· R is the distance of the cell radius and the margin equals , where  is the expected power of received signal from/to cell edge R which can meet the area coverage reliability requirement and  denotes the receiver sensitivity.
According to the above equation, the area coverage reliability  can be obtained by adopting different values of margin (. Typically, area coverage reliability of 90% and 95% are required for data channel and control channel, respectively. For rural (NLoS O2I) TDD scenario, values for above mentioned parameters in calculating the shadow fading margins are listed as follows:
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Similarly, other revised shadow fading margins in Table 1 can be obtained by referring to calculation methods in [3].

A.2. Link level evaluation assumption for PUSCH
Table 4. 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 5. 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.3. Link level evaluation assumption for PUCCH
Table 6. 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



A.4. Link level evaluation assumption for other channels
Table 7. 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 8. 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 9. 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.5. 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 10. Required SNR of PUSCH and PUCCH towards different scenarios
	Required SNR (dB)
	PUSCH (eMBB)
	PUSCH (VoIP)
	PUCCH format 1 (2bits)
	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
	-8.5

	Scenario 2-1
	-4.83
	-1
	-9.1
	-9.75
	-10.3
	-8.5

	Scenario 2-2
	-5.30
	-0.75
	-12.15
	-12.25
	-10.3
	-8.45

	Scenario 3-1
	-5.6
	-0.85
	-8.7
	-9.3
	-10.1
	-8.3

	Scenario 3-2
	-6.25
	-0.7
	-12.10
	-12.25
	-10.05
	-8.25

	Scenario 4-1 & 4-2
	-8.3
	-4.25
	-12.30
	-12.30
	-9.3
	-8


Notes: FH denotes frequency hopping.
Table 11. 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.6. IMT-2020 self-evaluation template
Table 12. Template of IMT-2020 self-evaluation parameter settings 
	Parameter
	Values

	Scenario
	

	Frame structure
	

	Carrier frequency (Hz)
	

	BS antenna heights (m)
	

	UT antenna heights (m)
	

	Cell area reliability for control channel
	

	Cell area reliability for data channel
	

	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
	

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

	Spectral efficiency (bit/s/Hz)
	

	Pathloss model (select from LoS or NLoS)
	

	UE speed (km/h)
	

	Feeder loss (dB)
	

	Transmitter

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

	(1bis) Number of transmit antenna ports
	

	(2) Maximal transmit power per antenna (dBm)
	

	(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)
	

	(4) Transmitter antenna gain (dBi)
	

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

	(6) Control channel power boosting gain (dB)
	

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

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

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

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

	Receiver

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

	(10bis) Number of receive antenna ports
	

	(11) Receiver antenna gain (dBi)
	

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

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

	(13) Receiver noise figure (dB)
	

	(14) Thermal noise density (dBm/Hz)
	

	(15a) Receiver interference density for control channel (dBm/Hz) 
	

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

	(16a) Total noise plus interference density for control channel = 10 log (10^(((13) + (14))/10) + 10^((15a)/10)) dBm/Hz  
	

	(16b) Total noise plus interference density for data channel = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz 
	

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

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

	(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm
	

	(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm
	

	(19a) Required SNR for the control channel (dB) 
	

	(19b) Required SNR for the data channel (dB) 
	

	(20) Receiver implementation margin (dB)
	

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

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

	(22a) Receiver sensitivity for control channel = (18a) ++ (19a) + (20) – (21a) dBm
	

	(22b) Receiver sensitivity for data channel = (18b) ++ (19b) + (20) – (21b) dBm
	

	(23a) Hardware link budget for control channel = (9a) + (11) + (11bis) − (22a) dB
	

	(23b) Hardware link budget for data channel = (9b) + (11) + (11bis) − (22b) dB
	

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)
	

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

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

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

	(27) Penetration margin (dB)
	

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

	(29a) Available path loss for control channel = (23a) – (25a) + (26) – (27) + (28) – (12) dB
	

	(29b) Available path loss for data channel = (23b) – (25b) + (26) – (27) + (28) – (12) dB
	

	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)
	

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
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