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Introduction
In the RAN plenary #86 meeting, a new SID on NR coverage enhancement was approved [1]. The objective of this study item is to identify the baseline coverage performance and the target coverage performance for specific scenarios for both FR1 and FR2, and study the potential solutions for both DL and UL. The scenarios include urban scenario and rural scenario for FR1 as well as indoor scenario and urban/suburban scenario for FR2. 
In this contribution, we provide our views on the methodology to identify the potential gap between baseline coverage performance and the target coverage performance. Some preliminary evaluation results for uplink and downlink are also given. 
Discussion
The objective of this study item is to identify the baseline coverage performance and the target coverage performance for specific scenarios for both FR1 and FR2, and study the potential solutions for both DL and UL. In the SID, it specifies that the baseline performance is based on link-level simulation. Namely, baseline performance is the required SNR corresponding to the BLER requirement of each channel, e.g. 10% for PUSCH and 1% for PUCCH. 
However, it is unclear how to determine target performance for all channels for all scenarios. That is, it requires an evaluation methodology to identify the target performance, and then further check whether there are coverage issues by evaluating the potential gap between baseline performance and target performance. Then, the performance gap can serve as a guidance for potential solutions for coverage enhancement. Therefore, the evaluation methodology should be discussed first.
Proposal 1: Define an evaluation methodology to identify the performance gap between baseline coverage performance and target coverage performance. The performance gap serves as a guidance for potential solutions for coverage enhancement.
· The baseline coverage performance is based on the required SNR using link-level simulation.
· How to determine target coverage performance and then identify the performance gap should be discussed.
Based on above principle, we provide several candidate evaluation methodologies below for coverage evaluation.
Methodology for coverage evaluation
1.1 Evaluation methodology based on MCL/link budget
In LTE coverage enhancement [2] and TS 38.913[3], the identification of coverage issues are evaluated by MCL (Maximum Coupling Loss) methodology, which is defined as follows.
	The coupling loss is defined as the total long-term channel loss over the link between the UE antenna ports and the eNodeB antenna ports, and includes in practice antenna gains, path loss, shadowing, body loss, etc. The maximum coupling loss (MCL) is the limit value of the coupling loss at which the service can be delivered, and therefore defines the coverage of the service. The MCL is independent of the carrier frequency. It is defined in the UL and DL as: 
· UL MCL = UL Max Tx power - eNB Sensitivity
· DL MCL = DL Max Tx power - UE Sensitivity


The MCL is evaluated via link budget analysis (supported by link level simulations). The MCL calculation template is given in following table:
Table 1 MCL calculation template
	Physical channel name
	Value

	Transmitter
	

	(1) Tx power  (dBm)
	

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	

	(3) Receiver noise figure (dB)
	

	(4) Interference margin (dB)
	

	(5) Occupied channel bandwidth (Hz)
	

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log(5)  (dBm)
	

	(7) Required SINR (dB)
	

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	

	(9) MCL 
         = (1)  (8) (dB)
	



However, the template in Table 1 ignores too many important evaluation components which would impact the results a lot. Thus, such rough methodology is not preferred. 
In ITU self-evaluation, link budget is calculated by considering more influencing factors, such as interference density, feeder loss, antenna gain, receiver implementation margin, shadow fading margin and penetration margin [4]. Then, based on the link budget, the available path loss can be acquired. 
ITU self-evaluation methodology based on link budget can be summarized as follows.
· Step 1: Run link-level simulations using the associated parameters to obtain the baseline performance for a certain physical channel, i.e., BLER vs SINR curve. The baseline performance is the required SINR corresponding to the BLER requirement of each channel, e.g. 10% for PUSCH and 1% for PUCCH.  
· Step 2: Use the link budget methodology in IMT-2020 self-evaluation, the available baseline path loss can be calculated. 
· Step 3: Define a target path loss, e.g., using the expected ISD for each scenario (e.g. 500m for urban or 1732m for rural) to compute target path loss based on a certain channel model.
· Step 4: Performance gap (dB) = target path loss - baseline path loss.
The advantage of above methodology is it only requires link level simulation and some deterministic analysis. 
Observation 1: Link budget based methodology in ITU self-evaluation is a simple methodology since it only requires link level simulation and some deterministic analysis. 
However, the suggested values in ITU self-evaluation for some of the factors may be too idealized and not aligned with the reality for a certain deployment scenario. This is because the actual SINR of a cell edge UE is a result of cumulative influence of all factors together. Determining the individual influencing factor first and then do simple summation will most possibly make the results either too optimistic or pessimistic. In Table 3.1-1, the shadow fading margin, penetration margin and interference density based on 5% percentile UE via SLS and ITU self-evaluation are provided. In the SLS simulation, the same system setting as ITU self-evaluation is assumed. As can be observed, the values from ITU self-evaluation have some gap compared to SLS simulation which we think it is more accurate. 
Table 3.1-1 A comparison of SLS and ITU self-evaluation on shadow fading margin, penetration margin and interference density.
	Parameter
	Methodology

	
	700MHz based on ITU self-evaluation (dB)
	700MHz based on SLS (dB)

	Shadow fading margin
	6.61
	 6.26

	Penetration margin
	9
	 5.53 

	Interference density
	-165.7
	-155.73



Furthermore, it’s a bit arbitrary to use expected ISD for each scenario to derive the target performance. This makes the performance gap too subjective, and we can define what we want while it may not be able to reflect the coverage issues in the real network deployment. 
Based on above, it would be questionable whether the evaluation based on ITU self-evaluation could correctly reflect the real coverage issue. RAN1 should be prudent before deciding to only use such evaluation methodology for NR coverage enhancement.
Observation 2: Some parameters assumed in ITU self-evaluation may not be accurate, and it is questionable that whether link budget based evaluation can correctly reflect the real coverage issues.
1.2 Evaluation methodology based on 5th percentile downlink or uplink coverage via system-level simulation
In [5], the 5th percentile downlink or uplink performance, i.e., representing the performance of cell edge UEs, is used to evaluate the spectral efficiency, mobility and reliability. Take reliability for instance, the 5th percentile downlink or uplink SINR value is first obtained by performing downlink or uplink full buffer system-level simulations, then it is used to testify whether the reliability requirement is fulfilled by link-level simulation for each specific channel. Similarly, this methodology can be applied to evaluate the coverage. Specifically, the following steps in order to evaluate the coverage requirement using system-level simulation followed by link-level simulations can be considered. 
· Step 1: Run downlink or uplink full buffer system-level simulations using the evaluation parameters of corresponding scenarios, and collect overall statistics for downlink or uplink SINR values, and construct CDF over these values.
· Step 2: Identify the 5th percentile downlink or uplink SINR value from the CDF of users’ SINRs for each respective scenario as the target SINR (or target performance) for supporting the target date rate defined for each scenario.
· Step 3: Run corresponding link-level simulations using the associated parameters to obtain the baseline performance for a certain physical channel, i.e., BLER vs SINR curve. The baseline performance is the required SINR corresponding to the BLER requirement of each channel, e.g. 10% for PUSCH and 1% for PUCCH.  
· Step 4: The potential gap between target performance in Step 2 and the baseline performance in Step 3 is the target of NR coverage enhancement. 
With this methodology, we will know the target SINR (i.e. target performance) that can be actually obtained in real network and the baseline SINR (i.e. baseline performance) required for supporting the target date rate with Rel-15 and Rel-16 schemes. This is very meaningful for both network deployment and design of enhancement solutions since we will have the knowledge on,
· what kind of target date rate is reasonable in each scenario under a certain network deployment condition before and after Rel17 enhancement is considered. Or, 
· what kind of network deployment is needed for a certain target date rate before and after R17 enhancement is considered. Or,
· a clear picture on if and what kind of enhancement solutions are needed for satisfying the target date rate under a certain network deployment condition. 
Meanwhile, this methodology can be applied for all scenarios in both FR1 and FR2 and for all channels for DL and UL. 
Observation 3: The methodology with both system level and link level simulation provides meaningful information for both network deployment and design of enhancement solutions. RAN1 should be prudent to only use link budget methodology in ITU self-evaluation.
Proposal 2: The potential gap between target performance (i.e. the 5th percentile downlink or uplink SINR value in CDF curve) and baseline performance (i.e. the required SINR for target date rate with Rel-15 and Rel-16 schemes) can be considered as the methodology for NR coverage enhancement. 
1.3 Evaluation methodology based on the gap between LTE and NR
The typical carrier frequency for urban scenario in FR1 is 4GHz for NR system. While it is 2GHz for LTE based system. To make sure of the same gNB sites for NR and LTE, we have to make sure the coverage of NR is not less than the coverage of LTE. A coverage gap between LTE coverage at 2GHz and NR coverage at 4GHz can be regarded as the target gap for coverage enhancement for FR1.
Based on ITU self-evaluation, the only difference on link budget between LTE and NR system includes the following components: 
· Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.): It is assumed as 18.06 dB for NR while 15.05dB for LTE.
· Effective noise power: It is assumed as -105.40 dB for NR while -108.41 dB for LTE. Because they use the same number of RBs (4 RBs for PUSCH and one RB for PUCCH) while with different SCS (30 kHz for NR and 15 kHz for LTE).  
The impact of above two components is neutralized, which means the main difference between LTE coverage at 2GHz and NR coverage at 4GHz is the path loss. Based on TR 38.901 [7], the path loss difference between 2GHz and 4GHz is about 6 dB. That means, a target of 6 dB enhancement is required. Note that the penetration loss also depends on the carrier frequency. According to TR 38.901, if the blocking material is concrete, it can have a difference of 8dB between 2GHz and 4GHz.  
Observation 4: There is 6dB coverage gap due to path loss difference between LTE coverage at 2GHz and NR coverage at 4GHz. The additional coverage gap due to penetration loss can be up to 8dB.
Proposal 3: The coverage gap between LTE coverage at 2GHz and NR coverage at 4GHz can be considered as the target gap for coverage enhancement. 
Evaluation results
In this section, we provide the evaluation results on the performance gap between baseline performance and target performance by using ITU self-evaluation methodology and methodology based on 5th percentile downlink or uplink coverage.
1.4 Evaluation results based on link budget
In this subsection, the available path loss for PUSCH with eMBB service are provided. Together with the baseline performance (required SNR) simulated in our companion contribution [6], the gap for coverage enhancement for each scenario is given. 
The simulation assumptions in appendix C.2 in ITU self-evaluation [4] are reused for link budget in this section.
1.4.1  Evaluation for PUSCH with eMBB service
The available path loss and performance gap for PUSCH with eMBB service for rural scenario, long distance rural scenario and urban scenario are provided in Table 4.1.1-1, Table 4.1.1-2 and Table 4.1.1-3 respectively.
Table 4.1.1-1 The available path loss and performance gap for PUSCH with eMBB service in rural scenario.
	Scenario
	Number of RBs
	Required SNR (dB) with 2Rx
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	
	ISD=1732m
	Gap
	ISD=5000m
	Gap

	Rural scenario, 700MHz_O-to-O
	3
	-3.33
	134.98
	116.44
	-18.54 
	134.22
	-0.76 

	
	4
	-3.26
	133.66
	
	-17.22 
	
	0.56 

	Rural scenario, 2GHz_O-to-O
	3
	-3.31
	134.96
	125.55
	-9.41 
	143.34
	8.38 

	
	4
	-3.46
	133.86
	
	-8.31 
	
	9.48 

	Rural scenario. 2GHz_O-to-I
	3
	-3.16
	132.79
	
	-7.24 
	
	10.55 

	
	4
	-3.11
	131.49
	
	-5.94 
	
	11.85 

	Rural scenario, 4GHz_O-to-O
	4
	-1.37
	128.76
	131.57
	2.81 
	-
	-

	
	5
	-3.16
	129.58
	
	1.99 
	-
	-

	Rural scenario, 4GHz_O-to-I
	4
	-1.31
	126.68
	
	4.89 
	-
	-

	
	5
	-3.13
	127.53
	
	4.04 
	-
	-



Table 4.1.1-2 The available path loss and performance gap for PUSCH with eMBB service in long distance rural scenario.
	Scenario
	Number of RBs
	Required SNR (dB) with 2Rx
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	
	ISD=12km
	Gap
	ISD=30km
	Gap

	Long distance rural scenario,
700MHz_O-to-O
	3
	-6.02
	139.49
	127
	-12.49
	142.91
	3.42

	
	4
	-6.18
	138.40
	
	-11.41
	
	4.51



Table 4.1.1-3 The available path loss and performance gap for PUSCH with eMBB service in urban scenario.
	Scenario
	Number of RBs
	Required SNR (dB) with 2Rx
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	
	ISD=400m
	Gap
	ISD=500m
	Gap

	Urban scenario, 4GHz_O-to-I
	24
	-6.53
	115.8
	117.97
	2.17
	121.75
	5.95



Based on above, we have the following observations. 
Observation 5: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUSCH with 100kbps eMBB service in rural scenario with 2Rx is as follows.
·  In case of ISD = 1732 m, no enhancement is needed at 700MHz and 2GHz, and about 1.99~4.04 dB enhancement is needed at 4GHz. 
·  In case of ISD = 5000 m, no enhancement is needed at 700MHz, and more than 8 dB enhancement is needed at 2GHz.
Observation 6: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUSCH with 100kbps eMBB service in long distance rural scenario with 2Rx is as follows.
·  In case of ISD = 12 km, no enhancement is needed at 700MHz. 
·  In case of ISD = 30 km, about 3.42 dB enhancement is needed at 700MHz. 
Observation 7: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUSCH with 1Mbps eMBB service in urban scenario with 2Rx is as follows.
·  About 2.17dB and 5.95 dB enhancement are needed at 4GHz for ISD = 400m and 500m respectively. 
1.4.2  Evaluation for PUSCH with VoIP service
The available path loss and performance gap for PUSCH with VoIP service for rural scenario, long distance rural scenario and urban scenario are provided in Table 4.1.2-1, Table 4.1.2-2 and Table 4.1.2-3 respectively.
Table 4.1.2-1 The available path loss and performance gap for PUSCH with VoIP service in rural scenario.
	Scenario
	Number of RBs
	# of repetitions
	 Max. # of re-transmissions[footnoteRef:1] [1:  The maximum number of re-transmissions here does not include the initial transmission.] 

	Required SNR (dB) with 2Rx
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	
	
	
	ISD
=1732m
	Gap
	ISD
=5000m
	Gap

	Rural scenario, 700MHz_O-to-O
	4
	1
	3
	-1.7
	132.10
	116.44
	-15.66 
	134.22
	2.12 

	
	10
	1
	3
	-6.17
	132.59
	
	-16.15 
	
	1.63 

	
	10
	4
	3
	-11.46 
	137.88
	
	-21.44 
	
	-3.66 

	
	10
	8
	1
	-12.54
	138.96
	
	-22.52 
	
	-4.74 

	Rural scenario, 2GHz_
O-to-O
	4
	1
	3
	-1.74
	132.14
	125.55
	-6.59 
	143.34
	11.20 

	
	10
	1
	3
	-6.24
	132.66
	
	-7.11 
	
	10.68 

	
	10
	4
	3
	-12.12
	138.54
	
	-12.99 
	
	4.80 

	
	10
	8
	1
	-13.64
	140.06
	
	-14.51 
	
	3.28 



Table 4.1.2-2 The available path loss and performance gap for PUSCH with VoIP service in long distance rural scenario.
	Scenario
	Number of RBs
	# of repetitions
	 Max. # of re-transmissions
	Required SNR (dB) with 2Rx
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	
	
	
	ISD
=12km
	gap
	ISD
=30km
	gap

	Long distance rural scenario,
700MHz_O-to-O
	4
	1
	3
	-3.24
	135.46
	127
	-8.46 
	142.91
	7.45 

	
	6
	1
	3
	-5.47
	135.93
	
	-8.93 
	
	6.98 

	
	6
	4
	3
	-10.82
	141.28
	
	-14.28 
	
	1.63 

	
	6
	8
	3
	-12.81
	143.27
	
	-16.27 
	
	-0.36 



Table 4.1.2-3 The available path loss and performance gap for PUSCH with VoIP service in urban scenario.
	Scenario
	Number of RBs
	# of repetitions
	Max. # of re-transmissions
	Required SNR (dB) with 2Rx
	Available path loss (dB)
	Target performance (dB)

	
	
	
	
	
	
	ISD=500m
	gap

	Urban scenario, 4GHz_O-to-I
	4
	1
	3
	-3.98
	121.03
	121.75
	0.72

	
	10
	1
	3
	-8.05
	121.12
	121.75
	0.63

	
	10
	4
	3
	-12.29
	125.36
	121.75
	-3.61

	
	10
	8
	1
	-14.75
	127.82
	121.75
	-6.07



Based on above, we have the following observations. 
Observation 8: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUSCH with VoIP service in rural scenario with 2Rx is as follows.
·  In case of ISD = 1732 m, no enhancement is needed at both 700MHz and 2GHz.
·  In case of ISD = 5000 m, 
· no enhancement is needed at both 700MHz by enabling 4 PUSCH repetitions with a maximum of 3 re-transmissions or 8 PUSCH repetitions with a maximum of 1 re-transmissions.
· at least 3.28dB enhancement is needed even after enabling 8 PUSCH repetitions with a maximum of 1 re-transmission.
Observation 9: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUSCH with VoIP service in long distance rural scenario with 2Rx is as follows.
·  Even for ISD = 30 km, no enhancement is needed by enabling 8 PUSCH repetitions with a maximum of 1 re-transmission.
Observation 10: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUSCH with VoIP service in urban scenario with 2Rx is as follows.
·  In case of ISD = 500 m, no enhancement is needed by enabling 4 PUSCH repetitions with a maximum of 3 re-transmissions or 8 PUSCH repetitions with a maximum of 1 re-transmissions.
1.4.3  Evaluation for PUCCH
The available path loss and performance gap for PUCCH for rural scenario, long distance rural scenario and urban scenario are provided in Table 4.1.3-1, Table 4.1.3-2 and Table 4.1.3-3 respectively.
Table 4.1.3-1 The available path loss and performance gap for PUCCH in rural scenario.
	Scenario
	# of UCI bits
	Required SNR (dB) with 2 Rx
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	
	ISD=1732m
	Gap
	ISD=5000m
	Gap

	Rural scenario, 
700MHz_O-to-O
	2
	-6.0
	135.01
	116.44
	-18.57
	134.22
	-0.79 

	
	22
	-0.8
	129.81
	
	-13.37
	
	4.41 

	Rural scenario, 
2GHz_O-to-O
	2
	-6.0
	135.01
	125.55
	-9.46 
	143.34
	8.33 

	
	22
	-1.0
	130.01
	
	-4.46 
	
	13.33 

	Rural scenario. 
2GHz_O-to-I
	2
	-6.1
	133.61
	125.55
	-8.06 
	143.34
	9.73 

	
	22
	-1.2
	128.71
	
	-3.16 
	
	14.63 

	Rural scenario, 
4GHz_O-to-O
	2
	-6.0
	132.00
	131.57
	-0.43 
	149.36
	17.36 

	
	22
	-0.6
	126.60
	
	4.97 
	
	22.76 

	Rural scenario. 
4GHz_O-to-I
	2
	-6.1
	130.60
	131.57
	0.97 
	149.36
	18.76 

	
	22
	-0.9
	125.40
	
	6.17 
	
	23.96 



Table 4.1.3-2 The available path loss and performance gap for PUCCH in long distance rual scenario.
	Scenario
	# of UCI bits
	Required SNR (dB) with 2 Rx
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	
	ISD=12km
	Gap
	ISD=30km
	Gap

	Long distance Rural scenario, 
700MHz_O-to-O
	2
	-8.45
	139.85
	127.00
	-12.85 
	142.91
	3.06

	
	22
	-4.6
	136.00
	127.00
	-9.00 
	142.91
	6.91



Table 4.1.3-3 The available path loss and performance gap for PUCCH in urban scenario.
	Scenario
	# of UCI bits
	Required SNR (dB) with 2 Rx
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	
	ISD=400m
	Gap
	ISD=500m
	Gap

	Urban scenario, 
4GHz_O-to-I
	2
	-6.1
	122.52
	117.97
	-4.55 
	121.75
	-0.77 

	
	22
	-0.9
	117.32
	117.97
	0.65 
	121.75
	4.43 



Based on above, we have the following observations. 
Observation 11: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUCCH in rural scenario with 2Rx is as follows.
· In case of 2bits UCI and ISD = 1732m, no enhancement is needed at 700MHz and 2GHz, and about 0.97 dB enhancement is needed at 4GHz for O2I scenario.
· In case of 22bits UCI and ISD = 1732m, no enhancement is needed at 700MHz and 2GHz, and about 4.97 dB and 6.17dB enhancement are needed at 4GHz for O2O and O2I scenarios respectively.
· In case of 2bits UCI and ISD = 5000m, no enhancement is needed at 700MHz, and more than 8 dB enhancement is needed for other scenarios. 
· In case of 22bits UCI and ISD = 5000m, more than 4 dB enhancements are needed for all scenarios. 
Observation 12: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUCCH in long distance rural scenario with 2Rx is as follows.
·  In case of ISD = 12 km, no enhancement is needed for both 2bits and 22bits
·  In case of ISD = 30 km, 3.06 dB and 6.91dB enhancement are needed for 2bits and 22bits respectively.
Observation 13: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUCCH in urban scenario with 2Rx is as follows.
· For 2bits, no enhancement is needed for ISD up to 500m.
· For 22bits, about 0.65dB and 4.43dB enhancement are needed for ISD = 400m and ISD = 500m respectively.
1.4.4  Evaluation for PDCCH
The available path loss and performance gap for PDCCH for rural scenario and urban scenario are provided in Table 4.1.4-1 and Table 4.1.4-2 respectively.
Table 4.1.4-1 The available path loss and performance gap for PDCCH in rural scenario 700MHz_O2O.
	# of DCI bits
	Required SNR (dB) with Rx=2
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	ISD=1732m
	Gap
	ISD=5000m
	Gap

	30
	AL=1
	7.92
	143.41
	116.44
	-26.97 
	134.22
	-9.19 

	
	AL=2
	1.59
	146.73
	
	-30.29 
	
	-12.51 

	
	AL=4
	-1.67
	146.98
	
	-30.54 
	
	-12.76 

	
	AL=8
	-4.80
	147.10
	
	-30.66 
	
	-12.88 

	
	AL=16
	-7.75
	147.04
	
	-30.60 
	
	-12.82 

	40
	AL=1
	9.56
	141.77
	
	-25.33 
	
	-7.55 

	
	AL=2
	2.94
	145.38
	
	-28.94 
	
	-11.16 

	
	AL=4
	-0.59
	145.90
	
	-29.46 
	
	-11.68 

	
	AL=8
	-4.30
	146.6
	
	-30.16 
	
	-12.38 

	
	AL=16
	-7.43
	146.72
	
	-30.28 
	
	-12.50 



Table 4.1.4-2 The available path loss and performance gap for PDCCH in Urban scenario 4GHz_O2I.
	# of DCI bits
	Required SNR (dB) with Rx=4
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	ISD=400m
	Gap
	ISD=500m
	Gap

	30
	AL=1
	1.67
	138.04
	117.97
	-20.07 
	121.75
	-16.29 

	
	AL=2
	-2.96
	139.66
	
	-21.69 
	
	-17.91 

	
	AL=4
	-6.41
	140.10
	
	-22.13 
	
	-18.35 

	
	AL=8
	-9.39
	140.07
	
	-22.10 
	
	-18.32 

	
	AL=16
	-11.83
	139.50
	
	-21.53 
	
	-17.75 

	40
	AL=1
	2.72
	136.99
	
	-19.02 
	
	-15.24 

	
	AL=2
	-2.19
	138.89
	
	-20.92 
	
	-17.14 

	
	AL=4
	-5.83
	139.52
	
	-21.55 
	
	-17.77 

	
	AL=8
	-8.78
	139.46
	
	-21.49 
	
	-17.71 

	
	AL=16
	-11.40
	139.07
	
	-21.10 
	
	-17.32 



Based on above, we have the following observations. 
Observation 14: Based on link budget methodology used in ITU self-evaluation, no enhancement is needed for PDCCH in rural scenario and urban scenario.

1.4.5  Evaluation for PBCH
The available path loss and performance gap for PBCH for rural scenario and urban scenario are provided in Table 4.1.5-1 and Table 4.1.5-2 respectively.
Table 4.1.5-1 The available path loss and performance gap for PBCH in rural scenario 700MHz_O2O.
	# of PBCH bits
	Required SNR (dB) with Rx=2
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	ISD=1732m
	Gap
	ISD=5000m
	Gap

	32
	-9.41
	152.50
	116.44
	-36.06
	134.22
	-18.28



Table 4.1.5-2 The available path loss and performance gap for PBCH in urban scenario 4GHz_O2I.
	# of PBCH bits
	Required SNR (dB) 
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	ISD=400m
	Gap
	ISD=500m
	Gap

	32
	Rx=2
	-7.27
	138.74
	117.97
	-20.77
	121.75
	-16.99

	
	Rx=4
	-12.7
	144.17
	
	-26.2
	
	-22.42


Observation 15: Based on link budget methodology used in ITU self-evaluation, no enhancement is needed for PBCH  in rural scenario and urban scenario.
1.4.6  Evaluation for PRACH
The available path loss and performance gap for PRACH for rural scenario is provided in Table 4.1.6-1.
Table 4.1.6-1 The available path loss and performance gap for PRACH in rural scenario.
	Scenario
	PRACH format
	Required SNR (dB) with 2 Rx
	Available path loss (dB)
	Target performance (dB)
	Target performance (dB)

	
	
	
	
	ISD=1732m
	Gap
	ISD=5000m
	Gap

	Rural scenario, 
700MHz_O-to-O
	Format 1
	-6.76
	135.40
	116.44
	-18.96 
	134.22
	-1.18 

	Rural scenario, 
2GHz_O-to-I
	Format 2
	-9.01
	135.63
	125.55
	-10.08 
	143.34
	7.71 



Observation 16: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PRACH in rural scenario is as follows.
· In case of ISD = 1732m, no enhancement is needed at 700MHz and 2GHz.
· In case of ISD = 5000m, no enhancement is needed at 700MHz with PRACH preamble format 1,  and about 7.71dB enhancement is needed at 2GHz with PRACH preamble format 2.
1.4.7  A summary for performance gap based on link budget
To get a full picture of the performance gap for different channels in different scenarios, a summary of performance gap based on link budget is given in Table 4.1.7-1. 
Table 4.1.7-1 A summary of performance gap for different channels in different scenarios based on link budget
	Physical channel
	Scenario
	Performance gap (dB)

	
	
	ISD=400m
	ISD=500m
	ISD=1732m
	ISD=5km
	ISD=12km
	ISD=30km

	PUSCH
	eMBB service
	Rural scenario, 700MHz_O-to-O
	N/A
	NA
	

	

	N/A
	N/A

	
	
	Rural scenario, 2GHz_O-to-O
	N/A
	N/A
	

	8.38
	N/A
	N/A

	
	
	Rural scenario. 2GHz_O-to-I
	N/A
	N/A
	

	10.55
	N/A
	N/A

	
	
	Rural scenario, 4GHz_O-to-O
	N/A
	N/A
	1.99
	N/A
	N/A
	N/A

	
	
	Rural scenario, 4GHz_O-to-I
	N/A
	N/A
	4.04
	N/A
	N/A
	N/A

	
	
	Long distance rural scenario,
700MHz_O-to-O
	N/A
	N/A
	N/A
	N/A
	

	3.42

	
	
	Urban scenario, 4GHz_O-to-I
	2.17
	5.95
	N/A
	N/A
	N/A
	N/A

	
	VoIP service
	Rural scenario, 700MHz_O-to-O
	N/A
	N/A
	

	

	N/A
	N/A

	
	
	Rural scenario, 2GHz_O-to-O
	N/A
	N/A
	

	3.28
	N/A
	N/A

	
	
	Long distance rural scenario,
700MHz_O-to-O
	N/A
	N/A
	N/A
	N/A
	

	


	
	
	Urban scenario, 4GHz_O-to-I
	N/A
	

	N/A
	N/A
	N/A
	N/A

	PUCCH
	Rural scenario,
700MHz_O-to-O
	UCI with 2 bits
	N/A
	N/A
	

	

	N/A
	N/A

	
	
	UCI with 22 bits
	N/A
	N/A
	

	4.41
	N/A
	N/A

	
	Rural scenario,
2GHz_O-to-O
	UCI with 2 bits
	N/A
	N/A
	

	8.33
	N/A
	N/A

	
	
	UCI with 22 bits
	N/A
	N/A
	

	13.33
	N/A
	N/A

	
	Rural scenario.
2GHz_O-to-I
	UCI with 2 bits
	N/A
	N/A
	

	9.73
	N/A
	N/A

	
	
	UCI with 22 bits
	N/A
	N/A
	

	14.63
	N/A
	N/A

	
	Rural scenario
4GHz_O-to-O
	UCI with 2 bits
	N/A
	N/A
	

	17.36
	N/A
	N/A

	
	
	UCI with 22 bits
	N/A
	N/A
	4.97
	22.76
	N/A
	N/A

	
	Rural scenario
4GHz_O-to-I
	UCI with 2 bits
	N/A
	N/A
	0.97
	18.76
	N/A
	N/A

	
	
	UCI with 22 bits
	N/A
	N/A
	6.17
	23.96
	N/A
	N/A

	
	Long distance Rural scenario,
700MHz_O-to-O
	UCI with 2 bits
	N/A
	N/A
	N/A
	N/A
	

	3.06

	
	
	UCI with 22 bits
	N/A
	N/A
	N/A
	N/A
	

	6.91

	
	Urban scenario,
4GHz_O-to-I
	UCI with 2 bits
	

	

	N/A
	N/A
	N/A
	N/A

	
	
	UCI with 22 bits
	0.65
	4.43
	N/A
	N/A
	N/A
	N/A

	PDCCH
	Rural scenario. 700MHz_O2O
	DCI with 30 bits
	N/A
	N/A
	

	

	N/A
	N/A

	
	
	DCI with 40 bits
	N/A
	N/A
	

	

	N/A
	N/A

	
	Urban scenario. 4GHz_O2I
	DCI with 30 bits
	

	

	N/A
	N/A
	N/A
	N/A

	
	
	DCI with 40 bits
	

	

	N/A
	N/A
	N/A
	N/A

	PBCH
	Rural scenario, 700MHz_O2O
	N/A
	N/A
	

	

	N/A
	N/A

	
	Urban scenario, 4GHz_O2I
	Rx=2
	

	

	N/A
	N/A
	N/A
	N/A

	
	
	Rx=4
	

	

	N/A
	N/A
	N/A
	N/A

	PRACH
	Rural scenario, 
700MHz_O-to-O
	Format 1
	N/A
	N/A
	

	

	N/A
	N/A

	
	Rural scenario, 
2GHz_O-to-I
	Format 2
	N/A
	N/A
	

	7.71
	N/A
	N/A

	Note:
1. The evaluation assumptions defined in ITU self-evaluation in TS 37.910 are used. 
2. For PUSCH, the case which provides the best baseline performance according to [6] is used to derive the performance gap.



1.5 Evaluation results based on 5th percentile downlink or uplink coverage via system-level simulation
In this subsection, the 5th percentile SINR values for urban scenario and rural scenario for FR1 are provided. Together with the baseline performance (required SNR) simulated in our companion contribution [6], the gap for coverage enhancement for each scenario is given. 
The simulation assumptions for system-level simulation for FR1 is given in Table A-1 in the appendix. 
1.5.1 Evaluation for PUSCH with eMBB service
The 5th percentile SINR values and the performance gap for PUSCH with eMBB service are given in Table 4.2.1-1, Table 4.2.1-2 and Table 4.2.1-3 for rural scenario, long distance rural scenario and urban scenario respectively. .The detailed simulation assumptions for SLS are attached in Table A-1 in the Appendix, and the simulation assumptions for baseline performance of PUSCH can be found in our companion contribution [6]. 
Table 4.2.1-1 The performance gap for PUSCH with 100kbps eMBB service in rural scenario.
	Scenario
	# of receiving antenna ports
	Baseline performance (dB)
	5% percentile SINR value for target performance and the coverage gap (dB)

	
	
	
	ISD
=1732m
	Gap
	ISD =5000m
	Gap

	Rural scenario, 700MHz_O-to-O
	2Rx
	-3.33
	-1.41
	-
	-4.85
	1.52

	
	4Rx
	-6.94
	-2.66
	-
	-6.62 
	-

	Rural scenario, 2GHz_O-to-O
	2Rx
	-3.31
	1.29
	-
	-5.81
	2.5

	
	4Rx
	-6.89
	-1.33
	-
	-8.6 
	1.71

	
	8Rx
	-8.36
	-3.49
	-
	-9.48
	1.12

	Rural scenario, 2GHz_O-to-I
	2Rx
	-3.16
	1.07
	-
	-10.7
	7.54

	
	4Rx
	-6.9
	-1.24
	-
	- 13.01
	6.11

	
	8Rx
	-9.15
	-3.57
	-
	-13.51
	4.36

	Rural scenario, 4GHz_O-to-O
	4Rx
	-6.06
	-1.1
	-
	-18.98 
	12.92

	
	8Rx
	-6.27
	-2.49
	-
	-18.31
	12.04

	Rural scenario, 4GHz_O-to-I
	4Rx
	-6.12
	-1.91
	-
	- 24.01
	17.89

	
	8Rx
	-10.97
	-4.84
	-
	-27.67
	16.7



Table 4.2.1-2 The performance gap for PUSCH with 100kbps eMBB service in long distance rural scenario.
	Scenario
	# of receiving antenna ports
	Baseline performance (dB)
	5% percentile SINR value for target performance and the coverage gap (dB)

	
	
	
	ISD=5km
	Gap
	ISD =12km
	Gap

	Long distance Rural scenario, 700MHz_O-to-O
	2Rx
	-6.02
	-2.22
	-
	-2.83
	-

	
	4Rx
	-9.08
	-3.62
	-
	-4.14 
	-



Table 4.2.1-3 The performance gap for performance for PUSCH with 1Mbps eMBB service in urban scenario.
	Scenario
	# of receiving antenna ports
	Baseline performance (dB)
	5% percentile SINR value for target performance and the coverage gap (dB)

	
	
	
	ISD=500m
	Gap

	Urban scenario, 4GHz_O-to-I
	4Rx
	-6.33
	-13.53
	7.2

	
	8Rx
	-9.13
	-15.35
	6.22

	
	64Rx
	-15.12
	-20.61
	5.49



Based on above evaluation, we have the following observations. 
Observation 17: Based on SLS evaluation, the potential performance gap for PUSCH with 100kbps eMBB service in rural scenario is as follows.
· In case of ISD =1732m, no enhancement is needed.
· In case of ISD =5000m, PUSCH enhancement is needed for most scenarios with performance gap from ~1dB to more than 10dB.  
Observation 18: Based on SLS evaluation, no enhancement is needed for PUSCH with 100kbps eMBB service in long distance rural scenario with ISD = 5 km and 12 km.
Observation 19: Based on SLS evaluation, about 7.2dB, 6.22 dB or 5.49dB enhancement gap is needed for PUSCH with 1Mbps eMBB service in urban scenario with ISD =500m for 4Rx, 8Rx or 64Rx respectively.
1.5.2  Evaluation for PUSCH with VoIP service
The 5th percentile SINR values and baseline performance for PUSCH with VoIP service are given in Table 4.2.2-1, Table 4.2.2-2 and Table 4.2.2-3 for rural scenario, long distance rural scenario and urban scenario respectively. The detailed simulation assumptions for SLS are attached in Table A-1 in the Appendix, and the simulation assumptions for baseline performance of PUSCH can be found in our companion contribution [6]. 
Table 4.2.2-1 The performance gap for PUSCH with VoIP service in rural scenario.
	Scenario
	# of receiving antenna ports
	Baseline performance (dB)
	5% percentile SINR value for target performance and the coverage gap (dB)

	
	
	
	ISD
=1732m
	Gap
	ISD =5000m
	Gap

	Rural scenario, 700MHz_O-to-O
	2Rx
	-6.17
	-2.31
	-
	-7.93
	1.76

	Rural scenario, 2GHz_O-to-O
	2Rx
	-6.24
	-0.35
	-
	-10.84
	4.6



Table 4.2.2-2 The performance gap for PUSCH with VoIP service in long distance rural scenario.
	Scenario
	# of receiving antenna ports
	Baseline performance (dB)
	5% percentile SINR value for target performance and the coverage gap (dB)

	
	
	
	ISD=5km
	Gap
	ISD =12km
	Gap

	Long distance Rural scenario, 700MHz_O-to-O
	2Rx
	-5.47
	-2.02
	-
	-3.17
	-



Table 4.2.2-3 The performance gap for performance for PUSCH with VoIP service in urban scenario.
	Scenario
	# of receiving antenna ports
	Baseline performance
	5% percentile SINR value for target performance and the coverage gap

	
	
	
	ISD=500m
	Gap

	Urban scenario, 4GHz_O-to-I
	4Rx
	-8.05
	-10.10
	2.05



Observation 20: Based on SLS evaluation, the potential performance gap for PUSCH with VoIP service in rural scenario with 2Rx is as follows. 
· In case of ISD = 1732m, no enhancement is needed for PUSCH. 
· In case of ISD =5000m, about 1.76dB or 4.6 dB enhancement is needed for PUSCH at 700MHz or 2GHz respectively.
Observation 21: Based on SLS evaluation, no enhancement is needed for PUSCH with VoIP service in long distance rural scenario with 2Rx with ISD = 5 km and 12 km.
Observation 22: Based on SLS evaluation, about 2.05 dB enhancement is needed for PUSCH with VoIP service in urban scenario with ISD =500m and 4Rx.
1.5.3  Evaluation for PUCCH
The 5th percentile SINR values and the performance gap for PUCCH are given in Table 4.2.3-1, Table 4.2.3-2 and Table 4.2.3-3 for rural scenario, long distance rural scenario and urban scenario respectively. The detailed simulation assumptions for SLS are attached in Table A-1 in the Appendix, and the simulation assumptions for baseline performance of PUCCH can be found in our companion contribution [6]. 
Table 4.2.3-1 The performance gap for PUCCH in rural scenario.
	Scenario
	# of receiving antenna ports
	Simulation cases
	Baseline performance (dB)
	5% percentile SINR value for target performance and the coverage gap (dB)

	
	
	
	
	ISD
=1732m
	Gap
	ISD =5000m
	Gap

	Rural scenario_
700MHz_O-to-O
	2Rx
	PUCCH format 1 2bits
	-6
	-2.34
	-
	-3.27
	-

	
	
	PUCCH format 3 3bits
	-6.5
	-2.48
	-
	-3.45
	-

	
	
	PUCCH format 3 6bits
	-5
	-2.04
	-
	-3.03
	-

	
	
	PUCCH format 3 11bits
	-3.2
	-1.49
	-
	-2.86
	-

	
	
	PUCCH format 3 22bits
	-0.8
	-1.04
	0.24
	-2.66
	1.86

	
	4Rx
	PUCCH format 1 2bits
	-10
	-4.34
	-
	-4.95
	-

	
	
	PUCCH format 3 3bits
	-10.5
	-4.65
	-
	-5.25
	-

	
	
	PUCCH format 3 6bits
	-9.3
	-4.01
	-
	-4.71
	-

	
	
	PUCCH format 3 11bits
	-7.7
	-3.19
	-
	-4.07
	-

	
	
	PUCCH format 3 22bits
	-5.6
	-2.34
	-
	-3.76
	-

	Rural scenario_
2GHz_O-to-O
	2Rx
	PUCCH format 1 2bits
	-6.0
	-0.61
	-
	-2.74
	-

	
	
	PUCCH format 3 3bits
	-6.6
	-1.0
	-
	-3.01
	-

	
	
	PUCCH format 3 6bits
	-5.2
	-0.32
	-
	-2.68
	-

	
	
	PUCCH format 3 11bits
	-3.2
	0.44
	-
	-2.6
	-

	
	
	PUCCH format 3 22bits
	-1.0
	1.38
	-
	-2.37
	1.37

	
	4Rx
	PUCCH format 1 2bits
	-10.3
	-3.89
	-
	-4.88
	-

	
	
	PUCCH format 3 3bits
	-10.3
	-3.90
	-
	-4.88
	-

	
	
	PUCCH format 3 6bits
	-9.2
	-3.17
	-
	-4.64
	-

	
	
	PUCCH format 3 11bits
	-7.7
	-2.33
	-
	-4.42
	-

	
	
	PUCCH format 3 22bits
	-5.7
	-1.30
	-
	-4.27
	-

	
	8Rx
	PUCCH format 1 2bits
	-13.62 
	-6.77
	-
	-7.55
	-

	
	
	PUCCH format 3 3bits
	-13.40 
	-6.64
	-
	-7.29
	-

	
	
	PUCCH format 3 6bits
	-12.18 
	-5.71
	-
	-7.10
	-

	
	
	PUCCH format 3 11bits
	-10.84 
	-4.88
	-
	-7.0
	-

	
	
	PUCCH format 3 22bits
	-8.85 
	-3.74
	-
	-7.03
	-

	Rural scenario_
2GHz_O-to-I
	2Rx
	PUCCH format 1 2bits
	-6.1
	-0.99 
	-
	-6.12 
	-

	
	
	PUCCH format 3 3bits
	-6.4
	-0.97 
	-
	-6.19 
	-

	
	
	PUCCH format 3 6bits
	-5.2
	-0.40 
	-
	-6.04 
	0.84

	
	
	PUCCH format 3 11bits
	-3.4
	0.39 
	-
	-6.0
	2.6

	
	
	PUCCH format 3 22bits
	-1.2
	1.05 
	-
	-5.83
	4.63 

	
	4Rx
	PUCCH format 1 2bits
	-10.3
	-3.99 
	-
	-8.06
	-

	
	
	PUCCH format 3 3bits
	-10.3
	-3.98 
	-
	-8.25
	-

	
	
	PUCCH format 3 6bits
	-9.2
	-3.22 
	-
	-8.36
	-

	
	
	PUCCH format 3 11bits
	-7.6
	-2.31 
	-
	-7.9
	0.3

	
	
	PUCCH format 3 22bits
	-5.6
	-1.36 
	-
	-8.26
	2.66

	
	8Rx
	PUCCH format 1 2bits
	-13.6
	-6.78
	-
	-10.9
	-

	
	
	PUCCH format 3 3bits
	-13.43
	-6.65 
	-
	-11.07
	-

	
	
	PUCCH format 3 6bits
	-12.19 
	-5.74 
	-
	-10.87
	-

	
	
	PUCCH format 3 11bits
	-10.83 
	-4.88 
	-
	-10.57
	-

	
	
	PUCCH format 3 22bits
	-8.92 
	-3.79 
	-
	-10.74
	1.82 

	Rural scenario_
4GHz_O-to-O
	4Rx
	PUCCH format 1 2bits
	-10.3
	-3.92
	-
	-12.55
	2.25

	
	
	PUCCH format 3 3bits
	-10.4
	-4.01
	-
	-12.41
	2.01

	
	
	PUCCH format 3 6bits
	-9.3
	-3.35
	-
	-12.32
	3.02

	
	
	PUCCH format 3 11bits
	-7.6
	-2.26
	-
	-12.3
	4.7

	
	
	PUCCH format 3 22bits
	-5.5
	-1.34
	-
	-12.78
	7.28

	
	8Rx
	PUCCH format 1 2bits
	-13.3
	-6.56
	-
	-15.17
	1.87

	
	
	PUCCH format 3 3bits
	-13.2 
	-6.53
	-
	-14.98
	1.78

	
	
	PUCCH format 3 6bits
	-12.05
	-5.63
	-
	-15.29
	3.24

	
	
	PUCCH format 3 11bits
	-10.54 
	-4.63
	-
	-15.45
	4.91

	
	
	PUCCH format 3 22bits
	-8.65 
	-3.59
	-
	-15.38
	6.73

	Rural scenario_
4GHz_O-to-I
	4Rx
	PUCCH format 1 2bits
	-10.3
	-3.97
	-
	-17.78
	7.48

	
	
	PUCCH format 3 3bits
	-10.2
	-3.96
	-
	-18.05
	7.85

	
	
	PUCCH format 3 6bits
	-9.3
	-3.2
	-
	-18.14
	8.84

	
	
	PUCCH format 3 11bits
	-7.2
	-2.25
	-
	-18.09
	10.89

	
	
	PUCCH format 3 22bits
	-5.7
	-1.30
	-
	-18.12
	12.42

	
	8Rx
	PUCCH format 1 2bits
	-13.6
	-6.83
	-
	-20.42
	6.82

	
	
	PUCCH format 3 3bits
	-13.2
	-6.8
	-
	-20.48
	7.28

	
	
	PUCCH format 3 6bits
	-12
	-5.62
	-
	-20.48
	8.48

	
	
	PUCCH format 3 11bits
	-10.7
	-4.84
	-
	-20.47
	9.77

	
	
	PUCCH format 3 22bits
	-9
	-3.7
	-
	-20.59
	11.59



Table 4.2.3-2 The performance gap for PUCCH in long distance rural scenario.
	Scenario
	# of receiving antenna ports
	Simulation cases
	Baseline performance (dB)
	5% percentile SINR value for target performance and the coverage gap (dB)

	
	
	
	
	ISD
=5km
	Gap
	ISD =12km
	Gap

	Long Distance Rural scenario_
700MHz_O-to-O
	2Rx
	PUCCH format 1 2bits
	-8.45 
	-3.68
	-
	-3.73
	-

	
	
	PUCCH format 3 3bits
	-9.15
	-4.01
	-
	-4.06
	-

	
	
	PUCCH format 3 6bits
	-7.9
	-3.39
	-
	-3.50
	-

	
	
	PUCCH format 3 11bits
	-6.35
	-2.76
	-
	-2.84
	-

	
	
	PUCCH format 3 22bits
	-4.6
	-2.3
	-
	-2.33
	-

	
	4Rx
	PUCCH format 1 2bits
	-11.2 
	-5.3
	-
	-5.2
	-

	
	
	PUCCH format 3 3bits
	-11.75
	-5.65
	-
	-5.57
	-

	
	
	PUCCH format 3 6bits
	-10.6
	-4.88
	-
	-4.85
	-

	
	
	PUCCH format 3 11bits
	-9.2
	-4.13
	-
	-4.07
	-

	
	
	PUCCH format 3 22bits
	-7.5
	-3.44
	-
	-3.31
	-



Table 4.2.3-3 The performance gap for PUCCH in Urban scenario.
	Scenario
	# of receiving antenna ports
	Simulation cases
	Baseline performance
	5% percentile SINR value for target performance and the coverage gap

	
	
	
	
	ISD=500m
	Gap

	 Urban scenario_
4GHz_O-to-I
	4Rx
	PUCCH format 1 2bits
	-10.3
	-4.71 
	-

	
	
	PUCCH format 3 3bits
	-10.2
	-4.94 
	-

	
	
	PUCCH format 3 6bits
	-9.3
	-4.24 
	-

	
	
	PUCCH format 3 11bits
	-7.2
	-3.61 
	-

	
	
	PUCCH format 3 22bits
	-5.7
	-3.5 
	-

	
	8Rx
	PUCCH format 1 2bits
	-13.6
	-7.4 
	-

	
	
	PUCCH format 3 3bits
	-13.2
	-7.04 
	-

	
	
	PUCCH format 3 6bits
	-12
	-6.41 
	-

	
	
	PUCCH format 3 11bits
	-10.7
	-6.06 
	-

	
	
	PUCCH format 3 22bits
	-9
	-5.46 
	-

	
	64Rx
	PUCCH format 1 2bits
	N/A
	N/A
	N/A

	
	
	PUCCH format 3 3bits
	-19.62
	N/A
	N/A

	
	
	PUCCH format 3 6bits
	-18.71 
	-12.11 
	-

	
	
	PUCCH format 3 11bits
	-17.50 
	-11.43 
	-

	
	
	PUCCH format 3 22bits
	-15.87 
	-10.36 
	-



Observation 23: Based on SLS evaluation, the potential performance gap for PUCCH in rural scenario is as follows. 
· No enhancement is needed for PUCCH with 2bits UCI. 
· Up to 1.86 dB enhancement is needed for PUCCH with 22bits at 700MHz ISD = 5000m. 
· Up to 4.62 dB enhancement is needed for PUCCH with 22bits at 2GHz with ISD = 5000m. 
· Up to 12.42 dB enhancement is needed for PUCCH with 22bits at 4GH ISD = 5000m. 
Observation 24: Based on SLS evaluation, no enhancement is needed for PUCCH with 2~22 bits UCI in long distance rural scenario with ISD =5 km and 12 km. 
Observation 25: Based on SLS evaluation, no enhancement is needed for PUCCH with 2~22 bits UCI in urban scenario with ISD =500m. 
1.5.4  Evaluation for PDCCH
For rural scenario at 700MHz and urban scenario at 4GHz, the 5th percentile SINR values and the performance gap for PDCCH are given in Table 4.2.4-1 and Table 4.2.4-2 respectively. 
Regarding the 5% percentile SINR value, an ISD of 1732m and 5000m for rural scenario and ISD =500m for urban scenario are assumed in the system-level simulation. More detailed simulation assumptions are attached in Table A-1 in the Appendix. As for the baseline performance for PDCCH, a DCI payload 30 and 40 bits with different ALs are evaluated. More details simulation assumptions for PDCCH can be found in our companion contribution [6].  
Table 4.2.4-1 The performance gap for PDCCH in rural scenario.
	Scenario
	# of receiving antenna ports
	Simulation cases
	Baseline performance (dB)
	5% percentile SINR value for target performance and the coverage gap (dB)

	
	
	
	
	ISD
=1732m
	Gap
	ISD =5000m
	Gap

	Rural scenario, 700MHz_O-to-O
	2Rx
	30bits AL1
	7.92
	3.11
	4.81
	-1.38
	9.3

	
	
	30bits AL2
	1.59 
	
	-
	
	2.97

	
	
	30bits AL4
	-1.67 
	
	-
	
	-

	
	
	30bits AL8
	-4.80 
	
	-
	
	-

	
	
	30bits AL16
	-7.75 
	
	-
	
	-

	
	
	40bits AL1
	9.56 
	
	6.45
	
	10.94

	
	
	40bits AL2
	2.94 
	
	-
	
	4.32

	
	
	40bits AL4
	-0.59 
	
	-
	
	0.79

	
	
	40bits AL8
	-4.30 
	
	-
	
	-

	
	
	40bits AL16
	-7.43 
	
	-
	
	-



Table 4.2.4-2 The performance gap for PDCCH in urban scenario.
	Scenario
	# of receiving antenna ports
	Simulation cases
	Baseline performance (dB)
	5% percentile SINR value for target performance and the coverage gap (dB)

	
	
	
	
	ISD
=500m with 0.5 low-loss O2I
	Gap

	Urban scenario, 4GHz_O-to-I

	4Rx
	30bits AL1
	1.67
	-2.98
	4.65

	
	
	30bits AL2
	-2.96
	
	0.02

	
	
	30bits AL4
	-6.41
	
	-

	
	
	30bits AL8
	-9.39
	
	-

	
	
	30bits AL16
	-11.83 
	
	-

	
	
	40bits AL1
	2.72 
	
	5.7

	
	
	40bits AL2
	-2.19 
	
	0.79

	
	
	40bits AL4
	-5.83 
	
	-

	
	
	40bits AL8
	-8.78 
	
	-

	
	
	40bits AL16
	-11.40 
	
	-



Observation 26: Based on SLS evaluation, no enhancement is needed for PDCCH with AL>=2 in rural scenario with ISD = 1732m and no enhancement is needed for PDCCH with AL>=4 in rural scenario with ISD = 5000m.
Observation 27: Based on SLS evaluation, no enhancement is needed for PDCCH with AL>=4 in urban scenario with ISD = 500m.
1.5.5  A summary for performance gap based on SLS
To get a full picture of the performance gap for different channels in different scenarios, a summary of performance gap based on SLS is given in Table 4.2.5-1. 
Table 4.2.5-1 Summary for performance gap for based on link budget
	Physical channel
	Scenario
	Performance gap (dB)

	
	
	ISD= 500m
	ISD= 1732m
	ISD= 5000m
	ISD= 12km

	PUSCH
	eMBB service
(100kbps)
	Rural scenario, 700MHz_O-to-O
	2Rx
	N/A
	

	1.52
	N/A

	
	
	
	4Rx
	N/A
	

	

	N/A

	
	
	Rural scenario, 2GHz_O-to-O
	2Rx
	N/A
	

	2.5
	N/A

	
	
	
	4Rx
	N/A
	

	1.71
	N/A

	
	
	
	8Rx
	N/A
	

	1.12
	N/A

	
	
	Rural scenario, 2GHz_O-to-I
	2Rx
	N/A
	

	7.54
	N/A

	
	
	
	4Rx
	N/A
	

	6.11
	N/A

	
	
	
	8Rx
	N/A
	

	4.36
	N/A

	
	
	Rural scenario, 4GHz_O-to-O
	4Rx
	N/A
	

	12.92
	N/A

	
	
	
	8Rx
	N/A
	

	12.04
	N/A

	
	
	Rural scenario, 4GHz_O-to-I
	4Rx
	N/A
	

	17.89
	N/A

	
	
	
	8Rx
	N/A
	

	16.7
	N/A

	
	
	Long distance Rural scenario, 700MHz_O-to-O
	2Rx
	N/A
	N/A
	

	


	
	
	
	4Rx
	N/A
	N/A
	

	


	
	eMBB service
(1Mbps)
	Urban scenario, 4GHz_O-to-I
	4Rx
	7.2
	N/A
	N/A
	N/A

	
	
	
	8Rx
	6.22
	N/A
	N/A
	N/A

	
	
	
	64Rx
	5.49
	N/A
	N/A
	N/A

	
	VoIP service
	Rural scenario, 700MHz_O-to-O
	2Rx
	N/A
	

	1.76
	N/A

	
	
	Rural scenario, 2GHz_O-to-O
	2Rx
	N/A
	

	4.6
	N/A

	
	
	Long distance Rural scenario, 700MHz_O-to-O
	2Rx
	N/A
	N/A
	

	


	
	
	Urban scenario, 4GHz_O-to-I
	4Rx
	2.05
	N/A
	N/A
	N/A

	PUCCH
	Rural scenario,
700MHz_O-to-O
	PUCCH format 1 2bits
	2Rx
	N/A
	

	

	N/A

	
	
	PUCCH format 3 22bits
	
	N/A
	0.24
	1.86
	N/A

	
	
	PUCCH format 1 2bits
	4Rx
	N/A
	

	

	N/A

	
	
	PUCCH format 3 22bits
	
	N/A
	

	

	N/A

	
	Rural scenario, 2GHz_O-to-O
	PUCCH format 1 2bits
	2Rx
	N/A
	

	

	N/A

	
	
	PUCCH format 3 22bits
	
	N/A
	

	1.37
	N/A

	
	
	PUCCH format 1 2bits
	4Rx
	N/A
	

	

	N/A

	
	
	PUCCH format 3 22bits
	
	N/A
	

	

	N/A

	
	
	PUCCH format 1 2bits
	8Rx
	N/A
	

	

	N/A

	
	
	PUCCH format 3 22bits
	
	N/A
	

	

	N/A

	
	Rural scenario, 2GHz_O-to-I
	PUCCH format 1 2bits
	2Rx
	N/A
	

	

	N/A

	
	
	PUCCH format 3 22bits
	
	N/A
	

	4.63
	N/A

	
	
	PUCCH format 1 2bits
	4Rx
	N/A
	

	

	N/A

	
	
	PUCCH format 3 22bits
	
	N/A
	

	2.66
	N/A

	
	
	PUCCH format 1 2bits
	8Rx
	N/A
	

	

	N/A

	
	
	PUCCH format 3 22bits
	
	N/A
	

	1.82
	N/A

	
	Rural scenario,
4GHz_O-to-O
	PUCCH format 1 2bits
	4Rx
	N/A
	

	2.25
	N/A

	
	
	PUCCH format 3 22bits
	
	N/A
	

	7.28
	N/A

	
	
	PUCCH format 1 2bits
	8Rx
	N/A
	

	1.87
	N/A

	
	
	PUCCH format 3 22bits
	
	N/A
	

	6.73
	N/A

	
	Rural scenario,
4GHz_O-to-I
	PUCCH format 1 2bits
	4Rx
	N/A
	

	7.48
	N/A

	
	
	PUCCH format 3 22bits
	
	N/A
	

	12.42
	N/A

	
	
	PUCCH format 1 2bits
	8Rx
	N/A
	

	6.82
	N/A

	
	
	PUCCH format 3 22bits
	
	N/A
	

	11.59
	N/A

	
	Long Distance Rural scenario,
700MHz_O-to-O
	PUCCH format 1 2bits
	2Rx
	N/A
	N/A
	

	


	
	
	PUCCH format 3 22bits
	
	N/A
	N/A
	

	


	
	
	PUCCH format 1 2bits
	4Rx
	N/A
	N/A
	

	


	
	
	PUCCH format 3 22bits
	
	N/A
	N/A
	

	


	
	Urban scenario,
4GHz_O-to-I
	PUCCH format 1 2bits
	4Rx
	

	N/A
	N/A
	N/A

	
	
	PUCCH format 3 22bits
	
	

	N/A
	N/A
	N/A

	
	
	PUCCH format 1 2bits
	8Rx
	

	N/A
	N/A
	N/A

	
	
	PUCCH format 3 22bits
	
	

	N/A
	N/A
	N/A

	
	
	PUCCH format 3 22bits
	64Rx
	

	N/A
	N/A
	N/A

	
	
	
	
	

	N/A
	N/A
	N/A

	PDCCH
	Rural scenario, 700MHz_O-to-O
	DCI with 30 bits
	2Rx
	N/A
	

	

	N/A

	
	
	DCI with 40 bits
	
	N/A
	

	

	N/A

	
	Urban scenario, 4GHz_O-to-I
	DCI with 30 bits
	4Rx
	

	N/A
	N/A
	N/A

	
	
	DCI with 40 bits
	
	

	N/A
	N/A
	N/A



1.6  Comparison of the evaluation results based on different methodologies
In Table 4.3-1, we provide a comparison of the performance gap for different channels in different scenarios based on link budget (highlighted by green) and SLS (highlighted by yellow). For link budget methodology, the same assumptions are assumed for scenarios at 700 MHz and 2 GHz. For the methodology based on SLS, the results of PUSCH/PUCCH with 4Rx in rural scenarios or with 64 Rx in urban scenarios are selected since the total number of receiving elements is the same as link budget methodology. 
Table 4.3-1 A comparison of the performance gap for different channels in different scenarios based on link budget and SLS
	Physical channel
	Scenario
	Performance gap (dB)

	
	
	ISD=500m
	ISD=1732m
	ISD=5km
	ISD=12km

	PUSCH
	eMBB service
	Rural scenario, 700MHz_O-to-O
	NA
	< 0, < 0
	< 0, < 0
	N/A

	
	
	Rural scenario, 2GHz_O-to-O
	N/A
	< 0, < 0
	8.38, 1.71
	N/A

	
	
	Rural scenario. 2GHz_O-to-I
	N/A
	< 0, < 0
	10.55, 6.11
	N/A

	
	
	Rural scenario, 4GHz_O-to-O
	N/A
	1.99, < 0
	N/A
	N/A

	
	
	Rural scenario, 4GHz_O-to-I
	N/A
	4.04, < 0
	N/A
	N/A

	
	
	Long distance rural scenario,
700MHz_O-to-O
	N/A
	N/A
	N/A
	< 0, < 0

	
	
	Urban scenario, 4GHz_O-to-I
	5.95, 5.49
	N/A
	N/A
	N/A

	PUCCH
	Rural scenario,
700MHz_O-to-O
	UCI with 2 bits
	N/A
	< 0, < 0
	< 0, < 0
	N/A

	
	
	UCI with 22 bits
	N/A
	< 0, < 0
	4.41, < 0
	N/A

	
	Rural scenario,
2GHz_O-to-O
	UCI with 2 bits
	N/A
	< 0, < 0
	8.33, < 0
	N/A

	
	
	UCI with 22 bits
	N/A
	< 0, < 0
	13.33, < 0
	N/A

	
	Rural scenario.
2GHz_O-to-I
	UCI with 2 bits
	N/A
	< 0, < 0
	9.73, < 0
	N/A

	
	
	UCI with 22 bits
	N/A
	< 0, < 0
	14.63, 2.66
	N/A

	
	Rural scenario,
4GHz_O-to-O
	UCI with 2 bits
	N/A
	< 0, < 0
	17.36, 2.25
	N/A

	
	
	UCI with 22 bits
	N/A
	4.97, < 0
	22.76, 7.28
	N/A

	
	Rural scenario,
4GHz_O-to-I
	UCI with 2 bits
	N/A
	0.97, < 0
	18.76, 7.48
	N/A

	
	
	UCI with 22 bits
	N/A
	6.17, < 0
	23.96, 12.42
	N/A

	
	Long distance Rural scenario,
700MHz_O-to-O
	UCI with 2 bits
	N/A
	N/A
	N/A
	< 0, < 0

	
	
	UCI with 22 bits
	N/A
	N/A
	N/A
	< 0, < 0

	
	Urban scenario,
4GHz_O-to-I
	UCI with 22 bits
	4.43, < 0
	N/A
	N/A
	N/A



As can be observed, the performance gap is aligned for some scenarios, while there are still some gaps between the results based on two different methodologies. But, no matter based on which methodology, there are certainly some performance gaps for PUSCH and PUCCH for some of the scenarios. Therefore, at least PUSCH and PUCCH should be enhanced for NR coverage enhancement.
Proposal 4: PUSCH and PUCCH should be enhanced in Rel-17 NR coverage enhancement.
Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1: Define an evaluation methodology to identify the performance gap between baseline coverage performance and target coverage performance. The performance gap serves as a guidance for potential solutions for coverage enhancement.
· The baseline coverage performance is based on the required SNR using link-level simulation.
· How to determine target coverage performance and then identify the performance gap should be discussed.
Observation 1: Link budget based methodology in ITU self-evaluation is a simple methodology since it only requires link level simulation and some deterministic analysis. 
Observation 2: Some parameters assumed in ITU self-evaluation may not be accurate, and it is questionable that whether link budget based evaluation can correctly reflect the real coverage issues.
Observation 3: The methodology with both system level and link level simulation provides meaningful information for both network deployment and design of enhancement solutions. RAN1 should be prudent to only use link budget methodology in ITU self-evaluation.
Proposal 2: The potential gap between target performance (i.e. the 5th percentile downlink or uplink SINR value in CDF curve) and baseline performance (i.e. the required SINR for target date rate with Rel-15 and Rel-16 schemes) can be considered as the methodology for NR coverage enhancement. 
Observation 4: There is 6dB coverage gap due to path loss difference between LTE coverage at 2GHz and NR coverage at 4GHz. The additional coverage gap due to penetration loss can be up to 8dB.
Proposal 3: The coverage gap between LTE coverage at 2GHz and NR coverage at 4GHz can be considered as the target gap for coverage enhancement. 
Observation 5: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUSCH with 100kbps eMBB service in rural scenario with 2Rx is as follows.
·  In case of ISD = 1732 m, no enhancement is needed at 700MHz and 2GHz, and about 1.99~4.04 dB enhancement is needed at 4GHz. 
·  In case of ISD = 5000 m, no enhancement is needed at 700MHz, and more than 8 dB enhancement is needed at 2GHz.
Observation 6: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUSCH with 100kbps eMBB service in long distance rural scenario with 2Rx is as follows.
·  In case of ISD = 12 km, no enhancement is needed at 700MHz. 
·  In case of ISD = 30 km, about 3.42 dB enhancement is needed at 700MHz. 
Observation 7: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUSCH with 1Mbps eMBB service in urban scenario with 2Rx is as follows.
 About 2.17dB and 5.95 dB enhancement are needed at 4GHz for ISD = 400m and 500m respectively.
Observation 8: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUSCH with VoIP service in rural scenario with 2Rx is as follows.
·  In case of ISD = 1732 m, no enhancement is needed at both 700MHz and 2GHz.
·  In case of ISD = 5000 m, 
· no enhancement is needed at both 700MHz by enabling 4 PUSCH repetitions with a maximum of 3 re-transmissions or 8 PUSCH repetitions with a maximum of 1 re-transmissions.
· at least 3.28dB enhancement is needed even after enabling 8 PUSCH repetitions with a maximum of 1 re-transmission.
Observation 9: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUSCH with VoIP service in long distance rural scenario with 2Rx is as follows.
·  Even for ISD = 30 km, no enhancement is needed by enabling 8 PUSCH repetitions with a maximum of 1 re-transmission.
Observation 10: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUSCH with VoIP service in urban scenario with 2Rx is as follows.
·  In case of ISD = 500 m, no enhancement is needed by enabling 4 PUSCH repetitions with a maximum of 3 re-transmissions or 8 PUSCH repetitions with a maximum of 1 re-transmissions.
Observation 11: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUCCH in rural scenario with 2Rx is as follows.
· In case of 2bits UCI and ISD = 1732m, no enhancement is needed at 700MHz and 2GHz, and about 0.97 dB enhancement is needed at 4GHz for O2I scenario.
· In case of 22bits UCI and ISD = 1732m, no enhancement is needed at 700MHz and 2GHz, and about 4.97 dB and 6.17dB enhancement are needed at 4GHz for O2O and O2I scenarios respectively.
· In case of 2bits UCI and ISD = 5000m, no enhancement is needed at 700MHz, and more than 8 dB enhancement is needed for other scenarios. 
· In case of 22bits UCI and ISD = 5000m, more than 4 dB enhancements are needed for all scenarios. 
Observation 12: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUCCH in long distance rural scenario with 2Rx is as follows.
·  In case of ISD = 12 km, no enhancement is needed for both 2bits and 22bits
·  In case of ISD = 30 km, 3.06 dB and 6.91dB enhancement are needed for 2bits and 22bits respectively.
Observation 13: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PUCCH in urban scenario with 2Rx is as follows.
· For 2bits, no enhancement is needed for ISD up to 500m.
· For 22bits, about 0.65dB and 4.43dB enhancement are needed for ISD = 400m and ISD = 500m respectively.
Observation 14: Based on link budget methodology used in ITU self-evaluation, no enhancement is needed for PDCCH in rural scenario and urban scenario.
Observation 15: Based on link budget methodology used in ITU self-evaluation, no enhancement is needed for PBCH in rural scenario and urban scenario.
Observation 16: Based on link budget methodology used in ITU self-evaluation, the potential performance gap for PRACH in rural scenario is as follows.
· In case of ISD = 1732m, no enhancement is needed at 700MHz and 2GHz.
· In case of  ISD = 5000m, no enhancement is needed at 700MHz with PRACH preamble format 1,  and about 7.71dB enhancement is needed at 2GHz with PRACH preamble format 2.
Observation 17: Based on SLS evaluation, the potential performance gap for PUSCH with 100kbps eMBB service in rural scenario is as follows.
· In case of ISD =1732m, no enhancement is needed.
· In case of ISD =5000m, PUSCH enhancement is needed for most scenarios with performance gap from ~1dB to more than 10dB.  
Observation 18: Based on SLS evaluation, no enhancement is needed for PUSCH with 100kbps eMBB service in long distance rural scenario with ISD = 5 km and 12 km.
Observation 19: Based on SLS evaluation, about 7.2dB, 6.22 dB or 5.49dB enhancement gap is needed for PUSCH with 1Mbps eMBB service in urban scenario with ISD =500m for 4Rx, 8Rx or 64Rx respectively.
Observation 20: Based on SLS evaluation, the potential performance gap for PUSCH with VoIP service in rural scenario with 2Rx is as follows. 
· In case of ISD = 1732m, no enhancement is needed for PUSCH. 
· In case of ISD =5000m, about 1.76dB or 4.6 dB enhancement is needed for PUSCH at 700MHz or 2GHz respectively.
Observation 21: Based on SLS evaluation, no enhancement is needed for PUSCH with VoIP service in long distance rural scenario with 2Rx with ISD = 5 km and 12 km.
Observation 22: Based on SLS evaluation, about 2.05 dB enhancement is needed for PUSCH with VoIP service in urban scenario with ISD =500m and 4Rx.
Observation 23: Based on SLS evaluation, the potential performance gap for PUCCH in rural scenario is as follows. 
· No enhancement is needed for PUCCH with 2bits UCI. 
· Up to 1.86 dB enhancement is needed for PUCCH with 22bits at 700MHz ISD = 5000m. 
· Up to 4.62 dB enhancement is needed for PUCCH with 22bits at 2GHz with ISD = 5000m. 
· Up to 12.42 dB enhancement is needed for PUCCH with 22bits at 4GH ISD = 5000m. 
Observation 24: Based on SLS evaluation, no enhancement is needed for PUCCH with 2~22 bits UCI in long distance rural scenario with ISD =5 km and 12 km. 
Observation 25: Based on SLS evaluation, no enhancement is needed for PUCCH with 2~22 bits UCI in urban scenario with ISD =500m. 
Observation 26: Based on SLS evaluation, no enhancement is needed for PDCCH with AL>=2 in rural scenario with ISD = 1732m and no enhancement is needed for PDCCH with AL>=4 in rural scenario with ISD = 5000m.
Observation 27: Based on SLS evaluation, no enhancement is needed for PDCCH with AL>=4 in urban scenario with ISD = 500m.
Proposal 4: PUSCH and PUCCH should be enhanced for Rel-17 NR coverage enhancement.
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Appendix
Table A-1 Simulation assumptions for system-level simulation for FR1
	Parameters
	Urban scenario
	Rural scenario

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m 
	1732m, 5000m,12000m

	Carrier frequency
	4 GHz
	 700MHz, 2 GHz, 4GHz

	Channel model 
	UMa in TR 38.901
	RMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	4 Tx/4 Rx antenna ports:(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2) ;
8 Tx/8 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4); 
64 Tx/64Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (12, 8, 2, 1, 1; 4, 8);dH = 0.5λ, dV = 0.8λ; Electronic antenna tilt:102 degree. Mechanic antenna tilt: 90 degree
	4 Tx/4 Rx antenna ports:(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2) ;
8 Tx/8 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4); 
2 Tx/2 Rx or 2 Tx/4 Rx
(M, N, P, Mg, Ng; Mp, Np) = (8,1,2,1,1)
(dH, dV) = (N/A, 0.8)λ
+45°, -45° polarization

	BS antenna height
	25m
	35m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	Antenna ports: 2 Tx/4 Rx
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx; 
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx; 
	Antenna ports: 2 Tx/2 Rx
(M, N, P, Mg, Ng; ) = (1, 1, 2, 1, 1 ) for 2 Tx/2 Rx 

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi as starting point

	UE receiver noise figure
	9 dB

	Simulation bandwidth 
	40MHz for 4 GHz
	20MHz for 700MHz, 900MHz or 2GHz; 40MHz for 4GHz

	SCS 
	30 kHz
	15 kHz for 700M,2GHz or 900MHz; 30kHz for 4GHz

	Resource allocation
	PUSCH: Use a number of RBs in which case the baseline performance is the best according to [6].
PUCCH: 1 RB 

	UE distribution
	100% of users are indoors; 
UE speed: 3 km/h
	50% of users are outdoors, outdoor UEs speed: 120 km/h; 50% of user are indoors, indoor UEs speed: 3 km/h. Car penetration loss for outdoor UEs is considered.

	UE power control
	P0 =SINR_LLS - (alpha-1)*PL +(I+N)
alpha =0.8 for PUSCH, alpha =1 for PUCCH

	Min distance of UE2gNB
	35m

	Handover margin
	0

	Target BLER
	0.1
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