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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RANP#86 meeting, a new study item, i.e., study on NR coverage enhancement was approved for Release 17 [1]. The SI focuses on identifying target scenarios, services and channels for coverage enhancement and studying potential solutions for increasing coverage, some detailed objectives on baseline coverage performance for FR1 are copied as follows.
	1. The target scenarios and services include
a) Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
b) Indoor scenario (indoor gNB serving indoor UEs)
c) TDD and FDD for FR1.
d) VoIP and eMBB service for FR1.
2. Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
a) UL channels (including PUSCH and PUCCH) are prioritized for FR1.


In this contribution, we discuss the baseline coverage performance for FR1, including evaluation methodology, parameter settings and link level simulation performance.
[bookmark: _Ref129681832]Discussions
Evaluation methodology and revised parameters 
For the three typical scenarios including urban, rural, rural with long distance, target data rates are specified as follows:
· Urban: 1Mbps for UL eMBB service, 12.2Kbps for UL VoIP service
· Rural: 100kbps for UL eMBB service, 12.2Kbps for UL VoIP service
· Rural with long distance: same as rural case
To identify the coverage bottleneck, the link budget evaluation is necessary and the methodology which was adopted in IMT-2020 self-evaluation for 3GPP submission [3] could be a start. The detailed evaluation procedure for available path loss and corresponding maximum coverage range, i.e., parameter setting and calculation formula, are cited as in the following table. 
Table 1. Link budget template
	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)
	

	(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)
	

	(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)
	


Proposal 1: Reuse the evaluation methodology of link budget in IMT-2020 self-evaluation for Rel-17 NR coverage enhancement at FR1.

Since IMT-2020 self-evaluation has already determined a full set of simulation parameters, we feel that the most convenient way is following the simulation assumptions in [3] with general parameters for FR1. Meanwhile, regarding differences in simulation cases, we need to revise some parameters, such as shadow fading margin and penetration margin, etc. Considering this early stage for evaluation, we reuse channel mode A as a start.  
Following, we provide the general parameters and revised parameters, respectively
Table 2. Key general parameters for coverage enhancement evaluation
	
	Urban
	Rural
	Rural with long distance

	System configuration
	4GHz TDD
	4GHz TDD/2GHz FDD
	700MHz FDD

	SCS
	30kHz for TDD/ 15kHz for FDD

	Physical channels
	PUSCH/PUCCH/PDSCH/PDCCH/Msg3

	Channel model
	TDL-C
	TDL-C
	TDL-E

	DS
	300 ns

	UE speed
	3 km/h
	120 km/h for outdoor UE                 3 km/h for indoor UE
	120 km/h

	Number of BS antennas & antenna configuration
	192*
 (M,N,P,Mg,Ng;Mp,Np)
= (12,8,2,1,1;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np)
= (8,4,2,1,1;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np)
= (8,4,2,1,1;1,1)

	Number of TXRU for BS
	2
	2
	2

	Number of UE antennas
	2
	2
	1

	Number of TRXU for UE
	2
	2
	1

	Overhead assumption for required SNR simulation
	DMRS: Type I, one DMRS symbol, no multiplexing with data
	DMRS:
- For 3km/h: Type I, one DMRS symbol, no multiplexing with data.

- For 120km/h: Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data
	DMRS:
For 120km/h: Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data


*Note that: in ITU-2020 self-evaluation, 128 antennas at BS is used for urban scenario. However, in current commercial deployment, BS with 192 antennas are widely used. 
Table 3. The revised parameters for coverage enhancement evaluation
	Parameters
	Urban
TDD
	Rural NLoS
TDD
	Rural NLoS
FDD
	Rural with long distance FDD

	(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)
	360000
(1*12*30*1000)
	360000
(1*12*30*1000)
	180000
(1*12*15*1000)
	180000
(1*12*15*1000)

	(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)
	10800000 eMBB
(30*12*30*1000)
1440000 VoIP
(4*12*30*1000)
	1440000
(4*12*30*1000)
	720000
(4*12*15*1000)
	720000
(4*12*15*1000)

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

	(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 for above specific values of revised parameters in coverage evaluation is provided as below:
On the determination of the number of PRB 
Taking the eMBB service under urban scenario as an example, 1Mbps UL target data rate, 30 kHz SCS in TDD duplex mode with 7:3 DL-UL slot configuration, the time duration of a frame is 5 millisecond, hence, the minimum transmission block size requirement under 10% BLER for a half-frame could be calculated as:
bits
For UEs at cell edge, a small index MCS is used to ensure the coverage, e.g., QPSK modulation with coding rate 251/1024, and one single symbol DMRS is configured within each slot, thus number of bits transmitted for each UL slot per PRB is
bits
Given 7:3 DL-UL slot configuration, the number of bits per PRB in UL transmission in each half-frame is (76.5*3) bits
Hence, the minimum number of scheduled PRBs should be:

Thus, 30 PRBs are scheduled to meet the above requirement. Following the similar principle, number of scheduled PRBs towards other services and scenarios are provided as well in Table 3. 
On the determination of the DMRS symbol number
Given 3 km/h UE speed under outdoor to indoor scenario, one DMRS symbol is able to satisfy the requirement for channel estimation. When UE speed reaches 120km/h under outdoor to outdoor scenario, additional DMRS symbol should be configured to combat the large Doppler frequency shifts. 
On the determination of margins
According to TS 38.901, we could find the recommended value and calculation formula for the aforementioned parameters such as shadow fading margin, penetration margin, respectively.
More detailed analysis for parameter determinations can be found in the Appendix. 

Proposal 2: Adopt the revised values in Table 3 to the link budget template for the baseline link budget evaluation of Rel-17 coverage enhancement.

Link level simulation performances of coverage for FR1
On required SNR
As we can see from Table 1, the required SNR of the target channel is one key factors for identifying coverage bottleneck. According to above mentioned method of parameter determination, values of link level simulation parameters for different scenarios are attached in the Appendix, e.g. Table 12~14.  Based on these parameter settings, required SNR towards different channels are provided as follows:
Table 4. Required SNR of PUSCH and PUCCH towards different scenario
	Required SNR (dB)
	Uplink Channel

	
	PUSCH (eMBB)
	PUSCH (VoIP)
	PUCCH

	Urban TDD
	-1.55
	1
	-6.63

	Rural(O2I) TDD
	-1.15
	1
	-6.63

	Rural(O2O) TDD
	-0.9
	0.8
	-6

	Rural(O2I) FDD
	-1.9
	1.3
	-6.57

	Rural(O2O) FDD
	-2
	0.9
	-6.14

	Rural long distance FDD
	-6.9
	-4.1
	-10.81



Table 5. Required SNR of other channels including Msg3, PDCCH and PDSCH
	Required SNR (dB)
	Msg3
(10% BLER)
	PDCCH
(1% BLER)
	PDSCH
(10% BLER)

	Urban TDD
	-1.3 dB
	
-5.7 dB
	-4.15 dB

	Rural(O2I) TDD
	-1.3 dB
	
	-3.72 dB

	Rural(O2O) TDD
	-2 dB
	
	-4.1 dB

	Rural(O2I) FDD
	-1.3 dB
	
	-4 dB

	Rural(O2O) FDD
	-1.4 dB
	
	-4.25 dB

	Rural with long distance FDD
	 -5.2 dB
	
	-5.64 dB



On coverage performance of PUSCH and PUCCH
After acquiring the operation point (required SNR) for different channels, the available path loss can be deduced from aforementioned inputs for the link budget template, thus we could find out the bottleneck channel of coverage by comparing the Available pathloss and Target performance.  Note that:
· Available pathloss means the MCL at required SNR which can achieve the target data rate while the maximum coverage distance at the required SNR might not be achieved at the cell edge.
· Target performance means the MCL at the distance of being  from the base station for hexagonal cells.
If the gap (Target performance- Available pathloss) is positive, then the coverage requirement is not achieved. As shown in Table 6~8, evaluation results for PUSCH and PUCCH are presented as follows:
Table 6. Coverage performance of PUSCH towards eMBB
	Scenario (ISD)
	Available path loss (dB)
	Target performance (dB)
	Gap

	Urban O2I TDD (500m)
	112.85
	124.2
	11.35 

	Rural O2I TDD (1732m)
	127.49 
	133.99
	6.5 

	Rural O2O TDD (1732m)
	131.29
	133.99
	2.7

	Rural O2I FDD (1732m)
	130.28
	127.97
	-2.31

	Rural O2O FDD (1732m)
	132.4
	127.97
	-4.43

	Rural long distance O2O FDD (3km)
	139.12
	128.07
	-11.05

	Rural long distance O2O FDD (12km)
	139.12
	151.33
	12.21



Table 7. Coverage performance of PUSCH towards VoIP
	Scenario (ISD)
	Available path loss (dB)
	Target performance (dB)
	Gap (dB)

	Urban O2I TDD (500m)
	119.3
	124.2
	4.9

	Rural O2I TDD (1732m)
	125.34
	133.99
	8.65

	Rural O2O TDD (1732m)
	129.59
	133.99
	4.4

	Rural O2I FDD (1732m)
	127.08
	127.97
	0.89

	Rural O2O FDD (1732m)
	129.5
	127.97
	-1.53

	Rural long distance O2O FDD (3km)
	136.12
	128.07
	-8.05

	Rural long distance O2O FDD (12km)
	136.12
	151.33
	15.21



Table 8. Coverage performance of PUCCH
	Scenario (ISD)
	Available path loss (dB)
	Target performance (dB)
	Gap (dB)

	Urban O2I TDD (500m)
	126.05
	124.2
	-1.85

	Rural O2I TDD (1732m)
	132.1
	133.99
	1.89

	Rural O2O TDD (1732m)
	135
	133.99
	-1.01

	Rural O2I FDD (1732m)
	134.08
	127.97
	-6.11

	Rural O2O FDD (1732m)
	135.15
	127.97
	-7.18

	Rural long distance O2O FDD (3km)
	144.27
	128.07
	-16.2

	Rural long distance O2O FDD (12km)
	144.27
	151.33
	7.06


Note that: 
· A large coverage gap of PUSCH towards eMBB at urban scenario (14.45 dB) is observed, because a high uplink data rate as 1Mbps and a large ISD=500m are assumed. Furthermore, for outdoor gNB serving indoor UEs, a typical large penetration loss of 26.25 dB is used.
· In the calculation of required SNR of PUSCH towards VoIP service, 20ms packet transmission period is considered with repnum=1;
· In the above calculation of Target performance for data channels such as PUSCH, values of key related parameters including BS antenna height, number of scheduled PRBs, selected MCS and so on can be found in the Appendix.
Observation 1: According to the reference ISD in TR 38.913 for the concerning scenarios:
· Urban outdoor gNB serving indoor UE: under TDD duplex mode and 500m ISD, PUSCH cannot achieve coverage requirement for eMBB and VoIP service;
· Rural outdoor gNB serving indoor UE: under TDD duplex mode and 1732m ISD, PUSCH cannot achieve coverage requirement for eMBB and VoIP service, PUCCH cannot fulfil coverage requirement either;
· Rural outdoor gNB serving outdoor UE: under TDD duplex mode and 1732m ISD, PUSCH cannot achieve coverage requirement for eMBB and VoIP service;
· Rural with long distance outdoor gNB serving outdoor UE: under FDD duplex mode and 12km ISD, both PUSCH and PUCCH fail to achieve coverage requirement.

In conclusion, we have the following proposal.
Proposal 3: PUSCH should be prioritized for coverage enhancement.

On coverage performance of other channels
After acquiring the operation point of other channels in section 2.2.1 and following the same calculation method in section 2.2.2, the available pathloss and target performance for other channels including Msg3, PDCCH and PDSCH are illustrated in Table 9~11, respectively.
Table 9. Coverage performance of Msg3
	Scenario (ISD)
	Available path loss (dB)
	Target performance (dB)
	Gap

	Urban O2I TDD (500m)
	124.36
	124.3
	-0.06

	Rural O2I TDD (1732m)
	130.65 
	134.03
	3.38  

	Rural O2O TDD (1732m)
	135.40 
	133.98
	-1.41 

	Rural O2I FDD (1732m)
	132.69
	127.96
	-4.73

	Rural O2O FDD (1732m)
	134.71
	127.95
	-6.76

	Rural long distance O2O FDD (3km)
	136.53
	128.07
	-8.46

	Rural long distance O2O FDD (12km)
	140.43 
	151.33
	10.9



Table 10. Coverage performance of PDCCH
	Scenario (ISD)
	Available path loss (dB)
	Target performance (dB)
	Gap

	Urban O2I TDD (500m)
	 125.82
	 124.20
	-1.62

	Rural O2I TDD (1732m)
	 134.00
	133.98
	-0.0

	Rural O2O TDD (1732m)
	 137.43
	133.98
	-3.45

	Rural O2I FDD (1732m)
	 135.94
	127.96
	-7.98

	Rural O2O FDD (1732m)
	 137.44
	127.96
	-9.48

	Rural long distance O2O FDD (3km)
	 140.44
	128.06
	-12.38

	Rural long distance O2O FDD (12km)
	 140.44
	151.32
	10.88 



Table 11. Coverage performance of PDSCH
	Scenario (ISD)
	Available path loss (dB)
	Target performance (dB)
	Gap

	Urban O2I TDD (500m)
	 127.85
	124.20
	-3.65 

	Rural O2I TDD (1732m)
	 135.74 
	133.99
	-1.75 

	Rural O2O TDD (1732m)
	 140.17 
	133.99
	-6.18

	Rural O2I FDD (1732m)
	 138.06
	127.97
	-10.09 

	Rural O2O FDD (1732m)
	 140.33
	127.97
	-12.36 

	Rural long distance O2O FDD (3km)
	 141.72
	128.07
	-13.65 

	Rural long distance O2O FDD (12km)
	 141.72
	151.33
	9.61 


In the calculation of target performance for data channels such as PDSCH under different scenarios, values of key related parameters including BS antenna height, number of scheduled PRB, selected MCS can be found in the Appendix.
Observation 2: According to the reference ISD in TR 38.913, for the concerning scenarios:
· Msg3 can achieve the coverage requirement under urban, rural (NLoS O2O) scenario for TDD duplex mode, and under rural, rural with long distance (ISD=3km) scenarios for FDD duplex mode. And it is only coverage limited for 4GHz TDD in rural area and long distance case.
· PDCCH can achieve the coverage requirement under urban, rural, rural with long distance (ISD=3km) scenarios for both FDD and TDD duplex modes, while there is a 10.88 dB coverage gap under rural with long distance (ISD=12km) scenario
· PDSCH can achieve the coverage requirement under urban, rural, rural with long distance (ISD=3km) scenarios for both FDD and TDD duplex modes, while there is a 9.61 dB coverage gap under rural with long distance (ISD=12km) scenario

In conclusion, we have the following proposal.
Proposal 4: Other channels including msg3, PDCCH and PDSCH cannot achieve coverage requirements under rural with long distance scenarios with ISD=12km, where coverage enhancement can be considered. 

Conclusions
In this contribution, the following observations and proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: According to the reference ISD in TR 38.913 for the concerning scenarios:
· Urban outdoor gNB serving indoor UE: under TDD duplex mode and 500m ISD, PUSCH cannot achieve coverage requirement for eMBB and VoIP service;
· Rural outdoor gNB serving indoor UE: under TDD duplex mode and 1732m ISD, PUSCH cannot achieve coverage requirement for eMBB and VoIP service, PUCCH cannot fulfil coverage requirement either;
· Rural outdoor gNB serving outdoor UE: under TDD duplex mode and 1732m ISD, PUSCH cannot achieve coverage requirement for eMBB and VoIP service;
· Rural with long distance outdoor gNB serving outdoor UE: under FDD duplex mode and 12km ISD, both PUSCH and PUCCH fail to achieve coverage requirement.

Observation 2: According to the reference ISD in TR 38.913, for the concerning scenarios:
· Msg3 can achieve the coverage requirement under urban, rural (NLoS O2O) scenario for TDD duplex mode, and under rural, rural with long distance (ISD=3km) scenarios for FDD duplex mode. And it is only coverage limited for 4GHz TDD in rural area and long distance case.
· PDCCH can achieve the coverage requirement under urban, rural, rural with long distance (ISD=3km) scenarios for both FDD and TDD duplex modes, while there is a 10.88 dB coverage gap under rural with long distance (ISD=12km) scenario
· [bookmark: _GoBack]PDSCH can achieve the coverage requirement under urban, rural, rural with long distance (ISD=3km) scenarios for both FDD and TDD duplex modes, while there is a 9.61 dB coverage gap under rural with long distance (ISD=12km) scenario

Proposal 1: Reuse the evaluation methodology of link budget in IMT-2020 self-evaluation for Rel-17 NR coverage enhancement at FR1.
Proposal 2: Adopt the revised values in Table 3 to the link budget template for the baseline link budget evaluation of Rel-17 coverage enhancement.
Proposal 3: PUSCH should be prioritized for coverage enhancement.
Proposal 4: Other channels including msg3, PDCCH and PDSCH cannot achieve coverage requirements under rural with long distance scenarios with ISD=12km, where coverage enhancement can be considered. 
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Appendix
A.1. Link level evaluation assumption for PUSCH
Table 12. Evaluation assumptions for PUSCH
	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Duplexing scheme and frequency
	4GHz TDD
	4GHz for TDD
2GHz for FDD
	700MHz FDD

	Transmission bit rate for data channel (bit/s)
	1 Mbps for eMBB
12.2Kbps for VoIP
	100 Kbps for eMBB
12.2Kbps for VoIP
	100 Kbps for eMBB
12.2Kbps for VoIP

	Frame structure
	DDDSUDDSUU
	DDDSUDDSUU for TDD
UUUUU for FDD
	UUUUU

	Subcarrier spacing
	30kHz
	30kHz for TDD
15kHz for FDD
	15kHz

	Channel model for link-level simulation
	TDL-C
	TDL-C
	TDL-E

	Delay Spread
	300ns
	300ns
	300ns

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

	UE velocity
	3 km/h
	120 km/h for outdoor
3 km/h for indoor
	120 km/h

	Occupied channel bandwidth
	30 PRBs for eMBB
4 PRBs for VoIP
	4 PRBs
	4 PRBs

	Number of BS antennas & antenna configuration
	192
(M,N,P,Mg,Ng;Mp,Np) = (12,8,2,1,1;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,1)

	Number of TXRU for BS
	2
	2
	2

	Number of UE antennas
	2
	2
	1

	Number of TRXU for UE
	2
	2
	1

	Overhead assumption for required SNR simulation
	DMRS: Type I, one DMRS symbol, no multiplexing with data
	DMRS:
- For 3km/h: Type I, one DMRS symbol, no multiplexing with data.

- For 120km/h: Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data
	DMRS:
For 120km/h: Type I, 2 DMRS symbol (one front- loaded and one additional), no multiplexing data

	Target BLER
	10%



A.2. Link level evaluation assumption for PUCCH
Table 13. Evaluation assumptions for PUSCH
	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Duplexing scheme and frequency
	4GHz TDD
	4GHz for TDD
2GHz for FDD
	700MHz FDD

	Format type
	Format 1 (long PUCCH with 14 OFDM symbols), 2bits
	Format 1 (long PUCCH with 14 OFDM symbols), 2bits
	Format 1 (long PUCCH with 14 OFDM symbols), 2bits

	Subcarrier spacing
	30kHz
	30kHz for TDD
15kHz for FDD
	15kHz

	Channel model for link-level simulation
	TDL-C
	TDL-C
	TDL-E

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

	Delay Spread
	300ns
	300ns
	300ns

	UE velocity
	3 km/h
	120 km/h for outdoor
3 km/h for indoor
	120 km/h

	Occupied channel bandwidth
	1 PRB
	1 PRB
	1 PRB

	Number of BS antennas & antenna configuration
	192
(M,N,P,Mg,Ng;Mp,Np) = (12,8,2,1,1;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,1)
	64
(M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,1)

	Number of TXRU for BS
	2
	2
	2

	Number of UE antennas
	2
	2
	1

	Number of TRXU for UE
	2
	2
	1

	Target BLER
	1%



A.3. Link level evaluation assumption for other channels
Table 14. Evaluation assumptions for other channels
	Other channels
	Msg3
	PDCCH
	PDSCH

	Key parameters
	MCS: 0 (2,120/1024)
Scheduled PRB: 2
Payload size: 56 bit
Channel model:  TDL-C
Moving speed: 
3km/h & 120km/h
DMRS overhead: 
1 front-loaded DMRS 
1 front loaded DMRS + 1 additional DMRS
	Aggregation level: 8
DCI payload size: 60 bit
CRC length: 24 bit
CORRESET PRB: 48
CORRESET symbols: 2
Channel model: TDL-C
Moving speed: 
3km/h & 120km/h
DMRS overhead: 
1 front-loaded DMRS 
1 front loaded DMRS + 1 additional DMRS
	MCS: 2 (2,251/1024)
Scheduled PRB: 
Calculated 
Channel model: TDL-C
Moving speed: 
3km/h & 120km/h
DMRS overhead: 
1 front-loaded DMRS 
1 front loaded DMRS + 1 additional DMRS
Target data rate:
10Mbps for urban
1Mbps for rural

	Target BLER
	10%
	1%
	10%


More additional notes on the evaluation parameters and metrics:
· MCS selection: 
Low MCS levels are selected to ensure the coverage, especially for uplink transmission, such as MCS 0 for Msg3 and MCS 2 for PDSCH.
· Determination of number of scheduled PRBs: 
Following the determination method of number of PRB in section 2.2 and considering target data rates of 10 Mbps for urban scenario and 1Mbps for other scenarios with MCS 2, the number of scheduled PRBs for PDSCH are listed below:
	Parameters
	Urban TDD
	Rural(O2I) FDD
	Rural(O2O) FDD
	Rural(O2I)
TDD
	Rural(O2O) TDD
	Rural long distance FDD

	Num. of PRB
	154
	30
	32
	16
	16
	32

	TBS
	5640
	1128
	1128
	608
	552
	1128


· Moving speed and DMRS overhead: 
Following the same reason as explained in section 2.2, a moving speed of 3 km/h is assumed for NLoS O2I scenario with indoor UE inside a building while a moving speed of 120km/h is assumed for NLoS O2O scenario with outdoor UE in a car.
For low moving speed of being 3km/h, 1 front-loaded single-symbol DMRS is enough to estimate the fading channel; for high moving speed of being 120km/h, 1 front-loaded and 1 additional single-symbol DMRSs are used to estimate the fading channel.
· DCI payload size of PDCCH: a small payload size of PDCCH being 60 bits is used as a reference since usually a smaller payload size of PDCCH can achieve a better coverage.

A.4. Parameter values of PUSCH Target Performance for eMBB
Table 15. Values of key related parameters of PUSCH Target Performance for eMBB services
	Scenarios
	BS antenna height
	Num of PRB
	MCS selection
	TBS
	Operation point

	Urban O2I TDD (500m)
	25 m
	30
	3 (2, 251/1024)
	2280
	-12.9 dB

	Rural O2I TDD (1732m)
	35 m
	4
	1 (2, 157/1024)
	184
	-7.65 dB 

	Rural O2O TDD (1732m)
	35 m
	4
	1 (2, 157/1024)
	176
	-3.6dB 

	Rural O2I FDD (1732m)
	35 m
	4
	0 (2, 120./1024)
	144
	0.41 dB 

	Rural O2O FDD (1732m)
	35 m
	4
	0 (2, 120./1024)
	128
	2.43 dB 

	Rural long distance O2O FDD (3km)
	35 m
	4
	0 (2, 120./1024)
	144
	4.15 dB

	Rural long distance O2O FDD (12km)
	35 m
	4
	0 (2, 120./1024)
	128
	-19.11 dB


A.5. Parameter values of PDSCH Target Performance for eMBB
Table 16. Values of key related parameters of PDSCH Target Performance for eMBB services
	Scenarios
	BS antenna height
	Num of PRB
	MCS selection
	TBS
	Operation point

	Urban O2I TDD (500m)
	25 m
	154
	0 (2, 120/1024)
	5640
	-0.5 dB

	Rural O2I TDD (1732m)
	35 m
	16
	0 (2, 120/1024)
	608
	-1.97 dB

	Rural O2O TDD (1732m)
	35 m
	16
	0 (2, 120/1024)
	552
	2.08 dB

	Rural O2I FDD (1732m)
	35 m
	30
	0 (2, 120/1024)
	1128
	6.09 dB

	Rural O2O FDD (1732m)
	35 m
	32
	0 (2, 120/1024)
	1128
	8.11 dB

	Rural long distance O2O FDD (3km)
	35 m
	32
	0 (2, 120/1024)
	1128
	8.01 dB

	Rural long distance O2O FDD (12km)
	35 m
	32
	0 (2, 120/1024)
	1128
	-15.25 dB



