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[bookmark: _Ref506539118]Introduction
In NR coverage enhancement SID, the following objectives have been identified [1]:
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.
In the contribution, we discuss baseline coverage performance for FR2, with primary focus on MCL analysis and link level simulation results for various DL/UL physical channels for FR2. Our view on baseline coverage performance for FR1 is described in our companion contributions [2].
MCL analysis for FR2
Based on the link level simulation results as presented in the Appendix, Table 1 illustrates MCL analysis for rural and urban deployment scenario in FR2. Note that in the link level simulation, it is assumed that 28GHz carrier frequency and 60kHz subcarrier spacing is employed for FR2. Further, when calculating the MCL for PDSCH and PUSCH, MCS and the number of PRBs/symbols are selected in order to meet the target throughput for indoor, urban and suburban scenarios, respectively, as identified in the NR coverage enhancement SID [1]:
· Indoor scenario: DL 25Mbps, UL 5Mbps
· Urban scenario: DL [25Mbps], UL [5Mbps]
· Suburban scenario: DL [1Mbps], UL [50kbps]
Table 1. MCL analysis for indoor, urban and suburban deployment scenario in FR2
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From the tables, it can be observed that for FR2, 
· For indoor and urban deployment scenarios, considering target data rate of 25Mbps and 5Mbps for DL and UL, respectively, 
· The gap between maximum MCL and minimum MCL can be up to 20.5dB
· The gap between PDSCH and PUSCH in term of MCL can be 7.2dB
· PUSCH is the coverage bottleneck. 
· For suburban deployment scenario, considering target data rate of 1Mbps and 50kbps for DL and UL, respectively,
· The gap between maximum MCL and minimum MCL can be up to 10.9dB
· The gap between PDSCH and PUSCH in term of MCL can be 4.6dB, where PDSCH is worse than PUSCH. 
Note that in the MCL analysis, it is assumed same PSD is uniformly distributed across system bandwidth for the transmission of DL physical channels. In case when PSD boosting is applied for the transmission of DL physical channels, additional coverage extension for DL transmission can be achieved. Further, multi-TRP based operation as defined in Rel-16 can be employed for PDSCH to further improve the coverage. 
Observation 1
· For indoor and urban deployment scenarios, considering target data rate of 25Mbps and 5Mbps for DL and UL, respectively, 
· The gap between maximum MCL and minimum MCL can be up to 20.5dB
· The gap between PDSCH and PUSCH in term of MCL can be 7.2dB
· PUSCH is the coverage bottleneck. 
· For suburban deployment scenario, considering target data rate of 1Mbps and 50kbps for DL and UL, respectively,
· The gap between maximum MCL and minimum MCL can be up to 10.9dB
· The gap between PDSCH and PUSCH in term of MCL can be 4.6dB, where PDSCH is worse than PUSCH in term of coverage. 
To investigate potential solutions for different physical channels, RAN1 needs to first identify overall coverage enhancement target for FR2, which may also depend on specific deployment scenario, e.g., indoor, urban and suburban scenarios. Further, based on the overall coverage enhancement target, corresponding coverage enhancement target for each physical channel, especially for the physical channel with coverage bottleneck, can be derived accordingly.  
As presented in our companion contribution [4], multi-beam based uplink transmission may be employed for FR2 to reduce blockage and improve reliability and link budget of uplink transmission, where different Tx beams can be applied for different part of repetitions. Further, as indicated in the FeMIMO WI [5], one of the objectives is to “identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline”. In our view, it is more appropriate to study multi-beam based uplink transmission under FeMIMO WI, instead of NR coverage enhancement SI. 
Proposal 1
· RAN1 to confirm/identify target data rate for urban and suburban scenarios in FR2. 
· RAN1 to specify overall coverage enhancement target for FR2, which may be common or different for indoor, urban and suburban scenarios. 
Proposal 2
· [bookmark: _GoBack]RAN1 to further identify which channel(s) need further enhancement on coverage in FR2. 

Conclusions
In this contribution, we discussed the baseline coverage performance for FR2, with primary focus on MCL analysis and link level simulation results for various DL/UL physical channels for FR2. Further, we summarize the observations and proposals as follows:
Observation 1
· For indoor and urban deployment scenarios, considering target data rate of 25Mbps and 5Mbps for DL and UL, respectively, 
· The gap between maximum MCL and minimum MCL can be up to 20.5dB
· The gap between PDSCH and PUSCH in term of MCL can be 7.2dB
· PUSCH is the coverage bottleneck. 
· For suburban deployment scenario, considering target data rate of 1Mbps and 50kbps for DL and UL, respectively,
· The gap between maximum MCL and minimum MCL can be up to 10.9dB
· The gap between PDSCH and PUSCH in term of MCL can be 4.6dB, where PDSCH is worse than PUSCH in term of coverage. 
Proposal 1
· RAN1 to confirm/identify target data rate for urban and suburban scenarios in FR2. 
· RAN1 to specify overall coverage enhancement target for FR2, which may be common or different for indoor, urban and suburban scenarios. 
Proposal 2
· RAN1 to further identify which channel(s) need further enhancement on coverage in FR2. 

References
1. [bookmark: _Ref39057093][bookmark: _Ref20730972][bookmark: _Ref16193927][bookmark: _Ref6926730][bookmark: _Ref7107393][bookmark: _Ref521318726][bookmark: _Ref524340861][bookmark: _Ref510774888][bookmark: _Ref3884257]RP-193240, “New SID on NR coverage enhancement”, China Telecom, Sitges, Spain, December 2019
1. [bookmark: _Ref30840956]R1-2003773, “Discussion on baseline coverage performance for FR1”, Intel Corporation, e-Meeting, May 2020
1. [bookmark: _Ref40425673]R1-2003776, “Discussion on simulation assumption for NR coverage enhancement”, Intel Corporation, e-Meeting, May 2020
1. [bookmark: _Ref40260789]R1-2003775, “Discussion on potential techniques for NR coverage enhancement”, Intel Corporation, e-Meeting, May 2020
1. [bookmark: _Ref39644332]RP-193133, “New WID: Further enhancements on MIMO for NR”, Samsung, Sitges, Spain, December 2019

Appendix
PDSCH simulation results
[bookmark: _Hlk39067995]Figure 1 illustrates PDSCH baseline performance for FR2. The simulation assumptions are outlined in our companion contribution [3]. In the simulations, it is assumed that MCS and the number of PRBs are selected in order to meet the target throughput for indoor, urban and suburban scenarios, i.e., 25Mbps, 25Mbps and 1Mbps, respectively as described in [1]. 
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[bookmark: _Ref39064350]Figure 1. PDSCH baseline performance for FR2
Based on the link level simulation results, Table 2 summarizes the required SNRs for PDSCH in indoor, urban and suburban scenarios for FR2. 
[bookmark: _Ref38959131]Table 2. Required SNRs for PDSCH in FR2
	
	Indoor/Urban (FR2)
	Suburban (FR2)

	Required SNR (dB)
	3.10
	0.70



PDCCH simulation results
Figure 2 illustrates PDCCH baseline performance for FR2. The simulation assumptions are outlined in our companion contribution [3]. In the simulations, it is assumed CORESET size with 2 symbols in time and aggregation level of 4 for PDCCH transmission. Cyclic precoding and interleaved mapping are employed. 

[image: ]
[bookmark: _Ref39067941]Figure 2. PDCCH baseline performance for FR2
Based on the link level simulation results, Table 3 summarizes the required SNRs for PDCCH in indoor, urban and suburban scenarios for FR2. 
[bookmark: _Ref38959566]Table 3. Required SNRs for PDCCH in FR2
	
	Indoor/Urban/Suburban (FR2)

	Required SNR (dB)
	-1.8



PBCH simulation results  
Figure 3 illustrates PBCH baseline performance for FR2. The simulation assumptions are outlined in our companion contribution [3]. In the simulation, 4 accumulations are assumed for PBCH decoding. 
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[bookmark: _Ref39067966]Figure 3. PBCH baseline performance for FR2
Based on the link level simulation results, Table 4 summarizes the required SNRs for PBCH in indoor, urban and suburban scenarios for FR2. 
[bookmark: _Ref39068292]Table 4. Required SNRs for PBCH in FR2
	
	Indoor/Urban/Suburban (FR2)

	Required SNR (dB)
	-10.0



PUSCH simulation results  
Figure 4 illustrates PUSCH baseline performance for FR2. The simulation assumptions are outlined in our companion contribution [3]. In the simulations, it is assumed that MCS and the number of PRBs are selected in order to meet the target throughput for indoor, urban and suburban scenarios, i.e., 5Mbps, 5Mbps and 50kbps, respectively as described in [1]. Further, intra-slot frequency hopping is employed for PUSCH transmission. 
[image: ]
[bookmark: _Ref39068017]Figure 4. PUSCH baseline performance for FR2
Based on the link level simulation results, Table 5 summarizes the required SNRs for PUSCH in indoor, urban and suburban scenarios for FR2. 
[bookmark: _Ref38960046]Table 5. Required SNRs for PUSCH in FR2
	
	Indoor/Urban (FR2)
	Suburban (FR2)

	Required SNR (dB)
	0.7
	-1.64



PUCCH simulation results  
Figure 5 illustrates PUCCH baseline performance for FR2. The simulation assumptions are outlined in our companion contribution [3]. In the simulations, it is assumed that 1 bit and 50 bit UCI payload are carried by PUCCH format 1 and format 3, respectively. Further, intra-slot frequency hopping is employed for PUCCH transmission.
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[bookmark: _Ref39068172]Figure 5. PUCCH baseline performance for FR2
Based on the link level simulation results and assuming 1% miss-detection probability target for PUCCH format 1 and 1% BLER target for PUCCH format 3, Table 6 summarizes the required SNRs for PUCCH in indoor, urban and suburban scenarios for FR2. 
[bookmark: _Ref38962141]Table 6. Required SNRs for PUCCH in FR2
	
	Indoor/Urban/Suburban (FR2)

	PF1: Required SNR (dB) for 1% miss-detection 
	-8

	PF3: Required SNR (dB) for 1% BLER
	1.3



PRACH simulation results  
Figure 6 illustrates PRACH baseline performance for FR2. The simulation assumptions are outlined in our companion contribution [3]. In the simulations, it is assumed PRACH format B4 and 0.1% false alarm target.  
[image: ] 
[bookmark: _Ref39068235]Figure 6. PRACH baseline performance for FR2
Based on the link level simulation results and assuming 1% miss-detection probability target for PRACH, Table 7 summarizes the required SNRs for PRACH in indoor, urban and suburban scenarios for FR2. 
[bookmark: _Ref38962554]Table 7. Required SNRs for PRACH in FR2
	
	Indoor/Urban/Suburban (FR2)

	Required SNR (dB) for 1% miss-detection
	-9.4
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Item

Physical Channel Name

PDSCH

 (Indoor)

PDSCH

 (Urban)

PDSCH 

(Suburban)

PDCCH PBCH PRACH

PUSCH

 (Indoor)

PUSCH

 (Urban)

PUSCH

 (Suburban)

PUCCH

(PF1)

PUCCH

(PF3)

Target Miss-detection rate and package error rate 10% 10% 10% 1% 1% 1% 10% 10% 10% 1% 1%

Transmitter

(1) Number of transmit antennas. 128.00  128.00  128.00  128.00  128.00  2.00  2.00  2.00  2.00  2.00  2.00 

(2) Total transmit power (dBm)  46.00  46.00  46.00  46.00  46.00  23.00  23.00  23.00  23.00  23.00  23.00 

(3) Transmitter antenna gain (dBi) 8.00  8.00  8.00  8.00  8.00  0.00  0.00  0.00  0.00  0.00  0.00 

(4) Transmitter array gain (dB) 18.06  18.06  18.06  18.06  18.06  0.00  0.00  0.00  0.00  0.00  0.00 

(5) Control channel power boosting gain (dB) 0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 

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

(dB)

0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 

(7) Cable, connector, combiner, body losses, etc. (dB) 3.00  3.00  3.00  3.00  3.00  1.00  1.00  1.00  1.00  1.00  1.00 

(8) EIRP = (2) + (3) + (4) + (5) - (6) - (7) dB 69.06 69.06 69.06 69.06 69.06 22.00 22.00 22.00 22.00 22.00 22.00

Receiver

(9) Receiver antenna gain (dBi) 0.00  0.00  0.00  0.00  0.00  8.00  8.00  8.00  8.00  8.00  8.00 

(10) Receiver array gain(dB) 0.00  0.00  0.00  0.00  0.00  18.06  18.06  18.06  18.06  18.06  18.06 

(11) Receiver noise figure (dB) 7.00  7.00  7.00  7.00  7.00  5.00  5.00  5.00  5.00  5.00  5.00 

(12) Thermal noise density (dBm/Hz) -174.00  -174.00  -174.00  -174.00  -174.00  -174.00  -174.00  -174.00  -174.00  -174.00  -174.00 

(13) Total noise plus interference density       

= 10 log (10^(((11) + (12))/10) )  dBm/Hz 

-167.00 -167.00 -167.00 -167.00 -167.00 -169.00 -169.00 -169.00 -169.00 -169.00 -169.00

(14) Number of PRBs per symbol for UL 15.00 15.00 1.00 1.00 1.00

(15) Occupied channel bandwidth for control channel(Hz) 95040000.00  95040000.00  95040000.00  95040000.00  95040000.00  8640000.00  10800000.00  10800000.00  720000.00  720000.00  720000.00 

(16) Effective noise power

= (13) + 10 log((15)) dBm

-87.22 -87.22 -87.22 -87.22 -87.22 -99.63 -98.67 -98.67 -110.43 -110.43 -110.43

(17) Required SNR for Target Requirement (dB)  3.10  3.10  0.70  -1.80  -10.00  -9.40  0.70  0.70  -1.64  -8.00  1.30 

(18) Receiver implementation margin (dB) 2.00  2.00  2.00  2.00  2.00  2.00  2.00  2.00  2.00  2.00  2.00 

(19) Receiver sensitivity

= (16) + (17) + (18)  dBm

-82.12 -82.12 -84.52 -87.02 -95.22 -107.03 -95.97 -95.97 -110.07 -116.43 -107.13

(20) Hardware link budget       

= (8) + (9) + (10) − (19)   dB

151.18 151.18 153.58 156.08 164.28 155.10 144.03 144.03 158.13 164.49 155.19

FR2 Indoor/Urban/Suburban DL FR2 Indoor/Urban/Suburban UL
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