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Introduction
In RAN#86 meeting, new study item on NR coverage enhancement [1] was agreed. Some of objectives of this study item are showing below.
· 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.
In RAN1#101e-meeting, the simulation assumption and parameters were agreed to evaluate the various channels via the link level simulation. 
In this contribution, we  present and discuss the link level simulation result on FR1, the link budget template to be used and the target performance metric.
Baseline performance for FR1
Simulation assumption
In RAN1#101 e-meeting, the following target data rates were agreed for the investigated scenarios for coverage enhancement SI.

Agreements:[2]
· Adopt the following target data rates for eMBB performance evaluation for FR1.
· Urban scenario: DL 10Mbps, UL 1Mbps
· Rural scenario: DL 1Mbps, UL 100kbps
· Rural with long distance scenario: DL 1Mbps, UL 100kbps, [30kbps] (optional)

 In the contribution, we provide the analysis on Urban and Rural scenarios. The detailed simulation assumptions are attached in Appendix,
PUSCH baseline performance
Figure 1 illustrates the baseline performance of PUSCH in Urban and Rural scenario for FR1. As the baseline performance evaluation, frequency hopping is disabled. As recommended, 30PRB for 1Mpbs and 4 PRB for 100kbp are applied in the simulation, then the nearest MCS is selected to meet the target data rate, i.e.,  I_MCS=4 (308/1024) in  Table 6.1.4.1-1 of TS38.214 for 2.6GHz, I_MCS=2 (193/1024) for 4GHz, and I_MCS=0 (120/1024) for Rural scenario.
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Figure1: FR1 baseline PUSCH performance
Based on the link level simulation results, table 1 summarizes the required SNRs for PUSCH in urban and rural scenarios for FR1
Table 1  Required SNRs for PUSCH in FR1
	
	Urban (4GHz)
	Urban (2.6GHz)
	Rural (700MHz)

	Required SNR(dB)
	-5.2
	-4.5
	-7.2
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Figure2 : Msg3 performance at 2.6GHz for Urban
The payload size of msg3 is 56bits, according to figure 2, the required SNR is about -5.5dB.
PUCCH baseline performance
PUCCH format 3 is evaluated in the simulation with the payload size 22 bits. The baseline performance is showing in Figure 3.
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Figure 3: FR1 PUCCH format 3 baseline performance 
Table 2  Required SNRs for PUCCH format 3 in FR1
	
	Urban (4GHz)
	Urban (2.6GHz)

	Required SNR(dB)@ 1%BLER
	-3.2
	-3.2


PDCCH baseline performance
For PDCCH evaluation, the aggregation level is 16, and payload is 40bits, precoding cycling is applied. The baseline performance is outline in Figure 4.
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Figure 4: FR1 PUCCH format 3 baseline performance 
Table 3  Required SNRs for PDCCH  in FR1
	
	Urban (4GHz) 
	Urban (2.6GHz)
	Rural (700MHz)

	Required SNR(dB) )@ 1%BLER
	-8.7
	-8.6
	-8.7



PDSCH baseline performance
For PDSCH evolution, there is no recommended PRB number to be used in the simulation. Many PRB numbers and coding rate combinations can meeting the target data rate requirement. In our simulation, the MCS with lower coding rate is selected, the MCS Table 5.1.3.1-1 defined in TS38.214 is applied.
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Figure 5: FR1 PUSCH baseline performance 
 Table 4  Required SNRs for PDSCH  in FR1
	
	Urban (4GHz) 
	Urban (2.6GHz)
	Rural (700MHz)

	Required SNR(dB)
	-8.1
	-9.1
	-6.9



PUSCH performance with frequency hopping and repetition
In addition to the baseline performance, we evaluate the DM-RS, hopping and repetition impacts to the performance, which are showing in the Figure 6, Figure 7 and Figure 8. 
The Figure 6 shows that adding one more DM-RS symbol could increase the PUSCH performance. The frequency hopping gain is depending on channel estimation performance. It should be noted that, with frequency hopping and/or introducing one additional DMRS symbol (per hop), while keeping the MCS as baseline, effectively the data rate becomes smaller.
In Figure 7, with the repetition, adding one more DM-RS symbol could improve the PUSCH performance. In high SNR region, hopping provides benefits. For the case of repetition, we evaluate both with and without inter-slot frequency hopping, as the figures show. Further, if repetition is applied, the coding rate is almost doubled to meet the target data rate, as shown in the figures. The figure shows that repetition provides marginal gain.
Figure 8 shows that frequency hopping with smaller PRB numbers could improve the PUSCH performance, especially at a relatively higher SNR where channel estimation loss due to hopping is less than frequency diversity gain.
Observation: 
· At low SNR operating point, PUSCH performance is improved with one more DM-RS symbol. 
· Intra-slot Frequency hopping can provide benefit with smaller number of PRB allocation and a relative high SNR region.
· Usage several techniques together could provide better performance than single technique applied.
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	Figure 6: Performance of single shot transmission, with and without intra-slot frequency hopping, with and without additional DM-RS. 
	Figure 7: Performance of repetition, with and without inter-slot frequency hopping, with and without additional DM-RS.
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	Figure 8: Performance of hopping and repetition with fixed DMRS overhead (2 per slot)
	


Link budget for the baseline coverage
There are two link budget templates available for coverage evaluation, i.e,, IMT2020 self-evaluation template and LTE link budget template defined in TR36.824. Based on last meeting’s agreements, different gNB modeling are assumed in the link level simulation, one is simulating 2 or 4 gNB receive chain, another is modeling the number of TxRU directly. In LTE template, antenna or antenna array gain is not considered. Thus, it’s hard to compare the results with different antenna assumption from different companies. On the contrary, the different antenna configuration, TBS/MCS and PRB setting can be reflected in IMT2020 template. It’s easier to calibrate the results from different companies. 
In current IMT 2002 template, there are some items not directly relevant or commonly used for baseline coverage evaluation, these items can be removed, such as cell area reliability for control channel, transmission bit rate, spectral efficiency, number of transmit antennas ports (replace with number of TxRU), power boosting, BS selection.
Once the link budget template is determined, according the required SNR and PRB number input by each company, the available path loss can be derived for each channel. Then the channel performance can be compared according the performance metric.

	Item

	 

	System configuration

	Carrier frequency (GHz)

	Target packet error rate for the required SNR in item (19a) for control channel

	Transmitter

	(1) Number of transmit antennas

	(1bis) Number of TxRU

	(3) Total transmit power 

	(4) Transmitter antenna gain (dBi)

	(5) Transmitter array gain (dB)

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) 

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

	Receiver

	(10) Number of receive antennas 

	(10bis) Number of receive chain

	(11) Receiver antenna gain (dBi)

	(11bis) Receiver array gain  (dB)

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) 

	(13) Receiver noise figure (dB)

	(14) Thermal noise density (dBm/Hz)

	(15) Receiver interference density (dBm/Hz) 

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

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

	(18) Effective noise power = (16) + 10 log((17)) dBm

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

	(20) Receiver implementation margin (dB)

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

	(22) Receiver sensitivity   = (18) + (19) + (20)  dBm

	(23) Hardware link budget = (9) + (11)+(11bis)  − (22)   dB

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)

	(25) Shadow fading margin (function of the cell area reliability and (24)) (dB)

	(27) Penetration margin (dB)

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

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



Proposal 1: The updated IMT 2020 self-evaluation template is adopted for coverage enhancement evaluation.

Performance metric
Another pending issue the target performance metric, several options were discussed in last RAN1 meeting.

Identify the target performance and coverage bottlenecks based on target performance metric for FR1.
· FFS: the target performance metric and potential down selection.
· Option 1: The target path loss is considered as the target performance.
· Derived from the target ISD.
· Option 2: The target MCL is considered as the target performance.
· Alt1: Derived from the target ISD, considering shadow fading margin, penetration loss, etc.
· Alt2: Fixed target MCL, e.g. 147dB for VoIP
· Alt3: Relative MCL
· If optional SLS is performed, the target performance for SLS is determined by the 5th percentile SINR value in CDF curve for different physical channels
· Other target performance metrics are not precluded.

Among these options, the option 1 is preferred. The target ISD can be determined based on operators’ input. For other options, it’s hard to get the consensus which target threshold is set. The fixed target MCL, e.g., 147dB, is suitable for site sharing with LTE, but may not suitable for other NR deployment scenarios. In general, the NR coverage is worse than LTE due to NR is deployed in higher frequency band. So, it could need several fixed target MCL for different scenarios. For relative MCL, the MCL difference among channels is large, the criteria to set the relative threshold is not easy.
For option 1, the target path loss is derived from the target cell coverage, we prefer to limit the ISD  values to control  the workload.
Proposal 2: Considering the target path loss derived from the target ISD as the target performance metric.
Summary
In this contribution, we provide the baseline performance of PDSCH, PDCCH, PUSCH and PUCCH for FR1 and discuss the link budget template and performance metric. We have the following observation and proposals:
Observation: 
· PUSCH performance is improved with one more DM-RS symbol. 
· Frequency hopping and repetition can provide the benefit in relative high SNR region.
· Usage several techniques together could provide better performance than single technique applied.
Proposal 1: The updated IMT 2020 self-evaluation template is adopted for coverage enhancement evaluation.
Proposal 2: Considering the target path loss derived from the target ISD as the target performance metric.
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Appendix A simulation assumption
A.1 PUSCH simulation parameters 
	Parameter
	value

	Performance target
	1Mbps for Urban
100kbsp for Rural
10%BLER

	Waveform
	DFT-s-OFDM

	TDRA
	14 Symbol

	DM-RS configuration
	Type 1, 1DM-RS symbol, no multiplexing with data

	1Mbps
	I_MCS=4 (308/1024) in  Table 5.1.3.1-1 of TS38.214 with 30 PRB for 2.6GHz
I_MCS=3 ( (251/1024) with 30PRB for 4GHz

	100kbps
	I_MCS=1 (120/1024) with 4PRB

	Number of transmissions
	1

	Frequency hopping
	No


 
A.2 PUCCH simulation parameters
	Parameter
	value

	PUCCH format 3 performance target
	1Mbps for Urban
100kbsp for Rural
10%BLER

	Waveform
	DFT-s-OFDM

	TDRA
	14 OFDM symbol

	DM-RS configuration
	Type 1, 2DM-RS symbols, no multiplexing with data

	MCS/PRBs for 1Mbps
	I_MCS=4 (308/1024) in  Table 5.1.3.1-1 with 30 PRB for 2.6GHz
I_MCS=3 (251/1024) with 30PRB for 4GHz

	MCS/PRBs for 100kbps
	I_MCS=0 (120/1024) with 4PRB

	Number of transmissions
	1

	Frequency hopping
	No



A.3 PDCCH simulation parameters
	Parameter
	value

	PDCCH  performance target
	1% BLER

	Waveform
	CP-OFDM

	DM-RS configuration
	Per RAN1 spec

	PRB number
	48

	TDRA
	2 OFDM symbols

	Payload 
	40 bits

	Diversity scheme
	Precoder cycling
PRB bundling size of 6



A.4 PDSCH simulation parameters
	Parameter
	value

	PDSCH performance target
	FR1: 10Mbps (Urban)
1Mbps (Rural)
10%BLER

	waveform
	DFT-s-OFDM

	TDRA
	12symobls

	DM-RS configuration
	Type 1, 2 DM-RS symbols, no multiplexing with data

	MCS/PRBs for 10Mbps
	TDD 4GHz:
TBS: 8712
MCS Index: I_MCS=1 (157/1024) in table 5.1.3.1-1
PRB number: 235
TDD 2.6GHz:
TBS: 7432
MCS Index: I_MCS=0 (120/1024) in table 5.1.3.1-1
PRB number: 266

	MCS/PRBs for 1Mbps
	FDD 700MHz:
TBS: 1128
MCS Index: I_MCS=0 (120/1024) in table 5.1.3.1-1
PRB number: 36

	Number of transmissions
	1

	Frequency hopping
	No
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