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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#101and RAN1#102 e-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
Baseline performance
According to agreed simulation assumptions made in RAN1#101 and RAN#102 e-meeting, the most possible bottleneck channels are simulated. In table 1, it shows the required SNR for selected channels in interested scenarios. As the baseline performance is intent to identify the possible coverage gap, the techniques to enhance the coverage, such as frequency hopping, repetition, joint channel estimation, are not considered. 
For the PUSCH simulation,  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 5.1.3.1-1 of TS38.214 for 2.6GHz, I_MCS=3 ( (251/1024) for 4GHz, and I_MCS=0 (120/1024) for Rural scenario. 56bits msg3 payload size is applied in the simulation. 
For the PDSCH performance evaluation, as there is no agreed recommended PRB number, the lower MCS is selected first then followed by the selection of the PRB number to fulfill the target data rate requirement, i.e., I_MCS=1 with 235PRBs for TDD 4GHz, I_MCS=0 with 266PRBs for TDD 2.6GHz, I_MCS=0 with 36 PRBs for FDD 700MHz.
The detailed simulation parameters for each channel and the simulation results are attached in the Appendix A.
	Required SNR(dB)
	Urban (4GHz)
	Urban (2.6GHz)
	Rural (700MHz)

	PUSCH
	-5.2
	-4.5
	-7.2

	PUCCH format 3
	-3.2
	-3.2
	

	Msg3 PUSCH
	
	-5.5
	

	PDCCH
	-11.6
	-11.7
	-8.7

	PDSCH
	-8.1
	-9.1
	-6.9

	Msg2 PDSCH
	-5.2
	-5.0
	-2.6

	Msg4 PDSCH
	-8.1
	-8.3
	-6.7



Table 1: The required SNR for channels in different scenarios
Link budget calculation
The basic link budget template was agreed via the post RAN1 meeting email discussion. The parameters related to MPL, e.g.,  Shadow fading margin, penetration margin, receiver interference density, are reported by company, In our calculation, the values from IMT-2020 self-evaluation template are directly re-used .
In last meeting, it was agreed that the antenna gain correction factor 1 and 2 are introduced to derive the gain of antenna gain component 2, and antenna gain component 3 and 4. The 1 reflect the beamforming gain difference between unicast and broadcast channel. 2 is the correction to the ideal antenna array gain and antenna element gain. The 2 value will impact all the evaluated channels in the interested scenario. These two correction factors together have huge impacts on bottleneck channel determination. Thus, it’s better to reach the consensus to have agreement on 1 and 2 values, which makes the companies input MCL/MIL/MPL comparable.
Proposal 1:  Make an agreement on the value of antenna gain correction factor 1 and 2.
In the following section, 1=8dB  and 2=0dB are applied for MCL/MIL/MPL calculation. To compare beam forming gain difference between the broadcast channel and unicast channel, the system level simulation is conducted. RSRP are measured form different UEs with different beam number. The RSPR collected from 4, 24, 48, 96 beams. The finer beam is not always available, due to UE location and network implementation, comparing the 4 beam and 24 beam case, the gap is about 8dB. The detailed simulation assumption and results are attached at Appendix B.
The target pathloss is calculated according the pathloss formula UMa_A in table A1-3 and RMa-A in  tableA1-5 in [4]. And the ISD=400m and ISD=500 are considered for Urban scenario, the ISD=1732 is considered for Rural scenario. 
Urban TDD 2.6GHz
Figure1 to figure 3 show the evaluated channel’s MCL, MIL, available pathloss and the target pathloss. The pathloss formula in [4] are reused , the ISD =400m and ISD=500m are showing in the figure3.  It can be found in figure 3 that the PUSCH cannot reach the target pathloss for 400m and 500m ISD. it’s about 5dB and 8.8dB gap for 400m and 500m ISD respectively. The Msg3 PUSCH just reaches the pathloss target of 400m ISD.
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	Figure 1: Urban 2.6GHz NLOS O-2-I MCL Comparison
	Figure 2: Urban 2.6GHz NLOS O-2-I MIL Comparison
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	Figure 3: Urban 2.6GHz NLOS O-2-I MPL Comparison
	



Urban TDD 4GHz
For Urban TDD 4GHz scenario, the frame structure DDDSUDDSUU (S: 10D:2G:2U) is evaluated in the simulation. Figure 4 to figure 6 show the evaluated channel’s MCL, MIL, available pathloss and the target pathloss. As showing in figure 6, the PUSCH and PUCCH format 3could not fulfill the target pathloss requirement. For PUSCH, it’s about 8dB and 11.8dB gap for  400m and 500m ISD respectively. For PUCCH format 3, the gap is about 1.5dB and 5.2dB for 400m and 500m ISD respectively.
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	Figure 4: Urban 4GHz NLOS O-2-I MCL Comparison
	Figure 5: Urban 4GHz NLOS O-2-I MIL Comparison
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	Figure 6: Urban 4GHz NLOS O-2-I MPL Comparison
	


Rural FDD 700MHz
The simulations of Rural FDD 700MHz are showing in figure 7 to Figure 9. All the evaluated channels can reach the target pathloss requirement with ISD=1732 meter. 
	[image: Chart, bar chart

Description automatically generated]
	[image: Chart, bar chart

Description automatically generated]

	Figure 7: Rural FDD 700MHz NLOS O-2-O MCL Comparison
	Figure 8: Rural FDD 700MHz NLOS O-2-O MIL Comparison
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	Figure 9: Rural FDD 700MHz NLOS O-2-O MPL Comparison
	


Based on available simulation results, we have the following observation.
Observation: If the MPL is applied as the performance metrics, 
· For Urban TDD operating at 4GHz, PUSCH has about 8dB coverage gap for 400m ISD and 11.8dB gap for 500m ISD; PUCCH format 3 has about 1.5dB coverage gap for 400m ISD and 5.2dB gap for 500m ISD. The Msg3 PUSCH just reaches the pathloss target of 400m ISD.
· For Urban TDD operating at 2.6GHz,  PUSCH has about 5dB coverage gap for 400m ISD and 8.8dB gap for 500m ISD.
· For Rural FDD operating at 700MHz, all the evaluated channels can reach the target pathloss.
Performance Metric
Another pending issue the target performance metric, several options were discussed in last RAN1 meeting, and the following agreements were made.

Agreements: [3]
· Adopt single link budget template for both FR1 and FR2 based on IMT-2020 self-evaluation with rows for MIL, MCL, MPL, and necessary revisions, including adding/removing/revising/simplifying some parameters
· [For LLS based methodology, ]coverage bottleneck(s) identification is performed using at least [MCL and] MIL. 
· [MCL values can also be considered to compare channels with similar antenna (and antenna array) gain]

Agreements:
· MPL can be used as supplemental information for coverage bottleneck(s) identification
· The results based on MPL are to be captured in TR
· Note: this is uself to show the achievable ISD. 
· The definition of MPL shall be determined in RAN1
· RAN1 will not further discuss on specific values for the parameters related to MPL 
· IMT-2020 values are as a starting point, but: 
· companies may use other values, and
· for the parameters that companies think IMT-2020 self-evaluation does not clearly define the values for some scenarios, it is up to companies to report
Agreements:
· RAN1 strives for satisfying appropriate targets identified by companies particularly operators
· The targets may be in the form of one or more of the following:
· 1. Scenario dependent targets, e.g., ISD/MPL
· 2. Service dependent targets, e.g., [MCL=147] dB for VoIP;
· 3. Relative difference between channels, e.g, MIL(/[MCL])
· Further values and details of such targets will be clarified at RAN1#103-e 
· Note: there is no intention in RAN1 to update the study item objectives due to the identified targets.

Agreements:
· Adopt single link budget template for both FR1 and FR2 based on IMT-2020 self-evaluation with rows for MIL, MCL, MPL, and necessary revisions, including adding/removing/revising/simplifying some parameters
· For LLS based methodology, coverage bottleneck(s) identification is performed using at least MIL or MCL (assuming the set of simuation assumptions)
· Even when SLS is used to obtain some components of MIL or MCL, it is categorized as LLS based methodology.
· MCL values can also be used to identify the coverage bottleneck(s) when applicable
· “applicable” above means the following situation:
· [comparing channels with similar antenna (and antenna array) gain, and/or
·  the simulation results with MIL from companies are diverse, and the comparison with MIL is not easy]
Based on the above agreements, the MIL could be the main parameter to identify the coverage bottleneck channel.  There are two different considerations on how to apply the MIL.
· Option1: relative MIL is applied to determine the bottleneck channel
With this option, the benchmark channel should be selected carefully, other channels is comping the MIL with benchmark channel to check whether enhancement is required. The PDCCH for CSS could be better candidate as the benchmark channel, this channel could a key factor for cell planning. If PDCCH for CSS has the coverage issue, the network can’t operate properly.  
· Option 2: absolute MIL is applied to determine the bottleneck channel 
For this option, it’s hard to decide which absolute value is selected as the baseline. With the agreed new link budget template, the MCL, MIL and MPL can be derived each other just removing or adding some parameters. Thus, it could be reasonable to decide the absolute MIL from the target cell coverage, e.g., ISD. The target ISD is coming from operator’s input.    
Proposal 2: If Absolute MIL value is applied for target coverage evaluation, it is derived from MPL with the ISD proposed by operators; if Relative MIL is applied for target coverage evaluation, PDCCH for CSS is used as the benchmark to identify the coverage bottleneck channels
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:
Proposal 1:  Make an agreement on the value of antenna gain correction factor 1 and 2.
Observation: If the MPL is applied as the performance metrics, 
· For Urban TDD operating at 4GHz, PUSCH has about 8dB coverage gap for 400m ISD and 11.8dB gap for 500m ISD; PUCCH format 3 has about 1.5dB coverage gap for 400m ISD and 5.2dB gap for 500m ISD. The Msg3 PUSCH just reaches the pathloss target of 400m ISD.
· For Urban TDD operating at 2.6GHz,  PUSCH has about 5dB coverage gap for 400m ISD and 8.8dB gap for 500m ISD.
· For Rural FDD operating at 700MHz, all the evaluated channels can reach the target pathloss.
Proposal 2: If Absolute MIL value is applied for target coverage evaluation, it is derived from MPL with the ISD proposed by operators; if Relative MIL is applied for target coverage evaluation, PDCCH for CSS is used as the benchmark to identify the coverage bottleneck channels
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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

	MCS/PRBs for1Mbps
	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

	MCS/PRBs for100kbps
	I_MCS=0 (120/1024) with 4PRB

	Number of transmissions
	1

	Frequency hopping
	No
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Figure10: FR1 PUSCH performance
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Figure 11 : msg3 performance at 2.6GHz for Urban

A.2 PUCCH simulation parameters
	Parameter
	value

	PUCCH format 3 performance target
	1%BLER 

	Payload size
	22bits

	Waveform
	DFT-s-OFDM

	TDRA
	14 OFDM symbol

	DM-RS configuration
	Per RAN1 spec

	Number of PRBs for PUCCH 
	1

	Number of transmissions
	1

	Frequency hopping
	No
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Figure 12: FR1 PUCCH format 3 baseline performance 

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
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	Figure 13: PDCCH performance for FR1, Urban, 2.6GHz 30 KHz SCS
	Figure 14: PDCCH performance for FR1, Rural, 0.7GHz, 15 KHz SCS
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	Figure 15: PDCCH performance for FR1, Urban, 4GHz 30 KHz SCS
	




A.4 PDSCH simulation parameters
	Parameter
	value

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

	waveform
	CP-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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Figure 16: FR1 PDSCH baseline performance 

A.5 Msg2 PDSCH simulation parameters
	Parameter
	value

	waveform
	CP-OFDM

	TDRA
	12symobls

	DM-RS configuration
	Type 1, 3 DM-RS symbols, no multiplexing with data

	MCS/PRBs 
	TBS: 72
MCS Index: I_MCS=0 (120/1024) in table 5.1.3.1-1
PRB number: 3
TB scaling: 1

	Number of transmissions
	1

	Frequency hopping
	No
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Figure 17: FR1 Msg2 PDSCH baseline performance 

A.6 Msg4 PDSCH simulation parameters
	Parameter
	value

	waveform
	CP-OFDM

	TDRA
	12symobls

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

	MCS/PRBs 
	TBS: 1064
MCS Index: I_MCS=0 (120/1024) in table 5.1.3.1-1
PRB number: 37

	Number of transmissions
	1

	Frequency hopping
	No




[image: Chart, line chart

Description automatically generated]

Figure 18: FR1 Ms4 PDSCH baseline performance 


Appendix B: 
B.1 Antenna gain component 2 correction factor simulation assumption for UE RSRP
	Parameter
	value

	Scenario/
Frequency
	4GHz and 2.6GHz

	Tx power
	41 dBm for 10 MHz bandwidth

	Penetration loss
	20% high loss, 80% low loss

	ISD
	200 m

	gNB antenna config
	 (M,N,P,Mg,Ng)= (12,8,2,1,1)

	UE antenna config
	(M,N,P,Mg,Ng)= (1,2,2,1,1)
(dH, dV) = (0.5, N/A) λ

	BS ant pattern
	Table A.2.1-4 in TR 38.802

	UE ant pattern
	Omni-direction

	SSB beam directions
	4 beams with Azimuth angle range = [-60, 60] degree, and Zenith angle  = 100 degree

	Unicast beam directions
 
	24/48/96 beams with Azimuth angle range = [-60, 60] degree, and Zenith angle range  = [0, 180] degree

	UE beam directions
	N/A

	UE distribution
	Uniformly distributed: 80% indoor, 20% outdoor (in‑car)

	UE velocity
	Outdoor users (in-car): 30 km/h
Indoor users: 3km/h
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	Figure 19:  RSRP CDF for 2.6GHz
	Figure 20: RSRP CDF for 4GHz
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