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Introduction
In this document we present our results on coverage of 5G NR using link level simulations, followed by a link budget analysis. For this study, basic parameters necessary for link level evaluations are partly chosen to be in line with the parameters specified in the 37.910 technical report titled ‘Study on self-evaluation towards IMT-2020. The difference is that effect of shadowing and body and head loss is also incorporated in the link budget analysis. Parameters such as UE EIRP is selected based on 3GPP TS 38.101-2 while for gNB EIRP is based on existing and upcoming deployments.

LLS Assumption for Baseline Coverage Performance
A list of parameters common to all link-level simulations for each test environment is given below. These parameters are applied to all uplink/downlink channels. Most of these common parameters are based on the assumptions agreed in the last RAN1 meeting. However, the number of SSB beams and also the transmit power was missing in the set of agreed assumptions.
Common parameters
[bookmark: _Ref40373243]Table 1. General simulation assumptions for Outdoor (Urban and Sub-urban)
	Parameter
	Outdoor

	Carrier Frequency
	28GHz

	Multiplexing
	TDD (DDSU, DDDSU)


	System BW
	100MHz

	gNB EIRP
	60 dBm

	UE EIRP
	22.4 dBm

	Numerology
	120kHz SCS

	BS antenna gain (dB)
	5 dB

	UE antenna gain (dB)
	4 dB

	Thermal noise level
	-174 dBm/Hz

	Channel
	NLOS (CDL-A 100ns), 

	UE speed
	30km/h

	# of gNB antennas
	128 per polarization 

	# of UE antennas
	4 per polarization

	gNB array gain
	15dB for broadcast, 21dB for unicast

	# of gNB beams
	32 for broadcast (SSB beams), 128 for unicast

	# of cells
	1

	UL data rate target
	50kbps, 5Mbps

	DL data rate target
	1Mbps, 25Mbps



Table 2. General simulation assumptions for Indoor
	Parameter
	Indoor

	Carrier Frequency
	28GHz

	Multiplexing
	TDD (DDSU, DDDSU)


	System BW
	100MHz

	gNB EIRP
	46 dBm

	UE EIRP
	22.4 dBm

	Numerology
	120kHz SCS

	BS antenna gain (dB)
	5 dB

	UE antenna gain (dB)
	4 dB

	Thermal noise level
	-174 dBm/Hz

	Channel
	NLOS (CDL-A 30ns), 

	UE speed
	3km/h

	# of gNB antennas
	64 per polarization 

	# of UE antennas
	4 per polarization

	gNB array gain
	12dB for broadcast, 18dB for unicast

	# of gNB beams
	16 for broadcast, 64 for unicast

	# of cells
	1

	UL data rate target
	5Mbps

	DL data rate target
	25Mbps



Channel-specific parameters
Channels-specific parameters are chosen based on agreements from last RAN1 meeting (please see Appendix).

Baseline FR2 Coverage
Link budget analysis for UL and DL channels is presented in Table 5. Note that the effects of shadowing, body and head loss are also incorporated in the link budget analysis. 
Indoor Performance 

Table 3. Link budget for different channels based on the link-level simulation results for Indoor
	
	Channel
	Bandwidth (MHz)
	Power Boost
	Link budget (dB)

	DL
	Unicast PDSCH, 25Mbps
	100
	--
	120.1

	
	Unicast PDSCH, 1Mbps
	100
	
	134.9

	
	PSS/SSS
(multi-shop SSB detection can improve performance further, e.g. 6dB for 4-shop detection)
	28.8
	Yes
	115.8

	
	
	
	No
	110.4

	
	PBCH
(multi-shop SSB detection can improve performance further, e.g. 6dB for 4-shop detection)
	28.8
	Yes
	114.8

	
	
	
	No
	109.4

	
	Msg2 PDCCH (also RMSI PDCCH)
2-symbol Coreset, AL16
	69.12
	Yes 
	114.7

	
	
	
	No
	113.1

	
	Msg2 PDCCH (also RMSI PDCCH)
1-symbol Coreset, AL8

	  69.12
	Yes
	111.7

	
	
	
	No
	110.1

	
	Unicast PDCCH
	69.12
	Yes
	120.7

	
	
	
	No
	119.1

	UL
	Unicast PUSCH, 5Mbps, DDSU
	100 (64 RBs)
	
	117.2

	
	Unicast PUSCH, 5Mbps, DDDSU
	100 (64 RBs)
	
	116.4

	
	Unicast PUSCH, 50kbps
	5.76 (4 RBs)
	
	137.1

	
	Msg3 PUSCH, 56 bits payload
	5.76
	
	125.6 


	
	PRACH
	16.68
	
	122.8

	
	Msg4 PUCCH (1 bit) 
Based on 0.01 error rate of ACK to DTX, as Msg4 PUCCH is ACK-only
	1.44
	
	126

	
	PUCCH (1 bit) for unicast PDSCH ACK/NACK

	1.44
	
	136

	
	Unicast PUCCH (11 bits)
L1-report for one beam
	1.44
	
	127

	
	Unicast PUCCH (22 bits, total 28 bits with CRC)
L1-report for two beams

	1.44
	---
	124.5



Table 4. Summary of the main link budget bottlenecks and vulnerable channels, for indoor
	Link budget (in dB)
	Msg2/RMSI PDCCH
1-symbol
	Msg2/RMSI
PDCCH
2-symbol
	5Mbps PUSCH,
DDSU
	5Mbps PUSCH,
DDDSU

	With power boost
Without power boost
	111.7
110.1
	114.7
113.1
	117.2
	116.4

	Target of unicast PDCCH link budget, 2-symbol (119.1 dB)
	-7.4
-9
	-4.4
-6
	-1.9
	-2.7



As shown in the simulation results, for indoor, downlink broadcast channels have a relative weakness coverage in FR2, because of lower gain of wide broadcast beams (i.e. SSB beams) and also lower gNB transmit power for indoor. Among broadcast channels and RACH, RMSI PDCCH and Msg2 PDCCH are the main bottlenecks. Among unicast channels, 5Mbps PUSCH is the bottleneck.
[bookmark: _Hlk47649730]Observation 1: Broadcast PDCCH is the main bottlenecks in FR2 in indoor. Also, 5Mbps PUSCH is the bottleneck among the unicast channels.

Outdoor performance (Urban and Sub-urban)

[bookmark: _Ref40376574][bookmark: _Hlk47620789]Table 5. Link budget for different channels based on the link-level simulation results for outdoor
	
	Channel
	Bandwidth (MHz)
	Power Boost
	Link budget (dB)

	DL
	Unicast PDSCH, 25Mbps
	100
	--
	134.1

	
	Unicast PDSCH, 1Mbps
	100
	
	148.9

	
	PSS/SSS
	28.8
	Yes
	129.8

	
	
	
	No
	124.4

	
	PBCH
	28.8
	Yes
	128.8

	
	
	
	No
	123.4

	
	Msg2 PDCCH (also RMSI PDCCH)
2-symbol Coreset, AL16
	69.12
	Yes 
	128.7

	
	
	
	No
	127.1

	
	Msg2 PDCCH (also RMSI PDCCH)
1-symbol Coreset, AL8

	  69.12
	Yes
	125.7

	
	
	
	No
	124.1

	
	Unicast PDCCH
	69.12
	Yes
	134.7

	
	
	
	No
	133.1

	UL
	Unicast PUSCH, 5Mbps, DDSU
	100 (64 RBs)
	
	120.2 

	
	Unicast PUSCH, 5Mbps, DDDSU
	100 (64 RBs)
	
	119.4 

	
	Unicast PUSCH, 50kbps
	5.76 (4 RBs)
	
	140.1

	
	Msg3 PUSCH, 56 bits payload
	5.76
	
	128.6 


	
	PRACH
	16.68
	
	125.8

	
	Msg4 PUCCH (1 bit) 
Based on 0.01 error rate of ACK to DTX, as Msg4 PUCCH is ACK-only
	1.44
	
	129

	
	PUCCH (1 bit) for unicast PDSCH ACK/NACK

	1.44
	
	139

	
	Unicast PUCCH (11 bits)
L1-report for one beam
	1.44
	
	130

	
	Unicast PUCCH (22 bits, total 28 bits with CRC)
L1-report for two beams

	1.44
	---
	127.5




A summary of potential bottlenecks for outdoor FR2 is shown in Table 6:


[bookmark: _Ref40373276]Table 6. Summary of the main link budget bottlenecks and vulnerable channels for outdoor
	Link budget (in dB)
	Msg2/RMSI PDCCH
1-symbol
	Msg2/RMSI
PDCCH
2-symbol
	Msg3
	PRACH
	L1-report for two beams
	5Mbps PUSCH,
DDSU
	5Mbps PUSCH,
DDDSU

	With power boost
Without power boost
	125.7
124.1
	128.7
127.1
	128.6
	125.8
	127.5
	120.2
	119.4

	Target of unicast PDCCH link budget, 2-symbol (133.1 dB)
	-7.4
-9
	-4.4
-6
	-4.5
	-7.3
	-5.6
	-12.9
	-13.7




As shown in the simulation results, for outdoor, downlink broadcast channels and Msg1/2/3 during RACH procedure have a relative weakness coverage in FR2, because of lower gain of wide broadcast beams (i.e. SSB beams). Among broadcast channels, RMSI PDCCH is the main bottleneck. 
For RACH, for outdtoor, the whole procedure can be benefited from coverage enhancement. In particular, Msg2 PDCCH is the clear bottlenecks, and PRACH and Msg3 PUSCH are also vulnerable.
Among the unicast channels, 5Mbps PUSCH is the clear bottleneck. However, it should be noted that the link budget for PUSCH is very much dependent on the rate and targeting a lower UL rate for coverage may be more reasonable for outdoor.
[bookmark: _Hlk40330670][bookmark: _Hlk40376213]Observation 2: 5Mbps unicast PUSCH, PRACH, Msg3 PUSCH, broadcast PDCCH, and high-payload PUCCH are the main bottlenecks in FR2, for outdoor.
Proposal 1: Methods for coverage enhancement of broadcast PDCCH, e.g., RMSI PDCCH, should be studied.
[bookmark: _Hlk40454711]Proposal 2: Methods for coverage enhancement of RACH procedure, especially Msg2 PDCCH, PRACH and Msg3 PUSCH, should be studied.
It should be noted that the link budget analysis that is presented for unicast channels assumes reliable assignment of the best beam. In case that the current serving beam is becoming weaker, the gNB needs to rely on L1 report (L1-RSRP) transmitted over PUCCH (which is at least 11 bits for one beam), while the beam gain is much lower than the nominal value. Therefore, in practice, PUCCH carrying L1-RSRP report may need coverage enhancement, even though the link budget analysis does not show it. It should be also noted that when two or more beams are reported, the PUCCH payload becomes larger. For example, for the L1-report of two beams, assuming 5bits for the index of each beam, the payload becomes 5+5+7+4=21 bits which can have more coverage vulnerability (as shown in the link budget analysis).
[bookmark: _Hlk40436938]Observation 3: L1-report can have coverage vulnerability, especially for the case of reporting more than one beam.
[bookmark: _Hlk40454778]Proposal 3: Methods for coverage enhancement of L1 report should be studied.

Conclusion 
[bookmark: _Hlk23927392]In this document, a preliminary link-level evaluation of FR2 baseline coverage was presented. Based on the simulation results, the following are the observation and proposals:
[bookmark: _Hlk40436824][bookmark: _Hlk47649685]Observation 1: Broadcast PDCCH is the main bottlenecks in FR2 in indoor. Also, 5Mbps PUSCH is the bottleneck among the unicast channels.
Observation 2: 5Mbps unicast PUSCH, PRACH, Msg3 PUSCH, and broadcast PDCCH are the main bottlenecks in FR2, for outdoor.
Proposal 1: Methods for coverage enhancement of RMSI PDCCH should be studied.
Proposal 2: Methods for coverage enhancement of RACH procedure, especially Msg2 PDCCH, PRACH and Msg3 PUSCH, should be studied.
Observation 3: L1-report can have coverage vulnerability, especially for the case of reporting more than one beam.
Proposal 3: Methods for coverage enhancement of L1 report should be studied.
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Appendix (channel-specific simulation assumptions)

	Transmission Rank
	· Rank 1

	PDSCH/PUSCH
SLIV
	· PDSCH: (S=2, L=12),
· PUSCH: (S=0, L=14), intra-slot hopping is optional
· Note: Starting symbol, S, (indexed from 0) and length, L.

	DMRS Configuration
	· For DL and UL w/o freq hopping: 1 DMRS symbol (front loaded) for 3km.h, 2 DMRS symbols at (2,11) for 3km/h and 30km/h, 3DMRS symbols at (2, 7, 11) for 30km/h
· For UL w/ freq hopping: 2 DMRS symbols for each hop (mapping type B)
· Note: no data multiplexing is assumed in DMRS symbols

	PUCCH
	· Format and payload
· Format 1: 2bits UCI
· Format 3: 11/22 bits UCI, 14symbols with [4] DMRS symbols
· FFS: Format 0, 2
· BLER for format 1
· DTX to ACK: 1%
· NACK to ACK: 0.1%
· ACK misdetection: 1%
· BLER for format 3
· BLER for ACK/NACK/SR: 1%
· FFS: for CSI 10% or 1%
· Number of RBs: 1 RB
· Number of Tx chains: 1

	PDCCH
	· AL: 16
· Payload 40bits
· CORESET: 2 symbols, 48RBs 
· BLER: 1%
· Tx diversity: reported by company

	PRACH
	· Format B4 
· Target performance: 0.1% false alarm, 1% misdetection



