	3GPP TSG-RAN WG1 Meeting #101	
e-Meeting, May 25th – June 5th, 2020
	R1-2004498 



[bookmark: _Hlk495298459]
Agenda item:	8.4.1.2
Source: 	Qualcomm Incorporated
Title: 	Baseline FR2 coverage performance
Document for:	Discussion/Decision
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. 
Common parameters
[bookmark: _Ref40373243]Table 1. General simulation assumptions
	Parameter
	Urban

	Carrier Frequency
	28GHz

	Multiplexing
	TDD (DDDU)


	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-B 100ns), 

	UE speed
	3km/h

	# of gNB antennas
	256 per polarization (32x8)

	# of UE antennas
	4 per polarization

	gNB array gain
	17dB for broadcast, 22.5dB for unicast

	# of gNB beams
	33 for broadcast, 132 for unicast

	# of cells
	1

	UL data rate target
	50kbps, 5Mbps

	DL data rate target
	1Mbps, 25Mbps



Channel-specific parameters
With these common parameters as the basis, we then proceed to pick channel-specific parameters that are used for the link budget analysis. In general, the parameters are chosen such that they are representative of the basic requirements to sustain a 5G NR link in uplink and downlink. In specific, with a cell-edge UE in mind, when reasonable, a combination of minimal payload and maximum allowable resources for a control channel are chosen so as to enable sustaining the control channel in low SNR regimes. Our choice of parameters for each of the control and data channels are presented below.
The following table lists the parameters chosen for PUCCH. PUCCH payload sizes are chosen to be either 1 bit or 11 bits.   For PUCCH with 11 bits, it is chosen to ensure that UE can report at least one beam (7 bits for RSRP and 4 bits for using 16 SSBs) for beam switching purpose. If two beams are reported in PUCCH, the payload will increase to 19 bits considering up to 16 SSBs are used.  For a 1-bit payload, PUCCH Format 1 is chosen. For the 11-bit payload, PUCCH Format 3 spanning 14 OFDM symbols are chosen. In all instances a single RB allocation is chosen.

Table 2 PUCCH Parameters for link-level simulations and link budget analysis
	Parameter
	
	

	PUCCH format
	PUCCH format 1
	PUCCH format 3 

	UCI payload (bit)
	 1 bit 
	11 bits

	PUCCH duration (symbols)
	14
	14

	Number of UEs
	1 UE
	1 UE

	# RBs for long PUCCH
	 1 RB
	1 RB

	Frequency hopping
	 Enabled
	Enabled



The next table presents the basic parameters for PUSCH. An entire uplink slot is assumed to be dedicated to the transmission of PUSCH, with 11 data symbols and 3 DMRS symbols. Special attention is also given to msg3, which is also a PUSCH transmission with a payload size of either 56 bits or 72 bits: we use 56 bits for link budget analysis

Table 3 PUSCH Parameters for link-level simulations and link budget analysis
	PUSCH Parameter
	Value

	Slot structure
	11 data symbols and 3 DMRS symbols

	Waveform
	CP-OFDM

	PUSCH rank
	1

	PUSCH RBs
	Variable 1-64 RBs

	PUSCH DMRS
	Type 1 with 3 symbols with no data on DMRS symbols 

	Precoding
	[1 1] precoder with CDD across ports.

	Msg3 payload size
	56 bits

	Performance metric
	10% BLER after 1st tx 



PRACH format B4 is used for our link level simulations. 
Table 4 PRACH Parameters for link-level simulations and link budget analysis
	Parameter
	Value

	Format
	B4 (12 symbols, sequence length of 139)

	Bandwidth
	12 RBs

	Numerology
	120kHz SCS

	Frequency offset
	+/- 0.05 ppm at TRP, +/-0.1 ppm at UE

	Performance metric
	0.1% false alarm, 1% miss-detection




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

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

	DL
	Unicast PDSCH, 25Mbps
	100
	--
	132.6

	
	Unicast PDSCH, 1Mbps
	100
	
	147.4

	
	PSS/SSS
	28.8
	Yes
	128.8

	
	
	
	No
	123.4

	
	PBCH
	28.8
	Yes
	127.8

	
	
	
	No
	122.4

	
	Msg2 PDCCH (also RMSI PDCCH)
	69.12
	Yes 
	124.7

	
	
	
	No
	123.1

	
	Unicast PDCCH
	69.12
	
	130.2

	
	
	
	No
	128.6

	UL
	Unicast PUSCH, 5Mbps
	100
	
	119.7

	
	Unicast PUSCH, 50kbps
	5.76
	
	138.6

	
	Msg3 PUSCH, 56 bits payload
	5.76
	
	128.6


	
	PRACH
	16.68
	
	127.8

	
	Msg4 PUCCH (1 bit) 
Based on 0.01 error rate of ACK to DTX, as Msg4 PUCCH is ACK-only
	5.76
	
	131

	
	PUCCH (1 bit) for unicast PDSCH ACK/NACK

	5.76
	
	140.5

	
	Unicast PUCCH (11 bits)
L1-report for one beam
	5.76
	
	131.5

	
	Unicast PUCCH (19 bits, total 25 bits with CRC)
L1-report for two beams

	5.76
	---
	128.5




A summary of potential bottlenecks (and their link budget different compared to PBCH with power boost) is shown in Table 6:

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

	With power boost
Without power boost
	124.7
123.1
	124.7
123.1
	128.6
	127.8
	128.5
	119.7

	Target of 127.8 dB link budget (PBCH with pow boost)
	-3.1
-4.7
	-3.1
-4.7
	+0.8
	0
	+0.7
	-8.1



As shown in the simulation results, 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, 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 FR2.
[bookmark: _Hlk40376213]Observation 1:  Unicast PUSCH with high targeted data rate, e.g., 5Mbps, and broadcast PDCCH are the main bottlenecks in FR2.
[bookmark: _Hlk40330670]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 and Msg3 PUSCH and PRACH, 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 4bits for the index of each beam, the payload becomes 4+4+7+4=19 bits which can have more coverage vulnerability (as shown in the link budget analysis).
[bookmark: _Hlk40436938]Observation 2: 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]Observation 1: 5Mbps unicast PUSCH, Msg3 PUSCH, and broadcast PDCCH are the main bottlenecks in FR2.
Proposal 1: Methods for coverage enhancement of RMSI PDCCH should be studied.
Proposal 2: Methods for coverage enhancement of RACH procedure, especially Msg2 PDCCH and Msg3 PUSCH, should be studied.
Observation 2: 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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