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Introduction
In this contribution, we investigate potential values for msgA payload size, presenting some initial results for 200m ISD UMi scenario on wideband SNR to investigate coverage. Link level results are also given in order to study suitable configurations for msgA transmission with a minimum size payload.
System level statistics
[bookmark: _Hlk4604079][bookmark: _GoBack]Figure 1 below shows a CDF of the SNR of a single user in the 200m ISD UMi scenario.  The single user SNR at a given location in a cell is calculated as the received power at the gNB after coupling loss and power control assuming AWGN in 1 PRB bandwidth.  Three different open loop power control settings are used: P0=-80, -90, and -100, with alpha = 1.    Detailed simulation assumptions are provided in the Appendix.    
We observe from the figure that the SNRs can be quite high: the median is around 13 dB for all 3 power control settings.  The least aggressive power control setting of P0=-100 limits the SNR to about 13 dB, while the other two settings allow maximum SNRs of more than 20 or 30 dB.  On the other hand, the SNR is relatively low for the lowest CDF points. For example, the 5% and 10% CDF points are about ‑2.0 dB and 1.5 dB, respectively.
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[bookmark: _Ref4597563]Figure 1: Single User SNR CDF in 200m ISD UMi 
Observations:
· The SNR can be quite high over much of a UMi cell: median SNRs are on the order of 13 dB over a wide range of power control settings.
· A UMi cell can have relatively low cell edge SNRs: about -2.0 and -1.5 dB at the 5% and 10% CDF points, respectively.
Link level results and cell coverage
PUSCH performance vs. bandwidth
In Figure 2 and Figure 3 below, we show the required SNR to reach 1% and 10% BLER for different slot sizes and BLER targets.  A TDL-A 30ns channel model was used with 4 gNB Rx antennas and one UE Tx antenna.  Channel estimation is ideal, there is no frequency error, and timing for the PUSCH is assumed known.  A 7 or 14 symbol slot is used with 30 kHz subcarrier spacing, with Type 1 DMRS in symbols 2 and 3.  
We show curves where the SNR is defined in the normal way as the SNR per resource element, and where the per-RE SNR is normalized by the number of PRBs used in the transmission.  This bandwidth normalization accounts for a fixed maximum transmit power in a UE, and allows a better comparison of the SNR gain from different bandwidth PUSCHs.
From Figure 2, in the 7 symbol case, we observe that the bandwidth normalized curves for both BLER targets are somewhat steep at the beginning, but flat thereafter.  For the 10% BLER target, the reduction in required SNR drops for 1 to 2, 2 to 3, and 2 to 4 PRBs is 1.1, 0.3, and 0.3 dB, respectively. For the 1% BLER target, the reduction in required SNR drops for 1 to 2, 2 to 3, and 2 to 4 PRBs is quite close to that of 10% BLER: 1.2, 0.3, and 0.5 dB, respectively.  Therefore, it seems that using 2 PRBs has some notable gain, while extending to up to 4 PRBs can have some marginal gain.
For the 14 symbol results in Figure 3, the bandwidth normalized curves for both BLER targets change a few tenths of dB from 1-4 PRBs, but are generally pretty flat.  They drop by a little more than 0.5 dB at 12 PRBs from when 1 PRB is used, but it is doubtful that this would hold when channel estimation is considered as the SNR per RE drops.  
[image: ] [image: ]
[bookmark: _Ref4591952]Figure 2: Operating SNR and Bandwidth Normalized Operating SNR vs. Number of PRBs, 7 symbol slot
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[bookmark: _Ref4784615]Figure 3: Operating SNR and Bandwidth Normalized Operating SNR vs. Number of PRBs, 14 symbol slot
Considering the 2-4 PRB range is the one of interest for 7 symbols, we find from the curves that the corresponding operating SNRs are -7.5 to 1.3 dB for 10% BLER and -4.4 to -0.8 dB for 1% BLER.  For 14 symbols, the operating SNRs are -8.3 to -5.0 dB for 10% BLER and 4.9 to -1.8 dB for 1% BLER for 1-2 symbols.
Observations
In a 200m ISD UMi scenario with gNB 4 Rx antennas,
· 2 PRBs seems a reasonable size for 56 bit payloads with 7 symbols 
· The reduction in required SNR for a fixed transmit power drops fairly quickly (by about 1 dB) from 1-2 PRBs for both 1% and 10% BLER, and flattens quickly thereafter.
· 1 PRB should be sufficient to carry 56bits when 4 Rx antennas are used with 14 symbols
· The reduction in required SNR vs. the number of PRBs is quite flat, only varying a few tenths dB up to 4 PRBs.
· Operating SNRs for 2 PRBs with 56 bit payloads for 7 symbols are on the order of:
· -7.5 dB for 10% BLER
· -4.4 dB for 1% BLER
· Operating SNRs for 1 PRB with 56 bit payloads for 14 symbols are on the order of:
· -8.3 to for 10% BLER
· -4.9 to for 1% BLER
msgA coverage
Since the SNR values from the system level statistics are for where the UE transmits in 1 PRB, the bandwidth normalized SNRs should be used in coverage calculations.  The coverage can then be approximated by comparing the required bandwidth normalized SNRs to the available SNR at a given outage rate.  In Table 1 below, the margin over the outage at a given outage rate is calculated as the (SNR at the outage rate) – (margin for impairments) – (the normalized operating SNR).  Negative margins indicate the extra power needed to reach the desired coverage.  A 2 dB impairments margin is selected to account for channel estimate error and other impairments such as residual timing error or frequency offsets.  This is only an initial value; further simulations explicitly taking into account impairments are needed to determine accurate coverage estimates.
From Table 1, we can see for 7 symbols that 10% coverage can just be reached for 10% BLER, while about another 3 dB is needed to have 5% outage at a 10% BLER target.  Approximately 3 and 6 dB more SNR is needed for 5% and 10% outage, respectively for the 1% BLER target.  For 14 symbols, 10% coverage can be easily reached for 10% BLER and with some margin even for 1% BLER.   At 5% percent coverage, 10% BLER still has some margin, while 1% BLER needs an extra 2 dB or so.

[bookmark: _Ref4782650]Table 1: Coverage of 56 bit msgA vs. outage and BLER
	5% CDF point (dB) 
	-2
	
	
	
	
	
	
	
	

	10% CDF point (dB)
	1.5
	
	
	
	
	
	
	
	

	Impairments (dB)
	2
	
	
	
	
	
	
	
	

	
	Normalized Operating SNR
	Margin over 5% Outage
	Margin over 10% Outage

	
	7 symbol (2 PRBs)
	14 symbol (1 PRB)
	7 symbol (2 PRBs)
	14 symbol (1 PRB)
	7 symbol (2 PRBs)
	14 symbol (1 PRB)

	1% BLER
	2.2
	-1.8
	-6.2
	-2.2
	-2.7
	1.3

	10% BLER
	-1.2
	-5.0
	-2.8
	1.0
	0.7
	4.5



Observations:
In a 200m ISD UMi scenario with gNB 4 Rx antennas,
· A 14 symbol slot seems needed to reach 5% outage at 10% BLER with 56 bit payloads
· Repetition or retransmission seems needed to reach 5% outage for 1% BLER with 56 bit payloads
Conclusions
In this contribution, we investigated potential values for msgA payload size, presenting some initial results for 200m ISD UMi scenario on wideband SNR to investigate coverage. Link level results were also given in order to study suitable configurations for msgA transmission with a minimum size payload.  Our observations can be summarized:
Observations:
In a 200m ISD UMi scenario with gNB 4 Rx antennas,
· A 14 symbol slot seems needed to reach 5% outage at 10% BLER with 56 bit payloads
· 1 PRB should be sufficient to carry 56bits with a 14 symbol slot
· Repetition or retransmission seems needed to reach 5% outage for 1% BLER with 56 bit payloads
Given these observations, we propose:
Proposals:
· 2-Step RACH simulations of minimum payload size include configurations with a 14 symbol slot
· Further study repetition and retransmission for low coverage and/or low BLER targets.
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Appendix: Simulation assumptions 

Table 1: Link-level evaluation assumptions
	Parameters
	Values

	Scenario
	200m, UMi, 4 GHz.  

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	30kHz 

	TBS
	56 bits 

	MCS and Resource size
	2-12 PRBs

	DMRS configuration
	Type 1 DMRS in symbols 2 and 3

	Number of symbols PUSCH symbols
	7 and 14

	Number of UEs
	1 

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx

	gNB antenna configuration
	4Rx

	Propagation channel & UE velocity
	TDL-A 30ns, or TDL-C 300ns, 3km/h

	Timing offset
	0

	Frequency offset
	0

	Max number of HARQ transmission
	1 

	Receiver
	MMSE-IRC 

	Channel estimation
	Ideal 

	 Target BLER
	10% and 1% for 1st transmission of msgA 



Table 2: System-level assumptions 
	Parameters
	Values

	Layout
	Single layer - Macro layer: Hex. Grid, 57 cells

	Inter-BS distance
	200m

	Carrier frequency
	4 GHz

	Channel model
	UMi in TR 38.901

	UE Tx power
	Max 23 dBm

	BS antenna configurations
	2 ports: (M, N, P, Mg, Ng) = (10, [1,2,4], 2, 1, 1), +-45 Polarization
dH = dV = 0.5λ;

	BS antenna downtilt
	102

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, 0dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi

	UE distribution
	Follow the modelling of TR 38.901

	UE power control
	Open loop PC, P0 = -80, -90, -100 dBm, alpha = 1.

	HARQ/repetition
	1

	UE attachment
	Refer to 36.873
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