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Introduction
In this contribution, we investigate the coverage of a minimum payload size msgA and the PUSCH configurations that maximize the coverage. Link level evaluations assuming varying degrees of impairment are used to derive the minimum required SNR, and then the maximum coupling loss supported by these SNRs is determined.  A 72 bit payload size is studied based on the recommendations in [1].  
Link level results and cell coverage
PUSCH performance vs. bandwidth
In Figure 1 and Figure 2 below, we show the required SNR to reach 1% and 10% BLER for msgA carrying a 72 bit payload.  A TDL-A 30ns channel model was used with 4 gNB Rx antennas and one UE Tx antenna.  Results from 3 different types of impairments are shown: one where channel estimation is ideal and there is no frequency error, another where channel estimation for PUSCH is realistic and timing is ideal, and one more where PUSCH timing is estimated from PRACH and frequency error is used.  The timing error varies from 0 to the round trip time, while the frequency error is 0.1 ppm.   Results for 2, 3, and 4 Type 1 DMRS symbols are provided. A 14 symbol slot is used with 30 kHz subcarrier spacing.  
Curves are shown 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.
We first observe from the figures that the performance with channel estimation is relatively close between 2, 3, and 4 DMRS symbols for both 1% and 10% BLER, with the differences being at most a few tenths dB.  However, the differences are more significant with timing and frequency error: 2 DMRS performs notably worse than 3 or 4 DMRS symbols by roughly 0.5 to 1.5 dB and 1 to 2 dB for 10% and 1% BLER, respectively.  Three DMRS symbols tends to have the best performance in both cases, generally being a couple of tenths of dB better than four DMRS symbols.
Considering the best performing 3 DMRS symbol configuration, the loss due to channel estimation error over ideal channel estimation is roughly 1.0-1.5 dB over 1-4 PRBs for both 1% and 10% BLER.  Adding timing and frequency error results in about 2.0-2.5 dB loss over ideal channel estimation.
Next, looking at how required SNR varies with the number of PRBs, we see that in the case of ideal channel estimation, the bandwidth normalized curves for both BLER targets change a few tenths of dB from 1-4 PRBs, but are generally pretty flat.  They are even more flat for the channel estimation curves, except after 6 PRBs where wider bandwidth with this fixed TB size actually degrades performance due to poor channel estimation. On the other hand, the practical channel estimation curves do vary more significantly over 1-4 PRBs.  For 3 DMRS symbols, the gain from going to 2 PRBs is about 0.8 dB, while going from 2 to 3 and 4 is 0.3 and 0.5 dB, respectively, at 10% BLER.  The 1% curves are quite similar, gaining 0.8 dB for 1 to 2 PRBs, and for 2 to 3 and 4 PRBs, 0.2 and 0.4 dB respectively. Given the near 1 dB gain over 1 PRB, it may be worthwhile to use 2 PRBs for 72 bit payloads in the presence of impairments.  However, the additional gain 0.3 or 0.5 of 3 or 4 PRBs over 2 PRBs may not justify the extra overhead.
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[bookmark: _Ref5556621]Figure 1: Operating SNR and Bandwidth Normalized Operating SNR vs. Number of PRBs, 10% BLER
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[bookmark: _Ref4784615][bookmark: _Hlk5556557]Figure 2: Operating SNR and Bandwidth Normalized Operating SNR vs. Number of PRBs, 1% BLER
Considering that 1 and 2 PRBs are the sizes of primary interest, we find from the curves that the corresponding operating SNRs are -1.0 and -4.8 dB for 10% BLER and 2.4 and -1.4 dB for 1% BLER.  

Observations
For a 72 bit payload, when 4 gNB Rx antennas are used in the presence of time and frequency error,
· Impairments significantly impact the required SNR
· Channel estimation error degrades performance by about 1.0-1.5 dB loss
· Time and frequency together with channel estimation error cause about 2.0-2.5 dB loss 
· 3 DMRS symbols seems to provide the best performance
· 2 DMRS symbols is about 0.5 to 2 dB worse than 3 DMRS symbols, depending on the BLER
· 4 DMRS symbols is a couple of tenths dB or so worse than 3 DMRS symbols
· 1-2 PRBs seems sufficient for good SNR performance without using too much bandwidth
· Using 2 PRBs instead of one provides roughly 0.8 dB SNR gain, while increasing by a dB for up to 4 symbols provides 0.2-0.3 dB gain per PRB.
· Operating SNRs for 1 and 2 PRBs are:
· -1.0 and -4.8 dB to for 10% BLER
· 2.4 and -1.4 dB to for 1% BLER
msgA coverage
The maximum coupling loss for msgA can be determined using the normal method proposed in [2] (and also found in e.g. [3]).  The coupling loss is computed using the operating SNR and assumptions on noise figure, interference margin, and occupied bandwidth, as shown in Table 1 below.  Commonly used values are assumed.
[bookmark: _Ref4782650]Table 1: Coverage of 56 bit msgA vs. outage and BLER
	(1) Tx Power (dBm)
	23

	(2) Receiver thermal noise density (dBm/Hz)
	-174

	(3) eNB receiver noise figure (dB)
	5

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	30kHz*#PRBs

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	

	(7) Required SINR (dB) 
	

	(8) Receiver sensitivity = (6)+(7) (dBm)
	

	(9) Receiver processing gain
	

	(10) MCL = (1)-(8)+(9) (dB)
	



Figure 3 shows the maximum coupling loss based on the operating SNRs for 1% and 10% BLER when time and frequency error are used.  Both sets of curves increase most steeply from 1-2 PRBs, flatten around 4 PRBs, and then begin to drop thereafter, being determined by the behavior of normalized SNR operating SNR.  While 3 and 4 PRBs do provide somewhat better coupling loss, the 1-2 PRB bandwidths seem to be better operating points as described above.  Since the 3 symbol DMRS configuration provides the best performance, it also has the best maximum coupling loss.  For 1-2 PRBs, the 3 symbol DMRS configuration has a coupling loss of 134-135 or 137-138 dB for 1% or 10% BLER respectively.
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[bookmark: _Ref5539228]Figure 3: Maximum coupling loss for 72 bits with different DMRS overhead
Observation:
· When gNB 4 Rx antennas are used and in the presence of time and frequency error, maximum coupling loss for 72 bit payloads is around 134 to 135 and 137 to 138 dB for 1% and 10% BLER, respectively.
Given the supported coupling loss, the next question is what the coupling loss statistics are in the scenarios agreed for evaluation.  Once these loss statistics are known, then the coverage of different msgA sizes can be determined and ultimately reported to RAN2.  As discussed in [4], these depend on the gNB antenna configuration parameters, like tilt and antenna spacing, which will need to be agreed in order to produce aligned results.
Observation:
· Coupling loss statistics are needed in order to translate maximum coupling loss into the coverage of different msgA payload sizes.
Proposal:
· Align coupling loss results among companies for scenarios of interest in order to produce estimates of msgA coverage.
Conclusions
This contribution investigated the coverage of a minimum payload size msgA and the PUSCH configurations that maximize the coverage. Link level evaluations assuming varying degrees of impairment were used to derive the minimum required SNR, and then the maximum coupling loss supported by these SNRs was determined.  We made the following observations: 
Observations:
For a 72 bit payload, when 4 gNB Rx antennas are used in the presence of time and frequency error,
· Impairments significantly impact the required SNR
· Channel estimation error degrades performance by about 1.0-1.5 dB loss
· Time and frequency together with channel estimation error cause about 2.0-2.5 dB loss 
· 3 DMRS symbols seems to provide the best performance
· 2 DMRS symbols is about 0.5 to 2 dB worse than 3 DMRS symbols, depending on the BLER
· 4 DMRS symbols is a couple of tenths dB or so worse than 3 DMRS symbols
· 1-2 PRBs seems sufficient for good SNR performance without using too much bandwidth
· Using 2 PRBs instead of one provides roughly 0.8 dB SNR gain, while increasing by a dB for up to 4 symbols provides 0.2-0.3 dB gain per PRB.
· Operating SNRs for 1 and 2 PRBs are:
· -1.0 and -4.8 dB to for 10% BLER
· 2.4 and -1.4 dB to for 1% BLER
· Maximum coupling loss for 72 bit payloads is around 134 to 135 and 137 to 138 dB for 1% and 10% BLER, respectively.
· Coupling loss statistics are needed in order to translate maximum coupling loss into the coverage of different msgA payload sizes.
Given these observations, we propose:
Proposals:
2-Step RACH simulations of minimum payload size include configurations with a 14 symbol slot and a 3 symbol DMRS
Coverage estimates reported to RAN2 take into account the effect of impairments including time, frequency, and channel estimation error.
· Align coupling loss results among companies for scenarios of interest in order to produce estimates of msgA coverage.
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Appendix: Simulation assumptions 

Table 1: Link-level evaluation assumptions
	Parameters
	Values

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	30kHz 

	TBS
	72 bits 

	MCS and Resource size
	2-12 PRBs

	DMRS configuration
	Type 1 DMRS 

	Number of symbols PUSCH symbols
	2, 3, or 4

	Number of UEs
	1 

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx

	gNB antenna configuration
	4Rx

	Propagation channel & UE velocity
	TDL-A 30ns

	Timing offset
	Uniform over [0, RTT]

	Frequency offset
	0.1 ppm

	Max number of HARQ transmission
	1 

	Receiver
	MMSE-IRC 

	Channel and timing error estimation
	Ideal and Realistic

	 Target BLER
	10% and 1% 
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