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Introduction
In this contribution, we present preliminary evaluation results based on a single radio link focusing on the simulation parameters agreed in [1].
Preliminary link level evaluation results
[bookmark: _GoBack]Preamble detection 
Simulation results for miss-detection probability as a function of receiver SNR are provided in Figure 1 for the preamble format A1 and format 0 in 200m ISD scenario for the case of 2 Rx antennas. For the evaluations, the target false-alarm rate is fixed , illustrated in Figure 2 as example. Based on the simulation assumptions provided in Table A.1, the time offset is within 0 and round-trip time. In that case, the timing estimation accuracy is within +/-0.5 us for all cases and Figure 3 illustrates the evaluation results of the time offset estimation used in the coming evaluations of MsgA PUSCH.
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(a) Format A1, 30 kHz 		 (b) Format 0, 1.25KHz








Figure 1. Miss-detection rate of preamble detection for false alarm rate 1%
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Figure 2. False alarm rate.                   Format A1, 30kHz
Figure 3. Standard deviation of TA.      Format A1, 30kHz
Observation 1. Increasing the number of transmitting UEs for a fixed false alarm rate leads to an increase of the miss- detection rate of preamble detection. 

The link budget analysis for the preamble formats 0 and A1 is given in Table 1 as example for single UE case, where the SNR value is given for a target BLER of 0.1

Table 1. Link budget calculation of preamble formats A1 and 0 
	
	 Preamble A1
	 Preamble 0

	(1) Tx Power (dBm)
	23
	23

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) eNB receiver noise figure (dB)
	5
	5

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	4.32e6
	1.08e6

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	-102.79
	-108.66

	(7) Required SINR (dB) 
	-5.5
	-7.1

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-108.29
	-115.79

	(9) Receiver processing gain
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	131.29
	138.79




PUSCH performance 

Multiple UE transmissions can be multiplexed using different scramblings IDs or DMRS ports. For these evaluations, different scramblings IDs as well as different cyclic shifts are considered. To define the maximum coupling loss (MCL), at first, a payload size of 72 bits is used in the evaluations according to [1] as well as realistic channel estimation. The rest of the simulation assumptions are defined in Appendix A. 

Figure 4 shows the BLER performance in case of single and multiple UE cases for 2Rx and 4Rx antennas. The exact MCL is defined in Table 2 for each simulation case (1, 2, and 3 PRBs) and single UE transmission.
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Figure 4. BLER performance for single and multiple UE cases for a payload size of 72




Table 2. Link budget calculation of MsgA for payload size of 72 
	
	MsgA PUSCH
1 PRB
	MsgA PUSCH
2 PRB
	MsgA PUSCH
3 PRB

	TBS (bits)
	72
	72
	72

	(1) Tx Power (dBm)
	23
	23
	23

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) eNB receiver noise figure (dB)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	0.36e6
	0.72e6
	1.08e6

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	-113.43
	-110.42
	-108.66

	(7) Required SINR (dB) for 2 Rx
                                        for 4 Rx
	7.4
	3.5
	1.6

	
	1.8
	-2.4
	-4.1

	(8) Receiver sensitivity = (6)+(7) (dBm)  for 2 Rx
                                                                   for 4 Rx
	-106.03
	-106.92
	-107.06

	
	-111.63
	-112.82
	-112.76

	(9) Receiver processing gain
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB) for 2 Rx
                                               for 4 Rx
	129.03
	129.92
	130.06

	
	134.63
	135.82
	135.76



Observation 2. Lower MCL difference between MsgA PRACH and PUSCH is observed for short preamble format A1 using a payload size of 72 bits.
Observation 3. As the number of users multiplexed in a PUSCH occasion increases, the BLER performance degrades significantly.

Payload size

To evaluate the payload of MsgA, possible MCS and PRB sizes values are summarized in Table 3 based on the transport block size determination defined in [2] section 5.1.3.2. It is assumed that the number of OFDM symbols is 14, and the number of subcarriers is 12 in a PRB to define the TBS according to [2] as the closest value in the lookup table.

Table 3. TBS for candidate MCS indexes and PRB size for PUSCH occasion
	
	1 PRB
	2 PRB
	6 PRB

	MCS Index 2
	48
	104
	320

	MCS Index 4
	80
	168
	528




In Figures 5 and 6 we compare the BLER performance for single and multiple UE cases for different payload sizes using 4 or 8 Rx antennas and MCS index 4 and 2, respectively. Reducing the payload size for more robust MCS values leads to a BLER performance improvement.  

The performance degradation for the case of MCS index 4 is much larger when multiplexing multiple UEs within the same PO. When using MCS index 2, BLER performance of 10% can be achieved and higher number of UEs can be multiplexed. 
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Figure 5. BLER performance for single and multiple UE cases for MCS index 4
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Figure 6. BLER performance for single and multiple UE cases for MCS index 2 

Observation 4. Increasing the number of DMRS ports/sequences has diminishing returns as the BLER performance with multiple simultaneously transmitted UEs degrades significantly.


The link budget analysis for the case of 1, 2 or 6 PRBs PUSCH transmission is given in Table 4 for single UE case and 4Rx antennas case as example, where the SNR value is given for a target BLER of 0.1
Table 4. Link budget calculation of MsgA for different payload sizes
	
	MsgA PUSCH
1 PRB
	MsgA PUSCH
2 PRB
	MsgA PUSCH
6 PRB

	TBS (bits)
	80
	168
	528

	(1) Tx Power (dBm)
	23
	23
	23

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) eNB receiver noise figure (dB)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	0.36e6
	0.72e6
	2.16e6

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	-113.43
	-110.42
	-105.65

	(7) Required SINR (dB) 
	2.2
	0.22
	-0.56

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-111.23
	-110.20
	-106.21

	(9) Receiver processing gain
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	134.23
	133.20
	129.21


Observation 5. Larger MCL differences were found between MsgA PRACH and PUSCH when increasing the MCS index and PRBs allocation for higher payload sizes.

Conclusions
In this contribution, we presented first link level performance evaluations of MsgA for 2-step RACH. Based on the evaluation results, we summarize the following observations:

Observation 1. Increasing the number of transmitting UEs for a fixed false alarm rate leads to an increase of the miss- detection rate of preamble detection. 
Observation 2. Lower MCL difference between MsgA PRACH and PUSCH is observed for short preamble format A1 using a payload size of 72 bits.
Observation 3. As the number of users multiplexed in a PUSCH occasion increases, the BLER performance degrades significantly.
Observation 4. Increasing the number of DMRS ports/sequences has diminishing returns as the BLER performance with multiple simultaneously transmitted UEs degrades significantly.
Observation 5. Larger MCL differences were found between MsgA PRACH and PUSCH when increasing the MCS index and PRBs allocation for higher payload sizes.
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Appendix A. Simulation assumptions 

Table A.1 General simulation assumptions 
	Parameters
	Values

	Subcarrier spacing
	30 kHz

	Frequency band
	4 GHz

	PRACH preamble
	Format A1 and 0

	Propagation channel model
	TDL-C DS=300ns 

	UE velocity
	3 kph

	Waveform
	CP-OFDM

	Antenna configuration
	1Tx2Rx, 1Tx4Rx, 1Tx8Rx

	DMRS configuration
	Type 1 DMRS in symbols 2 and 11

	TBS
	72 bits for 1,2 and 3 PRBs

	MCS
	1PRB, MCS_index = 2, TBS = 48
2PRB, MCS_index = 2, TBS = 104
6PRB, MCS_index = 2, TBS = 320

1PRB, MCS_index = 4, TBS = 80
2PRB, MCS_index = 4, TBS = 168
6PRB, MCS_index = 4, TBS = 528

	Number of UE
	1, 2 or 3

	Receiver
	linear MMSE-IRC

	Channel estimation
	Realistic
Ideal for calibration purposes

	Timing offset
	200m, UMi: 0.66us

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE
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