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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#82, a new work item to specify 2-step RACH in NR was agreed [1]. After RAN1#96, there was an email discussion on potential LLS assumptions for 2-step RACH [2], and some simulation parameters have been agreed as in Table A.1 of the Appendix. This is an update of R1-1904684.
[bookmark: _Ref129681832]Preliminary evaluation results
Though the discussion on evaluation is mainly for PUSCH of MsgA, its performance can be constrained by the PRACH detection performance since the successful detection of preamble is the precondition of performing the detection for PUSCH. Below we first investigate some cases for preamble detection.
Preamble Detection 
Miss-detection rate and false-alarm rate
In 2-step RACH, preamble detection can be applied by gNB to detect whether there is any transmission of MsgA. As in 4-step RACH, there can be miss-detection and false-alarm for preamble detection. In this contribution, the miss-detection rate  is defined as the ratio between the number of transmitted preambles that are not detected or detected as a different preamble and total number of transmitted preambles within an observation interval, and the false-alarm rate  is defined as the ratio between the number of detected but not transmitted preambles and total number of no transmitted preambles within an observation interval.
Figure 1 presents the preamble detection performance for different preamble formats. In the simulation, the carrier frequency is 4GHz, and the subcarrier spacing for the short preambles (format A1, A2, A3) is assumed to be 30 kHz. For all the curves, the target false-alarm rate is kept the same, i.e., , or . The detailed simulation parameters are given in the Table A.1 and Table A.2 of Appendix. The evaluation results show that the miss-detection rate will decrease with increasing SNR values or higher false-alarm rate,  and,
· the required SNR values to meet the given performance requirements are summarized as Table 1 if the target ; 
· the link budget for different preamble formats is further analyzed in Table 2, showing that the MCL for preamble format 0, A1, A2, A3 are 143.8dB, 130.3dB, 133.3dB, and 134.9dB, respectively with .
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	(a). Format 0, SCS=1.25 kHz
	
	(b). Format A1, SCS=30 kHz
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	(c). Format A2, SCS=30 kHz
	
	(d). Format A3, SCS=30 kHz


Figure 1. Miss-detection rate and false-alarm rate of preamble detection

Table 1. Minimum SNR values to meet the requirements of  and  
	Preamble format
	
	Minimum SNR value (dB)

	0
	
	-13.2

	
	
	-12.0

	A1
	
	-6.7

	
	
	-4.5

	A2
	
	-9.7

	
	
	-7.5

	A3
	
	-11.5

	
	
	-9.1



Table 2. Link budget calculation of different preamble formats
	Preamble Format
	0
	A1
	A2
	A3

	(1) Tx Power (dBm)
	23
	23
	23
	23

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

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

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	1.04875e6
	4.17e6
	4.17e6
	4.17e6

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	-108.8
	-102.8
	-102.8
	-102.8

	(7) Required SINR (dB)
 ()
	-12.0
	-4.5
	-7.5
	-9.1

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-120.8
	-107.3
	-110.3
	-111.9

	(9) Receiver processing gain
	0
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	143.8
	130.3
	133.3
	134.9



Timing and frequency offset estimation
Preamble can also be applied for the estimation of timing offset (TO) and frequency offset (FO). The estimation of TO and FO may be used for the detection of PUSCH thus are important for the MsgA PUSCH performance. Different TOs among UEs can cause inter-symbol interference, FOs can cause loss of orthogonality between subcarriers, and both TO and FO can cause inaccurate channel estimation. With estimated TO and FO, the time domain signal of MsgA PUSCH can be identified and FO compensation can be applied.
Based on the simulation assumption, the TO is between 0 and round trip time (RTT), which depends on the application scenario. ISD of 200 m and 1732 m is investigated respectively. The FO assumption is 0.05 ppm at TRP and 0.1 ppm at UE. When the carrier frequency is 4GHz, the FO between gNB and UE is up to 600Hz. The algorithm for TO and FO estimation is referred to [3]. Figure 2 shows the evaluation results of TO and FO estimation for different preamble formats. For TO estimation, the estimation error is much lower than the RTT for all the preambles formats. For FO estimation, preamble formats with longer duration have better performance than those with shorter duration. The average FO estimation error can be higher than or close to the average FO for the required SNR values meeting the requirements of miss-detection and false-alarm. This means no FO compensation can even be better than FO compensation with the estimated FO. Therefore, in the following evaluation of MsgA PUSCH, no FO compensation is assumed.
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	(a). Performance of TA estimation for ISD=200 m
	(b). Performance of FO estimation for ISD=200 m
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	(c). Performance of TA estimation for ISD=1732 m
	(d). Performance of FO estimation for ISD=1732 m


Figure 2. Estimation error of frequency offset for different preamble formats and ISDs
Observation 1: The estimation of timing offset can be comparably accurate irrespective ISD.  
Observation 2: The estimation error of frequency offset is higher than or close to the average frequency offset for minimum SNR values meeting the requirements of miss-detection and false-alarm. 
Payload Size
According to section 2.1, the estimated TO is applied for the link-level evaluation to study different payload sizes, and how much time-frequency resource size is needed. Only ISD=200 m is considered. Table 3 lists the simulation cases with different # of PRBs, modulation size, spectrum efficiency, and TBS. In the evaluation, the time duration of PUSCH occasion is one slot, with 12 symbols for data and 2 symbols for DMRS, i.e., there are 144 REs per PRB for data transmission. Since the 2-step RACH is mainly for latency reduction compared to 4-step RACH. The reliability of the initial transmission should be enhanced to avoid frequent retransmission, otherwise the latency can be worse than 4-step RACH if the initial transmission fails. In the following evaluation, the target BLER of initial transmission is set to be 1%. For all the simulation cases, inter-cell interference is not considered.
Table 3. Simulation cases for payload size
	Case
	# of PRBs
	Modulation
	TBS

	0
	1, 2, 3
	QPSK
	72

	1
	3, 6, 12
	QPSK
	200

	2
	3, 6, 12
	QPSK
	400

	3
	6, 12
	QPSK
	1000



Single UE case
Figure 3 presents the BLER performance for the single UE case. The results show that in general the required SNR values decrease when there are more PRBs, i.e., more resources. When TBS is 72 bits, target BLER of 1% can be achieved by all the cases, and the BLER curves for different SCSs are close to each other. When TBS is 1000 bits, target BLER of 1% can only be achieved when the number of PRBs and the SCS is large enough. This is mainly due to the imperfect channel conditions. When the resource size is large, the code rate becomes low enough to tolerate the imperfect channel conditions. 
With the required SNR values, the detailed link budget analysis for all the simulated cases are given in Table A.3 to A.6 of the Appendix. For each payload size, the simulation case with highest MCL are listed in Table 4. The results show that when the TBS is 72 bits, the MCL is about 131 dB, which is close to that of short preambles (format A1, A2, A3), and 10dB worse than the long preamble (format 0). When payload size is 1000 bits, the MCL is more than 10dB worse than that of short preambles (format A1, A2, A3), and more than 23dB worse than that of long preamble (format 0). The large difference on MCL means large payload size is not applicable for many cases. As the resource for MsgA PUSCH is reserved for 2-step RACH, smaller resource size would be preferred. The results also show that to achieve the highest MCL, the reserved resource of large payload size (200, 400, 1000 bits) is 12 PRBs, which is much larger than that of 72 bits payload size (2 PRBs).
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	(a). TBS=72 bits
	(b). TBS=200 bits
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	(c). TBS=400 bits
	(d). TBS=1000 bits


Figure 3. BLER performance of different cases for single UE case

Table 4. Link budget calculation of different payload sizes
	Case
	0
	1
	2
	4

	TBS
	72
	200
	400
	1000

	SCS (kHz)
	30
	30
	30
	30

	# of PRBs
	2
	12
	12
	12

	(1) Tx Power (dBm)
	23
	23
	23
	23

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

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

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	7.2e5
	3.24e6
	3.24e6
	3.24e6

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	-110.4
	-103.9
	-103.9
	-103.9

	(7) Required SINR (dB) 
	2.2
	-2.3
	0.6
	5.4

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-108.2
	-106.2
	-103.3
	-98.5

	(9) Receiver processing gain
	0
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	131.2
	129.2
	126.3
	121.5



Observation 3: When payload size is 72 bits, the MCL is close to that of short preambles (format A1, A2, A3), and more than 10dB worse than that of long preamble (format 0).
Observation 4: When payload size is 1000 bits, the MCL is more than 10dB worse than that of short preambles (format A1, A2, A3), and more than 23dB worse than that of long preamble (format 0), which potentially require more repetitions for payload transmission thus likely larger latency compared to Rel-15 4-step RACH.
Observation 5: The reserved resource of large payload size (200, 400, 1000 bits) is much larger than that of 72 bit payload size.
Multiple UEs case
When multiple UEs share the same PO, they can be differentiated either by orthogonal DMRS ports, or different DMRS sequences. In our companion contribution [4], we show that if the resource size is aligned, one-to-one mapping with different DMRS sequences is never worse than multiple-to-one mapping scheme with single DMRS sequences. Figure 4 shows the results when there are one or multiple UEs in one PUSCH occasion and there is no PUR collision. When the payload size is 72 bits, there can be 2 UEs multiplexed in the same PO without much performance degradation. When the payload size is 1000 bits, the performance degradation is much larger. As more UEs can be multiplexed in the same PO, the resource utilization will be higher for small payload size, according to the analysis in [5]. 
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	(a). TBS=72bits, 3PRB, SCS=30 kHz
	(b). TBS=1000bits, 12PRB, SCS=30 kHz


Figure 4. BLER performance for multiple UE cases
Observation 6: With small payload size, more UEs can be multiplexed in the same PO, and higher resource utilization can be achieved.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we presented preliminary results for 2-step RACH evaluations. Based on the evaluation results, we have the following observations.
Observation 1: The estimation of timing offset can be comparably accurate irrespective ISD.  
Observation 2: The estimation error of frequency offset is higher than or close to the average frequency offset for minimum SNR values meeting the requirements of miss-detection and false-alarm. 
Observation 3: When payload size is 72 bits, the MCL is close to that of short preambles (format A1, A2, A3), and more than 10dB worse than that of long preamble (format 0).
Observation 4: When payload size is 1000 bits, the MCL is more than 10dB worse than that of short preambles (format A1, A2, A3), and more than 23dB worse than that of long preamble (format 0), which potentially require more repetitions for payload transmission thus likely larger latency compared to Rel-15 4-step RACH.
Observation 5: The reserved resource of large payload size (200, 400, 1000 bits) is much larger than that of 72 bit payload size.
Observation 6: With small payload size, more UEs can be multiplexed in the same PO, and higher resource utilization can be achieved.
Based on the above observations, we have the following proposal.
Proposal: At least 56 or 72 bits are supported for the MsgA payload, FFS other payload size.
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Appendix
Approved by email:
· Adopt the link-level simulation assumptions in the following table for the initial evaluation of feasible payload size, and for the potential down-selection of schemes, e.g.
· whether to have shared ROs and/or preambles between 2-step RACH and 4-step RACH, and if yes the percentage for partitioning
· whether to have the guard time between PRACH and PUSCH and/or guard period within PUSCH, and if yes the length of GT/GP
· the mapping scheme between preamble and PUSCH+DMRS, .e.g 1-to-1, multiple-to-1, or 1-to-multiple
· appropriate power offset(s) between preamble and PUSCH, and whether to support repetition of MsgA PUSCH
· whether to have UCI in msgA PUSCH, if a PUCCH transmission overlaps the PUSCH part of MsgA
· whether to dynamically adapt the payload size and indicate by UCI in msgA PUSCH, and if yes the content and structure of UCI
· FFS other schemes, e.g. whether guard band is included
· Additional system-level simulations or analytical evaluations can be considered for the following analysis:
· Latency
· Signalling overhead
· Resource reservation overhead
· PUSCH collision, with definition FFS, e.g. overlapped PUSCH occasion, with shared or separate DMRS port, and with same or different scrambling ID
· Rx detection complexity
· Note 1: the supported/recommended payload size from RAN1 perspective may also need to take other factors into account, e.g. use cases, resource utilization.
· Note 2: the WID scope should be strictly followed when using the evaluation results for the comparison of schemes.

Table A.1 Link-level evaluation assumptions by email discussion [2]
	Parameters
	Values

	Scenario
	1) For evaluation of schemes: 200m, UMi, 4 GHz.  FFS: 500m, UMa, 4 GHz.
2) For evaluation of payload size: 200m, UMi, 4 GHz; or 500m, UMa, 4 GHz; or 1732m, RMa, 700 MHz; or 25km, RMa, 700 MHz.
Other values can be reported if applicable. Note: this does not restrict preamble format selection.

	Preamble format
	Company report

	Waveform (data part)
	CP-OFDM, or DFT-s-OFDM

	Subcarrier spacing for PUSCH
	15kHz at 700MHz, 30/60kHz at 4 GHz, 120kHz at 30GHz

	TBS
	1) 56 bits as starting point for minimum payload size, other values are not precluded
2) Company report for the evaluation of payload size 

	MCS and Resource size
	Company report the MCS, time/frequency resource size, and DMRS overhead.  Strive to agree to some common values in RAN1#96bis.

	Number of UEs
	1 as a starting point;
FFS: 2 or more for evaluation of shared PUSCH occasion or interference from the adjacent PUSCH resource, including how to model relative SINR, timing, etc.

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx. FFS: 2 Tx

	gNB antenna configuration
	2Rx or 4Rx, 8Rx as optional

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

	Timing offset
	Uniform [0, RTT]. 

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

	Max number of HARQ transmission
	1 as starting point, other values are not precluded and company should report the details of HARQ

	Receiver
	MMSE-IRC as baseline

	Channel estimation
	Realistic for both channel estimation and TO/FO estimation.
Ideal can be considered for calibration, if needed.

	 Target BLER
	[10%, 1%] for 1st transmission of msgA as starting points. 

	Performance metrics
	1) Missed detection probability vs. SNR for a given false alarm rate, e.g. 0.1%;
2) BLER vs. SNR; MCL can be reported using link budget calculations.
3) Optional: False alarm probability vs. SNR



Table A.2 Parameters for simulation results in Figure 1
	Parameters
	Values

	Scenario
	200m, UMi, 4 GHz; 1732, RMa, 700 MHz(For preamble detection) 

	Preamble format
	0, A1, A2, A3 (30KHz SCS for 4GHz, 15KHz SCS for 700MHz)

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	30/60kHz at 4 GHz

	TBS
	72, 1000 bits

	MCS and Resource size
	1PRB, 2PRB, 6PRB in frequency domain
14 symbols in time domain, 2 for DMRS 

	Number of UEs
	1, 2

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx

	gNB antenna configuration
	2Rx

	Propagation channel & UE velocity
	TDL-A 30ns

	Timing offset
	Uniform [0, RTT]. 

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

	Max number of HARQ transmission
	1

	Receiver
	MMSE-IRC as baseline

	Channel estimation
	Realistic for both channel estimation and TO/FO estimation.

	 Target BLER
	1% for 1st transmission of msgA as starting points. 

	Performance metrics
	1) Missed detection probability vs. SNR for a given false alarm rate, e.g. 0.1%;
2) BLER vs. SNR; MCL can be reported using link budget calculations.



Table A.3 MCL analysis for TBS=72 bits
	SCS (kHz)
	30
	30
	30
	60
	60
	60

	# of PRBs
	1
	2
	3
	1
	2
	3

	(1) Tx Power (dBm)
	23
	23
	23
	23
	23
	23

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

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

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	3.6e5
	7.2e5
	1.08e6
	7.2e5
	1.44e6
	2.16e6

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	-113.4
	-110.4
	-108.7
	-110.4
	-107.4
	-105.7

	(7) Required SINR (dB) 
	5.5
	2.2
	0.5
	4.6
	1.6
	-0.1

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-107.9
	-108.2
	-108.2
	-105.8
	-105.8
	-105.8

	(9) Receiver processing gain
	0
	0
	0
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	130.9
	131.2
	131.2
	128.8
	128.8
	128.8



Table A.4 MCL analysis for TBS=200 bits
	SCS (kHz)
	30
	30
	30
	60
	60
	60

	# of PRBs
	3
	6
	12
	3
	6
	12

	(1) Tx Power (dBm)
	23
	23
	23
	23
	23
	23

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

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

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	1.08e6
	2.16e6
	3.24e6
	2.16e6
	4.32e6
	6.48e6

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	-108.7
	-105.7
	-103.9
	-105.7
	-102.7
	-100.9

	(7) Required SINR (dB) 
	5.2
	1.6
	-2.3
	4.1
	0.1
	-4.1

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-103.5
	-104.0
	-106.2
	-101.5
	-102.5
	-105.0

	(9) Receiver processing gain
	0
	0
	0
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	126.5
	127.0
	129.2
	124.5
	125.5
	128.0




Table A.5 MCL analysis for TBS=400 bits
	SCS (kHz)
	30
	30
	30
	60
	60
	60

	# of PRBs
	3
	6
	12
	3
	6
	12

	(1) Tx Power (dBm)
	23
	23
	23
	23
	23
	23

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

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

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	1.08e6
	2.16e6
	3.24e6
	2.16e6
	4.32e6
	6.48e6

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	-108.7
	-105.7
	-103.9
	-105.7
	-102.7
	-100.9

	(7) Required SINR (dB) 
	/
	4.8
	0.6
	7.9
	3.2
	-1.3

	(8) Receiver sensitivity = (6)+(7) (dBm)
	/
	-100.9
	-103.3
	-97.7
	-99.9
	-102.2

	(9) Receiver processing gain
	0
	0
	0
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	/
	123.9
	126.3
	120.7
	123.4
	125.2



Table A.6 MCL analysis for TBS=1000 bits
	SCS (kHz)
	30
	30
	60
	60

	# of PRBs
	6
	12
	6
	12

	(1) Tx Power (dBm)
	23
	23
	23
	23

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

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

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	2.16e6
	3.24e6
	4.32e6
	6.48e6

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	-105.7
	-103.9
	-102.7
	-100.9

	(7) Required SINR (dB) 
	/
	5.4
	8.7
	2.8

	(8) Receiver sensitivity = (6)+(7) (dBm)
	/
	-98.5
	-94.0
	-98.0

	(9) Receiver processing gain
	0
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	/
	121.5
	117.0
	121.0
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