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  Introduction
The motivation of evaluation and the corresponding LLS assumptions are agreed in [7] during the email discussion.Agreement in R1-1903834:
· 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.


In this contribution, mainly five parts of preliminary evaluation results for 2-step RACH are provided, the first part shows the link performance with different payload sizes in various scenarios. Both long preamble Format 0 and short preamble Format A1 are considered in payload size evaluation. The second part shows the preamble performance for Format 0, Format A1 and Format A2. Besides, the MCL of preamble and payload are compared. The 3rd part studies different mapping schemes between PRACH preamble and PUSCH-DMRS, to have better understanding on the performance impacted by the potential collision. Besides, the effects of receiving antenna numbers and preamble formats are also considered. The 4th part and 5th part study the effect of time domain overlap and frequency domain gap respectively.
 Payload size evaluations
The methodology of the payload size evaluation is as follows:
Step 1: For each scenario with a specific assumption for timing offset (based on cell size), for various payload sizes, derive the required SNRs at the target BLER (e.g. 10%) by LLS, for the given resource size (bandwidth).
Step 2: Calculate the supported MCL based on the required SNR (corresponding to SINR in SLS) for the given occupied bandwidth, Tx power and noise figure. 
Step 3:  Draw the CDF of coupling loss for each scenario and find the target percentage of CL, e.g. 95%.
Step 4: Draw the MCL vs payload size curve for each scenario with different PRB numbers and receiving antennas. Find the maximum supported payload size at the target percentage of CL. 
 Link level simulation results
3 scenarios are considered:  200m, UMi, 4 GHz; 500m, UMa, 4 GHz and 1732m, RMa, 700 MHz. 
The following 2 scenarios 200m, UMi, 4 GHz and 500m, UMa, 4 GHz are evaluated with Preamble format A1, the subcarrier spacing at 4GHz is 30kHz. The PUSCH resource size is [1 3 6] PRBs + 1slot, with 1/7 DMRS overhead.
The scenario 1732m, RMa, 700 MHz is relatively large cell and simulated with Preamble Format 0, the subcarrier spacing at 700MHz is 15kHz. The PUSCH resource size is [1 6 12] PRBs + 1slot, with 1/7 DMRS overhead.
Both 2 and 4 receiving antennas are considered. More detailed simulation assumptions following the agreements can be found in Table A1 in the Appendix.
1) 200m, UMi, 4 GHz
Assume the total PUSCH frequency resource is 1, 3, 6 PRB, single UE, TDL-A channel. The BLER performance for the considered scenarios can be found in Figure 1. The timing offset is estimated by preamble and the channel estimation is done by DMRS with compensated TO. The frequency offfset is 0.15ppm, i.e. 600 Hz, without estimation/compensation. It can be seen that in general larger allocated bandwidth can provide better link-level performance, and the performance of 4 receiving antennas is much better than 2 receiving antennas.
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(a) 1 PRB
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(b) 3 PRBs
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(c) 6 PRBs
Figure 1 BLER vs. SNR for 200m, UMi, 4 GHz
2) 500m, UMa, 4 GHz
Assume the total PUSCH frequency resource is 1, 3, 6 PRB, single UE, TDL-A channel. Similar observations as those of UMi scenario can be found.
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(a) 1 PRB
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(b) 3 PRBs
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(c) 6 PRBs
Figure 2 BLER vs. SNR for 500m, UMa, 4 GHz

3) 1732m, RMa, 700 MHz
Assume the total PUSCH frequency resource is 1, 6, 12 PRB, single UE, TDL-A channel. Although the cell radius is larger than UMi/UMa, the performance is even better mainly due to less imposed frequency offset. The trends of BLER vs. bandwidth/antenna number are similar to that of other scenarios.
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(b) 6 PRBs
[image: ]
(c) 12 PRBs
Figure 3 BLER vs. SNR for 1732m, RMa, 700 MHz

 Link budget calculation
Since the link budget calculation process of different scenarios is similar, here we consider the 4GHz + 200m results in Figure 1(c), 4Rx as an example. The elements (1)(2)(3)(4)(9) are the same for all cases, and element(5) is the channel bandwidth. The element (7) is the required SNR at 0.1 working point BLER derived from the figures in Section 2.1.
Table 1 Link budget calculation with 4G+200m Format A1
	
	10bytes
	40bytes
	80bytes
	120bytes
	160bytes

	Transmitter
	
	
	
	
	

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

	Receiver
	
	
	
	
	

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

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

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

	(5) Occupied channel bandwidth (Hz)
	2160000
	2160000
	2160000
	2160000
	2160000

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

	(7) Required SINR (dB) (Target BLER=0.1)
	-7.2
	-4.3
	-0.8
	4.1
	10.6

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-112.9
	-110
	-106.5
	-101.6
	-95.1

	(9) Receiver processing gain
	0
	0
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	135.9
	133
	129.5
	124.7
	118.1


 Coupling loss distribution from SLS
System level simulation can be adopted to assist the payload size evaluation by drawing the coupling loss distribution for various scenarios. The simulation assumptions can be found in appendix, where most of the parameters are taken from the calibration campaign in the previous study of NOMA [8].

Figure 4 Coupling loss distribution in different scenarios
 Maximum supported payload size
The MCL vs payload size figures are drawn from the BLER vs SNR curves and link budget calculation. The 95% percentage of MCL is obtained from the coupling loss distribution from SLS. Then we plot a line of dashes on the MCL vs payload size figure, and the maximum supported payload size can be observed clearly in the Figure 5, 6, 7. 
It can be found that in general 10 bytes payload size can be satisfied with more than 95% of the coverage for the evaluated scenarios, i.e. ISD with 200/500/1732m with appropriate settings on the PRB number and received antenna.  Allocating more bandwidth or adding more receiving antennas can enhance the performance for large payload size, e.g. for 200m ISD, up to 160bytes can be supported with 4Rx and 6PRB allocated bandwidth.
The percentage is decreasing when the cell size is enlarged due to higher path loss, and when the payload size is increased due to the loss of decoding performance. 
· 4GHz + 200m
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Figure 5 MCL vs TBsize of  scenario 4GHz + 200m
It can be found that more than 160 bytes can be supported in this scenario.
· 4GHz + 500m
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Figure 6 MCL vs TBsize of  scenario 4GHz + 500m
It can be found that more than 11 bytes can be supported in this scenario.
· 700MHz + 1732m
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Figure 7 MCL vs TBsize of  scenario 700MHz+1732m
It can be found that more than 29 bytes can be supported in this scenario.
Observation 1: With appropriate settings of resource size and antenna number, the minimum payload size same as msg3 (i.e. 56/72 bits) can be supported in different scenarios (cell size with 200, 500, 1732m) with 95% coverage. Larger payload sizes or cells sizes can be supported by allocating more resources or adding receiving antennas, e.g. for 200m ISD, up to 160 bytes can be supported with 4Rx and 6PRB allocated bandwidth.

 Preamble performance evaluations
In 2-step Rach, preamble performance can be evaluated by miss detection rate. Besides, false alarm rate, which is defined as the ratio between the number of detected but not transmitted preambles and total transmitted frames for 1 UE evaluation, should be kept below 0.1%. The frequency offset is considered with 0.15ppm, i.e. 600Hz for 4GHz carrier frequency, 105Hz for 700MHz carrier frequency, without compensation. Both 2 and 4 receiving antennas are considered, the scenario is 700M+1732m with Format0, 4GHz+200m, 4G+500m with Format A1 and A2. The subcarrier spacing of preamble with Format A1 and A2 is 30kHz. 
Format 0
· 2Rx & 4Rx
[image: ][image: ]
Figure.8 700M 1732m Format 0 2Rx & 4Rx
TOFO has little influence on Format 0, for both 2Rx and 4Rx antennas. 
Format A1
· 2Rx
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Figure.9 4G 200m & 4G 500m Format A1 2Rx 


· 4Rx
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Figure.10 4G 200m & 4G 500m Format A1 4Rx 

Format A2
· 2Rx
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Figure.11 4G 200m & 4G 500m Format A2 2Rx 
 




· 4Rx
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Figure.12 4G 200m & 4G 500m Format A2 Rx 
Preamble MCL vs Payload MCL
Based on the miss detection rate of different preamble formats, the MCL of each scenarios are shown as below:
Table 2 Preamble MCL in different scenarios
	MCL(dB)
	700M+1732m
format 0
	4G+200m format A1
	4G+500m format A1
	4G+200m format A2
	4G+500m format A2

	2Rx
	145.7
	135.6
	135.6
	136.6
	136.6

	4Rx
	150.7
	139.6
	139.6
	142.1
	142.1


To compare the coverage of preamble and payload, the MCL of 10 bytes payload is calculated according to chapter 2.4 shown as below.
Table 3 Payload MCL of 10 bytes in different scenarios
	MCL(dB)
	700M+1732m
	4G+200m
	4G+500m

	2Rx
	138
	134
	133.7

	4Rx
	141
	138
	138



MCL of long preamble format is more than 7 dB better than MCL of 10 bytes payload, MCL of short preamble format A1 is less than 2 dB better than MCL of 10 bytes payload.
Observation 2: For long preamble format (format 0, 700M 1732m), the coverage of preamble is much better than that of 10bytes payload for both 2 and 4 receiving antennas. For short preamble format (format A1 A2, 4G 200m, 4G 500m), the coverage difference between preamble and 10bytes payload is smaller.

 Preamble and PUSCH occasions mapping methods
For contention-based RA, when more than one UEs transmit preambles in the same RO, they may or may not transmit payload in the same PUSCH occasion, depending on the mapping schemes between PRACH preamble and PUSCH occasion. One way to minimize the PUSCH collision (which means sharing the same PUSCH occasion) and DMRS collision (which means different UEs select the same PUSCH occasion and the same DMRS port) is to allocate multiple PUSCH occasions (orthogonal) to be associated with the preambles in one PRACH occasion. While on the other hand, the code rate is enlarged under if we do not allocate more total reserved resources associated with a RO. Therefore, it is necessary to have some evaluations on the link performance regarding the number of PUSCH occasions associated to one RO.
 Evaluation results with 1 DMRS sequence
With the same evaluation assumptions listed in Table A1, and under the same total resource overhead (6 or 12 PRBs), 6 mapping types between Preamble and PUSCH occasions are considered for the evaluation. Two UEs with no preamble collision but possible collision of PUSCH transmission are assumed. This is mainly because the probability of more than two UEs shared on the same PUSCH resource is extremely small if the preamble collision probability is 1%, according to the analysis in our previous contribution [6]. In this case, only one DMRS sequence with 12 DMRS ports is considered. 
The timing offset is estimated by preamble and the channel estimation is done by DMRS with compensated TO. The frequency offset is considered with 0.15ppm, i.e. 600Hz, without compensation. Both 2 and 4 receiving antennas are considered, the scenario is 4GHz + 200m with Format 0 and A1.
The transmitting power of the following schemes is normalized as the same:
As shown in Figure.13, each group is denoted using different colors. For total 6 PRBs, PUSCH resource can be equally divided into 2, 3 and 6 groups, each UE can use 3, 2 and 1 PRBs respectively, denoted as scheme 1, 2, 3;
For total 12 PRBs, PUSCH resource can be equally divided into 4, 6 and 12 groups, each UE can use 3, 2 and 1 PRBs respectively, denoted as scheme 4, 5, 6.
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Figure 13 Different mapping schemes

For the 6 mapping types above, scheme 1 and 2 with total 6 PRBs has a DMRS collision probability of 1/24 and 1/36 respectively. Scheme 4 with total 12 PRBs has a DMRS collision probability of 1/48. The other 3 mapping types have no DMRS collision probability.
Note: X label is normalized SNR in order to ensure that each scheme has the same transmit power.
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(a). 1T2R
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(b). 1T4R
Figure 14 BLER vs. SNR for 2UEs with Preamble Format 0
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(a). 1T2R
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(b). 1T4R
Figure 15 BLER vs. SNR for 2UEs with Preamble Format A1
Based on the evaluation results shown in figure 14, it can be found that with normalized SNR, different mapping schemes show similar performance at the 0.1 BLER operation point for 2Rx. With more equipped antennas for example 4, the mapping types scheme 1 and 2 have slightly better performance at 0.1 BLER. But these two schemes possessing an unsolved error floor with lower operation point such as 0.01 BLER especially for 2 receiving antennas, which are mainly caused by higher collision probability on DMRS.
Performance of different formats does not show significant difference, which means the accuracy of TO estimation by short preamble format A1 should be good enough for 4G+200m scenario.
Schemes with total 12 PRBs have less than 1dB performance better than total that of total 6 PRBs.
Although scheme 1 has the highest DMRS collision probability, the overall impact of performance loss can be covered by the benefit from low code rate. 
Observation 3: With the aligned transmit power and total reserved resource overhead, the mapping schemes with multiple preambles to one DMRS mapping have slightly better performance than one-to-one mapping (single DMRS sequence) at 10% BLER, but at the meantime suffer from a higher error floor for lower operation points, e.g. 1% BLER.
 Comparison between different DMRS sequences
There is an opinion to introduce more DMRS sequences to avoid DMRS collision without increasing the total resource allocation. The following simulation results show the comparison between the performance of 1 DMRS sequence with collision and multiple DMRS sequences without collision. The scheme 1, 2 and 4 are considered in this case. 
It can be found from Figure 16 and 17 that the performance of 1-to-1 mapping with multiple DMRS sequences (i.e. no DMRS collision) is similar with that of multiple-to-1 mapping with 1 DMRS sequence  in most of the evaluated cases. While in particular cases (e.g. with 6 total PRBs, 3 PRBs per UE, and 4 Rx), the error floor could be lower by introducing multiple DMRS sequences.
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(b) 1T4R
Figure 16 Comparison between different DMRS sequences with Preamble Format 0
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(a). 1T2R
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(a) . 1T4R
Figure 17 Comparison between different DMRS sequences with Preamble Format A1
Observation 4: Performance of multiple DMRS sequences without collision is similar with that of 1 DMRS sequence with potential collision in most of the evaluated cases. While in particular cases (e.g. with 6 total PRBs, 3 PRBs per UE, and 4 Rx), the error floor could be lower by introducing multiple DMRS sequences.
Conclusion
Observation 1: With appropriate settings of resource size and antenna number, the minimum payload size same as msg3 (i.e. 56/72 bits) can be supported in different scenarios (cell size with 200, 500, 1732m) with 95% coverage. Larger payload sizes or cells sizes can be supported by allocating more resources or adding receiving antennas, e.g. for 200m ISD, up to 160 bytes can be supported with 4Rx and 6PRB allocated bandwidth.
Observation 2: For long preamble format (format 0, 700M 1732m), the coverage of preamble is much better than that of 10bytes payload for both 2 and 4 receiving antennas. For short preamble format (format A1 A2, 4G 200m, 4G 500m), the coverage difference between preamble and 10bytes payload is smaller.
Observation 3: With the aligned transmit power and total reserved resource overhead, the mapping schemes with multiple preambles to one DMRS mapping have slightly better performance than one-to-one mapping (single DMRS sequence) at 10% BLER, but at the meantime suffer from a higher error floor for lower operation points, e.g. 1% BLER.
Observation 4: Performance of multiple DMRS sequences without collision is similar with that of 1 DMRS sequence with potential collision in most of the evaluated cases. While in particular cases (e.g. with 6 total PRBs, 3 PRBs per UE, and 4 Rx), the error floor could be lower by introducing multiple DMRS sequences.
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Appendix
A.1 Link Level simulation assumptions
Table A1: Link-level evaluation assumptions
	Parameters
	Values

	Scenario
	1) For evaluation of schemes: 200m, UMi, 4 GHz.  
2) For evaluation of payload size: 200m, UMi, 4 GHz; or 500m, UMa, 4 GHz; or 1732m, RMa, 700 MHz.

	Preamble format
	 long Format 0  
 short Format A1 A2

	Waveform (data part)
	CP-OFDM

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

	TBS
	As described in section 2.

	MCS and Resource size
	QPSK or 16QAM, [1 3 6 12] PRBs

	Number of UEs
	1 or 2

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx

	gNB antenna configuration
	2Rx or 4Rx

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

	Timing offset
	Uniform [0, RTT].

	Frequency offset
	105 Hz for 700MHz, 600 Hz for 4 GHz

	Max number of HARQ transmission
	1

	Receiver
	MMSE-IRC 

	Channel estimation
	Realistic for both channel estimation and TO estimation.

	Target BLER
	 10%

	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


A.2 System Level simulation assumptions
Table A2 System level simulation assumptions
	Parameters
	Case 1
	Case 2
	Case 3

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m
	500m
	200m

	Minimum distance between UE and BS
	35m 
	10m
	10m

	Carrier frequency
	700MHz
	4GHz
	4GHz

	Bandwidth
	10MHz

	Channel model
	UMa in TR 38.901

	Building penetration loss
	The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for SLS with frequencies below 6 GHz

	BS Tx power
	46 dBm
	46 dBm
	41 dBm

	BS antenna configurations
	2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), +-45 Polarization;
dH = dV = 0.8λ;

	TXRU mapping to antenna elements on BS side
	One TXRU per vertical dimension per polarization

	TXRU mapping weights on BS side
	TXRU virtualization only in the vertical dimension, i.e., sub-array partition model  with 1D virtualization, refer to TR36.897

	Polarized antenna modeling
	Model-2 in TR36.873

	BS antenna downtilt
	92
	98
	102

	BS antenna height
	25m

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

	BS receiver noise figure
	5dB

	UE Tx power
	Max 23 dBm

	UE antenna configuration
	1 (vertical polarization)

	UT array orientation
	uniformly distributed on [0,360] degree

	UE antenna gain
	0dBi

	UE receiver noise figure
	9dB

	UE distribution and antenna height
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell.

	UE power control
	Open loop PC, P0 = [-90] dBm, alpha = 1.

	HARQ/repetition
	1

	Handover margin
	0dB

	Wrapping method
	Geographical distance based wrapping

	UE attachment
	Based on RSRP
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