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Introduction
In this contribution, we present evaluation results based on a single radio link focusing on the simulation parameters agreed in [1] during the email discussion and latest agreements from RAN1#98 [2]. At first, we present simulation results for preamble detection of MsgA and then, BLER performance results for PUSCH of MsgA are analyzed for different payload sizes. We compared the performance results using either different DMRS ports or different DMRS sequences to handle potential PUSCH resource unit (PRU) collision. Then, we focus our study on whether to have separate preamble power control parameters for 2-step and 4-step RACH or have shared power control parameters based on the results presented.

Link level evaluation results 
Preamble detection
Simulation results for miss-detection probability as a function of received SNR are provided in Figure 1 for the preamble format A1 and format 0 in 200m ISD scenario. For the evaluations, the target false-alarm rate is fixed ) as 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 for PUSCH of MsgA.
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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




Payload size evaluations using different DMRS ports and different DMRS sequences 

The structure of MsgA consists of a PRACH preamble and PUSCH resources for data transmission. Related to the PUSCH resource unit (PRU) of MsgA, we presented in previous contributions [3] an analysis of the trade-off between MsgA PUSCH resource reservation and the probability of collision and latency of the 2-step RACH procedure.  In this case, multiple transmissions from different UEs may collide in the same PRU.  In order to decrease the collision probability between UEs, different DMRS ports or DMRS sequences (scramblings IDs) can be used. Hence, we compare in the coming evaluations the performance obtained using both approaches to define the maximum coupling loss (MCL) based on [6] as shown in Table 2. 
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Table 2. Link budget calculation of MsgA for different payload sizes
	(1) Tx Power (dBm)
	23

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

	(3) eNB receiver noise figure (dB)
	5

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	30kHz * 12 * #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
	0

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



Different payload sizes (72, 198, 408 and 1032) are used in the evaluations according to [1], where we assume 14 OFDM symbols for PUSCH with 30 kHz subcarrier spacing.  A TDL-C-300ns channel model is used with 4 Rx antennas and the number of PRBs is assumed to be 1,2,3, 6 or 12. The rest of the simulation assumptions are defined in Appendix A. 

BLER performance results are shown in Figure 4 for the case of single UE and 2 up to 4 colliding UEs using different DMRS ports or DMRS sequences and, for all payload sizes evaluated, respectively. As increasing the payload size, the number of PRBs should be increased to achieve the target BLER from 1, 2 or 3 PRBs for payload size of 72 bits up to 12 PRBs for payload size of 1032 bits. The MCL calculation based on the required SNR at a target value of 1% BLER is shown in Table 3 for each payload size. 
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(a) Payload size of 72 
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(b) Payload size of 198 
[image: ] [image: ] [image: ][image: ]
(c) Payload size of 408 
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(d) Payload size of 1032 
Figure 4. BLER performance for single UE and 2, 3 or 4 colliding UEs using different DMRS ports or DMRS sequences and payload sizes of 72, 198, 408 and 1032 bits

Table 3. Link budget calculation of MsgA for single UE and 2, 3 or 4 colliding UEs using different DMRS antenna ports or DMRS sequences and payload sizes of 72, 198, 408 and 1032 bits. (-) is shown when target BLER has not been reached
(a) Payload size of 72
	1 UEs
	1 PRB
	2 PRB
	3 PRB

	Required SINR (dB) 
	2.6
	-1.4
	-3.0

	MCL (dB)
	133.8
	134.8
	134.6

	2 UEs

	1 PRB
	2 PRB
	3 PRB

	
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences

	Required SINR (dB) 
	5.85
	6.95
	0.1
	0.6
	-2.06
	-1.4

	MCL (dB)
	130.58
	129,48
	133,32
	132,82
	133,72
	133,06

	3 UEs

	1 PRB
	2 PRB
	3 PRB

	
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences

	Required SINR (dB) 
	8.8
	-
	1.5
	3.6
	-0.3
	1.5

	MCL (dB)
	127.63
	-
	131.92
	129.82
	131.96
	130.16

	4 UEs

	1 PRB
	2 PRB
	3 PRB

	
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences

	Required SINR (dB) 
	-
	-
	4.6
	-
	1.6
	5.95

	MCL (dB)
	-
	-
	128.82
	-
	130.60
	125.71


(b) Payload size of 198
	1 UEs
	2 PRB
	3 PRB
	6 PRB

	Required SINR (dB) 
	2.3
	0.85
	-3.15

	MCL (dB)
	131.12
	130.82
	131.80

	2 UEs

	2 PRB
	3 PRB
	6 PRB

	
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences

	Required SINR (dB) 
	5.25
	-
	2.7
	3.3
	-2.75
	-2.45

	MCL (dB)
	128.17
	-
	128.96
	128.36
	131.40
	131.10

	3 UEs

	2 PRB
	3 PRB
	6 PRB

	
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences

	Required SINR (dB) 
	-
	-
	5.75
	-
	-1.05
	-0.25

	MCL (dB)
	-
	-
	125.91
	-
	129.70
	128.90

	4 UEs

	2 PRB
	3 PRB
	6 PRB

	
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences

	Required SINR (dB) 
	-
	-
	
	-
	0.8
	3.4

	MCL (dB)
	-
	-
	
	-
	127.85
	125.25



(c) Payload size of 408
	1 UEs
	3 PRB
	6 PRB
	12 PRB

	Required SINR (dB) 
	6.3
	0.3
	-4.6

	MCL (dB)
	125.36
	128.35
	130,24

	2 UEs

	3 PRB
	6 PRB
	12 PRB

	
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences

	Required SINR (dB) 
	-
	-
	0.75
	1.08
	-4
	-3.9

	MCL (dB)
	-
	-
	127,90
	127,57
	129,64
	129,54

	3 UEs

	3 PRB
	6 PRB
	12 PRB

	
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences

	Required SINR (dB) 
	-
	-
	3
	4.1
	-2.7
	-2

	MCL (dB)
	-
	-
	125.65
	124.55
	128.34
	127.64

	4 UEs

	3 PRB
	6 PRB
	12 PRB

	
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences
	DMRS Ports
	DMRS
Sequences

	Required SINR (dB) 
	-
	-
	5.9
	-
	-1.3
	0

	MCL (dB)
	-
	-
	122.75
	-
	126.94
	125.64



(d) Payload size of 1032
	1 UEs
	12 PRB

	Required SINR (dB) 
	-0.9

	MCL (dB)
	126.54

	2 UEs

	12 PRB

	
	DMRS Ports
	DMRS
Sequences

	Required SINR (dB) 
	0.14
	0.5

	MCL (dB)
	125,50
	125,14

	3 UEs

	12 PRB

	
	DMRS Ports
	DMRS
Sequences

	Required SINR (dB) 
	2.6
	4.1

	MCL (dB)
	123.04
	121.54

	4 UEs

	12 PRB

	
	DMRS Ports
	DMRS
Sequences

	Required SINR (dB) 
	5.6
	-

	MCL (dB)
	120.04
	-



Comparing the MCL obtained when different DMRS ports or DMRS sequences are used, we can observe a difference of 0.5 up to 1 dB for the benefit of using different DMRS ports in the case of payload size 72 for up to three UEs multiplexed in the same PUSCH occasion. Similar trend can be observed for higher payload sizes when using enough number of PRBs for successful decoding of the PUSCH part of MsgA. As an example, payload sizes of 198, 408 and 1032 bits would require at least 3, 6 and 12 PRBs, respectively, to ensure achieving target BLER of 1% for three UEs multiplexed in the same PUSCH occasion.  As depicted in Figure 4, increasing the number of users multiplexed in a PUSCH occasion degrades the BLER performance. In addition, when the payload size increases from 72 to 1032 bits, the performance degradation is more significant and the number of PRBs should be increased to achieve higher MCL. Different DMRS ports or DMRS sequences can be used to decrease the collision probability of PRUs, although the number of UEs trying to perform the two-step RACH procedure simultaneously on the same PRACH occasion should be rather small to avoid high collision probabilities. 

Observation 2. Lower MCL differences between MsgA PRACH and PUSCH are observed for short preamble format A1 than for preamble format 0.
Observation 3. Larger MCL differences between MsgA PRACH and PUSCH are observed using a larger payload size of 1032 bits compared to payload of 72 bits.
Observation 4.  Using different DMRS ports or DMRS sequences can decrease the collision probability within a PRU, where using different DMRS ports achieves better MCL performance.
Observation 5. As the number of users multiplexed in a PUSCH occasion increases, the BLER performance degrades significantly.
Observation 6. Increasing the number of DMRS ports or DMRS sequences has diminishing returns as the BLER performance with multiple simultaneously transmitted UEs degrades.

Aiming to provide insights on the maximum number of DMRS sequences which may be configured for 2-step PRACH, it should be noted that we are evaluating the worst-case scenario. More specifically, with more than 2 UEs using different scrambling ID or DMRS sequence, the corresponding resources are mapped to the same PUSCH occasion using same time-frequency resources, that is, same DMRS antenna port. Based on simulation results, up to 3 DMRS sequences can be used in the network without significant performance degradation, together with 8 antenna ports for DMRS configuration type 1 as described in TS 38.211. For example, for payload size of 72 bits and 3PRB case, the performance difference between mapping several UEs to different DMRS ports or using different DMRS sequences is 0.6 dB, 1.8 dB and 4.3 dB in presence of 2, 3 and 4 UEs, respectively. Therefore, 3 DMRS sequences provide in our opinion the best tradeoff between the number of DMRS sequences used in the network and the achievable performance. Assuming 8 antenna ports and 3 different scrambling IDs per port, 24 (8x3) distinguishable DMRS sequences can be used in a PUSCH occasion. Nevertheless, different DMRS sequences for each antenna port could be used to improve the DMRS decoding of MsgA from all UEs trying to perform initial access. 

Observation 7. Up to three different DMRS sequences provide the best tradeoff between the number of DMRS sequences used in the network and the achievable performance.

Power Control Analysis

In RAN1#97, there was a discussion on whether to have separate preamble power control parameters for 2-step and 4-step RACH or have shared power control parameters. The benefit of having separate preamble power control parameters for 2-step and 4-step RACH is that it provides more flexibility to the network when setting these parameters. In this section, we show the benefit of this flexibility.
As mentioned in [5], if 2-step RACH and 4-step RACH share the same PRACH Occasions, the preamble power control parameters should be common to avoid performance degradation. The analysis presented in this section is for the case when 2-step RACH and 4-step RACH have separate PRACH Occasions.
The cost of a misdetection for 2-step RACH is higher than that of 4-step RACH, as a 2-step RACH retransmission involves retransmitting the MsgA PRACH and MsgA PUSCH, this leads to higher energy from the UE, and consequently more interference. 
In this analysis, we consider two scenarios for 4-step RACH and 2-step RACH as shown in 4. For the preamble we assume format A1 with a duration of 2 symbols, for the PUSCH transmission (Msg3 or MsgA PUSCH) we assume a transmission of length 14 symbols and with 2 PRBs. For comparison of the various schemes with the various RACH types, we define a quantity called normalized energy  which is the product of the duration of the transmission in symbols  and the absolute value of the SNR.


[bookmark: _Ref13562856]Table 4: Scenarios for power control analysis of 4-step RACH and 2-step RACH.
	RACH Type
	Scenario
	Parameters

	4-step RACH
	Scenario 1
	Pmd (PRACH) = 10%
BLER (Msg3) = 1%

	
	Scenario 2
	Pmd (PRACH) = 1%
BLER (Msg3) = 1%

	2-step RACH
	Scenario 1
	Pmd (PRACH) = 10%
BLER (PUSCH) = 1%

	
	Scenario 2
	Pmd (PRACH) = 1%
BLER (PUSCH) = 1%


Figure 5 shows the state diagram of the 4-step RACH procedure. The average number of times in the preamble state is

In the preamble state, the UE transmits or retransmits the preamble. The average number of times in Msg3 state is


In the Msg3 state, the UE transmits or retransmits Msg3.


[bookmark: _Ref13569231]Figure 5: 4-step RACH state diagram

Figure 6 shows the state diagram of the 2-step RACH procedure. The average number of times in the MsgA state is


In the MsgA state, the UE transmits or retransmits MsgA including MsgA PRACH and MsgA PUSCH. The average number of times in the MsgA PUSCH state is


In the MsgA PUSCH state, the UE only retransmits MsgA PUSCH. The UE reaches MsgA PUSCH state if the MsgA transmission has a successfully received PRACH part, but not the PUSCH part.


[bookmark: _Ref13569512]Figure 6: 2-step RACH state diagram
Table 5 shows the normalized energy analysis for 4-step RACH and 2-step RACH scenario 1 and scenario 2. Based on this analysis, for 4-step RACH, scenario 1 with pmd = 10% has a lower normalized energy than scenario 2. However, for 2-step RACH, scenario 2 with pmd = 1% has a lower normalized energy than scenario 1.

Table 5: Normalized energy for 4-step RACH and 2-step RACH scenario 1 and scenario 2.
	
	4-Step RACH
Scenario 1
	4-Step RACH
Scenario 2
	2-Step RACH
Scenario 1
	2-Step RACH
Scenario 2

	Preamble pmd
	10%
	1%
	10%
	1%

	Preamble SINR (Figure 1)
	-10 dB
	-5.5 dB
	-10 dB
	-5.5 dB

	Normalized energy for 1 preamble 

	0.2
	0.56
	0.2
	0.56

	Preamble (Msg1) normalized energy, 
	0.22
	0.56
	
	

	Msg3 or MsgA PUSCH BLER (Figure 4)
	1%
	1%
	1%
	1%

	Msg3 or MsgA PUSCH SINR
	-1.5 dB
	-1.5 dB
	-1.5 dB
	-1.5 dB

	Normalized energy for PUSCH 
	9.91
	9.91
	9.91
	9.91

	MsgA (PRACH + PUSCH) normalized energy

	
	
	11.23
	10.57

	Msg3 normalized energy, 
	10.01
	10.01
	
	

	MsgA PUSCH fallback normalize energy, 
	
	
	0.1
	0.1

	Total RACH procedure normalized energy:
4-step: 
2-step: 
	10.23
	10.57
	11.33
	10.67



Proposal 1: To optimize the performance of 2-step RACH and 4-step RACH, the preamble power control parameters can be set differently.




Conclusions
In this contribution, we presented first link level performance evaluations of MsgA for 2-step RACH. Based on the evaluation results, we have the following observations and proposal:
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 differences between MsgA PRACH and PUSCH are observed for short preamble format A1 than for preamble format 0.
Observation 3. Larger MCL differences between MsgA PRACH and PUSCH are observed using a larger payload size of 1032 bits compared to payload of 72 bits.
Observation 4.  Using different DMRS ports or DMRS sequences can decrease the collision probability within a PRU, where using different DMRS ports achieves better MCL performance.
Observation 5. As the number of users multiplexed in a PUSCH occasion increases, the BLER performance degrades significantly.
Observation 6. Increasing the number of DMRS ports/sequences has diminishing returns as the BLER performance with multiple simultaneously transmitted UEs degrades.
Observation 7. Up to three different DMRS sequences provide the best tradeoff between the number of DMRS sequences used in the network and the achievable performance.

Proposal 1: To optimize the performance of 2-step RACH and 4-step RACH, the preamble power control parameters can be set differently.
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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
	1Tx4Rx

	DMRS configuration
	Type 1 DMRS, 2 OFDM symbols

	Payload
	72, 198, 408, 1032 bits 

	Number of UEs
	1, 2, 3 and 4

	Receiver
	linear MMSE-IRC

	Channel estimation
	Realistic
Ideal could be used 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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1.


 


Introduction


 


In this 


contribution, we present evaluation results based on a single radio link focusing on the simulation 


parameters agreed in 


[1]


 


during the email discussion


 


and latest 


agreements from RAN1#98


 


[2]


.


 


At first, 


we present simulation results for preamble detection 


of MsgA and then, BLER performance results for 


PUSCH of MsgA are analyzed for different payload sizes. We compared the performance results using 


either different DMRS ports or different DMRS sequences to handle potential PUSCH resource unit 


(PRU) collision


. Then, we focus our study on 


whether to have separate preamble power control 


parameters for 2


-


step and 4


-


step RACH or have shared power control parameters


 


based on the results 


presented.


 


 


2.


 


Link level evaluation results 


 


2.1.


 


Preamble detection


 


Simulation results for miss


-


detection probability as a function of receive


d


 


SNR are provided in Figure 


1 for the preamble 


format 


A1


 


and format 0


 


in


 


200m ISD scenario. For the evaluations


,


 


the target false


-


alarm rate is fixed 


(


??


??


=


1%


) as illustrated in Fig


ure 2 as example.


 


Based on 


the simulation assumption


s


 


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 


for PUSCH of MsgA


.


 


 


 


(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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