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1. Introduction
In RAN4#95-e, a way forward was agreed on BS demodulation performance requirements for 2-step RACH [1], and it was agreed to introduce a TO-cycling mechanism when specifying BS demodulation performance requirements for 2-step RACH. Some open further issues were also listed out as well:
	· Further study difference in UE TO compensation implementation for high and medium TO values (outside and outside the CP). If essential difference will be observed – requirements will be defined for both.
· Other values for medium level TO cycling
· Other values for high level TO cycling
· PUSCH mapping type
· Test metric
· DMRS configuration: 1+1 or 1+1+1


In this contribution, we further discuss these open issues and based on our views, the corresponding FRC tables are suggested.
2. Discussion
TO compensation
Under the cycling TO mechanism, we observe a substantiate performance difference with and without TO compensation in some cases even for medium level TO cycling, as shown in below Fig. 1. Therefore, we propose to define the performance requirements with TO compensation.
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Fig. 1, Performances with and without TO compensation in some cases

Proposal 1: BS demodulation performance requirements are defined with TO compensation

TO cycling
In the agreed WF [1], the cycling values for medium level TO are initially set to the below table:
Table – 1 initial cycling values for medium level TO
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According to the below Table – 2, the initial values for medium level TO corresponds to gNB-UE distance between 250 ~ 600 meters for 15k SCS, 120 ~ 300 meters for 30k SCS, 60 ~ 150 meters for 60k SCS, and 30 ~ 75 meters for 120k SCS.
Table – 2 TO Vs gNB-UE distance
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And for high level TO cycling, the initial values are proposed as in Table -3 [1]:

Table – 3 initial cycling values for high level TO
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Similarly, the corresponding gNB-UE distance is 0 ~ 1150 meters for 15k/30k SCS, and 0 ~ 180 meters for 60k/120k SCS.
Notice that the starting values of the initial “medium” and “high” level TO cycling are not the same, e.g., medium level TO cycling from a non-zero value, but high level TO cycling from 0. It seems not consistent, thus we propose to change the lower end of medium level cycling to 0 as that for high level TO cycling.
Proposal 2: Change the lower end values for medium level TO cycling to 0µs as high level TO cycling. 
Another difference between the initial medium and high level TO cycling is the scaling between two different SCSs, e.g., in medium level TO cycling, X:∆t:Y is scaled to half for 30k SCS compared with that for 15k SCS, and this is the case between 60k SCS and 120k SCS. They should be aligned as well.
Proposal 3: Scaling X:∆t:Y between two different SCSs for high level TO cycling as medium level TO cycling
Under Proposal 2 and 3, we propose to have the below cycling values for medium and high level TO cycling.
Table – 4: Revised TO cycling values for medium level
	Range /Cycles
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS
	120 kHz SCS

	
	X
	∆t
	Y
	X
	∆t
	Y
	X
	∆t
	Y
	X
	∆t
	Y

	Medium level
	0
	0.2
	2
	0
	0.1
	1
	0
	0.05
	0.5
	0
	0.025
	0.25




Table – 5: Revised TO cycling values for high level
	Range /Cycles
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS
	120 kHz SCS

	
	X
	∆t
	Y
	X
	∆t
	Y
	X
	∆t
	Y
	X
	∆t
	Y

	High level
	0
	0.1
	3.8
	0
	0.05
	1.9
	0
	0.1
	0.6
	0
	0.05
	0.3




Proposal 4: Set medium and high level TO cycling values as Table – 4 and Table – 5 respectively.

PUSCH Mapping Type
For the time being, PUSCH mapping type is open, and according to our simulation results [2], a performance difference may be observed in some cases between mapping type A and mapping type B. So we propose to specify BS demodulation requirements for mapping type A and type B respectively.
Proposal 5: Specify BS demodulation performance requirements for mapping type A and type B respectively.

Test metric
The performance metric for 2-step RACH PUSCH is tested by assuming that its preamble is successfully decoded, and furthermore, the power level between the preamble and its subsequent PUSCH should keep similar, e.g., there is no big ramping up expected from preamble and PUSCH data transmission, so it is reasonable to set the test metric of 2-step RACH PUSCH to BLER 0.1. 
Proposal 6: Set test metric to BLER 0.1 for BS demodulation performance requirements for 2-step RACH.

DMRS configuration
According to our evaluation results with the setup in WF [1], in most cases the performances at BLER 0.1 for DMRS configuration 1+1 and 1+1+1 are quite similar, but the difference is the pay load size, e.g., 72 bits for DMRS configuration 1+ 1, and 64 bits for 1+1+1. However, DMRS configuration 1+1+1 provides more potential for performance optimization and better robustness for other scenarios, e.g., high Doppler. Therefore, we propose to specify BS demodulation performance requirements with DMRS configuration 1+1+1.
Proposal 7: Specify BS demodulation performance requirements with DMRS configuration 1+1+1.

FRC tables
Based on the above considerations, we propose a FRC table for MsgA demodulation as below:
Table-6 FRC example table for FR1 BS demodulation requirements for 2-step RACH
	Reference channel
	G-FR1-A8-1
	G-FR1-A8-2

	Subcarrier spacing [kHz]
	15
	30

	Allocated resource blocks
	2
	2

	CP-OFDM Symbols per slot (Note 1)
	14
	14

	Modulation
	QPSK
	QPSK

	Code rate (Note 2)
	157/1024
	157/1024

	Payload size (bits)
	64
	64

	Transport block CRC (bits)
	16
	16

	Code block CRC size (bits)
	0
	0

	Number of code blocks - C
	1
	1

	Code block size including CRC (bits) (Note 2)
	80
	80

	Total number of bits per slot
	528
	528

	Total data bearing resource elements per slot
	264
	264

	NOTE 1: DM-RS configuration type  = 1 with DM-RS duration = single-symbol DM-RS and the number of DM-RS CDM groups without data is 2, Additional DM-RS position = pos2 with l0= 2 as per Table 6.4.1.1.3-3 of TS 38.211 [5].

	NOTE 2: Code block size including CRC (bits) equals to K' in sub-clause 5.2.2 of TS 38.212 [15].






Table-7 FRC example table for FR2 BS demodulation requirements for 2-step RACH
	Reference channel
	G-FR2-A9-1
	G-FR2-A9-2

	Subcarrier spacing [kHz]
	60
	120

	Allocated resource blocks
	2
	2

	CP-OFDM Symbols per slot (Note 1)
	10
	10

	Modulation
	QPSK
	QPSK

	Code rate (Note 2)
	251/1024
	251/1024

	Payload size (bits)
	64
	64

	Transport block CRC (bits)
	16
	16

	Code block CRC size (bits)
	0
	0

	Number of code blocks - C
	1
	1

	Code block size including CRC (bits) (Note 2)
	80
	80

	Total number of bits per slot
	168
	168

	Total data bearing resource elements per slot
	336
	336

	NOTE 1: DM-RS configuration type  = 1 with DM-RS duration = single-symbol DM-RS and the number of DM-RS CDM groups without data is 2, Additional DM-RS position = pos2 with l0= 2 as per Table 6.4.1.1.3-3 of TS 38.211 [5].

	NOTE 2: Code block size including CRC (bits) equals to K' in sub-clause 5.2.2 of TS 38.212 [15].




Proposal 8: Specify BS demodulation performance requirements for 2-step RACH under FRC tables as Table-6 and Table-7 for FR1 and FR2 respectively.
3. Conclusion
In this paper, we have the following proposals for BS demodulation performance requirements for 2-step RACH:
Proposal 1: BS demodulation performance requirements are defined with TO compensation
Proposal 2: Change the lower end values for medium level TO cycling to 0µs as high level TO cycling. 
Proposal 3: Scaling X:∆t:Y between two different SCSs for high level TO cycling as medium level TO cycling
Proposal 4: Set medium and high level TO cycling values as Table – 4 and Table – 5 respectively.
Proposal 5: Specify BS demodulation performance requirements for mapping type A and type B respectively.
Proposal 6: Set test metric to BLER 0.1 for BS demodulation performance requirements for 2-step RACH.
Proposal 7: Specify BS demodulation performance requirements with DMRS configuration 1+1+1.
Proposal 8: Specify BS demodulation performance requirements for 2-step RACH under FRC tables as Table-6 and Table-7 for FR1 and FR2 respectively.
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5. Annex
Simulation results with the setup indicated in WF [1].
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image3.emf
30 60 75 120 150 180 250 300 350 400 500 600 1150 1732 25000 CP length

15 kHz 0.02 0.04 0.05 0.08 0.11 0.13 0.18 0.21 0.25 0.28 0.35 0.42 0.81 1.23 17.69 4.71

30 kHz 0.04 0.08 0.11 0.17 0.21 0.25 0.35 0.42 0.50 0.57 0.71 0.85 1.63 2.45 35.39 2.36

60 kHz 0.08 0.17 0.21 0.34 0.42 0.51 0.71 0.85 0.99 1.13 1.42 1.70 3.26 4.90 70.77 1.18

120 kHz 0.17 0.34 0.42 0.68 0.85 1.02 1.42 1.70 1.98 2.26 2.83 3.40 6.51 9.81 141.54 0.59

TO(us) 0.10 0.20 0.25 0.40 0.50 0.60 0.83 1.00 1.17 1.33 1.67 2.00 3.83 5.77 83.33

gNB-UE Distance

/SCS

Fraction of CP
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