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1 Introduction

In RAN4 #94e-bis meeting WF on 2-step RACH demodulation requirements was agreed [1]. The following main agreement were made.
	· RAN4 define BS demodulation requirements for 2-step RACH in order to ensure reliable MsgA demodulation performance 


In this contribution we provide analysis on appropriate TO values for 2-step RACH demodulation performance requirements definition.
2 Discussion
2.1 Time offset for requirement definition
2-step RACH procedure is defined under assumption that no TA adjustment is performed at the UE side for the PUSCH transmission. In this case receive signal on gNB side has a timing offset equal to RTT. In result, PUSCH demodulation performance may degrade if gNB receiver use wrong implementation of TO estimation/compensation. 
In the previous meeting, RAN4 agreed to define 2-step RACH demodulation performance requirements for MsgA. We present link-level analysis for different SCS to define TO value for requirements setup. Appropriate TO value should be such that incorrect gNB implementation will fail the test. In other words, performance difference of scenarios when TO compensation on and off should be enough large.
In tables 1-4 performance degradation for scenario without TO compensation compare to scenario with ideal TO compensation is presented. Evaluations were done for FR1 and FR2 for TDL-A and for TDL-C channel models. Typical MCSs and resource allocations for MsgA were chosen. Results are presented for 10% and 1% BLER to choose most suitable test metric. Grey cells in tables indicate scenarios where performance degradation exceeds 1.5 dB. In Annex A several curves are presented for reference.
Table 1. Demodulation performance degradation for FR1 TDL-A channel model

	TDL-A30-3 channel model

	
	TO, us
	0.1
	0.3
	0.5
	0.7
	0.9
	1.92
	6.66

	
	BLER 
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	MCS 2, 2PRB
	15 kHz
	0
	0
	0.2
	0
	0.5
	0
	1
	0.5
	1.5
	0.5
	6
	∞
	∞
	∞

	
	30 kHz
	0
	0
	0
	0
	1
	0
	2
	0.5
	3
	2.5
	∞
	∞
	∞
	∞

	MCS 3, 1PRB
	15 kHz
	0
	0
	0
	0.2
	0.2
	0.2
	0.4
	0.2
	0.7
	0.2
	3.6
	∞
	∞
	∞

	
	30 kHz
	0
	0
	0.2
	0
	0.6
	0.3
	1.3
	0.5
	2.4
	0.5
	8.3
	∞
	∞
	∞


Table 2.Demodulation performance degradation for FR1 TDL-C channel model
	TDL-C300-3 channel model

	
	TO, us
	0.1
	0.3
	0.5
	0.7
	0.9
	1.92
	6.66

	
	BLER 
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	MCS 2, 2PRB
	15 kHz
	0
	0
	0
	0.1
	0.3
	0.1
	0.3
	0.1
	0.4
	0.2
	1.2
	1.2
	∞
	∞

	
	30 kHz
	0
	0
	0.1
	0.2
	0.1
	0.3
	0.3
	0.7
	0.5
	1.1
	2.4
	3.4
	∞
	∞

	MCS 3, 1PRB
	15 kHz
	0
	0
	0
	0
	0
	0.1
	0
	0.1
	0
	0.2
	0.4
	1
	∞
	∞

	
	30 kHz
	0
	0
	0
	0
	0.2
	0.3
	0.3
	0.6
	0.4
	1.1
	2
	3.1
	∞
	∞


Table 3. Demodulation performance degradation for FR2 TDL-A channel model
	TDL-A30-3 channel model

	
	TO, us
	0.1
	0.3
	0.5
	0.7
	0.9

	
	BLER 
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	MCS 2, 2PRB
	60 kHz
	0
	0
	0.7
	0.8
	3.5
	4
	13
	10
	22
	∞

	
	120 kHz
	0.5
	0.5
	4.2
	4.8
	14.3
	∞
	∞
	∞
	∞
	∞

	MCS 3, 1PRB
	60 kHz
	0
	0.3
	1.2
	0.7
	2.8
	0.8
	5
	2
	7
	3.7

	
	120 kHz
	0.5
	0.6
	2.3
	2
	5
	11.8
	∞
	∞
	∞
	∞


Table 4. Demodulation performance degradation for FR2 TDL-C channel model
	TDL-C300-3 channel model

	
	TO, us
	0.1
	0.3
	0.5
	0.7
	0.9

	
	BLER 
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	MCS 2, 2PRB
	60 kHz
	0.1
	0.3
	0.3
	0.6
	0.7
	0.9
	1
	1.7
	1.6
	2.5

	
	120 kHz
	0.3
	0.4
	0.6
	1
	1.6
	2.8
	2.9
	8
	6
	∞

	MCS 3, 1PRB
	60 kHz
	0.3
	0.3
	0.5
	0.7
	0.8
	2.2
	1.5
	3
	1.7
	∞

	
	120 kHz
	0.3
	1.7
	0.9
	∞
	2.4
	∞
	5.4
	∞
	∞
	∞


Observation #1: Absence of TO compensation leads to performance degradation:

1) For 15 kHz SCS: performance loss larger than 1.5 dB for TDL-A channel model, TO not less than 1.92 us and both tested BLER

2) For 30 kHz SCS: performance loss larger than 1.5 dB for TDL-C and TDL-A channel models, TO larger than 1.92us and both tested BLER

3) For 60 kHz SCS: performance loss larger than 1.5 dB for TDL-A channel model, TO not less than 0.5 us and both tested BLER

4) For 120 kHz SCS: performance loss larger than 1.5 dB for TDL-A channel model, TO not less than 0.3 us and both tested BLER

5) TDL-A channel model is more sensitive to TO compare to TDL-C channel model

Based on the above observation we suggest the following tests configurations for 2-step RACH performance requirements:
Proposal #1:
Define 2-step RACH performance requirements with MCS 2, 2 PRB resource allocation and TDL-A30 ns channel model
Proposal #2:
For 15 kHz and 30 kHz SCS define 2-step RACH performance requirements with 1.92 us TO.
Proposal #3:
For 60 kHz and 120 kHz SCS define 2-step RACH performance requirements with 0.5 us and 0.3 us TO correspondingly.
Proposed test configuration guarantees that larger than 1.5 dB performance degradation will be observed for both considered above test metrics if incorrect TO compensation is used. PRACH preamble detection requirements allow to guarantee less than 1% miss detection probability. In this case, if we define requirements for joint preamble detection and PUSCH payload decoding, it is reasonable to assume the same BLER value for MsgA as miss detection probability for PRACH preamble.

Proposal #4:
Specify MsgA demodulation performance with 1% BLER metric.
3 Conclusion

In this contribution we provided our views on the 2-step RACH demodulation performance requirements. In summary, we made the following proposals

Proposal #1:
Define 2-step RACH performance requirements with MCS 2, 2 PRB resource allocation and  TDL-A30 ns channel model

Proposal #2:
For 15 kHz and 30 kHz SCS define 2-step RACH performance requirements with 1.92 us TO.

Proposal #3:
For 60 kHz and 120 kHz SCS define 2-step RACH performance requirements with 0.5 us and 0.3 us TO correspondingly.

Proposal #4:
Specify MsgA demodulation performance with 1% BLER metric.
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Annex A
Simulation results for FR1 TLD-C channel model:
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	Figure 1. Simulation results for FR1 TDL-C
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