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[bookmark: _Ref21011971]Introduction
In RAN4 #96e meeting WF on 2-step RACH demodulation requirements was agreed [1]. Main test setup parameters were finalized except TO values for requirements definition, DMRS configuration for FR1 and appropriate test metric. In this contribution we provide analysis on appropriate TO values for 2-step RACH demodulation performance requirements definition and address the remaining open issues.
Discussion
Simulation results and TO for requirements definition
In this section we provide link-level results for PUSCH demodulation performance based on the agreed simulation parameters. The performance is depicted in terms of SNR degradation comparing to scenario without TO. Table 1 and table 2 summarize obtained results for FR1 and FR2 respectively. The exact curves can be found in Annex A. Conventional post FFT TOC was assumed for both medium and high level TOs. The obtained results are discussed in the next sections.
Table 1. Demodulation performance degradation for FR1 scenarios
	SCS
	DMRS Configuration
	BLER
	Medium TO
	High TO

	
	
	
	TO Comp On
	TO Comp Off
	TO Comp On
	TO Comp Off

	15 kHz
	1+1
	10
	0.2
	1
	0.2
	9.3

	
	
	1
	0.2
	1.2
	0.2
	8.1

	
	1+1+1
	10
	0
	0.7
	0
	7.7

	
	
	1
	0.2
	0.9
	0.2
	7.7

	30 kHz
	1+1
	10
	0.3
	0.3
	0.6
	18.4

	
	
	1
	0.3
	0.6
	1.4
	Inf

	
	1+1+1
	10
	0
	0.1
	0.3
	16.7

	
	
	1
	0
	0.3
	1
	19.5


 




Table 2. Demodulation performance degradation for FR2 scenarios
	SCS
	DMRS Configuration
	BLER
	Medium TO
	High TO

	
	
	
	TO Comp On
	TO Comp Off
	TO Comp On
	TO Comp Off

	60 kHz
	1+1
	10
	0.6
	6
	0.6
	9.9

	
	
	1
	0.2
	Inf
	0.3
	Inf

	120 kHz
	1+1

	10
	0.4
	2.8
	0.4
	Inf

	
	
	1
	0.1
	2.9
	0.1
	Inf


Observation #1: PUSCH performance loss is observed without TOC for typical 2-step RACH PUSCH configurations:
1) Medium TO level: Without TOC demodulation performance loss can be up to 1.2 dB for FR1 and for some FR2 scenarios system cannot reach 1% BLER
2) High TO level: Without TOC system cannot reach 1 % BLER for some FR1 scenarios and for the most FR2 scenarios.
Based on obtained results we can conclude that TOC is required to ensure proper MsgA demodulation performance even with medium TO level. Both medium and high level TO are sensitive to wrong TOC implementation. As for minimum performance requirements it is enough to consider only Medium TO range for 2-step RACH requirements definition. Based on our evaluations there is no need to use enhanced demodulation processing on such low MCS value to provide reliable performance with TO values larger than CP length. In this case it is unlikely that different BSs will declare supporting of different 2-step RACH application ranges since conventional BS implementation allows to configure 2-step RACH operation for cell-edge UEs without demodulation performance impact. The main purpose of introduction 2-step RACH procedure was latency reduction for cell-center UEs. From this point of view during the RAN1 discussion only cells with limited ISD were considered. In this case it is natural to assume the same applicable scenarios for the minimum performance requirements. Therefore, we suggest using only medium level TO set for requirements definition.
[bookmark: _Hlk54271049]Proposal #1:	Specify 2-step RACH demodulation performance requirements only with medium level TO set.
Remaining test parameters
DMRS configuration
Sensitivity to wrong TOC implementation is a critical aspect for 2-step RACH demodulation performance test. Based on results presented in section 2.1 we can make the following observation:
Observation #2: For same BLER test metric performance difference between TO compensation on and off is higher with 1+1 DMRS configuration comparing to 1+1+1.
Besides that, most of the UL demodulation performance requirements are defined for 1+1 DMRS configuration except requirements for high UE mobility. Considering that 2-step test case are defined under low speed conditions there is no necessity to configure more than 2 additional DMRS symbols. 
Considering test sensitivity and typical DMRS configuration for low UE mobility tests, we suggest using 1+1 DMRS configuration.
Proposal #2:	Specify 2-step RACH demodulation performance requirements with 1+1 DMRS configuration for FR1
Test metric
As for DMRS configuration, one of the important criteria to choose appropriate performance metric is the test sensitivity to wrong TOC implementation. Based on the obtained link-level results we can make the following observation: 
Observation #3: For same DMRS configuration performance difference between TO compensation on and off is higher at 1% BLER comparing to 10% BLER.
In addition, it is reasonable to assume the same BLER for PUSCH as miss detection probability for RACH preamble since a joint preamble detection and PUSCH payload decoding is assumed for 2-step RACH performance requirements. And as we know, PRACH preamble detection requirements guarantee less than 1% miss detection probability. 
Proposal #3:	Specify 2-step RACH demodulation requirements with 1% BLER metric.
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:	Specify 2-step RACH demodulation performance requirements only with medium level TO set.
Proposal #2:	Specify 2-step RACH demodulation performance requirements with 1+1 DMRS configuration for FR1.
Proposal #3:	Specify 2-step RACH demodulation requirements with 1% BLER metric.
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	Figure 1. PUSCH demodulation performance with medium TO
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	Figure 2. PUSCH demodulation performance with high TO
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