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1 Introduction

In the RAN4 #94e meeting WF on 2-step RACH demodulation requirements was agreed [1]. The following agreements were made to clarify necessity of requirements definition.
	· RAN4 should determine relevant application scenarios for MsgA performance evaluation

· Including a request to all companies to contribute parameters needed for analysis, e.g., cell size of the use cases

· RAN4 should study if new requirements for MsgA performance should be defined

· FFS on whether the new requirements are functional or performance.


In this contribution we provide analysis of 2-step RACH demodulation performance to conclude on corresponding requirements introduction.
2 Discussion
2.1 Time offset impact
The main motivation factor to introduce 2-step RACH procedure was latency reduction for initial access procedure comparing to conventional 4-step RACH procedure. In this case number of corresponding messages was reduced from 4 to 2 as illustrated in the Figure 1. PRACH preamble and PUSCH payload are transmitted together in the first step (MsgA). Conventional responses Msg2 and Msg4 are transmitted in the second step (MsgB). Such kind of enhancements also provide benefits for unlicensed operations since it allows to reduce listen before talk (LBT) impact.
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	Figure 1. 4-step RACH and 2-step RACH procedures


To limit impact on system design 2-step RACH reuses the 4-step RACH preamble formats and configuration tables. In general, it means that 2-step RACH procedure is applicable for both cell centre and cell edge UEs. Same time, 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 and can exceed CP length for cell edge UEs. In result, PUSCH demodulation performance may degrade if a receiver implementation with non-adjusted FFT window is assumed. In  Table 1 RTT time delay in fraction of CP for different cells and different SCS is presented. To control this, RSRP threshold can be configured by the network to allow only cell centre UEs to use 2-step RACH initial access.

Table 1. RTT in fraction of CP

	
	Round trip time delay in fraction of CP
	
	

	ISD Distance [m] / SCS
	20
	50
	70
	200
	500
	1732
	25000
	Symbol length
	CP length

	15 kHz
	0.01
	0.04
	0.05
	0.16
	0.41
	1.42
	20.52
	71.88
	4.68

	30 kHz
	0.03
	0.08
	0.11
	0.32
	0.82
	2.84
	41.05
	35.94
	2.34

	60 kHz
	0.06
	0.16
	0.22
	0.65
	1.64
	5.68
	82.11
	17.97
	1.17

	120 kHz
	0.13
	0.32
	0.45
	1.31
	3.28
	11.37
	164.22
	8.99
	0.58

	TO(us): Circle
	0.06
	0.16
	0.23
	0.66
	1.66
	5.77
	83.33
	 
	 

	TO(us): Hexagon
	0.07
	0.19
	0.26
	0.76
	1.92
	6.66
	96.22
	 
	 


Meantime, even for timing offset less than CP a performance degradation may be observed if the timing offset estimation and compensation are not performed correctly.
In Table 2 we present simulation results to analyse impact of timing offset on PUSCH demodulation performance. Timing offset values were derived assuming RTT delay for cell edge UEs (Table 1). Typical Msg3 payload sizes and MCS values were assumed for evaluations. 
Table 2. Demodulation performance loss at 70%@ max thr. compare to scenario with zero timing offset, dB
	
	ISD, m
	1732
	500
	200
	70
	50

	
	TO compensation
	on
	off
	on
	off
	on
	off
	on
	off
	on
	off

	56 bits, MCS 2, 1PRB
	15 kHz
	0.15
	1.6
	0.05
	0.3
	0.05
	0.1
	-
	-
	-
	-

	
	30 kHz
	-
	-
	0.1
	2.85
	0.1
	0.35
	0.05
	0.1
	-
	-

	
	120 kHz
	-
	-
	-
	-
	1
	∞
	0.1
	6.6
	0.1
	4.2

	148 bits, MCS 4, 2PRB
	15 kHz
	0.15
	10.8
	0.05
	0.6
	0.05
	0.1
	-
	-
	-
	-

	
	30 kHz
	-
	-
	0.1
	7.15
	0.1
	1.75
	0.05
	0.3
	-
	-

	
	120 kHz
	-
	-
	-
	-
	1.45
	∞
	-0.1
	13.35
	-0.1
	7.2

	240 bits, MCS 1, 6PRB
	15 kHz
	0.1
	9.8
	0.05
	0.5
	0.05
	0.1
	-
	-
	-
	-

	
	30 kHz
	-
	-
	-0.1
	8.3
	-0.1
	1.3
	0
	0.1
	-
	-

	
	120 kHz
	-
	-
	-
	-
	1.6
	∞
	0
	∞
	0
	7.1


Observation #1: Timing offset due to RTT delay may have impact PUSCH demodulation performance:

1) Ideal TO compensation: the max degradation can be up to 0.15, 0.1 and 1.6 dB for 15, 30 and 120 kHz SCS, respectively.

2) No TO compensation: Max degradation in large cells can be up to 10.8 and 7.15 dB for 15 and 30 kHz respectively

3) Without time offset compensation system cannot work or provides large degradation depending on cell size 
Timing offset compensation implementation is not verified in normal PUSCH demodulation test cases. Same time based on the above observations it is important to guarantee accurate time offset compensation in 2-step RACH procedure even for low MCS values and even for deployments with small ISD. 
Observation #2: Normal PUSCH demodulation test cases cannot guarantee reliable demodulation performance of MsgA
Moreover, accurate time offset estimation in 2-step RACH might be rather complicated. If we consider PRACH preamble for time offset estimation, then accuracy will be limited by PRACH sampling time. If we consider PUSCH DMRS, then accuracy will depend on configured number of RBs for PUSCH which is typically rather small in 2-step RACH procedure. We suggest defining demodulation performance requirements for MsgA. 
Proposal #1:
Define demodulation performance requirements for MsgA.
2.2 Test metric
Conventional test metric for PUSCH performance verification is 70%@ max achievable throughput. It is mainly assumed for eMBB use cases. Same time as we mentioned before, 2-step RACH procedure is used for latency reduction. In result, we can assume that MsgA transmission should be rather reliable. 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 PUSCH payload as miss detection probability for PRACH preamble.
Proposal #2:
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 demodulation performance requirements for MsgA.
Proposal #2:
Specify MsgA demodulation performance with 1% BLER metric.
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Simulation results:
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15 kHz SCS; TDL-A Channel model

56 Bits; 0 m

56 Bits; 1732 m; Compensation On

56 Bits; 500 m; Compensation On

56 Bits; 200 m; Compensation On
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15 kHz SCS; TDL-A Channel model

148 Bits; 0 m

148 Bits; 1732 m; Compensation On

148 Bits; 500 m; Compensation On

148Bits; 200 m; Compensation On

148 Bits; 1732 m; Compensation Off

148 Bits; 500 m; Compensation Off

148 Bits; 200 m; Compensation Off
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15 kHz SCS; TDL-A Channel model

240 Bits; 1732 m; Compensation On

240 Bits; 500 m; Compensation On

240 Bits; 200 m; Compensation On

240 Bits; 1732 m; Compensation Off

240 Bits; 500 m; Compensation Off
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30 kHz SCS; TDL-A Channel model

56 Bits; 0 m

56 Bits; 500 m; Compensation On

56 Bits; 200 m; Compensation On

56 Bits; 70 m; Compensation On

56 Bits; 500 m; Compensation Off

56 Bits; 200 m; Compensation Off
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30 kHz SCS; TDL-A Channel model

148 Bits; 0 m

148 Bits; 500 m; Compensation On

148 Bits; 200 m; Compensation On

148 Bits; 70 m; Compensation On

148 Bits; 500 m; Compensation Off

148 Bits; 200 m; Compensation Off

148 Bits; 70 m; Compensation Off
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30 kHz SCS; TDL-A Channel model

240 Bits; 0 m

240 Bits; 500 m; Compensation On

240 Bits; 200 m; Compensation On

240 Bits; 70 m; Compensation On

240 Bits; 500 m; Compensation Off

240 Bits; 200 m; Compensation Off

240 Bits; 70 m; Compensation Off
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120 kHz SCS; TDL-A Channel model

56 Bits; 0 m

56 Bits; 200 m; Compensation On

56 Bits; 70 m; Compensation On

56 Bits; 50 m; Compensation On

56 Bits; 200 m; Compensation Off

56 Bits; 70 m; Compensation Off

56 Bits; 50 m; Compensation Off
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120 kHz SCS; TDL-A Channel model

148 Bits; 0 m

148 Bits; 200 m; Compensation On

148 Bits; 70 m;; Compensation On

148 Bits; 50 m; Compensation On

148 Bits; 200 m; Compensation Off

148 Bits; 70 m; Compensation Off

148 Bits; 50 m; Compensation Off
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120 kHz SCS; TDL-A Channel model

240 Bits; 0 m

240 Bits; 200 m; Compensation On

240 Bits; 70 m; Compensation On

240 Bits; 50 m; Compensation On

240 Bits; 200 m; Compensation Off

240 Bits; 70 m; Compensation Off

240 Bits; 50 m; Compensation Off
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