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Introduction
In this contribution, we discuss the evaluation methodology and performance metrics that are relevant for 2-step RACH work [1]. Drivers for link vs. system evaluation are considered, and link level evaluations of a single radio link are proposed.
Link-level evaluations
Link vs. system evaluation
Link level simulations will be needed to evaluate the achievable payload of msgA under different conditions. Since RACH transmissions are commonly not scheduled, it is natural to investigate conditions where different UEs’ 2-step RACHs collide. However, modeling multiple UE transmissions using link level simulators can be quite challenging. The coupling loss of the different UEs to a serving cell, power control, traffic models, and inter-cell interference can all strongly affect performance and are difficult to take into account in typical link level simulators.
System level simulations are primarily targeted at determining system capacity. However, 2-step RACH capacity benefits for small packet transmission are from quick completion of the RACH procedure and from getting good uplink CSI for PUSCH transmissions following msgA, rather than optimizing the capacity of msgA itself. Therefore, how capacity should be evaluated in 2-step RACH should be further considered before launching into a system level evaluation of 2-step RACH capacity.
Observations:
· The capacity benefit for 2-step RACH used with small data applications is not likely to come from optimizing the capacity of msgA PUSCH 
· Capacity of PUSCH that can be scheduled after msgB can be substantially better than msgA due to better link adaptation, scheduling flexibility, etc.
Proposals:
· Link level evaluations simulate a single UE as a starting point
· The need for evaluations of 2-step RACH collision among UEs should be further studied
· Any such evaluations take into account all relevant ‘system’ behaviors
Link level criteria
Evaluations of PRACH performance consider both false alarm and missed detection. On the other hand, PUSCH evaluations do not normally evaluate false alarm since a CRC is used. Each msgA transmission contains both a PRACH and PUSCH, and successful reception of both is needed for the msgA reception to be successful. This means that false detection is not likely after the PUSCH CRC check, and so false alarms are not a useful metric for full reception of msgA. On the other hand, some 2-step RACH procedures may rely on detecting the presence of msgA without decoding the PUSCH part. Therefore it may be useful to set a false detection threshold even if PUSCH is present. The 1% missed detection and 0.1% false alarm rates used in prior Rel-15 and NR-U still seem suitable for 2-step RACH. (Note that missed detection and false alarm rates are discussed in more detail in Table 1 below).
Observations:
· The presence of PUSCH in msgA can lead to a negligible false alarm rate for msgA
· However, some 2-step RACH procedures may detect msgA without decoding PUSCH
Proposals:
· A missed detection probability of 1% is used as a detection criterion
· A false alarm probability of 0.1% can be used as an additional critierion
Link level metrics
The NR-U PRACH link level investigations agreed in the January RAN1 adhoc [2] report the following metrics:
· Misdetection probability vs. SNR and False alarm probability vs. SNR
These make sense to report for msgA, as discussed above.

· CDF of timing estimation error
Since PRACH enhancements are not in scope, it is not clear what this metric would be used for and it may not be needed.

· PRACH capacity (maximum number of preambles)
The number of msgAs that could be received simultaneously is likely less than the number of PRACH preambles in a PRACH occasion, so in that sense msgA capacity could be of interest. However, as discussed above, whether msgA capacity optimization is really needed should be further discussed. If capacity optimization is needed, it should be evaluated at the system level, and so should not be a link level metric. Therefore, while PRACH capacity can certainly be discussed, it should not be reported as a link level metric.

· Peak-to-average power ratio and cubic metric
Since the 2-step RACH work item targets small cell operation, power limited operation is of less interest, and so the need to report PAPR and cubic metric reporting is not so clear. Similarly, since Rel-15 PUSCH and PRACH are to be used in 2-step RACH, there may be few design choices that can affect these metrics.

· Maximum coupling loss
The reasoning for PAPR and CM above holds here as well: optimizing for MCL should not be needed in small cells, and how 2-step designs could improve MCL is not obvious.
Proposals:
· Missed detection probability vs. SNR is reported as a link level metric
· False alarm can be reported as a link level metric

Based on these considerations, we summarize our proposed LLS evaluation framework in Table 1, selecting parameters suitable for the small cells targeted by the 2-step RACH WID. The rationale behind the selected parameters is given in the rightmost column.
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	Parameters
	Values
	Rationale

	Carrier Frequency
	4 GHz
	In line with UMi scenario and small cell use case.

	Waveform 
	CP-OFDM and DFT-S-OFDM
	While range is not a primary design factor, supporting DFT-S-OFDM on Rel-15 PUSCH does not seem difficult.

	(data part)
	
	

	Subcarrier spacing
(PRACH and PUSCH)
	30kHz
	Common SCS at 4 GHz

	PRACH preamble
	Format [B1 and B3]
Positioned adjacent to PUSCH as a starting point
	A shorter and a longer preamble format could test different aspects of the design. A preamble with a gap would provide some robustness for adjacent PUSCH.

	PUSCH & DMRS
	Type A, 14 symbol, 
3 symbol Type I DMRS, frequency hopping used
Other configurations not precluded.
	Similar to Rel-15 msg3 configuration

	MCS
	{1/3,1/2,2/3} QPSK and 16QAM as a starting point
	[bookmark: _GoBack]Hopefully a large enough range to capture behaviors likely impacted by code rate and modulation state.

	Transport block size 
	 [10, 20, 40, 60, 75] bytes.
	

	Detection Criteria
	1% maximum mis-detection probability(Note 1)
	In line with NR-U and Rel-15 simulation assumptions.

	
	0.1% maximum false alarm probability(Note 2)
	In line with NR-U and Rel-15 simulation assumptions.

	
	maximum timing estimation error being 50% of the normal CP length in case PRACH is received without PUSCH
	In line with NR-U and Rel-15 simulation assumptions.  Note that if PUSCH is received then timing estimates should be accurate.

	gNB antenna configuration
	2 or 4Rx for 4 GHz as a starting point
	Reflects NR-U assumptions and realistic number of gNB antennas at 4 GHz.

	UE antenna configuration
	1 Tx 
2 Tx optional
	Since 2 Tx could be beneficial in addition to higher MCS in at least RRC_CONNECTED operation since 2 Tx UEs are becoming more common.

	Propagation channel & UE velocity
	CDL-A 30ns and CDL-C 300ns in TR38.901; {3, 30} km/h as a starting point
	TDL channel models do not take into account angle spread, which may lead to optimistic measures of diversity gain with more than 2 antennas.
30 kmph seems a reasonable higher UE speed in small calls. Other speeds could be considered.

	Max number of HARQ transmission
	1 msgA transmission
Optionally: a company reported value 
	msgA retransmission performance should be studied, and the number of retransmissions can be a function of the retransmission mechanism.

	Receiver
	Realistic channel estimation
	

	
	L-MMSE-IRC
	Non-linear receivers may provide further gain and are not precluded from gNB implementation. However, optimizing 2-step RACH for non-linear receivers does not seem necessary.

	
	
	

	Timing offset
	Uniformly distributed in [0, 0.8 µs (corresponding to 200m ISD)] 
	Based on NR-U assumptions, adjusted for 200m ISD

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE
	In line with NR-U and Rel-15 simulation assumptions.

	Traffic model for link level
	Full buffer as starting point. 
	Full buffer should be sufficient for simulations of a single UE

	Formatting of results (please also reference Section 8 of R1-1704144 for reporting formats)
	Mis-detection probability vs. SNR
	From NR-U simulation methodology.

	
	False alarm probability vs. SNR(Note 3)
	From NR-U simulation methodology.

	(Note 1) The missed detection probability is defined as the ratio between the total number of transmitted preambles that are either not detected, or detected as a different preamble, or detected but with timing error greater than the maximum value (i.e., 50% of normal CP length), and the total number of transmitted preambles within an observation interval.
(Note 2) Maximum false alarm probability refers to the case when input at receiver is noise only (considering 64 preamble detectors as in 3GPP TS 36.104, section 8.4.1). 
(Note 3) False alarm probability is defined as the ratio of total number detected but not transmitted preambles, and the total number of possible detection occurrences, where each occurrence (occurrence refers to 64 detections, one for each of the 64 preambles in a cell) is one potential preamble transmission in a RO.



Proposal:
· 2-step RACH link level evaluations use the parameters and values in Table 1
Conclusions
In this contribution, we have considered evaluation methodology and performance metrics for 2-step RACH. Drivers for link vs. system evaluation were considered, where we found that evaluation of a single radio link is a sufficient starting point for link level studies. We made the observations below leading to the following proposals:
Observations:
· The capacity benefit for 2-step RACH used with small data applications is not likely to come from optimizing the capacity of msgA PUSCH 
· Capacity of PUSCH that can be scheduled after msgB can be substantially better than msgA due to better link adaptation, scheduling flexibility, etc.
· The presence of PUSCH in msgA can lead to a negligible false alarm rate for msgA
· However, some 2-step RACH procedures may detect msgA without decoding PUSCH
Proposals:
· Link level evaluations simulate a single UE as a starting point
· The need for evaluations of 2-step RACH collision among UEs should be further studied
· Any such evaluations take into account all relevant ‘system’ behaviors
· A missed detection probability of 1% is used as a detection criterion
· A false alarm probability of 0.1% can be used as an additional critierion
· Missed detection probability vs. SNR is reported as a link level metric
· False alarm can be reported as a link level metric
· 2-step RACH link level evaluations use the parameters and values in Table 1
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