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[bookmark: _Ref4763501]Introduction
In this contribution, we discuss further details of the 2-step RACH evaluation methodology and performance metrics beyond those agreed in RAN1#96 [1]. Drivers for link vs. system evaluation are considered, and further details of link level evaluations of a single radio link as well as additional system level parameters needed for coverage evaluations are proposed.
Link-level evaluations
Link vs. system evaluation
As agreed in email discussions after RAN1#96 [1], link level simulations will be conducted to evaluate the achievable payload of msgA under different conditions as well as to assess different mechanisms for transmitting msgA. Most of the mechanisms discussed do not address interference, and single UE evaluation was agreed as a starting point. However, since RACH transmissions are commonly not scheduled, it is natural to investigate conditions where different UEs’ 2-step RACHs collide, and so it was also agreed that PUSCH collision could be considered in additional system level simulations or analytical evaluations, and it is FFS if interference in PUSCH occasions is to be evaluated in link simulations. Using system level simulations has the benefit of avoiding the difficult problem of modeling multiple UE transmissions using link level simulators. 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, the greatest 2-step RACH capacity benefits for small packet transmission are expected to be 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.
Although msgA may not contribute greatly to net capacity gains from 2-step RACH, it may still be beneficial to support a variety of msgA payload sizes. As shown in [2], the SNR in a cell can be quite high over a large part of a cell. For 200m ISD UMi, median SNRs are around 13 dB, even for relatively conservative open loop power control settings. However, the 5% SNR is rather lower: about -2 dB SNR. Therefore, limiting the msgA payload to only the 5% coverage would preclude UEs in the majority of the cell from being able to transmit substantially larger payload sizes.
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.
· However, for e.g. small cells, the SNR is likely to be quite high over a substantial part of the cell, so some ability to support different msgA sizes has potential.
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
· Study the benefit of variable msgA payload size
Additional link level parameters
A few remaining link level baseline parameters should be agreed to better align results among companies, especially for those needed to simulate the minimum payload size. We suggest the following as starting points based on the results in [2], where SNRs consisted with a 200m ISD UMi scenario and 4 gNB Rx antennas are assumed. It is expected that other values will be needed as well, but these can be one set available for comparison among companies.
[bookmark: _Ref4767669]Table 1: Parameters for minimum payload size evaluations
	Parameters
	Values 

	The number of PUSCH symbols & PUSCH scheduling type
	14, Type A

	PUSCH DMRS configuration
	Type 1, with [2 or 3] DMRS symbols

	Number of PUSCH PRBs
	[1]

	Repetition or retransmission
	[2], for cases targeting low BLER such as 1%



Proposal:
· 2-step RACH link level evaluations include the parameters and values in Table 1
System parameters for coverage evaluation
System simulation parameters are needed to determine the coverage of different msgA payload sizes. Only those parameters needed to calculate coupling loss are required if simple coverage evaluations not considering interference are used. While it was agreed in [1] to use various channel models, scenarios, and ISDs, additional parameters are needed. We propose the following based on recent evaluations done in the NOMA study [3]:

[bookmark: _Ref4767683]Table 2: System level parameters for coverage evaluations
	Parameters
	Values 

	Layout
	Single layer - Macro layer: Hex. Grid, 57 cells

	Inter-BS distance
	200m

	Carrier frequency
	4 GHz

	Channel model
	UMi in TR 38.901

	UE Tx power
	Max 23 dBm

	BS antenna configurations
	2 ports: (M, N, P, Mg, Ng) = (10, [1,2,4], 2, 1, 1), +-45 Polarization
dH = dV = 0.5λ;

	BS antenna downtilt
	102

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, 0dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi

	UE distribution
	Follow the modelling of TR 38.901

	UE attachment
	Refer to 36.873


[bookmark: _Toc473562194][bookmark: _Toc473564415][bookmark: _Toc473565653]
Proposal:
· 2-step RACH coverage evaluations use the parameters and values in Table 2 for the 200m ISD UMi scenario
Conclusions
In this contribution, we have considered further details of the 2-step RACH 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. A few additional link level parameters were identified that could help to align results at least on minimum payload size from different companies. Missing system level simulation parameters were identified that are needed for coverage evaluations. 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.
· However, for e.g. small cells, the SNR is likely to be quite high over a substantial part of the cell, so some ability to support different msgA sizes has potential.
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
· Study the benefit of variable msgA payload size
· 2-step RACH link level evaluations include the parameters and values in Table 1
· 2-step RACH coverage evaluations use the parameters and values in Table 2 for the 200m ISD UMi scenario
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