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1. INTRODUCTION
In RAN1 #96 [1], 3GPP held the first meeting of the 2-step RACH WI. The discussion was mainly focused on msgA and signal structure, and the following agreements were made: 

	PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission associated with a PRACH preamble in msgA

Consider the following methods for PUSCH occasion of msgA transmission:
· Opt 1: PUSCH occasions are separately configured from PRACH occasions
· For one PUSCH occasion, it is derived based on:
· Alt 1: reuse the resource allocation for NR configured grant in principle
· Alt 2: other potential configurations (e.g., reuse semi-static SFI + BWP,  reuse PRACH RO, etc.)
· FFS detailed association rule between the PRACH and PUSCH for msgA transmission
· Opt 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion
· Alt 1: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single specification fixed value.
· Alt 2: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is single specification fixed value. Different preambles in different PRACH occasions can have different values.
· Alt 3: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single semi-statically configured value.
· Alt 4: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is semi-statically configured value. Different preambles in different PRACH occasions can have different values.
· Note: The time and frequency relation is not required to be the same alternative.
· FFS detailed mapping between preamble and PUSCH resource + DMRS

Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to indicate/configure the waveform 

Consider the following numerology for msgA PUSCH (for possible down-selection)
· Alt 1: ​follow the numerology configured for the UL BWP
· FFS initial vs. active UL BWP
· Alt 2:  same as msgA preamble numerology at least for some cases
· E.g., when short preamble is used (L=139)

For the relation of PRACH resources between 2-step and 4-step RACH, further study the following options (for possible down-selection or combination(s) of the options)
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH

The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH
· FFS beam association for PUSCH

At least open loop power control for PUSCH transmission in MsgA should be supported
· FFS PC for preamble vs. PC for PUSCH



In this contribution we provide our views on PRACH/PUSCH resource mapping. Moreover, we share our evaluation results for PUSCH payload size determination.
 
2. PRACH AND PUSCH MAPPING
Transmission of msgA is characterized by the preamble occasion and the PUSCH resource definition. The preamble and PUSCH payload are multiplexed in time, with the preamble part preceding the data payload transmission. In addition, DMRS ports also need to be somehow configured and allocated for each UE. For the preamble part, legacy Rel. 15 PRACH procedure is reused where a UE randomly selects one preamble from a set and transmits it during a preconfigured PRACH occasion. For the data part, legacy Rel. 15 PUSCH with DMRS ports are used as the basis for payload transmission. In the last meeting [1], it was further agreed that the payload transmission relies on a PUSCH occasion consisting of time-frequency resources. The detailed mapping between PRACH preamble resources and PUSCH resources as well as DMRS ports allocation remains as open issues. 

For PUSCH occasions, several alternatives have been proposed. One option is to configure the PUSCH occasions separately from the PRACH occasions. Similar to PRACH occasions, configuration tables such as Tables 6.3.3.2-2 to 6.3.3.2-4 in 38.211 [2] need to be specified for the PUSCH occasions in FR1/FR2 and for paired/unpaired spectrum. However, such approach introduces additional overhead in the SIB since the configurations for PUSCH and PRACH each require their own indices and lacks flexibility to dynamically assign resources. It has also been suggested that the same resource occasions as PRACH could be reused for the PUSCH occasions instead of having separate configurations. However, this places unnecessary restrictions on the payload since the resource locations and number of PRBs for the PUSCH occasion cannot be adjusted in the frequency domain depending on the payload size or MCS. 

Another suggested option is to configure PUSCH occasions relative to the associated PRACH occasion. This option provides more flexibility to select PUSCH occasions with varying bandwidths on different parts of the spectrum. The UE and gNB have more options to determine a suitable MCS and PRB location to accommodate the payload. One of the advantages of this approach is that it could potentially reduce likelihood of collision between payloads of different UEs since each PUSCH can be configured to be transmitted in different parts of the bandwidth. The relative location of a PUSCH occasion can be semi-statically configured. The configuration can contain one or multiple parameters denoting the time and frequency offsets with respect to the associated PRACH occasion. Alternatively, the offsets can be dynamically reconfigured according to gNB resource availability or resource loading. Due to its flexibility, performance and low overhead requirement, the option with PUSCH occasions configured relative to the PRACH occasions is preferred. 
 
Proposal 1:	Opt 2 for PUSCH occasion configuration is preferred.
 
3. PUSCH PAYLOAD DETERMINATION
Payload size determination was briefly discussed in the RAN1 #96 meeting. Following the meeting, the discussion on methodology and simulation assumptions for payload size determination continued [2]. 

The supported TBS can be determined through joint use of link and system level simulations. The methodology relies on generating BLER curves for different payload size assumptions. Based on the determined required SNR for 10% BLER, a link budget calculation is performed to determine the supported MCL. Then, the computed MCL is compared against the coupling loss distribution generated for the deployment scenario. The target CL corresponds to the value at the 95%-tile of the CL distribution. To determine the supported payload, the MCL computed for different payload sizes is compared against the target CL. 

In this contribution, we use 56, 72, 144, and 200 bits payload. The target deployment scenario used to compare is the 700 MHz carrier frequency with 1732 ISD. The bandwidth is assumed 6 PRBs with 1/7 DMRS overhead per TTI. A detailed list of simulation assumptions is provided in the Appendix. 

Figures 1 demonstrates BLER performance for the assumed payload sizes. In Figure 2, the required SNR for achieving 1% and 10% BLER are shown for different payload sizes. Figure 3 shows the CL distribution for the considered deployment scenario, that indicates a target CL of 136 dB for the 95%-tile. 

Figure 4 shows the MCL as a function of the payload size for different required BLER. The reported MCL values in Figure 4 are calculated based on the link budget calculation in Table 1. The target CL is also plotted based on the CL distribution from Figure 3. As can be seen, for 10% BLER, payload sizes up to 160 bits yield MCLs that satisfy the target CL, whereas for 1% BLER the target cannot be achieved. However, by reducing the coding rate or by employing additional receive antennas, the performance can be improved to satisfy the 1% BLER requirement. 
Based on the simulation results, we make the following observation:  

Observation 1: Assuming 10% target BLER, up to 160 bits payload can be supported in 1732m RMa 700MHz deployment scenario with a transmission bandwidth of 6 PRBs. 
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Figure 1 BLER vs SNR in 700MHz TDL-A 3 kph 2 Rx
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Figure 2 Required SNR vs payload size
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[bookmark: _Ref4679053][bookmark: _Ref4678998]Figure 3 Coupling loss distribution in RMa 700MHz 1732 ISD
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4. Conclusions 
In this contribution we provided our views on PRACH/PUSCH resource mapping. Moreover, we shared our evaluation results for PUSCH payload size determination. Based on the presented discussion and results, following observation and proposal are made;

Proposal 1:	Opt 2 for PUSCH occasion configuration is preferred.
 
Observation 1: Assuming 10% target BLER, up to 160 bits payload can be supported in 1732m RMa 700MHz deployment scenario with a transmission bandwidth of 6 PRBs. 
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	TBS (bits)
	56
	72
	144
	200

	Transmitter
	 
	 
	 
	 

	(1) Tx Power (dBm)
	23
	23
	23
	23

	Receiver
	 
	 
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) eNB receiver noise figure (dB)
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	1080000
	1080000
	1080000
	1080000

	(6) Effective noise power
	-108.66
	-108.66
	-108.66
	-108.66

	= (2)+(3)+(4)+10log((5)) (dBm)
	
	
	
	

	(7) Required SINR (dB) (Target BLER=0.1 [BLER=0.01])
	-9 [-3.3]
	-7.8 [-2]
	-4.8 [1.3]
	-3.4 [2.4]

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-117.66
[-111.96]
	-116.46 
[-110.66]
	-113.46 
[-107.36]
	-112.06 
[-106.26]

	(9) Receiver processing gain
	0
	0
	0
	0

	(10) MCL = (1)-(8)+(9) (dB)
	140.66 
[134.96]
	139.46 
[133.66]
	136.46 
[130.36]
	135.06 
[129.26]



Table 2 Link level simulation assumptions
	Parameters
	Values

	Scenario
	1732m, RMa, 700 MHz

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	15kHz at 700MHz

	TBS
	[56, 72, 144, 200] bits 

	CR and Resource size
	[0.03, 0.042, 0.084, 0.12], 1/7 DMRS overhead

	Number of UEs
	1 

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx

	gNB antenna configuration
	2Rx, (M,N,P) = (10,1,2)
92 degree downtilt

	Propagation channel & UE velocity
	TDL-A 30ns 3km/h 

	Timing offset
	0

	Frequency offset
	0

	Max number of HARQ transmission
	1

	Receiver
	MMSE-IRC

	Channel estimation
	Ideal

	 Target BLER
	10% 

	Performance metrics
	BLER vs. SNR; MCL
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