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Introduction
About the MsgA PUSCH configuration of 2-step RACH, we have reached the following agreements in last meeting: 
	Agreements:
· The following parameters are further defined per msgA PUSCH configuration 
· Common parameters for both option 1 (separate configuration) and option 2 (relative location)
· Number of slots (in active UL BWP numerology) containing one or multiple POs, each slot has the same time domain resource allocation
· Number of time domain POs in each slot
· POs including guard period are contiguous in time domain within a slot
· SLIV-based, indicating the start symbol of the first PO in each slot, and the number of occupied symbols of each PO in time domain
· the number of occupied symbols excludes the guard period
· PUSCH mapping type A or B
· Configurable guard period, value range in the unit of symbols FFS
· Frequency start point with respect to the first PRB of the active UL BWP
· FFS: configurable PRB-level guard band, up to 1 PRB

Agreements:
· At least support same configuration periodicity for msgA PRACH and PUSCH
· Single time offset with respect to the start of each PRACH slot, counted as the number of slots (based on the numerology of active UL BWP) 
· Note: The symbol level offset is implied in SLIV-based indication
· FFS how to handle the overlapping between POs
· FFS whether and how to support different configuration periodicities

Agreements:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· More than 1 DMRS sequence can be configured, FFS the value
· FFS whether/how to support multiple sequences for DFT-s-OFDM
· The conditions under which only DM-RS ports are to be specified. FFS details
· Confirm the working assumption that both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit (PRU) are supported
· Configurable number of preambles (including one or multiple) mapped to one PRU, explicitly or implicitly
· FFS 1-to-multiple mapping




In this contribution, we will present our further considerations on the details of mapping between PRACH preambles and PRUs based on the reached agreements and discussions before. Observations and proposals are provided according to the discussions.
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Association between msgA PRACH and PUSCH
The association period of msgA PRACH and PUSCH is kind of the first thing needs to be clarified before mapping between PRACH preamble and PRU. In our observation, the MsgA PRACH period and associated PUSCH period in the association period shall also be clarified. Here, we refer the PRACH period and associated PUSCH period as the two time-domain periods for the mapping between PRACH preamble and PRU. A PRACH/PUSCH period might contain one or multiple PRACH/PUSCH configuration periods, depending on the relationship between the PRACH configuration period and PUSCH configuration period. For example, if a PUSCH configuration period is N times of the PRACH configuration period, the PRACH period then contains N PRACH configuration periods, and the association PUSCH period contains ONE PUSCH configuration period. 
In an association period, there might cause many invalid PRACH slots or PUSCH slots if the starting point of PRACH period and the starting point of PUSCH period are the same. For example as shown in Fig.1, The time offset between the PRACH slot and corresponding PUSCH slot is 1 slot, and the PRACH slots are {1,3,5,7,9} in a PRACH period. In the first association period starting from SFN=0, the preambles within last PRACH slot{9} would have no associated PRUs and the corresponding PUSCH slot{0} in SFN=1 would be invalid.
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Fig. 1
However, if we set a time offset between the starting point of PRACH period and the starting point of the associated PUSCH period, same as the time offset between the PRACH slot and the corresponding PUSCH slot, there would be no such problem, as shown in Fig.2. 
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Fig. 2
And the following association periods would be shown as Fig.3, taking ONE PUSCH configuration period is N times of PRACH configuration period as example. Therefore, we suggest to set a time offset between the starting point of PRACH period and the starting point of the associated PUSCH period, to ensure more  valid PRACH slots and the associated PUSCH slots.
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Fig. 3
Observation1: In an association period, the starting points of PRACH period and the associated PUSCH period should be further clarified. 
Proposal1: It is suggest to set a time offset between the starting point of PRACH period and the starting point of the associated PUSCH period, to ensure more valid PRACH slots and the associated PUSCH slots. 

Details of mapping between PRACH preamble and PRU
In an association period, we can make a mapping between PRACH preamble and PRU according to the following order in the PRACH period and associated PUSCH period, respectively.
1) In PUSCH period : 
· First, in increasing order of DMRS indexes within a single PUSCH occasion
· The DMRS index can be DMRS port index or DMRS sequence index or a configuration index of a combination of DMRS port and DMRS sequence. 
· Second, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot
· Fourth, in increasing order of indexes for PUSCH slots
2) In PRACH period:
· First, in increasing order of preamble ID
· Second, in increasing order of frequency resource indexes for frequency multiplexed ROs
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots

However, the configured PRACH resources and PUSCH resources might not be always available for some reasons like collision with the configuration of system fame structure. For example, as shown in Fig.4, the configured PRACH slots is {1,3,5,7,9} within which {3,5,9} would be unavailable due to the collision with downlink slots. And so as the associated PUSCH slots{4,8,0(next SFN)}. 
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Fig. 4
Therefore, there are two options to process the mapping algorithm as follows:
Option1: Subtract the unavailable PRACH/PUSCH resources from the configured PRACH/PUSCH resources and then carry out the mapping between PRACH preamble and PRU. 
Option2：Carry out the mapping between PRACH preamble and PRU based on the configured PRACH/PUSCH resources and then subtract the invalid pairs due to the non-availability of PRACH/PUSCH resources.
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Observation2: There are two options to process the mapping algorithm as follows:
· Option1: Subtract the unavailable PRACH/PUSCH resources from the configured PRACH/PUSCH resources and then carry out the mapping between PRACH preamble and PRU. 
· Option2：Carry out the mapping between PRACH preamble and PRU based on the configured PRACH/PUSCH resources and then subtract the invalid pairs due to the non-availability of PRACH/PUSCH resources.
Proposal2: It is suggested to adopt Option1 since there would be more invalid pairs with Option2.



In addition, when to carry out the mapping algorithm, it happens that the PRACH preamble is right after the mapped PRU, which is invalid. For example, as shown in Fig.4, the preambles in PRACH slot{7} might be mapped to the PRU in PUSCH slot{6}. There are also two options to handle this kind of problem. 
Option1: If a PRACH preamble is mapped to a PRU ahead of it, re-map to a PRU right after the preamble, and the following mapping between PRACH preamble and PRU is adjusted accordingly.
As shown in Fig.5, taking a one-to-one mapping as an example, PRACH preamble R_1 is originally mapped to a PRU P_1 ahead of it, it then re-map to P_2. And the following R_2 adjusts its mapping to P_3 from the originally mapped P_2. 
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Fig. 5
Option2: Carry out the mapping between PRACH preamble and PRU without considering the time relationship between preamble and the mapped PRU, and then subtract the invalid pairs if a PRACH preamble mapped to a PRU ahead of it. 
The above two options would have two different mapping results. For Option1, if the configured PUSCH resources are sufficient, the re-map operation would have no negative-effect to the following PRACH preambles and can reduce the amount of invalid pairs. Therefore, we suggest to adopt Option1 over Option2. 

Observation3: There are also two options to handle the problem if a PRACH preamble is mapped to a PRU ahead of it during the mapping process:
· Option1: Re-map to a PRU right after the preamble, and the following mapping between PRACH preamble and PRU is adjusted accordingly.
· Option2：Carry out the mapping between PRACH preamble and PRU without considering the time relationship between preamble and the mapped PRU, and then subtract the invalid pairs if a PRACH preamble mapped to a PRU ahead of it.
Proposal3: It is suggested to adopt Option1 over Option2, since the re-map operation would have no negative-effect to the following PRACH preambles and can reduce the amount of invalid pairs with sufficient configured PUSCH resources. 

Conclusions
In this contribution, we have present our further considerations on the detailed mapping between PRACH preambles and PRUs. Observations and proposals are provided according to the discussions, including:

Observation1: In an association period, the starting points of PRACH period and the associated PUSCH period should be further clarified. 
Proposal1: It is suggest to set a time offset between the starting point of PRACH period and the starting point of the associated PUSCH period, to ensure more valid PRACH slots and the associated PUSCH slots. 

Observation2: There are two options to process the mapping algorithm as follows:
· Option1: Subtract the unavailable PRACH/PUSCH resources from the configured PRACH/PUSCH resources and then carry out the mapping between PRACH preamble and PRU. 
· Option2：Carry out the mapping between PRACH preamble and PRU based on the configured PRACH/PUSCH resources and then subtract the invalid pairs due to the non-availability of PRACH/PUSCH resources.
Proposal2: It is suggested to adopt Option1 since there would be more invalid pairs with Option2.

Observation3: There are also two options to handle the problem if a PRACH preamble is mapped to a PRU ahead of it during the mapping process:
· Option1: Re-map to a PRU right after the preamble, and the following mapping between PRACH preamble and PRU is adjusted accordingly.
· Option2：Carry out the mapping between PRACH preamble and PRU without considering the time relationship between preamble and the mapped PRU, and then subtract the invalid pairs if a PRACH preamble mapped to a PRU ahead of it.
Proposal3: It is suggested to adopt Option1 over Option2, since the re-map operation would have no negative-effect to the following PRACH preambles and can reduce the amount of invalid pairs with sufficient configured PUSCH resources. 
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