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Introduction
About the channel structure of 2-step RACH, we have reached the following agreements in last meeting: 
	Agreements:
· The initialization ID for msgA PUSCH scrambling is:
· cinit = RA-RNTI216+RAPID210+nID
· nID is a cell-specific higher-layer parameter if configured; otherwise nID =NIDcell 
· RA-RNTI is as same as Rel.15 
· FFS whether or not to replace the RAPID by DMRS index, if 1-to-multiple mapping between preambles and PRUs is supported.
Agreements:
· For the configuration of the msgA PUSCH waveform
· Use a separate cell-specific parameter “msgA-transformPrecoder” to indicate the waveform of msgA PUSCH
· If the parameter is not configured, msgA PUSCH follows the waveform of msg3.

Agreements:
· Different configuration periodicity for msgA PRACH and PUSCH is not supported in Rel.16

Agreements:
· Regarding the potential overlapping of msgA PUSCH occasions for a PUSCH configuration:
· Limit the msgA PUSCH configuration so that overlapping between PUSCH occasions is not expected

Agreements:
· An msgA PUSCH occasion is considered as valid only if the following criteria are satisfied
· it does not overlap (in time and frequency) with any 4-step or 2-step RACH occasions, and
· FFS it does not span across the slot boundary, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· it does not precede a SS/PBCH block in the PUSCH slot and starts at least Ngap symbols after a last downlink symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol
· FFS whether Ngap needs to be revisited
·  FFS other criteria (the gap between preamble and data for MsgA, etc.)

Agreements:
· At least support separate LBTs for msgA PRACH and PUSCH respectively, for 2-step RACH for NR-U
· Strive to specify mechanisms to reduce LBTs

Agreements:
· When interlaced mapping is configured for PUSCH, each msgA PUSCH occasion is allocated N interlace(s) in frequency
· FFS N and starting interlace index
· FFS whether the N interlace(s) are consecutive
Agreements:
· All msgA PUSCH occasions and the associated msgA RACH occasions are confined within a single 20 MHz carrier/LBT bandwidth 
Agreements:
· The starting of msgB window should follow that defined for 2-step RACH regardless of failure of LBT for msgA PUSCH.

Agreements:
· The ordering of the msgA PRACH preambles within an msgA association period is
· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
· The PRACH preambles are mapped to valid PUSCH resource units (PRUs) within an msgA association period in the following order:
· First, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Second, in increasing order of DMRS indexes within a single PUSCH occasion
· FFS DMRS indexes for DMRS ports and/or sequences 
· 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
· For multiple configurations, the mapping is between the PRUs under each msgA PUSCH configuration and the preambles in the corresponding preamble group
· Each msgA PUSCH configurations can identify sub-sets of DMRS port/sequence combination

Agreements:
· For the RRC configuration of MCS and TBS for msgA PUSCH 
· Signalling MCS only
· FFS the table and value range

Agreements:
· For a UE in RRC_IDLE/INACTIVE state, do not support more than 2 msgA PUSCH configurations for Rel.16

Agreements:
· For a UE in RRC_CONNECTED state,
· Support up to two msgA PUSCH configurations in an UL BWP 
· If msgA PUSCH configuration is not configured for the UL BWP, it can follow that of initial BWP.
· (Working Assumption) Reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.
· FFS: Whether the number of msgA PUSCH configuration(s) should be aligned with that of UEs in RRC RRC_IDLE/INACTIVE state.
· To confirm whether PRACH configuration and msgA PUSCH configuration are both BWP specific or cell specific.
Agreements:
· For a UE in RRC_IDLE/INACTIVE state, Msg A PUSCH mapping type A or B and SLIV are included in a TDRA table.
· The TDRA table w.r.t Msg A PUSCH mapping type A or B and SLIV is based on the existing TDRA table
· FFS whether or not the parameter K2 in the table is used for msgA PUSCH
· FFS whether or not to further update
Agreements:
· Support configurable PRB-level guard band between FDMed PUSCH occasions with values only from {0, 1} PRBs
Agreements:
· Intra-slot frequency hopping per PO for msgA is configurable using a per msgA configuration
· The hopping pattern is based on the msg 3 hopping pattern in Rel.15
· FH parameters are UL BWP-specific
· FFS whether or not have a guard period between the hop
· FFS whether or not there is an issue for the consecutive POs in time
· No inter-slot frequency hopping and no repetition for msgA PUSCH in Rel-16




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. Since different configuration periodicity for MsgA PRACH and PUSCH is not supported in Rel.16, one PRACH/PUSCH period contain one PRACH/PUSCH configuration period, respectively. 
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 might 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, with ONE PUSCH configuration period being the same as ONE PRACH configuration period. 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 frequency resource indexes for frequency multiplexed PUSCH occasions 
· Second, 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.
· 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.
[bookmark: OLE_LINK4]The above two options would have two different mapping results. We suggested to adopt Option1 since there would be more invalid pairs with Option2.

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 , which is ahead of it and shall be invalid, it then re-map to PRU P_2 which satisfies the time-gap requirements between PRACH preamble and the associated PRU. And the following PRACH preamble R_2 adjusts its mapping to PRU P_3 from the originally mapped PRU 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. 
MsgA PUSCH Configurations 
We have agreed that at least up to two MsgA PUSCH configurations are supported for RRC_CONNECTED state and each configuration is associated to different preamble groups. Therefore, the current preamble groupA and groupB can be utilize to indicate the two MsgA PUSCH configurations. The purpose to support multiple MsgA PUSCH configurations is to meet the different requirements of payload size of MsgA PUSCH, which contains Msg3 in 4-step RACH. Each MsgA PUSCH configuration has separate MCS configuration. And with the knowledge of PRB number of a PO, we get the payload size of each MsgA PUSCH configuration. As a result, the preamble group for a MsgA PUSCH configuration is further associated one payload size. Therefore, when a UE is triggered to send a MsgA by 2-step RACH, it will choose to use the PUSCH configuration with the payload size is no less than its requirement. Therefore, we suggest the network to set a criterion for UE’s selection of MsgA PUSCH configuration. Specifically, use the MsgA payload size as the criterion. When the gNB successfully detects the PRACH preamble and fails to detect the associated PUSCH, it can fall back to 4-step RACH by respond a Msg2, in which the UL grant is allocated according to the preamble groupA/B. While if the criterion is not clear, the gNB might confuse with the required MsgA payload size through the detected preamble.
Observation4: The criterion for UE’s selection of MsgA PUSCH configuration is necessary to enable gNB to recognize the required MsgA payload size through the detected preamble.
Propoasl4: Set a criterion for UE’s selection of MsgA PUSCH configuration. Specifically, use the MsgA payload size as the criterion.

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. 
Observation4: The criterion for UE’s selection of MsgA PUSCH configuration is necessary to enable gNB to recognize the required MsgA payload size through the detected preamble.
Propoasl4: Set a criterion for UE’s selection of MsgA PUSCH configuration. Specifically, use the MsgA payload size as the criterion.
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