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Introduction
About the MsgA PUSCH configuration of 2-step RACH, we have reached the following agreements: 
	Agreements:
· One or more PUSCH occasion(s) within an msgA PUSCH configuration period are configured.
· FFS msgA PUSCH configuration period, e.g. 
· For option. 1 with separate PUSCH configuration, msgA PUSCH configuration period may or may not be the same as PRACH configuration period
· For option. 2 PUSCH configuration with relative location, msgA PUSCH configuration period is the PRACH configuration period
Agreements:
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]PUSCH resource unit for 2-step RACH is defined as
· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.
· FFS support only one or both of DMRS port / DMRS sequence 
· The DMRS sequence generation mechanism should follow Rel.15.

Agreements:
· The following parameters are defined per msgA PUSCH configuration:
· Common parameters for both option 1 (separate configuration) and option 2 (relative location), at least include:
· MCS and/or TBS (to be further decided)
· Number of FDMed POs 
· POs (including guard band or guard period, if exist) under the same msgA PUSCH configurations are consecutive in frequency domain
· Number of PRBs per PO
· Number of DMRS symbols/ports/sequences (if support) per PO
· FFS whether or not support repetitions for msgA PUSCH
· FFS bandwidth of PRB-level guard band or duration of guard time
· FFS PUSCH mapping type
· Parameters specific to option 1, at least include:
· Periodicity (msgA PUSCH configuration period)
· FFS value range 
· Offset(s) (e.g., symbol, slot, subframe, etc.) 
· Time domain resource allocation, details FFS, e.g., in a slot for msgA PUSCH: starting symbol, number of symbols per PO, number of time-domain POs, etc.
· Frequency starting point
· Parameters specific to option 2, at least include:
· Single time offset (combination of slot-level and symbol-level indication) with respect to a reference point
· FFS, e.g., each PRACH slot (e.g., start or end of the PRACH slot), etc.
· Number of symbols per PO 
· FFS explicit or implicit indication
· Single frequency offset with respect to FFS (the start of the first RO in frequency or the end of the last RO in frequency)
· FFS: Number of TDMed POs
· Support multiple msgA PUSCH configurations for a UE
· FFS the maximum number of configurations
· FFS which parameters, if any, are common for all configurations
· FFS indication of different msgA PUSCH configurations, e.g. by different ROs, by different preamble groups, or by UCI
· FFS whether or not resources for different msgA PUSCHs can be overlapped in time-frequency, and if so, any spec impact
· FFS whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH
· FFS validation rule of msgA PUSCH




In this contribution, we will present our further considerations on the PUSCH configuration and detailed mapping between PRACH preambles and PRUs based on the reached agreements and discussions before. Observations and proposals are provided according to the discussions.
[bookmark: OLE_LINK1]Discussions
PUSCH configuration
In our observation, it will increase the detection complexity at the gNB side if to apply both option 1 (separate configuration) and option 2 (relative location) for the MsgA PUSCH configuration simultaneously. The associated PRUs to the same preamble on ROs by using option1 and option2 might be different. As a consequence, the gNB needs to blindly detect PUSCH on two possible PRUs for one associated preamble with option1 and option2, which is unnecessary. Therefore, it is suggested to downselect one between option1 and option2. In our previous contribution, we have made a general analysis on the two options. About option1, it has pros: PUSCH ROs are flexible and always available; and cons: the association role between PRACH and PUSCH is complicated and shall be adapted to the change of PRACH configuration. About option2, it has pos: the association role between PRACH and PUSCH is simplified; and cons: the POs seems fixed with preambles and might not be available. Due to the high flexibility of configuration, we suggest to adopt option1 over option2. 
Observation1: It will increase the detection complexity at the gNB side if to apply both option 1 (separate configuration) and option 2 (relative location) for the MsgA PUSCH configuration simultaneously.
Proposal1：Downselect one between option1 and option2 and it is suggested to adopt option1 over option2 due to its the high flexibility of configuration. 

According to the agreements, the configuration of POs with option1 can be similar to the configuration of ROs. The MsgA PUSCH configuration period, time domain resource allocation like slots, starting symbol, number of symbols per PO need to be specified. Since multiple msgA PUSCH configurations are supported, the association between the preambles on ROs and POs of each configuration type shall be configured. For each PUSCH configuration type, they can use the same configuration role with different parameter settings including PUSCH configuration period, TBsize, MCS and time and frequency domain resource allocation. And we can use separate preambles or ROs associated with each PUSCH configuration type without any further explicit indication cost, where an example is shown in Fig.1. 
[image: ]
Fig.1 A illustration of multiple PUSCH configurations associated to separate ROs
Therefore, within an MsgA association period of one PUSCH configuration type, we build an association between a group of preambles on the ROs and a group of PRUs. The question only left is how to map a preamble to a PRU, which will be detailed in the next section. 
Observation2: The association between the preambles on ROs and POs of each type of PUSCH configuration shall be specified. And the type of PUSCH configuration can be indicated through separate preambles or ROs implicitly. 
Proposal2: Specify the association between the preambles on ROs and POs of each type of PUSCH configuration and indicate the type of PUSCH configuration through separate preambles or ROs implicitly.
Detail mapping between PRACH preamble and PRU
As discussed in last meeting, the mapping order of PRUs within an MsgA association period of one PUSCH configuration type can be determined as follows:
· 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
In addition to the mapping order of PRUs, the mapping order of preambles on ROs associated to the PRUs shall also be specified. We suggested to adopt the similar role for the mapping order of preambles on ROs as follows:
· 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
For example, within an association period, we assume that there are two time-domain ROs in a PRACH slot and two time-domain POs in a PUSCH slot, as shown in Fig.2. Two ROs are FDMed on each time-domain RO and each RO has 4 preambles. Two POs are FDMed on each time-domain PO. For PO t_0 , it is  configured with 6 DMRS indexes and for PO t_1 with 2 DMRS indexes. Then we have the mapping result between the preambles and PRU given in Table1. 
[image: ]
	PRACH resource unit：RO+preamble ID
（a1,a2,a3,a4）
a1=preamble ID
a2=frequency domain RO ID
a3=time domain RO ID
a4=PRACH slot ID
	PRU：PO+DMRS
（b1,b2,b3,b4）
b1=DMRS index
b2=frequency domain PO ID
b3=time domain PO ID
b4=PUSCH slot ID

	（0,0,0,0）
	（0,0,0,0）

	（1,0,0,0）
	（1,0,0,0）

	（2,0,0,0）
	（0,1,0,0）

	（3,0,0,0）
	（1,1,0,0）

	（0,1,0,0）
	（0,0,1,0）

	（1,1,0,0）
	（1,0,1,0）

	（2,1,0,0）
	（2,0,1,0）

	（3,1,0,0）
	（3,0,1,0）

	（0,0,1,0）
	（4,0,1,0）

	（1,0,1,0）
	（5,0,1,0）

	（2,0,1,0）
	（0,1,1,0）

	（3,0,1,0）
	（1,1,1,0）

	（0,1,1,0）
	（2,1,1,0）

	（1,1,1,0）
	（3,1,1,0）

	（2,1,1,0）
	（4,1,1,0）

	（3,1,1,0）
	（5,1,1,0）



Observation3: In addition to the mapping order of PRUs, the mapping order of preambles on ROs associated to the PRUs shall also be specified to complete the mapping process.
Proposal3: Within an MsgA association period of one PUSCH configuration type, the mapping order of preambles on ROs as follows:
· 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

It should be noticed that the mapping between preambles and PRUs can be one-to-one or many-to-one. Actually, the number of preambles (including one or multiple) P mapped to one PRU can be implicitly indicated by the number of preambles on ROs M and the number of PRUs N within an association period. We can have implicitly. For every one PRUs, we have P preambles mapped to it. For example with the same Fig.2, we re-assume each RO is configured with 8 preambles and have M=32,N=16,P=2 accordingly. The mapping result between the preambles and PRU with 2-to-1 mapping is then given in Table2.
	PRACH resource unit：RO+preamble ID
（a1,a2,a3,a4）
a1=preamble ID
a2=frequency domain RO ID
a3=time domain RO ID
a4=PRACH slot ID
	PRU：PO+DMRS
（b1,b2,b3,b4）
b1=DMRS index
b2=frequency domain PO ID
b3=time domain PO ID
b4=PUSCH slot ID

	（0,0,0,0）
	（0,0,0,0）

	（1,0,0,0）
	（0,0,0,0）

	（2,0,0,0）
	（1,0,0,0）

	（3,0,0,0）
	（1,0,0,0）

	（4,0,0,0）
	（0,1,0,0）

	（5,0,0,0）
	（0,1,0,0）

	（6,0,0,0）
	（1,1,0,0）

	（7,0,0,0）
	（1,1,0,0）

	…
	…



Observation4: The number of preambles (including one or multiple) P mapped to one PRU can be implicitly indicated by the number of preambles on ROs M and the number of PRUs N within an association period, like
Proposal4: Indicate the number of preambles (including one or multiple) P mapped to one PRU can be implicitly by the number of preambles on ROs M and the number of PRUs N within an association period by .

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

Observation1: It will increase the detection complexity at the gNB side if to apply both option 1 (separate configuration) and option 2 (relative location) for the MsgA PUSCH configuration simultaneously.
Proposal1：Downselect one between option1 and option2 and it is suggested to adopt option1 over option2 due to its the high flexibility of configuration. 

Observation2: The association between the preambles on ROs and POs of each type of PUSCH configuration shall be specified. And the type of PUSCH configuration can be indicated through separate preambles or ROs implicitly. 
Proposal2: Specify the association between the preambles on ROs and POs of each type of PUSCH configuration and indicate the type of PUSCH configuration through separate preambles or ROs implicitly.

Observation3: In addition to the mapping order of PRUs, the mapping order of preambles on ROs associated to the PRUs shall also be specified to complete the mapping process.
Proposal3: Within an MsgA association period of one PUSCH configuration type, the mapping order of preambles on ROs as follows:
· 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

Observation4: The number of preambles (including one or multiple) P mapped to one PRU can be implicitly indicated by the number of preambles on ROs M and the number of PRUs N within an association period, like
Proposal4: Indicate the number of preambles (including one or multiple) P mapped to one PRU can be implicitly by the number of preambles on ROs M and the number of PRUs N within an association period by .
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