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Introduction
In last meeting in RAN1#96b, a bunch of agreements in aspect of physical structure for 2-step RACH have been reached as follows[1]:
	Agreements:
· One or more PUSCH occasion(s) within an msgA PUSCH configuration period are configured.
· FFS msgA PUSCH configuration period, e.g. 
· For opt. 1 with separate PUSCH configuration, msgA PUSCH configuration period may or may not be the same as PRACH configuration period
· For opt. 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.

Working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit
· FFS one-to-multiple mapping
· Companies are strongly encouraged to perform additional evaluations/analysis

Agreements:
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported




In this contribution, we will present our further considerations on the channel structure design of 2-step RACH based on the reached agreements. Observations and proposals are provided according to the discussions.
[bookmark: OLE_LINK1]Discussions
msgA PUSCH configuration period 
[bookmark: OLE_LINK2]For Opt1, if the msgA PUSCH configuration period is small than the PRACH configuration period, more than one PUSCH configuration indications shall be associated with one PRACH configuration period and that will cost high signalling overhead. On the other hand, if the msgA PUSCH configuration period is greater than the PRACH configuration period, it will save the signalling overhead in the case that the PRACH configurations in one PUSCH configuration period are the same or set in advance. However, any changes for the PRACH configurations in one PUSCH configuration would lead that the association relationship between PRACH and PUSCH is not applicable. As a result, it shall trigger a new PUSCH configuration to adapt to the change of PRACH configuration. 
For Opt2, the msgA PUSCH configuration period is the same with PRACH configuration period with a relative location, then the PUSCH configuration will always adapt to the change of PRACH configuration and the signalling overhead cost is comparable to the case that msgA PUSCH configuration period is greater than the PRACH configuration period. 
Observation1: The PUSCH configuration shall always adapt to the change of PRACH configuration.
Proposal1: Opt2 that the msgA PUSCH configuration period is the same with PRACH configuration period with a relative location is preferred. 
PUSCH resource unit
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9]A PUSCH resource unit could be defined to contain one PO and one DMRS port, where the DMRS sequence generation ID like scrambling ID can be set default (Alt1), or to contain one PO, one DMRS port and one DMRS sequence generation ID (Alt2). Obviously, Alt2 will have more PUSCH resource unit than Alt1 and enhance the channel estimation performance for the UEs on the same PO and DMRS port. The necessity for Alt2 would depend on the number of PRACH resource units associated with one PO. Here we refer one preamble on a RO as one PRACH resource unit. If the number of PRACH resource units associated with one PO is not greater than the number of DMRS ports, then it would be better to apply Alt1 to avoid selecting the same DMRS port. Considering that the number of POs depends on the gNB’s configuration and it might happen that the number of PRACH resource units associated with one PO is greater than the number of DMRS ports, then one to one mapping with Alt2 might perform better than many to one mapping with Alt1. When to select Alt2, if it happens that the number of PRACH resource units associated with one PO is not greater than the number of DMRS ports, a method is needed to avoid any two preambles on a RO mapping to the same DMRS port of one PO. In addition, the inter-cell interference might also have a negative effect on the performance of Alt2 since a UE from adjacent cell might use the same DMRS scrambling ID on the same PO. 
Observation2: The selection between Alt1 and Alt2 depends on whether the number of PRACH resource units associated with one PO is greater than the number of DMRS port or not. One to one mapping with Alt2 might perform better than many to one mapping with Alt1. And Alt2 might has the inter-cell interference problem. 
Proposal2: Down select between Alt1 and Alt2. When to select Alt2, a method is needed to avoid any two preambles on a RO mapping to the same DMRS port of one PO when the number of PRACH resource units associated with one PO is not greater than the number of DMRS ports.  

PUSCH configuration
[bookmark: OLE_LINK10]PUSCH configuration is one of fundamental problems to solve in the channel structure of 2-step RACH. According to the agreements, the position of POs can be configured through the method of configured grant, or determined by a fixed or configurable time-frequency offset with the position of associated ROs. Note that the method with fixed time-frequency offset with the position of associated ROs shall be down-select since the selected PUSCH resource might not be available. And to configure a time-frequency offset with the position of associated ROs for each preamble on a RO will cost high signalling overhead, which also shall be avoided. To solve this problem, we suggested to configure the position of a group of POs associated with one group of ROs. The group of ROs can be defined as a number of time domain ROs in symbol level or slot level. No matter the position of POs is configured through configured grant or configurable time-frequency offset with the associated ROs, the group of ROs and the associated group of POs shall be indicated. Then we can define a common mapping algorithm applied to each group ROs and the associated POs. Note that with different PRACH configuration indexes, the distributions of time-domain ROs are quite different. The configuration of the positions of POs shall adapt to the PRACH configuration index.  
Observation3: The way to configure the position of a group of POs associated with one group of ROs can reduce signalling cost compared to the way to indicate the position of PO for each preamble on a RO.   
Proposal3: It is suggested to configure the position of a group of POs associated with one group of ROs, no matter the position of POs is configured through configured grant or configurable time-frequency offset with the associated ROs.
In addition, there are other factors to configure a PUSCH, like the carried TBsize, MCS, and repetition of the PUSCH for the initial transmission of MsgA. For the gNB, it shall be informed the above factors explicitly through UCI or implicitly for the PO detection in addition to the position of PO and the associated DMRS configuration. Here we recommend the above factors like TBsize and MCS are configurable and are initial configured by the gNB through RRC signalling. And for different types of PUSCH configuration, it uses separate ROs or preambles. Then the gNB can get to know the configuration of transmitted PUSCH through the detection of associated PRACH. This method has the benefit of signalling saving. 
Observation4: For the gNB, it shall be informed the factors like TBsize and MCS of a PUSCH configuration explicitly through UCI or implicitly for the PO detection in addition to the position of PO and the associated DMRS configuration
Proposal4: The factors like TBszie and MCS can be configurable and are initial configured by the gNB through RRC signalling. And for different types of PUSCH configuration, it uses separate ROs or preambles to implicitly inform the gNB of the PUSCH configuration for signalling saving.
As for the repetition of the PUSCH in the initial transmission of MsgA, the target is to make the PUSCH have the same coverage of PRACH in a MsgA and improve the PUSCH transmission reliability. Note that we can also use the method of power control to extend the PUSCH’s coverage and improve the PUSCH transmission reliability. The repetition of the PUSCH will cost more POs and complicate the mapping between the PRACH and PUSCH and the power determination for each PUSCH. Therefore, we propose not to adopt the repetition of the PUSCH in the initial transmission of MsgA. In order to improve the PUSCH transmission reliability, we can adopt the HARQ mechanism for the initial transmission and retransmissions of PUSCH. In case of success preamble detection and failed PUSCH detection in a MsgA, the gNB can allocate a RNTI generated with the position of RO and preamble ID associated with previous PUSCH to the UE for the retransmission of PUSCH. Then when a gNB detects a retransmission of PUSCH, it can realize the position of previous PUSCH and apply the HARQ mechanism. 
Observation5: Both methods of power control and repetition of the PUSCH in the initial transmission of MsgA can extend the PUSCH’s coverage and improve the PUSCH transmission reliability.
Proposal5: The repetition of the PUSCH in the initial transmission of MsgA shall be avoided for costing more POs and complicating the mapping between the PRACH and PUSCH and the power determination for each PUSCH. 
Observation6: HARQ mechanism for the initial transmission and retransmissions of PUSCH can improve the PUSCH transmission reliability.
Proposal6: It is suggested to apply HARQ mechanism to the PUSCH transmission and set the RNTI generated with the position of RO and preamble ID associated with previous PUSCH for the retransmission of PUSCH in case of success preamble detection and failed PUSCH detection in a MsgA.

Conclusions
In this contribution, we have present our further considerations on the channel structure design of 2-step RACH based on the reached agreements. According to the discussions, observations and proposals include:
Observation1: The PUSCH configuration shall always adapt to the change of PRACH configuration.
Proposal1: Opt2 that the msgA PUSCH configuration period is the same with PRACH configuration period with a relative location is preferred. 

Observation2: The selection between Alt1 and Alt2 depends on whether the number of PRACH resource units associated with one PO is greater than the number of DMRS port or not. One to one mapping with Alt2 might perform better than many to one mapping with Alt1. And Alt2 might has the inter-cell interference problem. 
Proposal2: Down select between Alt1 and Alt2. When to select Alt2, a method is needed to avoid any two preambles on a RO mapping to the same DMRS port of one PO when the number of PRACH resource units associated with one PO is not greater than the number of DMRS ports.

Observation3: The way to configure the position of a group of POs associated with one group of ROs can reduce signalling cost compared to the way to indicate the position of PO for each preamble on a RO.   
Proposal3: It is suggested to configure the position of a group of POs associated with one group of ROs, no matter the position of POs is configured through configured grant or configurable time-frequency offset with the associated ROs.

Observation4: For the gNB, it shall be informed the factors like TBsize and MCS of a PUSCH configuration explicitly through UCI or implicitly for the PO detection in addition to the position of PO and the associated DMRS configuration
Proposal4: The factors like TBszie and MCS can be configurable and are initial configured by the gNB through RRC signalling. And for different types of PUSCH configuration, it uses separate ROs or preambles to implicitly inform the gNB of the PUSCH configuration for signalling saving.

Observation5: Both methods of power control and repetition of the PUSCH in the initial transmission of MsgA can extend the PUSCH’s coverage and improve the PUSCH transmission reliability.
Proposal5: The repetition of the PUSCH in the initial transmission of MsgA shall be avoided for costing more POs and complicating the mapping between the PRACH and PUSCH and the power determination for each PUSCH. 

Observation6: HARQ mechanism for the initial transmission and retransmissions of PUSCH can improve the PUSCH transmission reliability.
Proposal6: It is suggested to apply HARQ mechanism to the PUSCH transmission and set the RNTI generated with the position of RO and preamble ID associated with previous PUSCH for the retransmission of PUSCH in case of success preamble detection and failed PUSCH detection in a MsgA.
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