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Introduction
In last meeting in RAN1#96, a bunch of agreements in aspect of physical structure and procedure for 2-step RACH have been reached as follows[1]:
	Agreements:
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission associated with a PRACH preamble in msgA
· [bookmark: OLE_LINK10][bookmark: OLE_LINK11]Consider the following methods for PUSCH occasion of msgA transmission:
· OPT1: 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
· OPT2: 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
Agreements:
· 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)
Agreements:
· 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

Agreements:
· 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
Agreements:
· 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 will present our further considerations on the methods and resource pool types for PUSCH occasions of MsgA transmission. Observations and proposals are provided according to the discussions.
[bookmark: OLE_LINK1]Discussions
About methods for PUSCH occasions
According to the agreements reached in last meeting in RAN1#96, the configurations of PUSCH occasion and PRACH occasion basically would be separately or associated as above OPT1 and OPT2, respectively. For OPTI1, if to reuse the configured grant for PUSCH occasion allocation, the configured grant shall be set cell-specific compared to the current UE-specific configuration, to let any user be capable of use the grant for PUSCH transmission. The resource allocation for PUSCH transmissions with OPT1 seems more flexible compared to OPT2. However, the design of association role between the PRACH and PUSCH in MsgA transmission might be more complicated. If the configured grant for PUSCH transmission changes, the association role needs to change adaptively and be informed to the users. For OPT2, the resources for PUSCH transmission are bundled with the PRACH preambles and it is thus less flexible compared to OPT1. While the association role between the PRACH and PUSCH gets simplified. It seems that with OPT2, after the selection of PRACH occasion and preamble at UE side, the associated PUSCH occasion was selected accordingly and shall be available and satisfy the measurement requirements. If the selected PUSCH occasion was not available, then it shall reselect the PRACH occasion and preamble. However with OPT1, the PUSCH occasions with configured grants or simi-statically scheduled were always available.
Observation1: OPT1 is with 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 PUSCH ROs. OPT2 is with pos: the association role between PRACH and PUSCH is simplified; and cons: the PUSCH occasions seems fixed with PRACH preambles and might not be available.
Proposal1: Both OPT1 and OPT2 have pos and cons. It is suggested to downselect one between them and FFS the association role between PRACH and PUSCH focusing one option.

Furthermore, there is a concept needs to be clarified. In our observation, there is two types of association role between PRACH and PUSCH, which are:
· Type1: specify the association role between the preamble and the PUSCH occasion with DMRS port;
· Type2: specify the association role between the preamble+PRACH occasion and the PUSCH occasion with DMRS port. 
For Type1, the PRACH occasions are independent with PUSCH occasions and any two PRACHs with same preamble ID and different occasions would map to the same PUSCH occasion and DRMS port, which results a collision. For Type2, any two PRACHs with same preamble ID and different occasions would map to different PUSCH occasions and DMRS ports and such collision problem in Tpye1 would be avoided. However, the association role with Type2 seems not as flexible as Type1. 
Observation2: It is not clear to set the association role between the preamble and the PUSCH occasion with DMRS port, or between the preamble+PRACH occasion and the PUSCH occasion with DMRS port.
Proposal2: Clarify the association role between the preamble and the PUSCH occasion with DMRS port, or between the preamble+PRACH occasion and the PUSCH occasion with DMRS port. 
About resource pool types of PUSCH occasions
In our former contribution [2], we observe that to configure the occasions of PUSCH in MsgA, the potential content size of MsgA under different PRACH triggers and the maximum number of UEs allowed on the same time-frequency resource need to be considered. The configured resource pool types of PUSCH ocacasions with DMRS ports can have the following options as shown in FIG1. 


FIG 1 Options for resource pool type of PUSCH in MsgA
Option1: Only one resource pool is supported, in which UEs use the same PUSCH occasion and different DMRS ports and PRACH resources are selected by UEs to enable multi-user detection. Hare the PRACH resource includes the preamble and the associated occasion. In order to fulfil the requirements of content size of MsgA under different PRACH triggers, the TBsize with the resource pool configuration shall be no less than the largest required content size of MsgA. 
Option2: More than one resource pool are supported, and in each pool UEs use the same PUSCH occasion and different DMRS ports and PRACH resources are selected by UEs to enable multi-user detection. Each resource pool is configured to have equal TBsize that is no less than the largest required content size of MsgA. Compared to Option1, a larger number of UEs is supported for 2-step RACH and thus the collision probability gets reduced. Since there is a mapping role between the preamble or preamble+PRACH occasion and PUSCH occasion+DMRS, the preambles or preambles+PRACH occasions can be divided into groups and each group maps to different resource pool, as shown in FIG2. The gNB can then determine which resource pool to detect based on the PRACH detection.


FIG 2 An illustration between the preamble group and resource pool
Option3: More than one resource pool are supported, and in each pool UEs use the same PUSCH occasion and different DMRS ports and PRACH resources are selected by UEs to enable multi-user detection. Each resource pool is configured to have different TBsize to fulfil different requirements of content size of MsgA. There is no need for each resource pool to meet the largest content size requirement and thus Option3 tends to be more resource saving compared to Option2. Practically, each UE just selects one suitable resource pool according to its content size requirement. Similar to Option2, the preambles or preambles+PRACH occasions can be divided into groups, each of which is mapped to different resource pool. Then the gNB can determine which resource pool to detect based on the PRACH detection. There is a limit that each UE can just choose the preamble or preamble+PRACH occasion from the group which is mapped to the resource pool meeting its content size requirement. 
The characters of Option1/2/3 are summarized in TABLE1. 
TABLE 1 A summary of characters of Option1/2/3
	Options
	Descriptions
	Pros
	Cons
	Intended Scenarios 

	Option1
	One resource pool with TBsize that is no less than the largest required content size of MsgA
	· Low resource consumption 
· No need of preamble or preamble+PRACH occasion grouping 
	· small number of UEs
· High collision probability under dense scenario  
	Area with small number of UEs

	Option2
	Mutiple resource pools configured to have equal TB size that is no less than the largest required content size of MsgA
	· Large number of UEs
· Low collision probability
· No limit for preamble selection 
	· High resource consumption
· Need of preamble or preamble+PRACH occasion grouping
	Dense area with limit types of PRACH triggers tending to have same required content size of MsgA 

	Option3
	Mutiple resource pools configured to have different TB size to meet different requirements of content size of MsgA
	· Large number of UEs
· Low collision probability
· medium resource consumption
	· Need of preamble or preamble+PRACH occasion grouping
· Limit for preamble selection
	Dense area tending to have different requirement of content size of MsgA


It is noted that each option has both pros and cons and they are suitable for different kinds of scenarios. Therefore, it is suggested to adopt suitable option from the potential Option1/2/3 according to the requirements and characters of usage scenarios. 
According to the above discussion, we give the following proposal:
Proposal3: Consider the potential Option1/2/3 into the resource pool design for PUSCH occasions and it is suggested to adopt suitable option from the potential Option1/2/3 according to the requirements and characters of usage scenarios.

Conclusions
In this contribution, we have present our further considerations on the methods and resource pool types for PUSCH occasions of MsgA transmission. According to the discussions, observations and proposals include:

Observation1: OPT1 is with 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 PUSCH ROs. OPT2 is with pos: the association role between PRACH and PUSCH is simplified; and cons: the PUSCH occasions seems fixed with PRACH preambles and might not be available.
Proposal1: Both OPT1 and OPT2 have pos and cons. It is suggested to downselect one between them and FFS the association role between PRACH and PUSCH focusing one option.

Observation2: It is not clear to set the association role between the preamble and the PUSCH occasion with DMRS port, or between the preamble+PRACH occasion and the PUSCH occasion with DMRS port.
Proposal2: Clarify the association role between the preamble and the PUSCH occasion with DMRS port, or between the preamble+PRACH occasion and the PUSCH occasion with DMRS port.

Proposal3: Consider the potential Option1/2/3 into the resource pool design for PUSCH occasions and it is suggested to adopt suitable option from the potential Option1/2/3 according to the requirements and characters of usage scenarios.
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