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Introduction
Some agreements on PUSCH occasion for 2-step RACH have been achieved in RAN1#96 meeting 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
· Consider the following methods for PUSCH occasion of msgA transmission:
· Opt 1: 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
· Opt 2: 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


The following issues have not been discussed due to the limited time, which are provided in the RACH summary [2]:
· FFS the size of time-frequency resource in each PUSCH occasion
· A configurable time gap between preamble and payload should be supported
· FFS the range or candidate values
· A guard period can be configured for the PUSCH resource
· FFS whether it can be regarded as implementation issue
· FFS the candidate values
· FFS whether PRACH and PUSCH can be configured in the same slot
· FFS whether PRACH and PUSCH resources are overlapped in frequency domain
In this contribution, some details on the channel structure for 2-step RACH are discussed, including the time gap between preamble and payload transmission, radio resource configuration for PUSCH, as well as the mapping between preamble and PO. 
Channel structure for MsgA
On the time gap between preamble and payload transmission
According to the 2-step RACH WID [3], the PRACH and PUSCH of msgA are TDMed. It means that the time domain resources for PRACH and the associated PUSCH are non-overlapped, and the PRACH transmission is followed by the associated PUSCH transmission for msgA.
[bookmark: _GoBack]In Rel.15, a UE isn’t allowed to transmit PRACH and PUSCH in the same slot. While for 2-step RACH, one of the motivations is delay reduction, so it is preferred to allow a UE to transmit PRACH and associated PUSCH in the same slot. Furthermore, consider that the numerology of the preamble can be different from that of the associated PUSCH, a non-zero time gap could be needed for the UE to code the PUSCH and adjust the power for associated PUSCH transmission. 
Proposal1: Support PRACH and associated PUSCH transmission in different slots or in the same slot with a non-zero time gap.
PUSCH resource in frequency domain
Similar to RACH occasion, PUSCH occasion for 2-step RACH is defined as the time-frequency resource for payload transmission in the last meeting. As mentioned in the WID [1], PRACH and associated PUSCH in MsgA is TDMed, no any constraint for the frequency domain resource for PUSCH. 
With the overlapping frequency resource for PUSCH, the signalling overhead for frequency resource configuration of PUSCH can be reduced, and UE’s complexity and energy consumption can be reduced due to the relative narrow transmission bandwidth. Furthermore, upon detection of preamble transmission, gNB can use the same center frequency and FFT size to buffer the data, which can reduce PUSCH reception complexity. However, there could be some restriction for paired spectrum, if all the slots are reserved for the preamble transmission, there is no available frequency resource in the same frequency band as PRACH for PUSCH.
On the other hand, after gNB configures the PRACH resource, the PRACH occasion is stationary. In order to avoid the interference between PUSCH transmission and other PRACH transmission, it is better not to configure PUSCH on these resources.


Figure1 PUSCH resource configuration
Proposal2: PRACH and associated PUSCH may overlap in frequency domain. PUSCH and other PRACH may neither overlap nor partially overlap in time-frequency domain simultaneously.
PUSCH resource configuration 
The UE needs to know the configuration of PRACH resource and PUSCH resource before the transmission of MsgA, gNB can configure them via system information for idle/inactive UE or via dedicated RRC signalling for connected UEs.
In Rel15, for idle/inactive UE, only the initial active UL BWP is used, gNB should provide RACH configuration in initial active UL BWP. For connected UE, one or up to 4 UE-specific UL BWPs can be configured, gNB can configure optional RACH configuration in each configured UL BWP. Similar to RACH configuration for 4-step RACH, gNB can provide MsgA configuration in each configured UL BWP. 
Proposal3: gNB can configure MsgA configuration in initial active UL BWP via system information or in each configured UL BWPs via dedicated RRC signalling.
The configuration of MsgA includes the resource allocation of PRACH/PUSCH and mapping relationship, which at least will be broadcasted in system information, thus the signalling overhead should be considered. For two options as mentioned in the last meeting [1], the fully flexible resource allocation of PUSCH occasion may cause high signalling overhead. 
Therefore, PUSCH occasion resource pool can be considered, assume a set of POs associated with some preambles as a PUSCH occasion resource pool. There are two configuration options as follows:  
Alt1: One PUSCH occasion resource pool is configured to associate with a RO.
Alt2: One PUSCH occasion resource pool is configured to associate with a group of ROs.


       
Figure2 PUSCH occasion resource pool
Compared with alt1, alt2 has smaller signalling overhead with low flexibility of PUSCH resource allocation. In our view, it may be unnecessary to allow full flexibility of PUSCH resource allocation. 
Proposal4: PUSCH occasion resource pool associated with preambles in a group of ROs can be considered to reduce signalling overhead.
Mapping to preamble
For the mapping relationships between preamble and PO in MsgA, in general, there would be 3 options as shown in figure3:
· One-to-one mapping: each preamble in a specific PRACH occasion corresponds to a unique PUSCH resource. By using one-to-one mapping, it is beneficial to make full use of the functionalities of preamble in MsgA. Therefore, one-to-one mapping can be served as the baseline mapping.
· Many-to-one mapping: multiple preambles associate with a PUSCH resource. This mapping needs less PUSCH resources in every PRACH occasion, which is beneficial to improve the PUSCH resource utilization efficiency, but it can cause high collision probability of PUSCH transmission.
· One-to-many mapping: each preamble in a specific PRACH occasion corresponds to multiple PUSCH resource. This mapping provides redundant PUSCH resources for each preamble, but it is beneficial to solve the collision issue.



  
Figure 3 The mapping between preambles and PUSCH resource
Since the same mapping relationship between SSB and RO and the same number of CBRA preamble are common for each RO, it is preferred to use the same mapping relationship between preamble and PO for every preamble for each RO.
A proper trade-off between the system overhead, transmission resource efficiency and collision issue should be considered to determine the mapping relationship.
Proposal5: The same association between preamble(s) and PO(s) is common for each RO. The association determination of between preamble and PO should consider signalling overhead, resource efficiency and collision issue.
Proposal
In this contribution, we have the following proposals:
Proposal1: Support PRACH and associated PUSCH transmission in the different slots or in the same slot with a non-zero time gap.
Proposal2: PRACH and associated PUSCH may overlap in frequency domain. PUSCH and other PRACH may neither overlap nor partially overlap in time-frequency domain simultaneously.
Proposal3: gNB can configure MsgA configuration in initial active UL BWP via system information or in each configured UL BWPs via dedicated RRC signalling.
Proposal4: PUSCH occasion resource pool associated with preambles in a group of ROs can be considered to reduce signalling overhead.
Proposal5: The same association between preamble(s) and PO(s) is common for each RO. The association determination of between preamble and PO should consider signalling overhead, resource efficiency and collision issue.
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