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Introduction
Some agreements on PUSCH occasion for 2-step RACH were achieved in the 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


In the RAN1#96Bis meeting, some agreements were achieved as follows [4]:
	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:
· 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, some issues are discussed, including MsgA preamble and payload transmission in the same slot, the numerology for msgA PUSCH, PUSCH occasion configuration, as well as the mapping between preamble and PUSCH resource unit. 
Channel structure for MsgA
On MsgA preamble and payload transmission in the same slot
According to the above agreement on the numerology for msgA PUSCH, there is no consensus on whether to support MsgA PRACH and PUSCH transmission in the same slot, it is still a FFS. According to the 2-step RACH WID [3], the MsgA PRACH and PUSCH are TDMed, it means that the time domain resources for MsgA PRACH and the associated PUSCH are non-overlapped, and the PRACH transmission is followed by the associated PUSCH transmission.
In Rel.15, a UE isn’t allowed to transmit PRACH and PUSCH/PUCCH/SRS in the same slot or a time gap is specified when PRACH transmission and PUSCH/PUCCH/SRS transmission are in the different slots, which mainly considers UE’s complexity and specification efforts, such as UE may need to handle intermodulation, power transient and maybe a potential phase offset issue if PRACH transmission and other uplink transmission are performed in the same slot.  
While the main purpose of 2-step RACH is latency reduction, if the above issues may be resolved in a non-zero time gap which is smaller than a slot, from the latency point of view, it is reasonable to allow a UE to transmit MsgA PRACH and associated PUSCH in the same slot, the value of non-zero time gap can be further discussed whether it depends on the UE’s capability. 
Proposal1: Support MsgA PRACH and associated PUSCH transmission in the different slots or in the same slot with a non-zero time gap, the value of non-zero time gap can be further discussed. 
On the numerology for msgA PUSCH
In Rel15, if short preamble sequence is used, the numerology of preamble can be same or different from the numerology of UL BWP, which depends on gNB’s configuration. In our understanding, for 2-step RACH, if MsgA PRACH and PUSCH transmission in the same slot is supported, as long as the time gap between MsgA preamble and payload transmission can meet the requirements, gNB can configure the same or different numerology from that of MsgA preamble for MsgA PUSCH. Certainly, from the perspective of UE’s implementation complexity and power consumption, it is better for gNB to configure the same numerology of MsgA preamble and PUSCH as the numerology of UL BWP. 
Therefore, in our view, whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP can be up to gNB’s indication.
Proposal2: gNB indicates that whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP.
PUSCH resource in frequency domain
Similar to PRACH occasion, PUSCH occasion for 2-step RACH is defined as the time-frequency resource for payload transmission in the RAN1-96 meeting. As mentioned in the WID [1], PRACH and associated PUSCH in MsgA is TDMed, no any constraints on the frequency domain resource for PUSCH. 
With the overlapping frequency resource with MsgA PRACH for MsgA PUSCH, the signalling overhead for frequency resource configuration of MsgA 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 restrictions for paired spectrum, if all the slots are reserved for the preamble transmission, there is no available frequency resources in the same frequency band for associated PUSCH.
On the other hand, after gNB configures the PRACH resource, the valid PRACH occasions are stationary. In order to avoid the interference between PUSCH transmission and other PRACH transmission, it is better not to configure MsgA PUSCH on these PRACH resources.


Figure1 PUSCH resource configuration
Proposal3: 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 occasion configuration 
The configuration for MsgA includes the resource allocation of PRACH/PUSCH and mapping relationship between preamble(s) and PUSCH resource unit(s), which at least will be broadcasted in system information, thus the signalling overhead should be taken into account. 
In the last meeting, the msgA PUSCH configuration period was discussed and made 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 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


Two options on PUSCH occasion of msgA transmission were mentioned in the RAN1-96 meeting [1]. For option1 with separate PUSCH occasion configuration, if reusing the resource allocation for NR configured grant in Rel15 to configure PUSCH occasion, within an msgA PUSCH configuration period, one or multiple TDMed PUSCH occasions in time or frequency domain can be configured, gNB can configure FDMed PUSCH occasions with the same time starting location to reduce the signalling overhead. Another alternative is to configure PUSCH occasions using the mechanism of PRACH configuration, a table like PUSCH occasion table may provide the TDMed PUSCH occasions, FDMed PUSCH occasions can be indicated by high layer.
For option2 with relative location for PUSCH occasion configuration, it is more direct to associate preamble(s) in the PRACH occasion(s) with PUSCH occasion(s). Amongst all alternatives, from the perspective of signalling overhead, Alt1 and Alt2 are preferred, but Alt 1 and Alt 2 with a single specification fixed value are not suitable for all cases. From the perspective of configuration flexibility, Alt3 and Alt4 are preferred, but for Alt3, it is the similar issue as that in the fixed value case, especially considering different UL/DL slot configuration in unpaired spectrum case. For Alt4, within the PRACH configuration period, either a single or multiple values can be configured when associating each preamble in PRACH occasion(s) with the PUSCH occasion, which may lead to more signalling overhead. 
Compared to option 2, it seems that option 1 has more flexibility and less specification impact as PUSCH occasion can be flexibly configured by signalling similar to the resource allocation in Rel-15.
Proposal4: For PUSCH occasion configuration, option 1 is preferred, e.g. PUSCH occasions are separately configured from PRACH occasions.
Mapping between preamble and PUSCH resource unit
In the last meeting, PUSCH resource unit (PU is used in the context) for 2-step RACH is defined as the PUSCH occasion and DMRS port/DMRS sequence used for an MsgA payload transmission. In general, there are 3 kinds of mapping relationship between preamble in each RO and associated PU as shown in figure2:
· One-to-one mapping: each preamble in a specific PRACH occasion corresponds to a unique PU. This mapping makes a balance between preamble and PUSCH resource unit, therefore, one-to-one mapping can be considered as the baseline mapping.
· Many-to-one mapping: multiple preambles in a specific PRACH occasion associate with a PU. This mapping needs less PUs, which implicitly needs less PUSCH occasions, it is beneficial to improve the PUSCH resource utilization efficiency, but it can increase UE’s implementation complexity and cause high collision probability of PUSCH transmission.
· One-to-many mapping: each preamble in a specific PRACH occasion corresponds to multiple PUs. This mapping needs much more PUs, which implicitly needs more PUSCH occasions, it is beneficial to solve the collision issue, but it will reduce the PUSCH resource utilization efficiency.



  
Figure 2 The mapping between preambles and PUSCH resource unit
During the offline discussion in the last meeting, almost all companies support one-to-one mapping, there are no consensus on multiple-to-one mapping. In our view, a proper trade-off among the system overhead, transmission resource efficiency and collision issue should be taken into account to determine the mapping relationship, one-to-one mapping could be considered as the baseline mapping in the early stage, multiple-to-one mapping and one-to-multiple mapping could be considered in the future.
Proposal5: One-to-one mapping could be considered as the starting point.
Proposal
In this contribution, we have the following proposals:
Proposal1: Support MsgA PRACH and associated PUSCH transmission in the different slots or in the same slot with a non-zero time gap, the value of non-zero time gap can be further discussed. 
Proposal2: gNB indicates that whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP.
Proposal3: PRACH and associated PUSCH may overlap in frequency domain. PUSCH and other PRACH may neither overlap nor partially overlap in time-frequency domain simultaneously.
Proposal4: For PUSCH occasion configuration, option 1 is preferred, e.g. PUSCH occasions are separately configured from PRACH occasions.
Proposal5: One-to-one mapping could be considered as the starting point.
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