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1. Introduction
At the RAN1#96 meeting, the issues related to channel structure for 2-step RACH were discussed and RAN1 made agreements [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
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)


In this contribution, channel structure for 2-step RACH, especially regarding MsgA structure, is discussed.

2. Discussion
In the WID, reuse of the Rel-15 NR PRACH preamble design and the Rel-15 NR PUSCH design is premised for MsgA, and also TDM between MsgA RACH occasion and MsgA PUSCH occasion is premised. Since MsgA RACH occasion and MsgA PUSCH occasion are located in different resources, the mapping between MsgA occasion and MsgA PUSCH occasion should be considered. Although one simple way is that MsgA RACH occasion and MsgA PUSCH occasion are located in contiguous time resources, it is less flexible and the applicable case is limited since in some typical TDD operation UL slot is isolated and MsgA PUSCH transmission may not be able to follow MsgA preamble transmission within the slot. Thus, MsgA RACH occasion and MsgA PUSCH occasion should be able to be located in non-contiguous time resources.

Proposal 1: MsgA RACH occasion and MsgA PUSCH occasion can be located in non-contiguous time resources.

At the last meeting, it was discussed how the resource location of MsgA PUSCH occasion is indicated/defined. In terms of latency, it should be desirable that MsgA RACH occasion and MsgA PUSCH occasion are located closely as much as possible. Considering the indication of RACH occasion for Rel-15, each RACH occasion may not be located periodically at least for some RACH configurations in Rel-15 RACH configuration table. Thus, it might be better to consider the relative location at least in time domain of the MsgA PUSCH occasion with respect to the associated MsgA RACH occasion, so that MsgA PUSCH occasion can be located close from MsgA RACH occasion. Also, in order to have flexibility for gNB scheduling, the relative location should be configurable.

Proposal 2: The relative location in time domain of the MsgA PUSCH occasion with respect to the associated MsgA RACH occasion can be configured.

For Rel-15, the rule for valid/invalid RACH occasion based on TDD configuration and SSB location was defined. Similar rule for valid/invalid MsgA PUSCH occasion should be defined so that MsgA PUSCH occasion does not overlap with DL part and SSB, i.e., if possible MsgA PUSCH occasion overlaps with DL part in TDD configuration or SSB location, the MsgA PUSCH occasion becomes invalid. In addition, it should be studied whether or not MsgA PUSCH occasion needs to avoid overlap with MsgA RACH occasion. In case that the MsgA PUSCH occasion is associated with the overlapped MsgA RACH occasion, UE needs to transmit MsgA preamble and MsgA PUSCH simultaneously, and it may not be desirable due to UE complexity and PSD. In case that the MsgA PUSCH occasion is not associated with the overlapped MsgA RACH occasion, gNB may not be able to use appropriate Rx beam due to analogue beam forming.

Proposal 3: The validation rule for MsgA PUSCH occasion based on TDD configuration and SSB location should be defined.
· FFS: whether or not the validation rule for MsgA PUSCH occasion based on location of MsgA RACH occasion is defined.

2-step RACH can be considered only for contention based random access, and collision probability needs to be considered. The MsgA preambles transmitted in a MsgA RACH occasion, can be differentiated if different preamble indices are used. On the other hand, PUSCHs transmitted in a MsgA PUSCH occasion can be differentiated if different DMRS ports are used. However, in case of the DMRS port based differentiation, some gNB cannot use the method since gNB receiver complexity would become high and also the possible number of DMRS ports would be less than the number of preamble indices. Thus, in case of one-to-one mapping between MsgA RACH occasion and MsgA PUSCH occasion, collision probabilities for the MsgA preamble and MsgA PUSCH would be significantly different. Therefore, one-to-many mapping between MsgA RACH occasion and MsgA PUSCH occasion should be supported.

Proposal 4: One-to-one and one-to-many mapping between MsgA RACH occasion and MsgA PUSCH occasion should be supported.

If different MsgA PUSCH occasions are reserved for each preamble index used in a MsgA RACH occasion, i.e., 64 MsgA PUSCH occasions are reserved for 64 preamble indices respectively, the resource overhead of the MsgA PUSCH occasions is significantly high. The appropriate amount of MsgA PUSCH occasions should be considered. Thus, proportion of one MsgA RACH occasion to the number of corresponding MsgA PUSCH occasion(s) should be configurable. Note that in other words, the mapping between the preamble index used in a MsgA RACH occasion and MsgA PUSCH occasion can be many-to-one mapping.

Proposal 5: Proportion of one MsgA RACH occasion to the number of corresponding MsgA PUSCH occasion(s) should be configurable.

3. Conclusion
In this contribution, channel structure of MsgA for 2-step RACH was discussed. Based on the discussion, the following proposals were made:
Proposal 1: MsgA RACH occasion and MsgA PUSCH occasion can be located in non-contiguous time resources.
Proposal 2: The relative location in time domain of the MsgA PUSCH occasion with respect to the associated MsgA RACH occasion can be configured.
Proposal 3: The validation rule for MsgA PUSCH occasion based on TDD configuration and SSB location should be defined.
· FFS: whether or not the validation rule for MsgA PUSCH occasion based on location of MsgA RACH occasion is defined.
Proposal 4: One-to-one and one-to-many mapping between MsgA RACH occasion and MsgA PUSCH occasion should be supported.
Proposal 5: Proportion of one MsgA RACH occasion to the number of corresponding MsgA PUSCH occasion(s) should be configurable.
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