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Introduction
In RAN#82 the 2-step RACH WID in RP-182894 [1] was approved. This contribution discusses the considerations for the 2-step RACH channel structure.

Periodicity of msgA PRACH and PUSCH
In RAN1#98 [3], there was an agreement on the periodicity of msgA PRACH and PUSCH. In this agreement, the support for the same periodicity was agreed and the support for different periodicities was left as FFS: 

Agreements:
· At least support same configuration periodicity for msgA PRACH and PUSCH
· Single time offset with respect to the start of each PRACH slot, counted as the number of slots (based on the numerology of active UL BWP) 
· Note: The symbol level offset is implied in SLIV-based indication
· FFS how to handle the overlapping between POs
· FFS whether and how to support different configuration periodicities



When the periodicity of the PUSCH occasions are different from the PRACH occasions (i.e. the PRACH occasions (RO) and the PUSCH occasions are unsynchronized), at times, there would be two RO for one PUSCH occasion or two PUSCH occasions for one RO. This would result in either wasting a PUSCH occasion or RO, or overloading a PUSCH occasion or RO. It would also result in a much more complex association rule which would create unnecessary complexity in the standard and implementation. 

Proposal 1: 	Only support the same periodicity for msgA PRACH and PUSCH.


Multiple MsgA Configuration Indication
After the RAN1#98 there was an email discussion on the indication on multiple msgA configurations. In this discussion the following email agreement [4] was made:

Email Agreement:
· For RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations for Rel.16
o  Using different preamble groups for the indications of different configurations in case of two configurations
o  Support of more than two configurations is not precluded, and if supported FFS the following mechanisms for the indications of different configurations
§ Alt.1: Using different preamble groups
§ Alt 2: Using different preamble groups and/or RO partitioning
§ Alt.3: Using UCI based indication
§ Alt. 4: Using different DMRS ports/sequences
· At least up to two msgA PUSCH configurations are supported for RRC_CONNECTED state for Rel.16
o   FFS details
· FFS whether the MsgA PUSCH configurations are the same among different RRC states (IDLE, INACTIVE, CONNCETED)
· FFS the rule or BS signaling the criterion for the UE’s selection of msgA PUSCH configuration
 

It is expected that the 2-step RACH is usable throughout the cell range, same as 4-step RACH, thus multiple PUSCH configurations (with different MCS/TBS, DMRS, etc.) would need to be defined to support the full coverage of the cell. The UE would select the suitable PUSCH configuration such that it uses only the resources that are needed for the coverage level. Hence, allowing for more than two configurations would give the gNB additional flexibility with cell coverage and reduced granularity.  

Proposal 2: 	Support more than two msgA PUSCH configurations in RRC_INACTIVE/IDLE state. 

The selection of the msgA PUSCH configuration would be based on at least the RSRP level of the gNB received by the UE. For example, when the UE is in good coverage, it could select a configuration that maps to smaller PUSCH resources. If the UE is in poor coverage, then it could use a configuration that maps to larger PUSCH resources. 

Proposal 3: 	The UE shall choose from the multiple 2-Step RACH msgA PUSCH configuration at least based on measured RSRP level.

In the agreement there are four alternates listed for the case when there are more than two configurations supported. If the number of supported configurations is small, then either Alt1 or Atl12 would be sufficient. However, with Alt1, there may not be enough preambles for segmentation, whereas Alt2 would give the gNB more flexibility. 

Proposal 4: 	Select Alt2, using different preamble groups and/or RO partitioning as msgA PUSCH configuration indication.



PRACH and PUSCH in the same slot
While in Rel-15 NR PRACH and PUSCH cannot be in the same slot, it has not yet been decided if the 2-step RACH allows the PRACH and PUSCH occasions in a single slot. In RAN1#96bis [2], it was listed as FFS in the following agreement:

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


Allowing both PRACH and PUSCH in the same slot for 2-step RACH would reduce the latency of msgA which is one of the main motivations for 2-step RACH. In the case of unlicensed band operations, a time gap between PRACH and PUSCH transmissions may require multiple LBT operations, consequently reducing the benefit of 2-step RACH. Hence allowing PRACH and PUSCH in the same slot is important for NR-U. Given the options in the agreement, option 2 gives the gNB the most flexibility but may require the UE to switch numerology within a slot. Option 1 may be a good compromise but would restrict the numerology of the PRACH preambles and the PUSCH. Option 3 may be too limiting making the use of this method difficult.

Proposal 5: 	2-step RACH to support PRACH and PUSCH in a single slot, either option 1 or 2. 



Conclusions

Proposal 1: 	Only support the same periodicity for msgA PRACH and PUSCH.

Proposal 2: 	Support more than two msgA PUSCH configurations in RRC_INACTIVE/IDLE state. 

Proposal 3: 	The UE shall choose from the multiple 2-Step RACH msgA PUSCH configuration at least based on measured RSRP level.

Proposal 4: 	Select Alt2, using different preamble groups and/or RO partitioning as msgA PUSCH configuration indication.

Proposal 5: 	2-step RACH to support PRACH and PUSCH in a single slot, either option 1 or 2. 
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