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1 Introduction
A work item on 2-step RACH was approved in [1]. Per the work item objectives, RAN2 should specify procedural aspects of a 2-step RACH procedure, including contention resolution and fall back to 4-step RA. This contribution discusses fall-back aspects to 4-step RA procedure.
2 Discussion
In a 4-step RACH procedure, the first two steps are intended to acquire an uplink timing alignment (TA) and a scheduling grant. In certain scenarios, accurate TA acquisition may be unnecessary, for example in small cell deployment. In a 2-step RACH procedure, a combined Msg1 transmission (MsgA) consists of both a preamble and uplink data, while a combined Msg2 transmission (MsgB) transmission can include RAR and downlink data.
When 2-step RACH is applied in a scenario where uplink alignment is required, the data part of MsgA may not be received correctly due to the increased uplink interference caused by inter-UE uplink miss-synchronization. Network planning may require some cells to apply 4-step RACH, depending on cell size and other factors. Therefore, it is beneficial to configure applicability of 2-step RACH per cell. Given 2-step RACH is applicable to initial access, it is necessary to broadcast the essential parameters for 2-step RACH in SI. Configuration details, including which SIBs to consider, can be discussed in a later of phase of the work item.

Essential parameters in SI should include the PUSCH resources for the payload part of MsgA, along with any parameters necessary for the association between PUSCH and PRACH resources.
Proposal 1: 
Essential parameters for 2-step RACH are broadcast in the cell’s SI, including:

· PRACH resources and/or preambles applicable for 2-step RACH.

· An association between PRACH preambles/resources and PUSCH resources.
A contention resolution mechanism shall be supported for the 2-step RACH procedure (similar to traditional 4-step), and therefore a UE ID needs to be included in MsgA, which be either a CCCH ID or the UE’s C-RNTI when the RA is initiated in connected mode.
One aspect associated with MsgA is collision handling and fall back to 4-step RA. Multiple UEs in a small cell can select 2-step RACH procedure and transmit MsgA using the same preamble. The collision can cause the network to detect the preambles but fail to decode data parts of the MsgA transmission from different UEs that interfere with each other, even when a one RACH occasion (RO)-to-one PUSCH mapping is configured.

When the network detects a preamble, but fails to decode the data part, the network can transmit a legacy RAR (Msg2) instead of the MsgB transmission of the 2-step RACH procedure. Upon receiving the legacy MAC RAR, the UE can fall back to 4-step procedure, then transmit Msg3 using the UL resource indicated in the RAR. In addition, the detected preamble ID can be included in the RAR, as in R15.  

Proposal 2:      The UE falls back to 4-step RACH procedure when it receives a legacy Msg2 MAC PDU format (e.g. MAC RAR plus RAPID). 

Given decoding of MsgB may not be possible for legacy UEs, the network may configure separate PDCCH resources or RA-RNTIs to separate the transmission of MsgB and the transmission of Msg2, at least when ROs for 2-step and 4-step are shared. For example, when ROs for 2-step and 4-step are shared, the computed RA-RNTIs per TS 38.321 are the same for legacy and 2-step RA UEs. For such case, for monitoring a fall-back indication, the UE should monitor the coreset and/or RA-RNTI associated with fall back to 4-step RA in addition to that configured for 2-step RA, if it has selected a PRACH resource associated with 2-step RA.
Proposal 3:      During the MsgB reception window, the UE simultaneously monitors PDCCH on the coreset and/or RA-RNTI associated with legacy-Msg2 and MsgB, when ROs for 2-step and 4-step are shared.  

When ROs for 2-step and 4-step are not shared, the fall-back RAR can be embedded in the MsgB. A type indication bit “T” can be used to indicate to the UE whether the MAC RAR is a legacy Msg2 MAC RAR or a new MAC RAR.
Proposal 4:      When ROs for 2-step and 4-step are not shared, the fall-back legacy MAC RAR can be embedded in the MsgB. A type-bit indication can be used to distinguish such MAC RAR. 
MsgB may also include a backoff indication. As in the legacy Msg2 PDU, the backoff subPDU is not UE specific. In addition to fall-back to 4-step based on Msg2 reception, as described in proposal 2, it can be beneficial for the gNB to indicate fall-back to 4-step RA to a number of 2-step RA UEs. This can be indicated using a reserved bit in the MAC RAR PDU subheader for MsgB. The inclusion of the RAPID ID subPDU after the backoff subPDU, as in R15, provides means for the gNB to offload a group of UE to resources configured for 4-step RACH after backoff. This implies that such UE restarts at the preamble selection step (Msg1) after backoff.
Proposal 5:      A reserved bit in the backoff MAC subheader for MsgB is used to indicate fall back to 4-step RA. When this bit is equal to 1, the UE falls back to Msg1 of 4-step RA.
3 Conclusion

In this contribution, the following proposals were made on aspects of the 2-step RA procedure:
Proposal 1: 
Essential parameters for 2-step RACH are broadcast in the cell’s SI, including:

· PRACH resources and/or preambles applicable for 2-step RACH.

· An association between PRACH preambles/resources and PUSCH resources.
Proposal 2:      The UE falls back to 4-step RACH procedure when it receives a legacy Msg2 MAC PDU format (e.g. MAC RAR plus RAPID). 

Proposal 3:      During the MsgB reception window, the UE simultaneously monitors PDCCH on the coreset and/or RA-RNTI associated with legacy-Msg2 and MsgB, when ROs for 2-step and 4-step are shared.  

Proposal 4:      When ROs for 2-step and 4-step are not shared, the fall-back legacy MAC RAR can be embedded in the MsgB. A type-bit indication can be used to distinguish such MAC RAR. 

Proposal 5:      A reserved bit in the backoff MAC subheader for MsgB is used to indicate fall back to 4-step RA. When this bit is equal to 1, the UE falls back to Msg1 of 4-step RA.
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