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Introduction
A work item on two step RACH for NR was approved [1]. One of objectives of this work item is to specify the channel structure of Msg.A, which consists of RACH preamble and PUSCH carrying payload. The design principle based on WID is as follows.
· Only reuse the Rel-15 NR PRACH Preambles design.
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA
· No new CP length and no sub-PRB guard subcarrier(s)
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
In this document, we provide our view on channel structure for 2-step RACH.
Discussion
2-step RACH 
The basic procedure of 4-step RACH and 2-step RACH are illustrated in Fig.1. In general, 2-step RACH procedure is expected to provide the benefits to reduce the latency and/or DL overhead than 4-step RACH procedure by simplified a RACH procedure. In 2-step RACH, Msg.A includes both RACH preamble and PUSCH carrying the equivalent contents of Msg.3 of 4-step RACH. Msg.B includes the equivalent contents of both Msg.2 and Msg.4 of 4-step RACH, although Msg.4 includes RRC message or only MAC contention resolution is discussed in our contribution [2].
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(a) 4-step RACH procedure                                      (b) 2-step RACH procedure
Fig.1 RACH procedure

Resource and parameter configuration for PUSCH in Msg.A
In 4-step RACH, the PRACH preamble configuration is provided to the UE in the system information. The system information also provides information for the UE to determine the association between the RACH preamble resources and DL signal/channel for Msg.2 and the latter Msgs. Based on the DL measurement and corresponding association, the UE can determine a RACH preamble resource set. In 4-step RACH, UE determines whether transform precoding for Msg.3 PUSCH is used or not based on RRC parameter msg3-transformPrecoding. UE also determines the subcarrier spacing for Msg.3 PUSCH from the RRC parameter msg3-SubcarrierSpacing. UE determines the time/frequency resources and other transmission parameters for Msg.3 PUSCH such as whether or not frequency hopping is enabled, MCS, and TPC command via UL grant in RAR.
In 2-step RACH, UE needs to determine time/frequency resources and other transmission parameters for PUSCH in Msg.A without UL grant. Therefore, in addition to RACH preamble resource configuration, the gNB needs to provide physical resources and transmission parameters for PUSCH in Msg.A to UE. For time/frequency resources of PUSCH in Msg.A, the design should consider the resource utilization efficiency and decoding complexity at gNB. The gNB will configure the RACH preamble resource configuration considering the resource utilization and collision probability. Then, it would be desirable that the RACH preamble number is at least used for the resource determination of PUSCH in Msg.A. As the mapping between RACH preamble number and the resource of PUSCH in Msg.A, one-to-one and N-to-one are possible. For one-to-one mapping, a large amount of resources needs to be reserved for the PUSCH in Msg.A. On the other hand, N-to-one mapping would cause high collision probability of PUSCH depending on the N value. Such high collision case should be standardized in NOMA. N-to-one mapping with low collision probability which does not require NOMA such as advanced receiver could be considered.
Proposal 1: At least RACH preamble number is used for the PUSCH in Msg.A resource determination.
Proposal 2: The configuration of mapping between RACH preamble number and the resource of PUSCH in Msg.A should support one-to-one and N-to-one.
The selection of RACH preamble number can indicate DMRS configuration. In addition, the selection of RACH preamble resource set can also indicate other transmission parameters for the PUSCH, such as MCS. Considering that UE selects RACH preamble resource set based on the DL measurement and corresponding association, such association is beneficial to achieve good transmission performance for PUSCH in Msg.A.
Proposal 3: Transmission parameters for PUSCH in Msg.A such as MCS can be linked to RACH preamble resource set.
In addition, based on the WID, UP data transmission in RRC_CONNECTED mode as in Rel.15 NR is supported. In order to achieve a certain level of flexibility by allowing to accommodate variable size of UP data packets, it would be beneficial that the network can configure a set of TB sizes for the PUSCH transmission to the UE. Based on the data volume in UE buffer, UE selects a TBS/MCS and time/frequency resource size for PUSCH in Msg.A from the configured parameter sets. The selected TBS/MCS and time/frequency resource size for PUSCH in Msg.A are indicated by the selection of RACH preamble resource set. Alternatively, the selected TBS for PUSCH in Msg.A are indicated in UCI which multiplexed on PUSCH or conveyed in a separate encoded control channel (e.g., PUCCH).
Proposal 4: In 2-step RACH, gNB can configure a set of TBSs for PUSCH in Msg.A. The UE may select a TBS based on the configuration and buffer size.

Conclusion
In this contribution, we discussed channel structure for 2-step RACH and made following proposals.
Proposal 1: At least RACH preamble number is used for the PUSCH in Msg.A resource determination.
Proposal 2: The configuration of mapping between RACH preamble number and the resource of PUSCH in Msg.A should support one-to-one and N-to-one.
Proposal 3: Transmission parameters for PUSCH in Msg.A such as MCS can be linked to RACH preamble resource set.
Proposal 4: In 2-step RACH, gNB can configure a set of TBSs for PUSCH in Msg.A. The UE may select a TBS based on the configuration and buffer size.

Reference
[1] RP-182894, “New work item: 2-step RACH for NR,” ZTE Corporation, Sanechips, RAN#82
[bookmark: _GoBack][2] R1-1902394, “Discussion on 2-step RACH procedure,” Panasonic, RAN1#96
4

3
3GPP
image2.emf
UE

gNB

Msg.A

(preamble + Msg.3)

Msg.B

(Msg.2 + Msg.4) 


image1.emf
UE

gNB

Msg.1 (preamble)

Msg.2 (RAR)

Msg.3

Msg.4


