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1. Introduction
In RAN#82 a new work item on “2-step RACH for NR” was agreed [1]. 2-step RACH has also been considered during the study item phase on NR-based access to unlicensed spectrum [2]. In this contribution, we discuss the channel structure for 2-step RACH. The scope of the channel structure for  2-step RACH  is presented as follows:
Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· 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)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· 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
· Specify power control of PUSCH of msgA
2. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Channel structure of msgA
2.1 Mapping between the preamble and the PUSCH for msgA
MsgA consists of PRACH Preamble and PUSCH carrying payload (including DMRS). The preamble is used for UE detection to indicate the network to prepare for the reception of the corresponding PUSCH message. In release 15 NR, up to 64 preambles are mapped to one PRACH occasion. The preambles are orthogonal, or quasi-orthogonal, ensuring multiple preambles (from different UEs) can be detected in the same PRACH occasion.  One question is that, whether all the preambles for one PRACH occasion are correspond to the same or different time-frequency resource of the PUSCH. As shown in the left part of Fig. 1, preambles 0 – 63 map to the same PUSCH. If multiple preambles are received, the corresponding PUSCH msgA overlaps in the same time-frequency resource. In the right part of Fig.1, preambles 0 – 31 map to one PUSCH and preambles 32 – 63 map to another PUSCH. The time-frequency resources of this two PUSCHs may overlap partially. Mapping to different resources could reduce the collision probability of PUSCH for different users but at the cost of higher UL resource overhead.


    
Figure 1  Mapping between the preamble and the PUSCH for MsgA 
In our understanding, the performance of the mapping scheme with one PUSCH or multiple PUSCH depends on multiple factors, including payload size of msgA, PUSCH resource size, and the probability of overlapped users number etc. Intuitively, multiple PUSCHs for one RACH occasion could reduce the probability of failed PUSCH. While from the NOMA SI [3] and the experience of MU-MIMO, we see that if the overlapped user# is low or the code rate of each user is low, similar BLER performance can be achieved even if the PUSCH collides.  Thus, we have the following proposal,
Proposal 1: Simulating the mapping scheme between the preamble and the PUSCH for msgA with the realistic parameters. 
2.2 MCS and time-frequency size of PUSCH for msgA
For the modulation scheme of msgA, one way is to use QPSK only. Alternatively, the modulation scheme can be configured to be 16QAM or 64QAM by broadcast signaling or UE specific higher signaling. Higher modulation may be useful for contention free random access or the case with limited UL resource and/or higher SNR. From our perspective, the modulation scheme of msgA can be configured as one modulation scheme, such as QPSK, at least for the configuration by the broadcast signaling. It allows lower computation complexity of multi-user detection and minimizes the spec impacts. 
In terms of the time-frequency size of PUSCH for msgA, the payload size of msgA needs to be determined first. We know that msgA at least includes the information of msg3(for 4-step RACH) , which is 56 or 72 bits. If the payload size and MCS is fixed, then the appropriate resource size can be determined with a targeting BLER and a given SNR. The granularity of PUSCH resource can be symbol-level in the time domain and RB-level in the frequency domain. 


[bookmark: _Ref534728109]Figure 2 2-Step RACH procedure.
Proposal 2: The modulation scheme of msgA is configured as one modulation scheme,such as QPSK, at least for the idle or inactive state.
3. Conclusion
In this contribution, we have discussed the channel structure for 2-step RACH. The following proposals are given:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 1: Simulating the mapping scheme between the preamble and the PUSCH for msgA with the realistic parameters.
Proposal 2: The modulation scheme of msgA is configured as one modulation scheme,such as QPSK, at least for the idle or inactive state.
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