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1. Introduction
The new work item of Two-Step RACH [1] was approved in the RAN #83 meeting. In this WID, the following objectives had been specified:
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· 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

And some agreements are made in RAN1 #96 [2] as below:

Agreements:
· PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission 
· 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, we discuss our view on resource mapping in one PRACH occasion for Two-Step RACH.



2. Discussion
Reducing the latency and overhead of the conventional RACH procedure is a major motivation to develop 2-step RACH procedure. As illustrated in Figure 1, some steps of 4-step RACH procedure are merged in 2-step RACH procedure so that it can efficiently save transmission time and overhead. Specifically, Msg-1 is combined with Msg-3 to be the Msg-A in 2-step RACH procedure, and Msg-2 is combined with Msg-4 to be the Msg-B in 2-step RACH procedure.
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Figure 1: RACH procedure
Resource mapping of Msg-A
As shown in Figure 1, Msg-A is made up of preamble and PUSCH carrying data. Generally, gNB performs UE detection through preamble to decide whether preparing for the reception of the corresponding PUSCH message. In Rel-15 NR, one PRACH occasion maps up to 64 orthogonal or quasi-orthogonal preambles so that multiple preambles can be recognized in the same PRACH occasion. Therefore, the preambles in Msg-A can be detected when multiple UEs transmit in the same physical resources. However, the PUSCH payloads in Msg-A do not have the same orthogonal property as preamble. As shown in the left part of Figure 2, all preambles correspond to the same PUSCH resource in one PRACH occasion so that any 2 preambles may correspond to 2 overlapped PUSCH resources. PUSCH collision would significantly decrease the PUSCH decoding probability. Therefore, how to reduce PUSCH collision probability is a critical problem for Msg-A transmission. 
To alleviate PUSCH collision probability, we propose to partition the PUSCH resources in one occasion into several groups, and map one subset of preamble(s) to one PUSCH resource group, as illustrated in the right part of Figure 2. For example, set the number of PUSCH resource group (N) to be 4 and equally partition and map preambles #0~#15, #16~#31, #32~#47 and #48~#63 to PUSCH resource group 1, 2, 3, and 4, respectively. Under this setting, if preamble #13, #26, #39 and #52 are detected by gNB, no PUSCH collision is expected. 
Proposal#1: Partition PUSCH resources in one occasion into several groups, and map one subset of preamble(s) to one PUSCH resource group to alleviate collision probability.
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Figure 2: Mapping between preamble and PUSCH

The value N results in a trade-off between PUSCH collision probability and signaling overhead. We propose that N should be configurable based on the payload size, traffic load, and receiver capability. Detail of possible N values should be further discussed.
Proposal #2: The number of PUSCH group N should be configurable based on the payload size, traffic load, and receiver capability.



3. Conclusion
In this contribution, we introduce the channel structure of Msg-A, proposals are given as following:
Proposal#1: Partition PUSCH resources in one occasion into several groups, and map one subset of preamble(s) to one PUSCH resource group to alleviate collision probability.
Proposal #2: The number of PUSCH group N should be configurable based on the payload size, traffic load, and receiver capability.
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