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1
Introduction
In RAN1#86 meeting, the following agreements were made for random access (RACH) procedure [1]:
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective
· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied

· Details on Msg. 1 and Msg. 2 are FFS

· Study should include comparison with the above procedure (first bullet)
The following was further agreed in RAN1#86bis meeting [2]:
· RAN1 has discussed the following:
· The use of a UE identity in Msg. 1
· Msg. 2: RA response that is addressed to the UE identity in Msg. 1
· FFS on the definition and choice of the UE identity
· FFS on the applicability scenarios of simplified RACH procedure 
The simplified 2-step RACH procedure reduces signalling overhead and transmission latency [3]. It has potential benefits to small-packet uplink transmissions. In this contribution, we discuss the physical channel design for the simplified 2-step RACH procedure. 
2
Physical Channel Design for 2-step RACH
The simplified 2-step RACH procedure is illustrated in Figure 1. In the first step (Msg. 1), the UE transmits not only a preamble sequence but also a data signal. The data signal might contain information about the UE identity [2], RRC connection request if required, and other contents that are to be specified. If the transmitted Msg. 1 is detected by the network (NW), NW responds to the corresponding UE via Msg. 2 that might contain the detected preamble index, UE identity, timing advance (TA) if applicable. Other information contained in Msg. 2 is to be further studied. 
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Figure 1: The simplified 2-step RACH procedure
2.1     
RACH Data Multiplexing in Msg. 1
While RACH preambles in Msg. 1 can be multiplexed by Zadoff-Chu-like sequences, the corresponding RACH data can be multiplexed by means of an uplink multiple access (ULMA) scheme. Here, an ULMA scheme can be a non-orthogonal multiple access (NOMA) scheme discussed in previous RAN1 meetings or can be an orthogonal multiple access (OMA) scheme. To be more specific, RACH data from different UEs can be multiplexed onto the same time-frequency resource by a NOMA scheme.  Or when an OMA scheme is chosen, RACH data from different UEs can be multiplexed onto different or the same time-frequency resources subject to the system design. Depending on the selected ULMA scheme, a multiple-access (MA) signature can be defined as time-frequency resource, code, sequence, interleaving pattern, etc. 
Proposal 1: Consider grant-free uplink multiple access schemes for data transmission in Msg. 1 of the 2-step RACH procedure where an MA signature can be time-frequency resource, code, sequence, interleaving pattern, etc. 
2.2
Resource Allocation
In this section, we consider time-frequency resource allocation for RACH preamble and RACH data in Msg. 1. If channel characteristics are taken into consideration, different allocation types are possible as presented in Figure 2. For example, when channel is relatively frequency flat, data can be allocated closely to preamble in a way similar to Figure 2(a). In this fashion, channel estimated by the detected preamble can be used or to aid channel estimation in RACH data detection. Another example is that if channel is static or slow fading, RACH data can be allocated closely to RACH preamble in a way similar to Figure 2(b). In both examples, DMRS may not be required if channel variation is small. If DMRS exists, RACH data are not necessarily allocated right next to RACH preambles so that time/frequency diversity can be gained and more scheduling flexibility is available.
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Figure 2(a)                                                                    Figure 2(b)

Figure 2: Examples of resource allocation for RACH preamble and RACH data
Proposal 2: Resource allocation for RACH preambles and RACH data in the 2-step RACH procedure shall be FFS.
2.3
RACH Preamble and MA Signature Association
Based on Proposal 1, RACH data from different UEs are multiplexed based on an ULMA scheme with randomly selected MA signatures. If there is no association between RACH preambles and MA signatures, the network has to blindly decode all MA signatures with detected preambles and timing-advance (TA) values. This may significantly increase the decoding complexity of the network. If association between RACH preambles and MA signatures is considered, the following two mapping methods are suggested:
· one preamble associated with one MA signature

· one preamble associated with multiple MA signature

In the first mapping method, no blind decoding of MA signatures is required after a preamble is detected. However, a preamble collision implies a DMRS/MA signature collision which may fail the RACH data detection. The network cannot detect which UEs have sent PRACH signals using the same preamble. In the second mapping method, if two UEs select the same preamble but different MA signatures, their data may be detected correctly by the network even though there is a preamble collision. Because UE identity is carried as RACH data in Msg. 1, the network knows which two UEs have sent PRACH signals using the same preamble. NW can therefore send Msg. 2 to both UEs and complete the 2-step RACH procedure.
Proposal 3: Association among PRACH preambles, DMRS and MA signatures shall be considered in 2-step RACH for detection complexity reduction.
3
Conclusion

In this contribution, we discuss physical channel design considerations on the 2-step RACH procedure. Our proposals are listed below: 
Proposal 1: Consider grant-free uplink multiple access schemes for data transmission in Msg. 1 of the 2-step RACH procedure where an MA signature can be time-frequency resource, code, sequence, interleaving pattern, etc.
Proposal 2: Resource allocation for RACH preambles and RACH data in the 2-step RACH procedure shall be FFS.
Proposal 3: Association among PRACH preambles, DMRS and MA signatures shall be considered in 2-step RACH for detection complexity reduction.
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