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1. Introduction
The issue of 2-step RACH has been discussed in a few past meetings. It has been agreed to limit the related discussions to within only ad-hoc meetings in RAN #74 [1]. The following relevant agreements have been made [2][3]:
Agreements:
· 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 design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including

· Non Rx/Tx reciprocity at BS or UE

· Full or partial Rx/Tx reciprocity at BS or UE

· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 

· RACH resource is obtained by UE from detected DL broadcast channels/signals

· FFS: Details on association

· Other mechanism w/o association is also considered

· Multiple occasions for RACH preamble transmission in a given time interval are considered
· Details are FFS

· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals
Agreements:
· RAN1 is studying and some companies see potential benefits of a simplified RACH procedure consisting of two main steps (Message 1 and Message 2) for UEs

· 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 
· RAN1 to send LS to RAN2

· RAN1 is aware that RAN2 is also studying the RACH procedure and RAN1 would like to inform RAN2 to take the above into considerations and would like to request any feedback on UE identities and associated procedure and also ask the corresponding applicable scenarios
It is noted that the procedure of 2-step RACH have quite a few commonalities with issues like grant-free UL transmission, as well as non-orthogonal multiple access (NOMA) UL transmissions. In this contribution, we address the related design considerations of the 2-step RACH procedure to avoid repeated efforts and ensure forward compatibility.
2. Discussions
Random access has been an integral part of LTE/LTE-A systems right from the start. The major functionality is to allow the UE to establish its context with the eNB and obtain the correct value of timing advance (TA). A 4-step RACH procedure has been standardized to achieve such a purpose. It has been agreed that a 4-step RACH procedure will also be supported in 5G NR systems.  In addition, it is desirable that in certain scenarios in 5G, where latency is of a major concern, small cell, or only a small amount of UL data is to be transmitted, the RACH procedure can be simplified, which leads to the discussion of a 2-step RACH procedure.  A 2-step RACH procedure simply combines the preamble, which is the legacy Message 1, and an UL data, which is the legacy Message 3, into a single Message 1 for the UE. The gNB then combines the legacy Message 2 and Message 4 into a Message 2. Fig. 1. illustrates the 2-step RACH procedure:
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Fig. 1. The 2-step RACH procedure.
On the other hand, similar design considerations in massive machine-type communications (mMTC) have given rise to the idea of supporting grant-free UL transmission; since the UL data traffic in mMTC is expected to be both sporadic and light, always scheduling UL transmissions using SR and UL grant seems to be grossly inefficient. Though with some differences, similar arguments also apply to ultra-reliable and low-latency communications (URLLC); supporting grant-free UL transmission for URLLC thus has also been discussed to a certain extent in the past few meetings. It has been agreed that grant-free UL transmission is to be supported at least for mMTC and URLLC [2][4]. Another important issue revolving grant-free UL transmission is the support of non-orthogonal multiple access (NOMA). To allow the multiplexing of different UEs performing grant-free UL transmission, an appropriate multiple access scheme has to be designed. Aspects including multiplexing capacity and detection complexity thus naturally come to the forefront. NOMA, as the name implies, allows multiplexing of UL data in a non-orthogonal way. This increases the multiplexing capacity. Each UE performs UL data transmissions using a particular MA signature, which can be codebook/codeword, sequence, interleaver,  demodulation reference signal, preamble, etc.  [2]. The gNB has to perform blind decoding for each grant-free UL transmission opportunity to find out the MA signatures which are actually transmitted.  To lower the complexity, it has been proposed that each MA signature can be accompanied by an associated preamble signal. The gNB attempts to detect the presence of the preamble, and decoding occurs only after a successful preamble detection [5]. It is a direct observation that the 2-step RACH procedure and the design framework of the grant-free UL NOMA transmission share some similarities. 
Observation 1: 2-step RACH procedure and Grant-free UL NOMA transmission share some similarities.
The design of 2-step RACH procedure must assume a UE that is not UL synchronized; but it can also be applied to the connected mode UEs having correct TA. As a result, the preamble design has to take into account the uncertainty of the UL transmission timing, which is necessarily related to the cell size. On the other hand, grant-free NOMA UL transmissions do not necessarily have to assume an unconnected UE. This enables certain design optimizations. For example, if a dedicated time-frequency resource has been allocated to connected mode UEs to perform quick UL data transmission using 2-step RACH procedure, the preamble format can be less conservative.
Observation 2: Optimizations are possible for UL synchronized UEs performing data transmission using 2-step RACH procedure.
For unconnected UEs establishing context with the gNB, a 2-step RACH procedure can fall back to the legacy 4-step RACH procedure if the appended UL data in Message 1 fails to be recovered by the gNB. Such a solution is straightforward and has been proposed by a few companies [6]. It is worth noting that the same procedure can be applied to the grant-free transmission in case the gNB successfully detects the preamble but fails to decode the appended UL data. Again some simplification could be applied if the UEs are UL synchronized, e.g., Message 2 is sent in a predetermined time-frequency position instead of within a time window. Resorting to a procedure similar to a 4-step RACH when the first transmission fails in grant-free UL NOMA unifies the different system designs. However, we also note that such an approach might not be the ideal solution in the case where latency is of upmost concern, e.g., URLLC. 
Viewing this from the other angle, the discussions made in the context of grant-free UL NOMA transmissions, including the design of MA signatures, association between the preamble indexes and various transmission attributes, can be considered for the design of 2-step RACH procedure. 

The design and support of HARQ is another important issue that should be aligned between the 2-step RACH procedure and grant-free UL transmission. Legacy 4-step RACH procedure supports HARQ for Message 3 and Message 4 transmissions. It is yet to be decided whether Message 1 and Message 2 in 2-step RACH supports HARQ or not. Again, similar discussions can be found under the framework of grant-free UL transmission, and quite a few different approaches have been proposed, e.g., [7][8]. Discuss and design these two issues under the same framework at an early stage can avoid unnecessary efforts, or even different solutions which lead to a fragmented and complicated system design. We thus have the following proposal:
Proposal 1: Discuss and design 2-step RACH procedure and grant-free UL NOMA transmission under the same framework.
3. Conclusions
In this contribution, we have discussed the design considerations for 2-step RACH procedure, as well as grant-free UL NOMA. It is noted that these two issues share quite a few commonalities but have been discussed separately. This could lead to repeated efforts and a fragmented system design. Accordingly, we have the following observation:
Observation 1: 2-step RACH procedure and Grant-free UL NOMA transmission share some similarities.
Observation 2: Optimizations are possible for UL synchronized UEs performing data transmission using 2-step RACH procedure.
We have the following proposal:
Proposal 1: Discuss and design 2-step RACH procedure and grant-free UL NOMA transmission under the same framework.
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