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1. Introduction

A new work item on 2-step RACH for NR has been approved in RANP #82 [1]. The work item aims to specify 2-step RACH as general MAC procedure covering both physical layer and higher layer aspects. The WID describes 2-step RACH for NR as follows:
2-step RACH [RAN1, RAN2]:
· 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

· 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
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)

· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH

In this contribution, we provide our view on 2-step RACH procedure particularly on the channel structure for the data part in msgA of two-step RACH.
2. Discussion
One main motivation to introduce 2-step random access (2 step RACH) procedure is to reduce the latency and overhead compared to the conventional 4-step random access procedure. In principle, the 2-step RACH procedure can be perceived as a simplified 4-step RACH where the msgA contains Msg.1 and Msg.3 of the 4 step RACH, which corresponds to the preamble followed by a data part: for example, the connection request and UE ID. Buffer status report (BSR) is also something that potentially could be included in msgA in some scenarios. Then, msgB consists of the 4-Step RACH Msg.2 and Msg.4, which corresponds to the RA response (RAR), timing advance (TA) information, and finally the RRC response message. Furthermore, we could also consider that the msgA can contain data from the application layer. One potential use-case for the 2 step RACH with data in msgA is the internet of things (IoT), employing mMTC modems, where the data can be ultra-small. The 2-step RA procedure is illustrated in Figure 1. The contents of msgA and msgB will be mainly discussed in RAN2. The essential part for RAN1 is the channel structure to carry msgA and msgB.
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Figure 1: 2 step Random Access Procedure

The UE needs to know the configuration of the data part in MsgA, particularly its resource allocation in the time and frequency grids. Here, the resource allocation is using NR uplink data-shared channel (PUSCH) and is pre-configured by the gNB. It can be configured via system information in case the UE in initial access stage intends to perform 2-Step RACH. In case the UE has been configured from RRC active to RRC inactive mode, the configuration can be done via dedicated RRC signaling.
Proposal 1: The msgA configuration in 2-Step RACH is optionally broadcast by the gNB to the UEs (e.g. via system information) or it can be configured using dedicated signaling (i.e. RRC signaling).
The configuration of msgA may contain information regarding data size, resource allocation, supported modulation and coding scheme (MCS), and UEs data multiplexing configuration.  The data size depends on the payload/information that can be carried in MsgA which is mostly defined in RAN2. On resource allocation, it would be beneficial to have a mapping between the preamble index and resource allocation for the data part. Once a UE selects a preamble index, the UE has also identified the PUSCH resource allocation for the transmission of MsgA data part. This mapping can avoid additional signaling between UE and gNB on PUSCH allocation.
Proposal 2: Support an association between the preamble index and MsgA PUSCH allocation.

We consider a gNB can operate both legacy 4-step RACH and 2-step RACH. Both schemes should be designed to complement each other. The 2-step RACH can be used for some use cases which require a short latency or some conditions where 2-step RACH can be used to reduce signaling mechanism. On the PRACH resources for both schemes, we consider the PRACH resources for legacy 4-step RACH can also be used for 2-step RACH. Considering the majority of the UEs will perform the legacy 4-step RACH, a set of PRACH preambles can be reserved for 2-step RACH. Subsequently, the resources for the data parts (msgA PUSCH allocation) can be defined accordingly as we propose to have the association between the preamble index and msgA PUSCH allocation.

There may also be a case where the gNB decides to allocate a dedicated RACH resources for 2-step RACH. One of the benefits of such dedicated 2-step RACH resource allocation is that the gNB directly detects a 2-step RACH mechanism when the gNB detects a preamble in those dedicated RACH resources. Another benefit is that all the preamble indices can be used (i.e. it does not require preamble indices partitioning between legacy 4-step RACH and 2-step RACH). However, a dedicated resource is basically an extra overhead for the gNB. Thus, further study may be required to justify the use of dedicated RACH resources for 2-step RACH.
Proposal 3: The same PRACH resources can be shared for both legacy 4-step RACH and 2-step RACH. Further study on the benefit of dedicated PRACH resources for 2-step RACH.

We consider the UE to use MCS for msgA based on the received msgA configuration. In order to simplify the operation, a fixed MCS can be assigned to a UE. It can be a lower MCS to provide robustness and minimize a failure of msgA detection. Retransmission of msgA can be relatively costly as the UE may need to transmit both preamble and msgA. Another option is a UE is configured with a limited set of MCS. The UE can dynamically select the MCS, for example, based on the payload size or pathloss. This may require the gNB to blindly-detect the MCS of the received data. In order to avoid blind-detection mechanism, the MCS could also be associated to the preamble. However, it causes a limitation for the set of preamble index/resource which UE can choose, which tends to increase PRACH preamble collision. Another option could be a UE to dynamically signal the MCS on a reserved resources within the PUSCH (i.e. signaled with msgA).
Proposal 4: Support preconfigured MCS for msgA in 2-step RACH and further study whether it is statically configured (e.g. a fixed MCS) or UE can dynamically select based on a limited set of MCS.
The WID objectives describe the preamble and MsgA are TDM’ed [1]. There should be a timing relationship or a time-gap between preamble and MsgA. The time-gap can be used for example as the guard time period after preamble transmissions, time-alignment to support various SCS etc. The gNB can configure this time-gap.
Proposal 5: The time-gap between preamble and msgA data can be configured by the gNB (e.g. to consider guard time, time alignment to support various SCS).
Based on the above descriptions, the channel structure of MsgA can be illustrated in Figure 2. Here the preamble and msgA data are separated with a time gap (Tgap). Tgap is for example used as the preamble guard time (GT) period. The guard time is used as a TA window to ensure preamble reception.  The mapping of preamble and resources for msgA data is shown. Here, we illustrate many-to-one mapping, where 8 preamble indices are assigned to a F/T resource for msgA data.



Figure 2: Illustration of msgA structure in 2-Step RA 

Considering the msgA contains two parts, namely preamble and msgA data, there could be a case where the gNB may not be able to successfully detect a full set of msgA. For example, if two UEs coincidentally pick the same preamble index both UEs will subsequently transmit data part in the same PUSCH resources. In such scenario, the gNB may not be able to decode the data part of either UE. In case there is a failure in the reception of a msgA or the UE does not receive a valid msgB (e.g. does not receive a valid RAR field in the Msg. 2) then the UE can fall back to 4-step RACH. The fall back mechanism is further described in our companion contribution [2].
3. Conclusion 
In this contribution, we discussed the msgA channel structure of 2-step RACH procedure, including operation with multiple beams for NR, and conclude on the following proposals:
Proposal 1: The msgA configuration in 2-steps RACH is optionally broadcasted by the gNB to the UEs (e.g. via system information) or it can be configured using dedicated signaling (i.e. RRC signaling).
Proposal 2: Support an association between the preamble index and msgA PUSCH allocation.

Proposal 3: The same PRACH resources can be shared for both legacy 4-step RACH and 2-step RACH. Further study on the benefit of dedicated PRACH resources for 2-step RACH.

Proposal 4: Support preconfigured MCS of msgA in 2-step RACH and further study whether it is statically configured (e.g. a fixed MCS) or UE can dynamically select based on a limited set of MCS.
Proposal 5: The time-gap between preamble and msgA data part can be configured by the gNB (e.g. to consider guard time, to support various SCS).
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