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1. Introduction

In RAN1#86bis meeting [1], the following agreements on RACH procedure were reached:

Agreements:
•
RAN1 is studying and some companies see potential benefits of a simplified RACH procedure consisting of two main steps (Msg1 and Msg2) 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.
Furthermore, RAN2 also discussed the RACH procedure [5] and agreed the following aspects for two-step RACH:

If 2 step RACH is supported:

1 The 2-step RACH resources are optionally configurable by the NW 

FFS whether it can be configured by broadcast and/or by dedicated signalling.

2: NW can configure/restrict the usage of the 2-step RACH for certain cases ( e.g. procedures/services/radio condition,etc) (FFS for which cases for which it is possible to configure/restrict the usage)

3
RAN2 expects a benefit in latency for the 2 step RACH procedure

4
From RAN2 point of view, the 2-step RACH procedure is not restricted to be used with certain UE ID size.

5
Can provide RAN1 with the different size of message size and UE ID size for the different scenarios in LTE. Indicate to RAN1 that for some use cases the UE ID only would not be sufficient. For NR we are still studying.

In this contribution, we provide our view on 2 Step RACH procedure particularly on the arrangement of the information/data transmission in the Step 1 and the operation of 2 Step RACH in NR with multiple beams transmission.
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, as observed in [6]. 
2.1 Step 1/Msg 1

In principle, the 2-step RACH procedure can be perceived as the simplified 4-step RACH where the Msg.1/step 1 contains  Msg.1 and Msg.3 of the 4 step RACH, which corresponds to the preamble followed by the information part: for example the connection request and UE ID. Buffer status report (BSR) is also something that potentially could be included in some scenarios. Then, Msg2/step 2, consists of the 4-Step RACH Msg.2 and Msg.4, which corresponds to the - RA response (RAR), timing advance (TA) info, and finally the RRC response message. Furthermore, we could also consider so that the 2-Step RACH Msg.1 can contain data from the application layer. One potential use-case is the internet of things (IoT), employing MTC and/or NB-IoT modems, where the data can be ultra-small. The 2-steps RA procedure is illustrated in Figure 1.
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Figure 1: 2 steps Random Access Procedure

The information/data part of the 2-Step RACH Msg.1 needs to be defined, in terms of resource allocation in time and frequency. Here, we consider the resource allocation is using uplink data-shared channel and is pre-configured by the gNB, via system information, in order for the UE that intends to perform 2-a Step RACH to have this information prior to the Msg.1 transmission, if in idle mode. If the UE has been configured from RRC active to RRC inactive mode, the configuration can be done via dedicated RRC signaling.
Proposal 1: The Msg1 in the 2-step RACH contains preamble and information/data part.  The configuration of Step1 preamble and data in 2-Steps RACH is optionally broadcasted by the gNB to the UEs (e.g. as part of PRACH configuration in system information) or can be configured using dedicated signaling (i.e. RRC signaling).
Furthermore, the PRACH configuration can contain information regarding data size, pre-configured modulation and coding scheme (MCS), and UEs data multiplexing configuration (e.g. as function of the UE preamble). Configuring the MCS for the UEs will simplify the process.
Proposal 2: The configuration of Step1 data can be the resources (e.g. freq and time grid) allocated for the data/information, transport block size, pre-configured modulation and coding scheme (MCS), and UEs data multiplexing configuration.

We also consider that the transmission of the information/data part is happening right after the guard time (GT) period as shown in Figure 2. The guard time is used as a TA window to ensure preamble reception.  
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Figure 2: 2-Steps RA Msg.1 preamble and information/data transmission

Observation 1: The data part can be transmitted directly after the guard period (GT).
2.2 Multi-beam support
In NR operated with high carrier frequency (e.g. > 6 GHz, mmWave) both UE and gNB can operate with multiple-beam operation. In RAN1 meeting #87[3], it has been agreed that:

· UE Tx beam(s) for preamble transmission(s) is selected by the UE.

During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam.

The above agreement is illustrated in Figure 3. The UE uses the same UE Tx beam and the gNB performs beam sweeping during multiple preamble transmissions from the UE. It is illustrated that the gNB manages to obtain the best Rx beam (the one in the middle). The gNB needs to finish the multiple preambles reception in order to measure and evaluate the best or most suitable beam.
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Figure 3: UE uses the same Tx beam for multiple/repeated preambles [4].
After the multiple preamble transmission, the UE transmits the information/data part. Here, we would consider that there is no multiple/repeated data transmission. This is mainly to minimize the overhead and usage of the available resources for transmission of the data part in Msg.1. 
After multiple preamble transmissions, the UE transmits a single data transmission and the gNB uses the single best beam for reception. We expect the gNB needs a certain time period to calculate the best gNB Rx beam. The timing should between the preamble and data part should be configurable.
Also, the usage of multiple preamble transmission could be applicable also for the case when transmit beams are used, in order to increase the robustness of preamble reception.
Proposal 3: For the case of multiple/repeated preamble transmission, the timing can be configurable and can be part of the PRACH configuration.
In order to assist the DL Tx beam selection for the eNB for the Msg2 transmission, the data part in Msg.1 can contain the reported best eNB Tx beam, Figure 5 (measured at the previous transmission, such as when the UE receive a synchronization block signal). In practice, it is up to the gNB whether to use this information or not. Subsequently, in the Msg.2 transmission the gNB can include the TxBeam indication that can be used by the UE to decide the Tx/Rx beam for the first transmission after the completion of the 2-Step RACH procedure.
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Figure 5: 2-Steps RA with beam indication information
Proposal 4: Beam assistance mechanism is introduced in Msg.1 and Msg.2 with the purpose to enable beam refinement in both gNB and UE.

We also consider that 2-Step RACH is used to complement the baseline 4-Step RACH procedure. For example, in case there is a failure in the reception of a 2-Step RACH Msg.1 or the UE does not receive a valid 2-Step RACH Msg.2 (e.g. do not receive a valid RAR field in the Msg. 2) then the UE can fall back to 4-Step RACH.

3. Conclusion 
In this contribution, we considered the 2-step RACH procedure, including operation with multiple beams for NR, and conclude on the following proposals:
Proposal 1: The Msg1 in the 2-step RACH contains preamble and information/data part. The configuration of Step1 preamble and data in 2-Steps RACH is optionally broadcasted by the gNB to the UEs (e.g. as part of PRACH configuration in system information) or can be configured using dedicated signaling (i.e. RRC signaling).
Proposal 2: The configuration of Step1 data can be the resources (e.g. freq and time grid) allocated for the data/information, transport block size, pre-configured modulation and coding scheme (MCS), and UEs data multiplexing configuration.

Proposal 3: For the case of multiple/repeated preamble transmission, the timing can be configurable and it can be part of the PRACH configuration

Proposal 4: Beam assistance mechanism is introduced in Msg.1 and Msg.2 with the purpose to enable beam refinement in both gNB and UE.
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