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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications [1]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC, and mMTC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. The random access procedure is one of the critical NR physical layer features that should ensure forward compatibility to avoid unnecessarily complex or restricted operation of different features/services when they are introduced.    

This document provides an overview of PRACH design requirements for NR.

2 PRACH Design Requirements
The physical random access channel design for NR should be designed to support multiple use cases with different requirements. This includes high and low mobility UEs, deployments above and below 6GHz with different levels of Tx/Rx beamforming, and backhaul connection establishment between rTRPs with a single unified framework as much as possible. In the following sections, we discuss implications on the NR PRACH design.

2.1 RACH resource allocation
During RAN1#86bis the following agreements were reached regarding random access resources for NR:
Agreements:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB
Additionally during RAN1#87 the following agreement was reached:

Agreements:
· RAN1 studies further on

· the support of different RACH resource subset size that is associated with one or multiple occasions for DL broadcast channel/signal

· FFS: whether other parameters of each RACH resource subset can be different

· FFS: How the different RACH resource subset size information is conveyed to UE

· the support of same RACH resource subset size that is associated with one or multiple occasions for DL broadcast channel/signal and non-uniform transmission of DL broadcast channel/signal across different directions in a multi-beam scenario

· Other mechanisms to load balance RACH resource subset is not precluded

While the physical channels and signals used for random access allocated for UEs can be reused in the case of backhaul links, differentiation of resources between access and backhaul links may be beneficial. This is both to avoid collision of transmissions between UEs and rTRPs and to allow for the support random access between rTRPs of different hop orders which are subject to the half-duplex constraint. RAN1 should support mechanisms for supporting the independent configuration of resources used for the random access procedure that from a UE perspective can be transparent and independent from resources configured for the UE.
Proposal 1: RAN1 should support mechanisms for the independent configuration of multiple sets of resources used for the random access procedure in a system that may have different subset sizes and timing which from a UE perspective can be transparent and independent from resources configured for the UE.
2.2 RACH SCS
During the RAN1 January NR adhoc meeting the following agreement was reached regarding RACH SCS alternatives:
Agreed next steps: 

· For down selection purpose, until the next meeting do evaluation of the following RACH SCS alternatives at least considering
· Robustness towards Doppler frequency, Beam sweeping latency, Link budget, Cell size, RACH capacity, frequency offset 
· RACH SCS alternatives
· SCS = [1.25 2.5 5 7.5 10 15 20 30 60 120 240] kHz
· Note: in case RACH SCS = [15 30 60 120 240] there are two design options:
· use the same SCS as the subsequent UL data and control 
· use different SCS than the subsequent UL data and control 
· The following RACH preamble sequence types are considered
· Zadoff-Chu
· M-sequence
· Zadoff-Chu with cover extension using M-sequence
Note that new designs are not precluded in the future. 
Considering the discussion in the previous section where multiple RACH resources partitions may be supported, it is important that the design of the preambles should not be limiting or restrictive to the support scalable introduction of additional preambles (with the same or potentially different numerologies) in the future to support optimization and differentiation for scenarios such as IAB, URLLC, or mMTC. As a result it seems beneficial to allow the RACH SCS to be different than the SCS used in the subsequent UL data and control.
Proposal 2: The RACH design should support potentially different SCS as the subsequent UL data and control.
2.3 RACH configuration for Non-standalone NR
In case of non-standalone (NSA) NR deployments the UE will perform initial access on LTE first followed by NR (e.g. assuming LTE-NR dual connectivity architecture) and in that case utilizing the LTE link to provide assistance to the UE performing RACH on the NR carrier could be very beneficial.

Especially when NR is deployed in mmWave with LTE as the anchor layer providing mobility and much of the control signalling a significant reduction in complexity at the UE and overhead in the network can be achieved by only configuring time/frequency/beam(space) resources relevant for the UE(s) which are connecting to NR using LTE signalling. For example, the RACH preambles and resource configuration could be indicated to a UE when it obtains a connection to the network via LTE, which it can then apply to the NR carrier(s) when performing random access.
Of course it is expected that a common framework for standalone and non-standalone access should be designed to ensure forward-compatible deployments which may initially transition from NSA to SA as well as support other use cases which may be introduced in future phases of the NR standards.

Proposal 3: RAN1 should consider mechanisms for reducing UE complexity and network overhead in non-standalone NR deployments by providing assistance signalling of parameters related to the RACH configuration.

3 Conclusion
This contribution analyzed the random access procedure for NR. The following proposals were made:

Proposal 1: RAN1 should support mechanisms for the independent configuration of multiple sets of resources used for the random access procedure in a system that from a UE perspective can be transparent and independent from resources configured for the UE.

Proposal 2: The RACH design should support potentially different SCS as the subsequent UL data and control.
Proposal 3: RAN1 should consider mechanisms for reducing UE complexity and network overhead in non-standalone NR deployments by providing assistance signalling of parameters related to the RACH configuration.
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