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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 the baseline random access procedure design for NR.

2 Random Access Procedure Design 
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. Like LTE, NR is expected to support a 4-step random access procedure as baseline which is applicable for UEs performing initial/random access. In this section, we discuss implications on the baseline 4-step random access procedure design. 
During RAN1#86bis the following agreements were reached regarding the NR random access procedure:
Agreements:
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode

· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of  “non-association”
· Detailed design for RACH preamble should be further studied

· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources

· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2

· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the the following could be further considered for at least UE in idle mode
· Whether or how to report DL Tx beam to gNB, e.g.,

· RACH preamble/resource
· Msg. 3

· Whether or how to indicate UL Tx beam to the UE, e.g., 

· RAR

In addition the following agreements were reached in RAN1#70:

Agreements:
· NR supports the following procedure(s) for msg1 re-transmission

· Down selection or combination of power ramping, UE beam switching, and RACH resource switching
· FFS: How to combine power ramping, UE beam switching, and RACH resource switching depending on number of TRP Rx beams, UE Tx beams, number of RACH resources
· FFS: Whether to consider different procedures depending on the single-TRP/beam or multi-TRPs/beams

· Other options for all frequency ranges are not precluded.
Agreements:
· 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.

Agreements:
· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation,

· At gNB, the DL Tx beam for message 2 can be obtained based on the detected RACH preamble/resource and the corresponding association
· UL grant in message 2 may indicate the transmission timing of message 3
· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB
Agreements: 

· In RACH procedure, the followings are considered at least for UE in idle mode:

· UL Tx beam for Msg. 3 transmission is determined by UE, 

· UE may use the same UL Tx beam used for Msg. 1 transmission.
· FFS: if determination can be assisted by additional signaling from gNB if necessary and how to determine UL Tx beam for Msg. 3
· Others are not precluded

As was noted in the agreements, it is essential for RAN1 to consider cases with and without Tx/Rx reciprocity. While a common framework is beneficial from a specification point of view, it is important that the scenario where Tx/Rx reciprocity is not available should be emphasized as otherwise there may be significant implications on the initial/random access procedure performance and implementation constraints on gNBs/UEs. Assistance signaling may additionally be provided by the network to assist the UE in Tx beam selection if necessary in certain scenarios.
Proposal 1: The NR baseline 4-step random access procedure should support network-assisted signalling to the UE of the PRACH configuration (including beam selection) to enable operation when Tx/Rx reciprocity is not available.

3 Conclusion
This contribution analyzed the baseline 4-step random access procedure for NR. The following proposal was made:

Proposal 1: The NR baseline 4-step random access procedure should support network-assisted signalling to the UE of the PRACH configuration (including beam selection) to enable operation when Tx/Rx reciprocity is not available.
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