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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 random access design requirements for NR.

2 Random Access Design Requirements
Besides supporting synchronization and cell discovery for links between gNBs and UEs, NR should support also support link establishment and maintenance between gNBs. A key use case for this functionality is the support of integrated access and backhaul (IAB) as shown in Figure 1 [2]. The relay nodes (rTRPs) can multiplex the access and backhaul links time, frequency, or space (e.g. beam-based operation) which includes the transmission of signals/channels utilized as part of initial access.
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Figure 1: Integrated access and backhaul links 

In RAN1#86 it was concluded to study mechanisms for a common framework for both access and backhaul links:
Conclusions:
· Mechanisms for joint operation of backhaul link and access link should be studied by NR, including

· Study dynamic resource allocation among backhaul and access links, including TDM and FDM and SDM approaches under half-duplex constraint 

· Study multi-hop backhauling and multi-site connectivity in backhauling 

· Mechanism for integration of new TRPs/RNs carrying integrated backhaul and access functionalities

· Mechanisms for discovery and management of backhaul links for the connected TRP/relay nodes (if supported) with integrated backhaul and access links
· Other aspects/functionalities such as forward compatibility to study full duplex operation on backhaul and/or access links are FFS
· RAN1 should strive for a common mobility handling and beam management framework for mobile TRP/relay nodes (if supported) carrying joint operation of backhaul and access functionalities and the usual UEs
Note: No assumption on particular RAN architecture
Especially in the case of in-band operation of backhaul and access links there are a few challenges to designing a common initial access framework. Due the half-duplexing constraint rTRP nodes can only do the following:
1. Receive on the access link (UE to rTRP) and/or backhaul link (rTRP to rTRP) at any given time
2. Transmit on the access link and/or backhaul link at any given time
As a result, while the same physical signals may be used for both UE and rTRP discovery (including using the same cell ID), differentiation and independent configuration of the resources and/or transmission period(s) of the signals used for initial access for UEs and rTRPs may be required. Furthermore, unlike LTE-based relays, multi-hop backhauling and multi-site connectivity should be supported. In this case a node which is connected to wired backhaul can be considered as a donor node and transport of data for a target UE may traverse multiple hops of backhaul links. An example tree topology with three different hop orders is shown in Figure 2.
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Figure 2: Multi-hop IAB topology
The random access channel procedure for NR should be designed to support multiple use cases with different requirements including backhaul connection establishment between rTRPs with a single unified framework as much as possible. In the following sections, we discuss further implications on the NR random access design, including resource allocation for RACH and RACH procedure design considering forward compatibility requirements for IAB.

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
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 from a UE perspective can be transparent and independent from resources configured for the UE.

2.2 Random Access Preamble Design
During RAN1#86bis the following agreements were reached regarding random access preamble design:
Agreements:
· NR supports multiple RACH preamble formats, including at least
· RACH preamble format with longer preamble length 

· RACH preamble format with shorter preamble length

· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)
· Multiple/repeated RACH preambles in a RACH resource is supported

· FFS: How to support single-beam and/or multi-beam operation
· FFS: Preamble could be the same or different
· Numerology for RACH preamble can be different depending on frequency ranges
· FFS: How many numerologies will be supported per frequency range
· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels

When designing the NR random access preamble, the LTE design can be considered as a benchmark in terms of coverage (e.g. preamble length) and contention probability (e.g. number of sequences). 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.
Proposal 2: RACH preamble design should support the scalable introduction of additional preambles (with the same or potentially different numerologies) or formats in a forward compatible manner.

2.3 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

As was noted in the agreement, 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.

Proposal 3: The baseline random access procedure should at least support operation when Tx/Rx reciprocity is not available.

In addition, RAN1 has studied the potential of introducing a simplified procedure with two steps:

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

· 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 expected the full RACH procedure would need to be supported for UEs performing random access for the first time in a network/cell or as fallback if the connection is lost, but for other scenarios such as CONNECTED or INACTIVE UEs, the simplified procedure could be applicable. In addition, such a simplified procedure could be beneficial for other use cases such as IAB, where backhaul links need to be maintained, but mobility is limited (or not supported). As a result, RAN1 should continue investigation of both procedures and study the possibility of a hybrid approach where both procedures are possibly supported under different conditions. 

Proposal 4: RAN1 should consider IAB as one scenario where a simplified RACH procedure may be beneficial and study potential benefits of supporting both the full and simplified RACH procedures.
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: RACH preamble design should support the scalable introduction of additional preambles (with the same or potentially different numerologies) or formats in a forward compatible manner.

Proposal 3: The baseline random access procedure should at least support operation when Tx/Rx reciprocity is not available.

Proposal 4: RAN1 should consider IAB as one scenario where a simplified RACH procedure may be beneficial and study potential benefits of supporting both the full and simplified RACH procedures.
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