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1 Introduction
A work item has been approved for ‘New Radio’ (NR) Access Technology [1] targeted to enable future cellular network deployment scenarios and applications building upon the features identified and evaluated during the NR study item phase [2]. NR is expected to efficiently support a diverse set of uses cases including eMBB and URLLC 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 RACH configuration and RACH procedure details for NR.

2 RACH Configuration Details
In the following sections, we discuss implications on the NR RACH design and configuration.

2.1 RACH resource allocation
The NR SI TR captured the following regarding the RACH design:
RACH resource is also defined as a time-frequency resource to send RACH preamble. Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resources can be informed by broadcast system information, e.g., to cover gNB RX beam sweeping in case of NO Tx/Rx beam correspondence at the gNB. 

Regardless of whether Tx/Rx beam correspondence is available or not 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. Based on the DL measurement and the corresponding association, UE selects the subset of RACH preamble indices. 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. NR at least supports transmission of a single Msg.1 before the end of a monitored RAR window.

RAN1 should support mechanisms for supporting the independent configuration of multiple sets of resources used for the random access procedure. This is beneficial since the subset size and timing of the RACH resources may be different 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 forward compatibility to support backhaul connection establishment between rTRPs with a single unified framework as much as possible.
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 resource association
As part of the RACH configuration, the association between RACH resources and time/frequency resources should be indicated to the UE. During the RAN1 NR Adhoc #2 the following agreements were reached:
Agreements:
· At least for handover case, a source cell can indicate in the handover command, 

· Association between RACH resources and CSI-RS configuration(s)
· Association between RACH resources and SS blocks
· A set of dedicated RACH resources (FFS: time/frequency/sequence)
· Note that above CSI-RS configuration is UE-specifically configured
Agreements:
· For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameters in RMSI.
· RAN1 strives to use the same set of parameters for different cases, e.g. analog/hybrid/digital beamforming at gNB, level of gNB beam correspondence, number of SS blocks, number of frequency multiplexed PRACH resources, PRACH resource density in time etc.
· RAN1 strives to minimize the set of parameters.
· FFS the set of parameters
· FFS the number of SS blocks (if indicated in RMSI or MIB), e.g. the actually transmitted SS blocks or the maximum number (L).
In order to provide the same level of flexibility in the configuration as for SS Blocks, one approach is to introduce the concept of a RACH Burst Set with parameters including the periodicity, mapping of RACH occasions to time/frequency resources within a RACH burst set, actually utilized RACH occasions out of a given maximum number, association to a given RS (e.g. SS Blocks or CSI-RS), and association of preambles to a given RACH occasion. Similar to the SS Burst Set configuration, the RACH Burst Set parameters can be configured to the UE by both broadcast and dedicated signalling.
Proposal 2: For the purpose of RACH configuration, the concept of a RACH Burst Set is introduced with parameters including the periodicity, mapping of RACH occasions to time/frequency resources within a RACH burst set, actually utilized RACH occasions out of a given maximum number, association to a given RS (e.g. SS Blocks or CSI-RS), and association of preambles to a given RACH occasion.
2.3 RACH Procedure Configuration per CORESET group
The four step RACH procedure can be configured as a function of its associated control channel resource sets (CORESETs). CORESETs form a CORESET group based on the service or usage scenario they serve [3].

Given that different services or usage scenarios (e.g. URLLC, eMBB, etc.) have different key performance metrics requirements, the 4 steps in the random access procedure can be configurable to meet these requirements. Namely, multiplexing of the random access preamble resources, RAR window configuration, contents of message 3, can all be configured in association with the CORESET group related to a particular usage scenario. 

Applications of this per CORESET configuration can be related to RRC connection re-establishment after beam failure recovery procedure fails, in this case the RACH procedure in the RRC connection re-establishment can be configured per CORESET group. 
Proposal 3: The RACH procedure is configurable based on the associated CORESET group.

3 RACH Procedure Details
In this section, we discuss RACH procedure enhancements and implications for beam management and beam failure recovery

3.1 SS block indices reporting through RACH procedure
In RAN1 #90, the following agreement has been made regarding reporting SS block indices in msg.3 and msg. 1 of the contention-based and contention-free RACH procedure, respectively.

Agreements:
· NR studies reporting of SS block index, e.g., strongest SS block index, through Msg3 of contention based random access

· NR studies reporting of multiple SS block indices through Msg1 of contention free random access procedure

· e.g. network can assign multiple RACH transmission times and RACH preambles to the UE. UE can convey one SS block index by selecting a RACH transmission time and another SS block index implicitly by selecting a RACH preamble

For idle mode UEs in initial/random access, beam measurement and reporting is performed using SS blocks.  DL measurements are supported on both single beam and multi-beam based operations. SS-block-RSRP can be used to measure the beam quality per SS block. The selected beam ID at the UE is derived at the gNB from the PRACH preamble/resource for use as a DL Tx beam in msg. 2. This implicit indication of DL Tx beam ID in the RACH msg. 1 is agreed in the NR SI [2]. 

The beam measurement and reporting in the 4-step random access procedure can be made more robust by explicitly reporting alternative DL Tx beam (s) during the RACH procedure, in msg. 3. These alternative beams can subsequently be used in msg. 4 of the RACH procedure, in addition to subsequent transmissions in RRC-CONNECTED mode UEs.

Observation 1: Reporting of SS block index in msg. 3 is beneficial in improving the reliability of beam management. 

In addition to the DL Tx beam obtained at the gNB based on the detected RACH preamble resource and used for DL Tx beam in msg. 2, and msg. 4 of the RACH procedure, the UE can indicate SS block index of alternative SS blocks that can be used for transmission at the gNB in msg. 3 payload. The alternative SS block indices are measured at the UE using SS-block-RSRP, and are determined to be good candidate DL Tx beams. These reported beam indices can be used in msg. 4, in addition to subsequent CONNECTED mode UEs beam management procedure.
Proposal 4: NR supports explicit SS block index indication in msg. 3.  

Whether the UE reports on an SS block index in msg. 3 can be indicated in system information (SI) and received by the UE. The system information can, for example, be included in the same SIB that contains information about random access parameters. Furthermore, if the NR system is deployed as non-standalone using dual connectivity between LTE and NR, the RACH configuration may be provided by dedicated signaling to the UE. This includes the indication of whether the UE should report on SS block indices in msg.3.   

Proposal 5: Whether or not the SS block indices are reported in msg. 3 can be indicated to the UE.

Proposal 6: The indication of the SS block indices in msg. 3 can be signaled by system information or dedicated signaling in the case of non-standalone operation.

3.2 RACH Procedure for Recovery Request Transmission

In the beam failure recovery procedure, after the UE identifies a new candidate beam, the UE sends a recovery request transmission to the gNB. The recovery request transmission can be sent on a non-contention channel based on RACH, using resources orthogonal to resources of other PRACH transmissions. 

In RAN1#89, the following agreements have been reached regarding the beam recovery procedure

Agreements
· Support the following channel(s) for beam failure recovery request transmission:

· Non-contention  channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case

· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources

· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 

· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 

· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure

· Support using PUCCH for beam failure recovery request transmission

· FFS whether PUCCH is with beam sweeping or not

· Note: this may or may not impact PUCCH design

· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources

· From traditional RACH resource pool

· 4-step RACH procedure is used

· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 

· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 
In RAN1#90 the following has been further agreed as a working assumption for contention-free RACH resources for beam failure recovery request transmission

Working assumption:

· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources.

· Note that CDM means the same sequence design with PRACH preambles. 

· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for content-free PRACH operation in Rel-15

· Note: this feature is not intended to have any impact on design related to other PRACH resources

· Further consider whether TDM with other PRACH is needed

For the case when the recovery request transmission requires more preamble resources than available for the non-contention RACH like procedure, as in the case for example when SS blocks are used for new beam identification, and reporting on a SS block index is needed in the recovery request transmission, contention-based RACH resources can be used in addition to contention-free resources. 

Proposal 7: Contention-based RACH resources can be used in addition to contention-free beam failure recovery resources.  

We propose a modified version of the 4-step contention-based RACH procedure, whereas the new candidate beam is indicated in the preamble resource, similar to the initial access preamble resources. The indicated new beam is then used in the random access response transmission. The modified version does not necessarily require a 4-step procedure, and can be simplified to a 2-step procedure with no msg. 3 and msg. 4 transmissions. 

Proposal 8: Contention-based RACH procedure for recovery request transmission is a modified version of the contention-based 4-step procedure.
4 Conclusion
This contribution analyzed the random access procedure for NR. 
The following proposals were made regarding RACH configuration details:
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.
Proposal 2: For the purpose of RACH configuration, the concept of a RACH Burst Set is introduced with parameters including the periodicity, mapping of RACH occasions to time/frequency resources within a RACH burst set, actually utilized RACH occasions out of a given maximum number, association to a given RS (e.g. SS Blocks or CSI-RS), and association of preambles to a given RACH occasion.
Proposal 3: The RACH procedure is configurable based on the associated CORESET group.

The following observation and proposals were made regarding RACH procedure and SS Block index reporting:

Observation 1: Reporting of SS block index in msg. 3 is beneficial in improving the reliability of beam management. 

Proposal 4: NR supports explicit SS block index indication in msg. 3.  

Proposal 5: Whether or not the SS block indices are reported in msg. 3 can be indicated to the UE.

Proposal 6: The indication of the SS block indices in msg. 3 can be signaled by system information or dedicated signaling in the case of non-standalone operation.

The following proposals were made regarding the relationship between RACH and beam failure recovery resources/procedures:

Proposal 7: Contention-based RACH resources can be used in addition to contention-free beam failure recovery resources.  

Proposal 8: Contention-based RACH procedure for recovery request transmission is a modified version of the contention-based 4-step procedure.
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