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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
During the RAN1 NR Adhoc #3 the following agreements were reached regarding the configuration of PRACH resources:
Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval

· FFS: time interval e.g 5/10/20ms

· FFS pattern

· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH

· FFS: Within each slot 

· Alt1: RACH resources within a slot are consecutive

· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols

RAN1 should support mechanisms for supporting different time intervals, slot mapping patterns, and indication of consecutive or non-consecutive RACH resources 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 time intervals, slot mapping patterns, and indication of consecutive or non-consecutive RACH resources 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 addition, during RAN1 NR Adhoc #3 the following agreements were made regarding the association of RACH resources and actually transmitted SS Blocks:
Agreements:
· At least for initial access, the association between SS blocks and RACH preamble indices and/or RACH resources is based on the actually transmitted SS blocks indicated in RMSI

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 CONNECTED mode UEs, the RACH configuration may be UE-specifically RRC configured 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.
3 RACH Procedure Details
In this section, we discuss RACH procedure enhancements. 

3.1 RACH Procedure Support for Slot/Non-Slot Based Transmission 

During the RAN1 NR Adhoc #3 the following agreements were reached regarding the transmission of RACH messages:

Agreements:
· NR supports at least slot based transmission of Msg2, Msg3 and Msg4

· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4
One use case for non-slot based transmission of Msg, Msg 3, and Msg 4 is to reduce the latency of the initial access procedure and support efficient utilization of resources considering beam-sweeping operation at the base station and UE. However another critical use case is to support LTE-NR coexistence without the use of MBSFN subframes.  As discussed in detail in [3], in case of LTE regular DL subframes, PDSCH allocations of 2 and 4 symbols are required (depending on whether 15kHz or 30kHz is used for data) to avoid the symbols containing CRS as shown in Figure. 1 below:
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Figure 1: Use of mini-slots in regular LTE subframes

As a result both self and cross-scheduled mini-slots can be should be supported for transmission of Msg2 and Msg4.

Proposal 3: NR supports non-slot based transmission of Msg2 and Msg4 in addition to slot-based transmission.
3.2 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

In addition, in RAN1 NR adhoc #3, the following conclusion has been made regarding Tx and Rx beams for the RACH procedure.
Conclusion:

· FFS Message 2 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 2 is QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to

· FFS Message 3 is transmitted by the UE assuming that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to

· FFS If there is no beam reporting in RACH message 3, Message 4 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 4 is QCL'ed with that of Msg 2 

· FFS: If there is beam reporting in RACH message 3

· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption

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

The reported beam indices in msg. 3 can be used in msg. 4, in addition to subsequent CONNECTED mode UEs beam management procedure. Msg. 4 PDCCH/PDSCH received by the UE can be QCL’ed with that of msg. 2. Alternatively, msg. 4 can benefit from diversity from beam reporting in msg. 3, and msg. 4 PDCHH/PDSCH received by the UE can be carried out on the alternative beam reported in msg. 3 or a combination of both msg. 2 beam and the beam reported 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.

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 time intervals, slot mapping patterns, and indication of consecutive or non-consecutive RACH resources which from a UE perspective can be transparent and independent from resources configured for the UE.
Proposal 2: For CONNECTED mode UEs, the RACH configuration may be UE-specifically RRC configured 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.
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 3: NR supports non-slot based transmission of Msg2 and Msg4 in addition to slot-based transmission.
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.
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