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1. Introduction
In RAN#86 [1], the following were agreed:

Agreements:
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective

· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied

· Details on Msg. 1 and Msg. 2 are FFS

· Study should include comparison with the above procedure (first bullet)

· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including

· Non Rx/Tx reciprocity at BS or UE

· Full or partial Rx/Tx reciprocity at BS or UE

· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 

· RACH resource is obtained by UE from detected DL broadcast channels/signals

· FFS: Details on association

· Other mechanism w/o association is also considered

· Multiple occasions for RACH preamble transmission in a given time interval are considered
· Details are FFS

· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals
In RAN#86bis [2], the following were agreed:

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 this contribution we motivate the need for performing beam refinement during the RACH procedure. 
2. Random access procedure 
Random access procedure is used for several key functionalities e.g. initial system access, handovers and transition from idle to connected state. In NR, during initial system access, UE detects multiple beams from a NB and decodes the broadcast channel. Following which, UE may use a beam direction for the RACH procedure, i.e., to exchange PRACH preamble, random access response (RAR), message 3 and message 4 as shown Figure 1.
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Figure 1: NB and UE beams selected during initial acquisition may not be best suited for the UE to continue RACH procedure.
Following are possible issues of continuing RACH procedure over the selected NB-UE beam pair: 

· NB and UE beams selected during initial system acquisition may have lower beamforming gain. Using such beam pair may impact RACH performances. 
· UE may select a suitable NB-UE beam pair, which may not have the best beamforming gain for the RACH procedure and subsequent transmissions. Such a selection results in higher transmission power on the UL for the duration of the RACH procedure. This may cause excessive interference on the uplink.

· UE may be located at cross-over points of two NB beams and consequently neither of the beams are best suited for the UE as they have lower beamforming gain. 
· Beam reciprocity can play an important role in multi-beam operation. If beam reciprocity holds then NB and UE can use NB Tx beam and UE Rx beam identified during initial system acquisition for uplink transmissions (i.e., UE Tx beam and NB Rx beam). However, when partial or no beam reciprocity exists then using the DL beams for UL transmission may impact RACH performances.    
To overcome these issues NB and UE shall refine their beams during RACH procedure. Beam refinement requires reference signal transmissions (DL) and reporting for selecting a better NB-UE beam pair as shown in Figure 2. 
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Figure 2: Beam refinement at the NB and UE can improve RACH performance
Proposal 1: Beam refinement shall be performed during RACH procedure to obtain beamforming gain for subsequent data transmissions.

Proposal 2: Beam refinement during RACH procedure involves transmission of reference signals and measurement reporting that allows NB and UE to select better beams.
3. Conclusion 

We have presented the need for beam refinement and reporting during the RACH procedure that enables NB and UE to select beam pairs that are best suited to the UE. The proposal is:
Proposal 1: Beam refinement shall be performed during RACH procedure to obtain beamforming gain for subsequent data transmissions.

Proposal 2: Beam refinement during RACH procedure involves transmission of reference signals and measurement reporting that allows NB and UE to select better beams.
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