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Introduction
[bookmark: _Hlk22834419]In RAN1#102e, the following agreements were made on coverage enhancements for channels other than PUSCH and PUCCH,

Agreements:
· Study Msg3 PUSCH enhancement in NR coverage enhancement SI
· Study at least Msg3 PUSCH repetition
· FFS the aspects to be enhanced, e.g., signaling indication, repetition pattern, interplay between Msg1 and Msg3, DM-RS enhancements related to repetition etc.
· FFS multiple-antenna techniques.

Agreements:
If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.

Agreements:
Study whether/how to enable potential techniques for early CSI and/or beam refinement for physical channels during initial/random access procedure.

In this contribution, we discuss potential beam refinement enhancements for physical channels during initial access/random access procedure. We propose to use msg.3 to report another beam, to be used for msg. 4 PDSCH coverage enhancement.
Beam Reporting and Adjustment in Initial Access
During initial cell search, in the NR 4-step random access procedure, beam measurement and reporting is performed using SS/PBCH blocks. The gNB transmits multiple SS/PBCH blocks with different spatial filters, and the UE measures and selects the beam based on SS-RSRP. The UE transmits the PRACH according to the detected best beam. At the gNB, the SS/PBCH block is derived from the PRACH preamble/resource of msg. 1. The gNB then uses the selected beam based on msg. 1 for subsequent msg.2 and msg.4 PDSCH transmissions. 
To overcome potential coverage shortage in msg. 4 PDSCH, as shown in simulation results in RAN1#102e [1], the UE does not have the same coverage enhancement options that it has when in RRC connected mode. If another beam is available and is reported in msg. 3 to be used for beam adjustment in msg. 4, coverage can be enhanced without relying on RRC connected mode procedures or signalling. 
Observation 1: Beam adjustment using alternative beam reporting in msg. 3 is beneficial for initial access coverage enhancement
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Description automatically generated]Figure 1: An example of indicating alternative beams in msg. 3 of RACH procedure



In addition to the DL Tx beam obtained at the gNB based on the detected RACH preamble resource and used 
[bookmark: _GoBack]for DL Tx beam in msg. 2, and msg. 4 of the RACH procedure, the UE can indicate the beam ID(s) of alternative DL Tx beams that can be used for transmission at the gNB in msg. 3 payload. The alternative DL Tx beam(s) are measured at the UE using SS-RSRP and are determined at the UE to be good candidate DL Tx beams. This is further illustrated in Figure 1 whereas SS-3 is identified for transmission for msg. 2 and indicated using the PRACH preamble/resource, and SS-2 is further measured at the UE using SS-RSRP to be a good alternative candidate for DL Tx beam. SS-2 is then explicitly indicated in msg. 3 as an alternative beam to be used for subsequent channels. 
Proposal 1: Study beam adjustment reporting in msg. 3

When the alternative DL Tx beam(s) are indicated in msg. 3, the gNB can make use of the beam adjustment information for DL transmission to the UE. When msg. 3 is successfully decoded, the gNB has access to at least two beams to use for DL channels. The gNB can then either choose the original beam or the new beam for transmission of msg. 4, or transmit the same msg. 4 on two beams. This increased diversity help improve the robustness and the coverage of physical channels in initial access/random access procedure. It can further be useful for coverage enhancements for subsequent connected mode physical channels.  
Conclusion
In this contribution, we proposed beam reporting/adjustment to improve coverage in initial access.
We made the following observation and proposal.
Observation 1: Beam adjustment using alternative beam reporting in msg. 3 is beneficial for initial access coverage enhancement
Proposal 1: Study beam adjustment reporting in msg. 3
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