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Introduction
In this Tdoc, we discuss the impact of multi-beam on random access procedure, including the modeling between MAC and PHY, impact of gNB Tx beam change, and the RA collision issue caused by beam failure recovery.
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Discussion
RAN1 agreed that gNB can configure an association between one or multiple occasion for SS Block and a subset of RACH resources and/or a subset of preamble indices. The underlying UE behavior would be to determine a best SS Block (i.e. gNB Tx beam) based on DL measurement and then select a RACH occasion and/or a preamble from the associated subsets. Once the gNB receives the preamble, it knows which Tx beam should be used to transmit a RAR or msg4.
Because selection of SS Block is performed by PHY but selection of a RACH occasion and/or a preamble is performed by MAC, there must have some interaction between PHY and MAC. For the modeling of layer interaction, we see two possible options: 
· Opt. 1: PHY indicates the selected SS Block to MAC.

· Opt. 2: PHY indicates the associated subsets of RACH occasions and preambles to MAC. 

The first option requires PHY to indicate the selected SS Block to MAC and MAC checks the association to find out the subsets of RACH occasions and preambles.

For the second option requires, the PHY indicates the subsets of RACH occasions and preambles to MAC. The SS Block is transparent to MAC in this case. Because of simplicity, we propose to adopt the second option.   

Proposal 1: PHY indicates the subsets of RACH occasions and/or preamble indices that are associated with the selected gNB Tx beam to MAC.
In idle mode, PHY will determine a SS Block (i.e. gNB Tx beam) and indicate, implicitly or explicitly, the subsets of RACH occasion and/or preamble to MAC. When the SS Block changes, MAC uses the RACH occasion/preambles associated with the new SS Block.
However, that may have some impact on random access procedure. When UE is performing random access procedure PHY may change SS Block. One consequence is that MAC is not able to receive RAR or msg4 because PHY changes to receive other gNB Tx beam, but MAC is still trying to receive the RAR or msg4 which may be transmitted on the previous gNB Tx beam. For this case we propose MAC should stop receiving a RAR or msg4. 
Proposal 2: In idle mode, while MAC is trying to receive a RAR or msg4, if PHY changes gNB Tx beam, MAC should stop receiving the RAR or msg4.  
RAN1 also agreed to support two approaches for beam failure recovery request. Accordingly, when beam failure occurs, PHY may trigger a non-contention random access procedure. That may introduce a collision problem because while MAC is performing a random access procedure, PHY may also trigger a non-contention random access procedure for beam failure recovery.
· Support the following channel(s) for beam failure recovery request transmission:

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

· Support using PUCCH for beam failure recovery request transmission
When the collision problem occurs, it is unclear whether the UE should abort ongoing random access procedure and then initiate the non-contention RA for beam failure recovery, or it should continue the random access procedure. Or we just leave it to UE implementation. It is proposed to discuss if anything is needed for handle the collision problem.
Proposal 3: RAN2 should discuss the RA collision issue caused by beam failure recovery.   
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Conclusions
In conclusion, we have the following proposals. 
Proposal 1: PHY indicates the subsets of RACH occasions and/or preamble indices that are associated with the selected gNB Tx beam to MAC.

Proposal 2: In idle mode, while MAC is trying to receive RAR or msg4, if PHY changes gNB Tx beam, MAC should stop receiving RAR or msg4.  
Proposal 3: RAN2 should discuss the RA collision issue caused by beam failure recovery.   
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