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Introduction
In RAN1#88bis meeting, the following agreements were achieved regarding RACH procedure:
Agreements:
· Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling
· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam
In this contribution, we mainly analyse the interaction modelling between layer 1 and layer 2/3 and provide our considerations. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
1. 
2. 
2.1. 
In [1], an interaction model between L1 and L2/3 for random access procedure in E-UTRAN is depicted as in Figure 1. L2/L3 indicates preamble transmission to L1 and receives ACK or DTX indication for RAR reception results from L1. If necessary, L2/L3 also indicates msg3 or msg1 transmission based on the indication from L1 then.


Figure 1: Interaction model between L1 and L2/3 for Random Access Procedure in E-UTRAN
For RACH procedure concerning HF cell, beam management related operations are involved. Based on whether beam correspondence is supported, the following four cases are supported in RAN1.
· Option 1: with Tx/Rx correspondence at both TRP and UE
· Option 2: with Tx/Rx correspondence at TRP and without Tx/Rx correspondence at UE
· Option 3: without Tx/Rx correspondence at TRP and with Tx/Rx correspondence at UE
· Option 4: without Tx/Rx correspondence at both TRP and UE

The interaction model between L1 and L2/L3 would be impacted due to beam management and beam correspondence.
Indication of preamble transmission from MAC layer to L1
Two issues need to be discussed if random access procedure is to be performed, e.g. which layer determines RACH resource and the Tx beam for preamble transmission.
· Detemine RACH resource for preamble transmission
In LTE RACH, the MAC layer is responsible to perform the RACH resource selection and indicates the selected random access resource to L1. We think this is also applicable to NR. 
Proposal 1: The Random Access Resource selection procedure is performed by MAC layer.
Meanwhile RAN1 agreed both single beam and multiple beams operation are supported in NR. For single beam operation, all RACH resources of this gNB are shared by UEs, similarly as LTE cell. Therefore the RACH resource selection mechanism in LTE should be taken as baseline for this case.A 4-step RACH is triggered by L2/3 and random access resource selection is determined by MAC layer. For multiple beam operation, gNB can configure association between RACH resource and SS-block to serve particular UEs and broadcast the RACH resources and the association via system information based on RAN1 agreement. When the random access procedures are initiated, a SS-block idendifier will be provide to the MAC layer to select a RACH resource from the multiple Beam-specific RACH resource configurations.
Proposal 2: For multiple beam operation, when the random access procedures are initiated, a SS-block idendifier will be provide to the MAC layer to select a RACH resource from the multiple Beam-specific RACH resource configurations.Determine UE Tx Beam for preamble transmission
Whether beam correspondence is supported depending on UE capabilities and impacts the random access procedure.  At least for initial access, these capabilities impacts whether the UE/TRP needs to perform beam sweeping or not. 
· For option 1, the UE is able to determine the best Tx beam based on the best Rx beam detected during SS-block reception. For this case MAC layer only needs to select a RACH resource and indicate this resource to L1 for preamble transmission whilst the Tx beam used to transmit the preamble on the selected resource can be determined by MAC layer and indicateedto L1 as well(correspondence).
· For option 2, preamble transmissions with UE Tx beam sweeping is needed since the best UE Tx beam is unknown to the gNB. For this case, MAC layer may need to select multiple RACH resources  as well as  determine the Tx beam for each RACH resource. Apparately, the selected RACH resources and the corresponding Tx beams should be indicated to L1.
· For option 3, the UE may needs to send repeated preambles using the same UE Tx beam while the TRP performs Rx beam sweeping since the best TRP Rx beam is unknown to the gNB. For this case, the MAC layer may need to select multiple RACH resources according to the correspondence capability of the TRP indicated in system information and indicate these resources to L1 whilst the Tx beam for all this RACH resources can also be determined by MAC layer and indicated to L1 (correspondence).
· For option 4, both repeated preamble transmissions for a UE Tx beam and beam sweeping on multiple Tx beams have to be performed since the best UE Tx beam and the best gNB Rx beam are both unknown to the gNB. For this case, the MAC layer may need to select multiple RACH resources for each Tx beam and indicate these resources to L1 whilst the sweeping beams can be determined by MAC layer and indicated to L1.
Therefore the MAC layer is expected to be provided with Tx beam ID information from L1 for preamble transmisison.
Proposal 3: the MAC layer is not expected to be provided with Tx beam ID information from L1 for preamble transmission.
Proposal 4: the MAC layer needs to indicate Tx beam ID information to L1 for preamble transmission.
Indication of ACK or DTX from L1 to L2/L3
The main purpose of ACK or DTX from L1 to L2/L3 is to make L2/L3 to handle the remaining RACH procedure, i.e., to indicate the construction of msg3, or the intention of preamble retransmission. Beam information for msg3 or preamble transmission later follows accordingly. For future improved 2-step RACH procedure, the interactions for msg3 transmission will not be needed any more. 
If beam correspondence holds at UE, the best UE Tx/Rx beam information would be obtained based on DL beam measurement duration SS-block detection.  When L1 indicates ACK to L2/L3, beam information (best UE Rx/Tx beam) can be stored in the MAC layer and hence to facilitate the L1 beam control on msg3 transmission and msg4 reception, i.e. msg3 transmission can be transmitted via the obtained best UE Tx beam while msg4 can be received on the best Rx beam. 
If beam correspondence does not hold at the UE, the UE may be expected to be indicated the best UL Tx beam in the RAR from the gNB, by which the beam sweeping overhead and the msg3 transmission latency can be reduced. If so, UE is able to determine the best UL Tx beam for the msg3 transmission without information provided by L1. Based on this argument, the necessity for indication beam information from L1 to MAC layer is not very clear. Hence we propose
Proposal 5: MAC layer is not expected to be provided with UL beam information for msg3 transmission from L1 when L1 indicates ACK or DTX to upper layers.
Proposal 6: MAC layer needs to indicate the UE Tx beam for Msg3 transmission when:
1) The UE Tx beam is obtained from DL beam measurement for SS-block detection if beam correspondence holds at UE
2) RAR indicates the UE Tx beam for Msg3 transmission if beam correspondence does not hold at UE.
Based on the above discussions, the interaction model between L1 and L2/L3 for RACH procedure is modified as in figure 2.

 
Figure 2: Interaction model between L1 and L2/3 for Random Access Procedure in HF cell
Conclusion
In this contribution, we discuss the interaction between L1 and L2/L3 and the acquiring beam related RACH information, and we have the following proposals:
Proposal 1: The Random Access Resource selection procedure is performed by MAC layer.
Proposal 2: For multiple beam operation, when the random access procedures are initiated, a SS-block idendifier will be provide to the MAC layer to select a RACH resource from the multiple Beam-specific RACH resource configurations.Proposal 3: the MAC layer is not expected to be provided with Tx beam ID information from L1 for preamble transmission.
Proposal 4: the MAC layer needs to indicate Tx beam ID information to L1 for preamble transmission.
Proposal 5: MAC layer is not expected to be provided with UL beam information for msg3 transmission from L1 when L1 indicates ACK or DTX to upper layers.
Proposal 6: MAC layer needs to indicate the UE Tx beam for Msg3 transmission when:
3) The UE Tx beam is obtained from DL beam measurement for SS-block detection if beam correspondence holds at UE
4) RAR indicates the UE Tx beam for Msg3 transmission if beam correspondence does not hold at UE.
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