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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In the RAN1 #90bis meeting, the following agreements on remaining issues in the 4-step random access (RA) procedure were made [1]:
Agreements:
· UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission 
· UE may assume that the DMRS of PDCCH conveying Msg3 retransmission grant is QCLed with the SS block that the UE selected for RACH association and transmission
· If there is no beam reporting in RACH message 3, UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg4 are QCL’ed with the SS block that the UE selected for RACH association and transmission
· FFS: Whether to support beam reporting in Msg3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption
This contribution discusses some of the remaining issues on 4-step RA procedure aspects, especially on the beam reporting and refinement mechanism.
2. Discussion
The design of 4-step random access channel procedure must consider the multi beam operation in NR. The beams for the transmission and reception in each RACH step should preferably be arranged so that it maximizes the likelihood of successful RACH procedure. 
In 4-step RACH, the transmission of each message does not always occur within a relatively short time duration, so we cannot always rely on the usage of the same Tx/Rx beam as for the previous message. Moreover, the channel condition cannot be guaranteed to be always the same as any other previous message. Blocking, user hands movement (e.g. when the UE is hold by hand), mobility are some factors which may change the channel condition affecting the data transmission/reception. For example, in contention-based RACH, the transmission of Msg.4 can be performed after several attempts (retransmissions) of Msg.3. If the time gap between the transmissions of these two messages becomes large, then the Tx/Rx beam either at the UE or gNB for the Msg.4 transmission may need to be updated. Moreover, the gNB Tx beam for Msg.2 can be based on initial beam assumption. The gNB Tx beam for Msg.4 may not always be based on the gNB Tx beam for Msg.2. Thus, basically the Tx beam needs to be updated to improve the performance.
Observation 1:  Updating the gNB transmit beam for Msg.4 based on recent channel condition measurement is expected to improve the reception of Msg.4 transmission.

In NR, the gNB periodically transmits SS blocks that can be used for synchronization and measurement purposes. The SS-block that is periodically transmitted and uses different beams can be used for the RSRP measurement. Thus, the UE can identify the SS-block / beam that provides the best RSRP measurement. The UE uses this operation in order to decide the beam for Msg.1 transmission and targeting the RACH resources that associated to that the selected SS block. Once the success of Msg.1 reception, the gNB is expected to use Tx beam for Msg.2 transmission that is associated to that RACH resources. As for the UE side, UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission [1]. This operation is illustrated in Figure 1 below.
The beam for Msg3 transmission is expected to be the same as the beam of previously transmitted Msg.1. However, prior to the Msg.3 transmission, the UE can still perform measurements based on the received SS blocks. This measurement can produce a new result that is not the same as the result of previous measurement (i.e. the measurement before the Msg.1 transmission). In Figure 1 below, it is illustrated that SSB index 4 is better than the previous measurement (SSB index 3). Here, we can consider that Msg3 also report the best SSB index measured at the UE. The gNB can decide whether to update the Tx beam for Msg.4 transmission based on the UE report. Moreover, the gNB Tx QCL assumption can based on the associated QCL for the corresponding reported SSB index. The UE may assume whether the gNB updates its Tx beam or not and therefore, the UE need to simultaneously monitor two possible Rx beams for the corresponding gNB tx beams. Therefore, we consider the usage of beam reporting is only for the UE supporting simultaneous Rx beams operation.


[bookmark: _Ref498432758]Figure 1: Beam reporting operation
Proposal 1: Support Beam reporting in Msg.3 for the UE supporting simultaneous Rx beams operation.
Proposal 2: In case the gNB Tx beam for Msg.4 is updated based on the beam report in Msg.3, the gNB Tx QCL assumption can be based on the associated QCL for the corresponding reported SSB index.
3.   Conclusion
In this contribution, we have provided our considerations on the 4-step RACH procedure for multi beam operation for NR and conclude on the following observation and proposals:
Observation 1:  Updating the gNB transmit beam for Msg.4 based on recent channel condition measurement is expected to improve the reception of Msg.4 transmission.
Proposal 1: Support Beam reporting in Msg.3 for the UE supporting simultaneous Rx beams operation.
Proposal 2: In case the gNB Tx beam for Msg.4 is updated based on the beam report in Msg.3, the gNB Tx QCL assumption can be based on the associated QCL for the corresponding reported SSB index.
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