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Introduction
From RAN1#88bis meeting [1], the following conclusions related to RACH procedure are draw:
Conclusions:
· NR studies following beam management options for RACH procedure:
· Beam refinement procedure during Msg2
· Note: P-2/P-3 procedure can be considered for beam refinement
· Reporting of DL TX beam indices in Msg3
· Note: reported beams could be SS block indices and/or CSI-RS beam indices of P-2 procedure performed during Msg2
· RACH procedure using an association between CSI-RS for L3 mobility and subset of RACH resources and/or subset of RACH preamble indices
· Beam refinement procedure before Msg2 by utilizing CSI-RS for L3 mobility
· Beam refinement procedure during or after Msg4 by configuration in RACH message
· Reporting UE capability on beam correspondence by RACH procedure
· Other options are not precluded
· Above procedure can be turned on/off by system information
This contribution considers aspects of the beam management related issues in RACH procedure. 
Discussions
Beam management related discussion
During last meeting, some beam refinement/management related topics are raised, e.g., the beam refinement during msg. 2 and reporting DL tx beam during msg. 3 etc. In the following two subsections, the related discussions are given.
Beam refinement/management during RACH procedure
In RAN1#88bis, beam refinement during RACH procedures were suggested to improve the initial access RACH procedures and ensuing data transmissions. For example, P2 procedure during Msg2 and/or Msg4 is suggested. It is clear that the beam refinement during Msg4 does not provide any additional benefits as opposed to performing P2 procedure post Msg4 contention resolution i.e., when the UE is in connected mode. The beam refinement during Msg2 may not be beneficial due to the following reasons – the RAR received may not even be intended for the UE (due to Msg1 preamble collision or if the preamble is chosen by another UE etc.) and yet it performs P2 procedure which increases the power consumption of the UE. Furthermore, the timeline needed for Msg2 may increase depending on the TXRUs and the number of beams that must be supported in this P2 procedure, so that the access delay will be increased as well. Hence, it could be seen that conducting beam refinement/management in RACH procedure is costly (requiring UE to read more configurations, do more measurements when it may not be even connected) but without clear beneifts. It seems beneficial and more robust if the beam management procedures are performed after the RACH procedure is successful and the UE is in connected mode. 
Observation 1: the clear benefits of beam refinement during RACH procedures have not been seen.
Proposal 1: NR should not support beam refinement/management during initial access RACH procedure.
Reporting UE capability on beam correspondence and Number of beams
As the common understanding that the Tx/Rx beam correspondence is one kind of UE capability and both UE with and without beam correspondence are exist in practical scenario, it will be helpful for the gNB have such information to prepare for the operations like e.g., separate mechanisms/configurations for two different types of UEs in beam management related process. The reporting of such capability could happen by using random access procedure, e.g., in the Msg. 1 transmission or Msg. 3 transmission. 
For the method of using Msg. 1 transmission to indicate the UE capability, the gNB could let the UEs report their capabilities implicitly by configuring separate resources for UE with/without beam correspondence. This method might require gNB to configure more resource for random access, in which the resource could be:
· Alt 1: RACH resource, as one example illustrated in Fig. 1;


Fig. 1 separate RACH resources for UE with/without Tx/Rx beam correspondence
· Alt 2: preamble sequences, as one example illustrated in Fig. 2, M and P are the numbers of preambles assigned to the UE w/o Tx/Rx beam correspondence, and N is the number of overall available preambles. Note that M might be not equal to P;


Fig. 2 separate RACH preamble (groups) for UE with/without Tx/Rx beam correspondence
By using Alt 1, the RACH resources for UE with/without Tx/Rx beam correspondence should be distinguished. Additional system information might be needed to inform the UE which RACH resource(s) is for UE with/without Tx/Rx beam correspondence. This option will require gNB to hold sufficient RACH resources and by the detection results in different RACH resources, gNB will obtain the information of whether the UE has Tx/Rx beam correspondence or not. If the RACH resource is limited, gNB could also separate the UEs by dividing the preamble into groups as shown in Alt 2. The gNB could also distinguish the type of UE by the detected preamble. The partition could be based on the cover codes, e.g., the preambles multiplexing with different orthogonal cover codes, or just independent RACH sequences.
For the method of indication by Msg. 3 transmission, it would be simple to just add one bit signaling in the content of Msg. 3, e.g., 0 denotes UE has no beam correspondence and 1 denotes UE has beam correspondence. One possible configuration for Msg. 1 transmission is that, UEs with and without beam correspondence are sharing the resources for random access. UE without beam correspondence could transmit Msg. 1 with multiple Tx beams while the UE with beam correspondence could just transmit with the determined UL Tx beam. By this setting, the UE capability on beam correspondence could be transparent to gNB during Msg. 1 transmission. Above all, it can be shown that the reporting UE capability by RACH procedure is feasible.
Proposal 2: NR supports reporting UE capability on beam correspondence in RACH procedure.
Moreover, since the number of beams can also be regarded as one kind of UE capability, and such information is useful to gNB to configure the UE specific SRS or CSI-RS. Similar to the case of reporting UE capability on beam correspondence, it is also feasible to report the number of beams at UE to gNB by RACH procedure, e.g., separate resource for msg. 1 transmission or use several bits in msg. 3.
Observation2: it is feasible to report UE’s number of beams in the RACH procedure. 
Conclusion
In this contribution, considerations on NR 4-step RACH are presented. In particular, the following observation and proposal are presented:
Observation 1: the clear benefits of beam refinement during RACH procedures have not been seen.
Observation2: it is feasible to report UE’s number of beams in the RACH procedure. 
Proposal 1: NR should not support beam refinement/management during initial access RACH procedure.
Proposal 2: NR supports reporting UE capability on beam correspondence in RACH procedure.
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