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Introduction
[bookmark: _Toc464256869]In RAN1#88bis meeting, some conclusions on beam management were reached in [1] as following
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
In this contribution, we will give our considerations on the beam refinement procedure.
Discussion
As listed in the conclusion of RAN1#88bis meeting, there are three options for beam refinement procedure, i.e. (1) beam refinement procedure before Msg2, (2) beam refinement procedure during Msg2 and Msg3, (3) beam refinement procedure after Msg4.
As a baseline, we think beam refinement procedure can be performed after Msg4. In this way, the extra complexity and latency of the random access procedure can be avoided.
Proposal 1: 	As a baseline, beam refinement procedure can be performed after Msg4.
In addition, we also agree that beam refinement procedure can be performed before Msg2 to obtain the beamforming gain earlier. Here, hierarchical searching and indicating for the refined narrow beam can be considered. One approach is shown in Fig.1.
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Fig.1  Beam refinement procedure before Msg2


[image: ]
Fig.2  An example of the gNB’s pre-configured setting

An example of the gNB’s pre-configured setting is shown in Fig.2. Here, CSI-RSs are configured to measure the narrow beams. When a UE finds out that SS block A is the best SS block, it measures CSI-RS A1-A4 according to the obtained setting. Then, when the UE finds out that CSI-RS A1 is the best CSI-RS, it transmits preamble1 on the RACH resource A. When the gNB detects the preamble1 on the RACH resource A, it gets to know that the best wide beam for the UE is wide beam A and the best narrow beam for the UE is narrow beam A1. Therefore, the gNB can reply Msg2 on the best narrow beam to obtain the beamforming gain.
[bookmark: _GoBack]Proposal 2: 	Beam refinement procedure can be performed before Msg2 to obtain the beamforming gain earlier. 
[bookmark: _Ref477440472]Table 1 The pros and cons of performing beam refinement procedure before Msg2 and after Msg4
	beam refinement procedure
	Pros
	Cons

	before Msg 2
	1. obtaining the beamforming gain earlier
	1. bringing the extra latency to the random access procedure
2. needing cell-specifically configured RSs to measure the narrow beams

	after Msg 4
	1. the extra latency of the random access procedure can be avoid
2. no needs for other RSs
	1. obtaining the beamforming gain later



However, it should be noted that performing beam refinement procedure before Msg2 has both its pros and cons as shown in Table 1. Therefore, performing beam refinement procedure before Msg2 can be turned on/off according to the gNB’s decision. For example, it should be turned on when the gNB wants to obtain the beamforming gain earlier, while it should be turned off when the gNB wants to do the initial access faster and the beam refinement later. In addition, the UE can get to know the on/off information by system information.
Proposal 3: 	Whether the beam refinement procedure needs to be performed before Msg2 or not should depend on gNB’s decision. 

Conclusion
In this contribution, we give our considerations on beam refinement procedure. And based on the above discussion, the following proposals are drawn
Proposal 1: 	As a baseline, beam refinement procedure can be performed after Msg4.
Proposal 2: 	Beam refinement procedure can be performed before Msg2 to obtain the beamforming gain earlier. 
Proposal 3: 	Whether the beam refinement procedure needs to be performed before Msg2 or not should depend on gNB’s decision. 
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