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Introduction
In RAN1#AH1901 and RAN1#96 meeting, the following agreements on enhancements on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead was achieved [1] [2]. 

Agreement on RAN1#AH1901 
For UL beam management latency reduction in controlling PUCCH spatial relation, the maximum RRC configurable number of spatial relations for PUCCH (i.e., maxNrofSpatialRelationInfos) is increased to be 64 per BWP.
· FFS: RRC and/or MAC CE signaling overhead reduction related to this.

Agreement on RAN1#96
For signaling overhead reduction on updating/configuring spatial relation for PUCCH, support simultaneous spatial relation update/configuration for multiple PUCCH resources 
· FFS signaling details to be decided in next meeting, including down-selection/merging among the following options
· Spatial relation update for all PUCCH resources in a CC by one MAC CE
· Spatial relation update per Rel-15 PUCCH resource set
· Spatial relation update per group of PUCCH (which might need to be introduced for Rel-16) 
· PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells
· Other options are not precluded.

In this contribution, we give our views on beam selection enhancements on multi-beam operation.  
Discussion 
Overhead reduction on updating PUCCH spatial relation
As discussed in previous meetings (RAN1#AH1901 and RAN1#96), for UL beam management latency reduction, the agreements that RRC configurable the maximum number of spatial relations for each PUCCH resource is increased to 64 per BWP was achieved. However, in UL beam selection perspective, update for changing spatial relation information of PUCCH resource by MAC CE can be needed if UE needs to change the UL beam. In Rel-15 UE capability, the maximum number of PUCCH resources is 128, and therefore, a number of signalling for configuring all PUCCH resources can be up to 128 by MAC CE. This unacceptable signalling overhead may cause occupancy increasing of control resource. Hence it is needed to consider that signalling overhead reduction for simultaneous updating spatial relation information of PUCCH resource(s). Considering specification impact of Rel-15 MAC CE and overhead reduction, it is reasonable to specify two updating options, all PUCCH resources and per PUCCH resource set, by one MAC CE utilizing reserved bit field(s). 

Proposal 1: For signalling overhead reduction on updating spatial relation for PUCCH, support both options of simultaneous spatial relation update for multiple PUCCH resources by one MAC CE. 
· Spatial relation update for all PUCCH resources in a CC 
· Spatial relation update per PUCCH resource set

DL beam selection using Msg.3 for random access procedure 
In Release 15 based beam selection procedure, it is separated to the two parts, initial access with random access (RA) procedure and beam management after RA procedure completion. For the first part, RACH procedure, before a UE transmits RACH preamble to a gNB, a UE needs to identify a beam pair of gNB-UE. In Rel-15 based beam selection, two options can be considered for beam identification of Msg1. 
For the first option (Opt. 1), a UE starts RACH procedure once the beam power exceeds certain quality threshold. This option has a benefit for lower latency beam selection that a UE does not need to wait until a gNB scans all beams. However, it has a probability that a selected beam is not optimal for the procedure after RACH, i.e. DL beam management. For the second option (Opt. 2), a UE measures all beams from a gNB and identifies the best beam. Opt. 2 has an optimal solution for a certain type of cases such as reliable and robust communication, but required time period for beam selection is longer than any selection method. Hence, there is a trade-off between two options. 
Most appropriate beam selection throughout random access procedure is to employ the benefits from two options, where latency reduction and best beam selection. In order to achieve them, two-step beam selection for initial access with random access procedure can be considered for UE. This beam selection procedure is consisted by two parts, coarse beam selection and precise beam selection. The first step is coarse beam selection for Msg1. In coarse beam selection, Rel-15 based Opt. 1 beam identification is applied, and therefore, a UE terminates beam identification earlier and transmits Msg1 to gNB using a good enough beam. The second step is precise beam selection for Msg3 to complete RACH procedure with the best selected beam. In precise beam selection, a UE applies Opt. 2 beam selection, and it means that a UE selects the strongest/most optimal beam from all beams transmitted by gNB through measurement during Msg1 transmission and Msg2 reception. And then, UE indicates it to gNB. In this step, Msg3 needs to have additional bit(s) field to indicate SS/PBCH Block Resource Indicator (SSBRI) of the selected beam better than Msg1 beam. Besides, this bit(s) field is useful for reliable and robust initial access because sometimes re-transmission of Msg3 can be occurred. Moreover, especially for FR2, because blocking effect and sudden change in environment can affect the channel condition seriously, beam management utilizing Msg3 would help robust initial access. 
In addition to add this type of beam selection option, it is necessarily to take dynamic selection of options for UE into account because there are UEs with various type of traffic requirements such as low latency, high volume and reliability. As a result, initial access with latency reductive random access procedure can be achieved. From the discussion above, we provide following observation and proposal. 

Proposal 2: Beam management utilizing Msg3 for latency reduction of random access procedure should be specified. 

After a completion of initial access procedure including random access, as described in above discussion, DL beam measurement with UE-specific best beams starts. In other words, UE cannot use any beams other than those used in completion of initial access. However, objective for this part has already finished in initial access if beam management utilizing Msg3 is applied for the target UE. Therefore, when beam management utilizing Msg3 is applied for the system and UE, DL beam measurement can be skipped. Hence, further latency reduction for entire initial access can be achieved. 

Proposal 3: DL beam measurement procedure in beam management can be skipped by applying beam management utilizing Msg3 for random access procedure. 

Conclusion
In this contribution, we discussed enhancements multi-beam selection. Based on the discussion, our views are summarized as follows; 

Proposal 1: For signalling overhead reduction on updating spatial relation for PUCCH, support both options of simultaneous spatial relation update for multiple PUCCH resources by one MAC CE. 
· Spatial relation update for all PUCCH resources in a CC 
· Spatial relation update per PUCCH resource set
Proposal 2: Beam management utilizing Msg3 for latency reduction of random access procedure should be specified. 
Proposal 3: DL beam measurement procedure in beam management can be skipped by applying beam management utilizing Msg3 for random access procedure. 
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