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Beam based transmissions have been discussed extensively for NR as a key technology to ensure coverage. Specifically, in RAN1#86bis and RAN1#87, some agreements related to UL beam management were achieved [1],[2]:
· At least the following RSs are supported for NR uplink
· SRS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement
· UL beam management is to be further studied in NR
· Similar procedures can be defined as DL beam management with details FFS, e.g.:
· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)
· Note: this is not necessarily useful in all cases
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming
· Study UL beam management based on:
· PRACH
· SRS
· DM-RS
· Other channels and reference signals are not precluded
· Companies are encouraged to refine the definition of beam correspondence, if necessary 
· Note: whether or not to introduce this definition in NR is a separate topic
· Under the refined definition of beam correspondence (if any), study whether or not mechanism(s) for determining UE’s beam correspondence is needed. 
· the study may consider the following aspects - 
· e.g. metrics to be considered SNR/Power (beam-quality), CSI, and others
· e.g. values of the metrics at which beam correspondence is declared
· e.g., complexity/overhead 
· e.g., possibility of supporting reporting to the gNB about beam correspondence at the UE
In this contribution, we discuss and provide our views on the beam management aspects for UL MIMO. 
[bookmark: _Ref129681832]Discussion on UL beam management for NR
UL Beam Management Procedures
Beamforming management in NR mainly includes beam acquisition, beam adjustment and so on. These functionalities can be achieved by DL beam management procedures including P-1, P-2 and P-3. UL beam management is to be further studied in NR has been agreed in [1]. Specifically, UL beam management procedures similar to the DL P-1/2/3 procedures are also necessary. For the case that there is no channel reciprocity, UL beam management procedures are needed for refining the UE transmit and/or TRP receive beams. 
UL beam management procedures U-1/2/3 have been defined. Specifically, U-1 procedure can mainly be used for the acquisition of TRP Rx beam/UE Tx beam, and the U-2/3 procedures can be used to overcome the impact of UE movement, rotation and/or channel/beam blockage. The application of U-1/2/3 procedure is given by an example in Figure 1 for the case that there is no channel reciprocity and/or beam correspondence. As illustrated in Figure 1, the first step is the P-1 procedures for UE Rx and TRP Tx beam selection, and UE synchronizes with the TRP. Due to no channel reciprocity and beam correspondence, the UL transmission beam pair cannot be inferred from the acquired DL transmission beam pair.
Therefore, U-1 procedure is needed for the UE Tx and TRP Rx beam selection, where uplink random access is done at the same time. When the initial beam pair for UL transmission has been determined, adjustment of the beam pairs could be further done by U-2 and U-3 procedures as illustrated in Figure 1. Then uplink data transmission could be based on the new adjustment beam pair. 
Note that at least U-1 procedure could be realized by RACH resource for the initial beam acquisitions. Furthermore, SRS has been agreed for the UL beam management, which can be at least to support U-2 and U-3 procedures. Similar as DL beam management procedures, semi-persistent/periodic/aperiodic UL beam management could be supported to adjust the TRP Rx and/or UE transmit beam. Some static information could be configured by the RRC signaling, e.g, the resource allocations. Some frequent changing information could be configured by MAC-CE or DCI, e.g, the beam pair link information for assisting UE-side beamforming. The detailed SRS pattern is FFS by considering both OFDM and DFTs-OFDM waveform. The feedback of the UL beam management results from gNB to UE could be done by DCI or MAC-CE. The detailed feedback contents are FFS. For other more detailed information of SRS to support UL beam management, please refer to [3].
[image: ]
Figure 1. An example of UL beam management when there is no channel reciprocity
In addition, if NR supports over-the-air procedure to determine UE’s beam correspondence, procedures U-3 is required. Specifically, U-3 procedure could be applied to confirm whether the best UL beam(s) is the same as the best DL beam(s) under the same TRP beam(s), if there is channel reciprocity and TRP has the Tx/Rx beam correspondence.
Proposal 1: UL beam management should be supported in NR.
UL beam adjustment using PRACH symbols
[bookmark: _GoBack]In [1], to study UL beam management based on PRACH has been agreed. Since multiple beam-pairs should be monitored for link recovery or MIMO transmission,  UE could monitor the TRP DL sweeping beams in P-1 procedure. Such DL sweeping beams could be used for the RACH based on the channel reciprocity and beam correspondence [4]. 
The details are illustrated in Figure 2, where RACH symbols could be exploited for the fast UL beam adjustment in U-3 procedure. Specifically, UE finds the TRP beam K is the candidate received beam for communication via TRP DL beam sweeping. Due to channel reciprocity and beam correspondence, when the TRP uses the beam K for RACH reception, UE could transmit on subband 1 for UL UE beam adjustment for updating/adjusting the UE beams for transmission and reception. For example, if UE has used a wide beam α for quick beam acquisition, UE could use try several narrow beams in the wide beam α for further improving the SNR. Or UE could try other neighbor beams around the DL Rx beam (denoted as β in Figure 2) to improve the mobility performance. Note that since subband 1 and subband 2 is FDM, and the UL beam adjustment will not influence the normal contention based random access in subband 2. 
[image: ]
Figure 2. Fast UL beam adjustment by using the PRACH symbols
Proposal 2: NR should support UL beam management based on PRACH symbols.
Conclusions
This contribution discusses beam management aspects for UL MIMO and concludes with the following proposals.
Proposal 1: UL beam management should be supported in NR.
Proposal 2: NR should support UL beam management based on PRACH symbols.
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