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Introduction
Pertinent agreements made on UL beam management in NR Ad-Hoc[4] can be summarized as follows:
	Summary of working assumption and agreements:
· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s)
· Details are FFS, including at least the following study:
· Signal(s) for the mechanism(s) if necessary
· E.g., SRS, PRACH preamble, UL DMRS
· Additional contents can also be included, e.g., beam reporting
· Method(s) and content for TRP to indicate selected UE Tx beam and configure UE sweeping
· Impact of beam correspondence Status
· E.g., When to use the mechanism(s)
· E.g., Procedures such as U-1, U-2, U-3, and beam correspondence based procedure
· UE capability reporting
· E.g., capability of analog beamforming
· Consider the cases when UL and DL are from the same TRP and from different TRPs
· Conditions when the mechanism is particularly useful

· For NR UL, support transmissions of SRS precoded with same and different UE Tx beams within a time duration
· Detailed FFS, including the resulting overhead, time duration (e.g., one slot), and configuration, e.g., in the following:
· Different UE Tx beam: FFS per SRS resource and/or per SRS port
· Same UE Tx beam across ports: for a given SRS resource and/or a set of SRS resources
· FFS: The SRS resources can be mapped in TDM/FDM/CDM manner.
· FFS: overhead reduction schemes such as IFDMA or larger subcarrier spacing
· FFS gNB can indicate selected SRS port/resource for UE after receiving the SRS.




In this contribution, we provide our views on UL beam management, especially on using NR-SRS for UL beam management.  

NR-SRS for UL beam management
The UL beam management procedure is utilized to find the proper TRP Rx beam(s) and/or UE Tx beam(s) for UL transmission. When the TRP or the UE has no beam correspondence or only has partial beam correspondence, UL beam management procedure is needed. When both the TRP and UE have full beam correspondence, the UL beam management procedure can be still necessary in some scenarios. The DL and UL transmission can use different transmission schemes. For example, the DL transmission scheme can be MU-MIMO with precoding to suppress the intra-cell interference and multi-TRP transmission (e.g., non-coherent JT, DPS/DPB), while the UL transmission scheme can be SU-MIMO and UL MU-MIMO using receiver-based interference suppression. The DL and UL transmissions also experience different interference profiles. Considering all those facts, the proper beams for DL and UL transmission can be different in the case of full beam correspondence. Thus the UL beam management procedure would be necessary to find the proper beams for UL transmission. 
Observation 1: UL beam management procedure is needed even when the beam correspondence between TRP and UE holds.
NR-SRS is a good candidate for reference signal used in NW-controlled UL beam management. It has been agreed that the UE can be configured with K ≥ 1 NR-SRS resources and the transmission of multiple NR-SRS resources can be a beam sweeping manner. That can be used to support the beam sweeping for UL beam management. 
Proposal 1: NR-SRS should be used as the reference signal for UL beam management.
Design of NR-SRS for beam management
1 
NR should integrate the UL CSI acquisition and UL beam management in the same framework. The beams obtained in UL beam management are data beams and can be considered as part of wide-sense channel state information. The UE can be configured with K ≥ 1 NR-SRS resources and the transmission of multiple NR-SRS resources can be precoded with same Tx beam or different Tx beams. It is proposed that one NR-SRS resource correspond to one UE Tx beam. That provides much better flexibility than NR-SRS port corresponding to one UE Tx beams. By this manner, the UL CSI acquisition and UL beam management can be integrated in the same framework. The gNB can obtain the ‘best’ Tx beam and also the channel state information from the same NR-SRS resources at the same time.
Observation 2: One NR-SRS resource corresponding to one Tx beam provides better flexibility. 
The beam sweeping pattern across K ≥ 1 NR-SRS resources in one NR-SRS transmission should be configurable to meet the requirement of different UL beam management procedures. To measure multiple UE Tx beams, the gNB needs to configure that UE sweeps Tx beams across NR-SRS resources. To measure different TRP Rx beams with respect to one UE Tx beam, the gNB needs to configure that the UE fixes the same Tx beams across NR-SRS resources. To measure multiple TRP Rx beams and UE Tx beams simultaneously, the gNB can configure that the UE sweeps Tx beams across NR-SRS resource group but fixes the Tx beam across different NR-SRS resouces in each NR-SRS resource group. The UL beam management should be controlled by the NW. Based on different beam alignment and measurement requirement, the NW should be able to configure proper NR-SRS transmission to the UE. 
Observation 3: Various beam sweeping patterns on NR-SRS should be accommodated for UL beam management and the NW should configure the sweeping pattern of NR-SRS for different beam measurement purpose. 
Due to the transmit power limitation, some UE can only transmit NR-SRS in a narrow sub-band on one CP-OFDM/DFT-S-OFDM symbol. To obtain accurate beam quality information, we need wideband CQI/RSRP/RSRQ measurement of each Tx beam. NR-SRS frequency hopping can be used to achieve that. In one NR-SRS resource multiple CP-OFDM/DFT-S-OFDM symbols, the UE can do frequency hopping across multiple symbols with the same Tx beam and the gNB can merge the measurement results from those symbols to obtain the wideband measurement for one Tx beams. This further justifies the association between one NR-SRS resource and one Tx beam.
Observation 4: Frequency hopping across multiple CP-OFDM/DFT-S-OFDM symbols within one NR-SRS resource can be used to obtain the wideband measurement for one Tx beam.
 The NR-SRS resource is configured UE-specifically. Different UEs could have different uplink beamforming capabilities and different numbers of Tx beams that should be measured for UL beam management. It is necessary for the UE to report its Tx beam capability to the NW to assist the gNB to configure the proper NR-SRS transmission.

Proposal 1: NR-SRS is designed with the following principles to support UL beam management:
· CSI acquisition and UL beam management should be in the same framework
· One NR-SRS resource corresponds to one UE Tx beam
· Beam sweeping patterns across NR-SRS resources is configurable by the NW
Proposal 2: NR supports UE to report the Tx beam capability to the NW.
When considering the overhead reduction of NR-SRS for beam sweeping, the feasibility of beam switching at the TRP and UE should be considered carefully. One method to reduce the NR-SRS beam sweeping overhead is through IFDMA, in which multiple repetitions are created within one OFDM symbol and the gNB can sweep Rx beams across those repetitions. Another method is to use a larger subcarrier spacing that results in shorter OFDM symbols. Then the UE can sweep Tx beam across shorter OFDM symbols or the gNB can sweep Rx beams across shorter OFDM symbols. However, we need to consider the Tx or Rx beam switch time capability that the TRP and the UE can support. When considering either the IFDMA method or the method of larger subcarrier spacing, we need ensure the UE Tx and TRP Rx beam switch latency is much smaller than the time length of one repetition or the time length of one shorter symbol so that the beam retuning only causes negligible signal distortion. 
 Proposal 3: Consider TRP and UE beam switch latency in the design of NR-SRS overhead reduction 
Discussion on DMRS for UL beam management
Uplink DMRS can be used by the gNB to monitor the UL link quality and then such information can be used to assist the UL beam management. However, specification support of using DMRS for UL beam management might cause some concerns. Let us consider one design of DMRS with time repetitions to allow TRP refine Rx beams, as shown in Figure 1. The TRP can sweep a few Rx beams during DMRS transmission and then choose the proper Rx beam for the following PUSCH or the PUSCH in the future subframes. Another option can be that the UE sweeps the Tx beams during DMRS to allow the TRP to refine the UE Tx beams. The Tx beam selected here can only be applied to the PUSCH transmission in some future subframes. However, the UL DMRS is generally only subband transmission and thus beam-specific measurement may not be sufficiently accurate for beam refinement. Another concern is that the DMRS for data demodulation and the RS for beam management have different frequency density and bandwidth requirement. DMRS for data demodulation generally requires high frequency density. In contrast, the RS for beam management generally needs to be wideband but requires lower frequency density. So using DMRS for UL beam management is inefficient. 


Figure 1

Proposal 4: Using DMRS in UL beam management is up to system implementation and does need not NR specification support.
Conclusions
In this contribution, Samsung’s view on UL beam management and NR-SRS design for beam management. The following proposals are made:

Proposal 1: NR-SRS is designed with the following principles to support UL beam management:
· CSI acquisition and UL beam management should be in the same framework
· One NR-SRS resource corresponds to one UE Tx beam
· Beam sweeping patterns across NR-SRS resources is configurable by the NW
Proposal 2: NR supports UE to report the Tx beam capability to the NW.
Proposal 3: Consider TRP and UE beam switch latency in the design of NR-SRS overhead reduction 
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