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Introduction
For NR multi-beam systems, the general framework of DL/UL beam management and detailed designs have been extensively discussed. Some detailed agreements for UL beam management are as follows [1-5]:
	Agreements:
· For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE can be configured to transmit N(N>1) SRS resources for UL beam management
· FFS transmit power for the N SRS resources for UL beam management  

Working assumption:
· 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
Agreements:
· NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement.
· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource)
· Alt.2: based on gNB indication, e.g. via SRI

Agreements:
· Study whether or not the UE to provide information to gNB to assist UL beam management without UE beam correspondence
· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available
· Study whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping
· E.g., derived from beam-specific power control signalling and maximum transmit power
· FFS: spec. impact 



In this contribution, we will further discuss some remaining issues on the UL beam management. 
Discussion
SRS for UL beam management
In RAN1#89 meeting [4], it has been agreed that a given X-port SRS resource spans N = 1, 2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource.
Therefore, in order to support UL Tx/Rx beam sweeping, there may be two possible ways to configure SRS resource(s) for UL beam management:
· Config.1: A SRS resource spanning multiple symbols
· Config.2: Multiple SRS resources
In the framework of UL beam management, U2 and U3 procedures are used for finer receiver and transmit beam adjustment, respectively. The purpose and beam sweeping manners of U2 and U3 procedures are different, thereby leading to different requirements of SRS configurations and transmissions. We will discuss the above two configurations for U2/U3 procedure in the following. 
For U2 procedure, UL Tx beam at UE side will be kept the same and NW chooses the best Rx beam based on the measurement results of sweeping Rx beams.  For this procedure, 
· NW configures a SRS resource spanning multiple symbols and UE will transmit the SRS signals over multiple symbols by the same UL Tx beam. Then NW does the measurements by sweeping Rx beams on a symbol-by-symbol basis and selects a finer Rx beam.  
· NW configures multiple SRS resources and UE transmits multiple SRS signals by the same UL Tx beam. Then NW does the measurements by sweeping Rx beams on a SRS resource basis and selects a finer Rx beam. 
Therefore, these two kinds of configuration are workable for U2 procedures. However, Config.1 may have less signaling overhead since Config.1 only needs to indicate the configuration of One SRS resource. On the other hand, Config.1 has less flexibility as the number of symbols within one SRS resource is limited to a small subset. 

Observation 1: Both configurations (Config.1 and Config.2) can be used for the purpose of U2 procedures, but Config.1 may have less signaling overhead at the cost of less flexibility. 

For U3 procedures, UE sweeps UL Tx beams to transmit SRS signals and NW chooses the best Tx beam based on the measurement results of UL Tx beams.  For this procedure, 
· NW configures a SRS resource spanning multiple symbols and UE will transmit the SRS signals over multiple symbols by different UL Tx beams. Then NW does the measurement for each UL Tx beam and selects the best Tx beam.  If NW wants to indicate UE which UL Tx beam is the best one, it will need some new mechanism to indicate which symbol(s) corresponding to the best Tx beam. 
· NW configures multiple SRS resources each of which spans one or more symbol(s) and UE transmits multiple SRS signals over the SRS resources by different UL Tx beams. Then NW does the measurement for each UL Tx beam and selects a best Tx beam. NW can use SRI (SRS resource indicator) to indicate which beam is the best one.
Based on the above discussions, we can see that Config.2 have been able to support U3 procedures, whereas Config.1 needs the introduction of some new indication scheme to tell UE the best beam.

Observation 2: Config.2 has already supported the purpose of U3 procedures, whereas Config.1 needs some new indication scheme to tell UE the best beam.

For the purposes of U2 and U3 procedures, the beam sweeping manners are different. Thus NW should implicitly or explicitly indicate the UE about the beam sweeping manner in addition to the SRS resource configurations:
· Explicit way: NW configure beam sweeping manner for each SRS resource / resource set. For example, NW indicates UE Config.X and beam sweeping manner Y.
· Implicit way: The beam sweeping manner is associated with the type of SRS resource or type of SRS resource configuration. For example, NW indicates UE Config.1 and UE should use the same Tx beam for the SRS transmissions; NW indicates UE Config.2 for UL beam management and UE should use the different Tx beams for SRS transmissions over different SRS transmission resources. 
The main advantage of implicit way is the reduced signaling overhead. Based on the above discussions and observations, we have the following proposal:
Proposal 1: NR doesn’t support a SRS resource spanning multiple symbols for the purpose of UL Tx beam adjustment. 

In order to reduce the SRS resource overhead of UL beam management, there are some proposals to use sub-time-units for SRS design. As we well know, the beam switching latency of UE will highly affect the choice of sum-time unit. Moreover, the latency may also impact the beam sweeping among different symbols when the subcarrier spacing is large and the duration of a symbol is small. However, the beam switching latency has not been fully discussed. Thus we need to ask RAN4 about the beam switching latency of UE and carefully consider it for the design of SRS and configuration of beam sweeping manners.

Proposal 2: RAN1 sends LS to RAN4 to ask the typical value(s) of the beam switching latency at UE side and its impacts on performance. The design of SRS and UL beam switching should take the beam switching latency into account.

Reporting of UE Capability on UL Beamforming
In order to perform UL finer Tx beam adjustment, NW has to configure some SRS resources and/or UL Tx beam sweeping manners for the UE. NW cannot know configure how many SRS resources and what type of beam sweeping manner until it know a UE’s capability related to UL beamforming. Here are some examples for such kinds of information:
· Information related to SRS resources: UE can tell NW how many UL Tx beams it has
· Information related to beam sweeping manners: if a UE has multiple antenna panels, it may transmit multiple SRS signals from different UL Tx beams simultaneously to reduce the duration of U3 procedures. Thus UE should tell NW how it can sweep its UL Tx beams.
Thus NR should support UE to report the information related to its capability on UL beamforming.

UL beam management it not only necessary for the case without beam correspondence. Moreover, even when beam correspondence is valid, it may be still beneficial for NW to trigger UL beam management for some cases. For example, NW may need to maintain and configure a subset of CSI-RS resources for a UE’s DL beam measurement and selection. As the UE is moving, NW has to update this subset to ensure the performance and robustness. There are two possible ways to update the subset. One way is that NW “guesses” / “predict” which new beams can be added to the subset. Another way is that NW triggers a UL beam management procedure to assist NW to update the subset. Thus it is beneficial for a UE with beam correspondence to report its capability on UL beamforming to facilitate the multi-beam operations.
Based on the above discussions, we have the following proposal:

Proposal 3: NR should support UE to report the information related to its capability on UL beamforming to assist UL beam management at least for the cases without beam correspondence. 
 
Conclusions
In this contribution, we discuss some design aspects of UL beam management. Based on the above discussions, we have the following observations and proposals:
Observation 1: Both configurations (Config.1 and Config.2) can be used for the purpose of U2 procedures, but Config.1 may have less signaling overhead at the cost of less flexibility. 
Observation 2: Config.2 has already supported the purpose of U3 procedures, whereas Config.1 needs some new indication scheme to tell UE the best beam.

Proposal 1: NR doesn’t support a SRS resource spanning multiple symbols for the purpose of UL Tx beam adjustment. 
Proposal 2: RAN1 sends LS to RAN4 to ask the typical value(s) of the beam switching latency at UE side and its impacts on performance. The design of SRS and UL beam switching should take the beam switching latency into account.
Proposal 3: NR should support UE to report the information related to its capability on UL beamforming to assist UL beam management at least for the cases without beam correspondence.
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