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1 Introduction

In RAN1 #88bis meeting, the working assumption on NW-controlled mechanism for beam management for UL transmission(s) has been confirmed as an agreement. In addition, the following has been agreed for UL beam management as well:
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 RAN1 #89 meeting, it was further agreed on aperiodic SRS for UL beam management as following [2]:
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  

In this contribution, we discuss on the abovementioned open issues for UL beam management.
2 Discussion
It was agreed that the beam correspondence is considered as a UE capability. A UE may determine its Tx beam based on the determined Rx beam from downlink beam management procedures, therefore uplink beam management procedures may not be required when perfect beam correspondence is fulfilled at both the TRP and the UE sides. When the perfect beam correspondence does not hold at either TRP or UE side, UL beam management is need.
A Tx beam determined by UE based on beam correspondence may not be always the best Tx beam from the gNB perspective due to many reasons, e.g., hardware limitation such as UE transmit and receive array patterns difference due to beam control errors, and/or asymmetric interference between uplink and downlink. In this case, perfect or full UE beam correspondence does not hold, and UL beam management may be used to find the best UL Tx beam to override the UE autonomous Tx beam determination based on full beam correspondence to handle the system performance degradation.

In the case of imperfect UE beam correspondence, full beam sweeping may be used to identify the best UL Tx beam from all or most of UE Tx beams as shown in Figure 1. Full beam sweeping may be desired when no beam correspondence holds at UE side at all. However, always using full beam sweeping may not be efficient for UL beam management since full beam sweeping requires the larger amount of SRS resources to train all UE Tx beams which also leads to high latency and high power consumption. Therefore, using full beam sweeping to find alternative beam which overrides UE determined beam doesn’t seem to be desirable.
In addition, when a UE has a partial beam correspondence (e.g., a UE knows the best subset of Tx beams based on the Rx beam determined), a local beam sweeping may be used to identify the best UL Tx beam within the best subset of beams as shown in Figure 1, which are swept around the UE autonomous UL Tx beam determined based on DL Rx beam from DL beam management such as P1 or P3. 
The local beam sweeping may require smaller amount of SRS resources to train several neighbour beams, but it may be sufficient for UL beam management procedures. 
Proposal 1: a local beam sweeping is supported on top of a full sweeping for partial beam correspondence and no beam correspondence cases. 
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Figure 1 Full beam sweeping and local beam sweeping 
In order to support efficient UL beam management to reduce the amount of SRS resources, beam sweeping latency, and power consumption, a UE can provide assist information to a gNB to facilitate TRP SRS configuration for local or full beam sweeping. A UE may signal its beamforming capability such as the number of Tx beams to help gNB or TRP to determine the amount of SRS resources to be configured for each UE. A UE can request either local or full beam sweeping to TRP. One or more SRS resources can be used and each SRS resource may be associated with a beam. 
For example, if a UE may have a capability of N Tx beams, the UE can request N SRS resources for beam sweeping. A UE can request a preferred number of SRS resources to assist a TRP so that the TRP can decide which type of beam sweeping for UL transmission is used. For example, a UE can request zero, small or large amount of SRS resources to recommend no beam sweeping, local beam sweeping, and full beam sweeping which implicitly indicates full beam correspondence, partial beam correspondence, and no beam correspondence at UE, respectively. 
Proposal 2: NR supports that a UE provides assist information related to a required number of SRS resources for beam sweeping to gNB to facilitate efficient UL beam management. 

TRP configures SRS resources to UE for UL beam management to identify and track UE Tx beam and TRP Rx beam for UL transmission. Different SRS resource settings can be configured for different UL beam management procedures such as U-1/U-2/U-3 by RRC signalling message. One SRS resource setting may be configured to include multiple SRS resource sets. Each SRS resource set may have one or more SRS resources to support beam sweeping. Each SRS resource can be associated with a specific beam. The flexible configuration of SRS resources includes a mapping to frequency domain such as sub-band, resource blocks, subcarriers and comb; time domain such as symbols or slot; and code domain such as sequence configuration (e.g., Zadoff Chu sequence, root, cyclic shift, etc.). For example, one resource set with N SRS resources may be configured to support either full or local beam sweeping over corresponding large or small N symbols in time domain.  In case of UE specific SRS configuration, the signalling overhead may become an issue when the number of UEs is high, and UEs being equipped with multiple beams for full beam sweeping. Therefore, SRS overhead reduction schemes are necessary. UE may be configured to perform a fast Tx beam sweeping across multiple short OFDM symbols with DFT-based Sub-Time Unit SRS. Based on the received assist information from UE(s), the TRP may configure flexible SRS resources in time, frequency and code domains for multiple UE(s) to implement either full or local beam sweeping in case of no beam correspondence or partial beam correspondence.  
Proposal 3: a flexible SRS configuration is supported for no beam correspondence and partial beam correspondence cases. 

It has been agreed that NR supports beam-specific power control as baseline. In general, a power control for UL transmission is designed to adjust UE transmit power to counter path loss and channel fades to maintain the desired target performance at gNB and minimize the interference level. For aperiodic SRS transmission triggered by a single aperiodic SRS triggering field, it was agreed that the UE can be configured to transmit N(N>1) SRS resources for UL beam management. From our point of view, SRS transmission for UL beam management has different design goal from power control: multiple SRS transmissions are required for measuring UE Tx beam(s) and/or TRP Rx beam(s) in one round of beam sweeping. In order to have a fair comparison between candidate beams, the transmit power for the N SRS resources during one round of beam sweeping should be kept the same as the minimum value between the maximum transmit power that the UE can afford and a SRS beam sweeping power setting value. 
The SRS beam sweeping power setting value may be configured by RRC message or provided with a trigger or request to perform aperiodic SRS transmissions for beam sweeping in a DCI. Alternatively, since NR supports beam specific power control, the SRS beam sweeping power setting value may be derived from beam-specific power control signalling for other channels such as PUCCH and PUSCH. To derive proper common power control parameters for SRS based UL beam management, beam specific power control parameters may be combined into unified non-beam specific parameters, so that SRS beam sweeping power setting value could be the same during one round of beam sweeping. For example, a single path loss value may be derived by combining all path loss values of multiple BPLs within one round of SRS beam sweeping.
Proposal 4: the same transmission power is used for SRS transmission during one round of beam sweeping.
3 Conclusions

In this contribution, we discuss on beam sweeping for UL beam management according to the beam correspondence situations (e.g., no beam correspondence, full and partial beam correspondence cases). Based on the discussion, we have the following proposals:

Proposal 1: a local beam sweeping is supported on top of a full sweeping for partial beam correspondence and no beam correspondence cases 
Proposal 2: NR supports that a UE provides assist information related to a required number of SRS resources for beam sweeping to gNB to facilitate efficient UL beam management. 

Proposal 3: a flexible SRS configuration is supported for no beam correspondence and partial beam correspondence cases. 

Proposal 4: the same transmission power is used for SRS transmission during one round of beam sweeping.
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