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1 Introduction

Regarding UL beam management, the following agreements have been achieved [1][2][3]:
Agreements:

· Confirm the WA from RAN1 AH1701 with the following update:

· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s) 

· FFS the details
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 
Agreements:

· For the purposes of DL/UL CSI acquisition and beam management

· A UE can be configured with K >= 1 SRS resources where

· 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

· FFS whether or not support N adjacent sub-time-units

· FFS whether or not to additionally support non-adjacent symbols/sub-time-units

· FFS whether to not to additionally N>4

· FFS the details for transmission of SRS (e.g., w.r.t., beams, etc.) within the N symbols/sub-time-units

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 

Agreements:

· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE

· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.

In this paper, we provide more details for UL beam management. 
2 Configuration of SRS for beam management
UL beam training will be carried out by at least SRS transmission. Here we discuss the beam sweeping behavior, associated configuration framework and transmit power. 

2.1 Beam sweeping behavior
To enable UE to apply appropriate beamforming behavior (i.e., to fix or change beam during U-2/U-3 procedures), two types of sweeping behavior can be defined:

· Type 1: UE keeps the same Tx beam across allocated SRS resources.

· Type 2: UE uses different Tx beams for allocated SRS resources.

Type 1 sweeping can be used for U-2 procedure with gNB Rx beam training, while type 2 sweeping can be used for U-3 procedure with UE Tx beam training. This beam sweeping behavior can be indicated explicitly or implicitly. For example, it can be indicated via the spatial QCL assumption with Tx parameters between SRS in SRS resources within one SRS resource group. In this case, if SRS in different SRS resources within one SRS resource group are indicated as spatially QCLed, UE should perform type 1 sweeping for gNB Rx beam training. Otherwise, if there is no spatial QCL assumption between SRS in the SRS resources, UE is required to perform type 2 sweeping. In another example, it can be indicated via the spatial QCL assumption with Rx parameter between SRS in SRS resources within one SRS resource group. In this case, if different SRS in SRS resources within one SRS resource group are indicated as spatially QCLed, same gNB Rx beam is applied for the SRS resources and UE is required to perform type 2 sweeping for UE Tx beam training. Otherwise, if there is no spatial QCL assumption between SRS in SRS resources, UE is required to perform type 1 sweeping (using same Tx beam) and  different gNB Rx beams are adopted for the reception of SRS resources. 

Proposal 1: Support gNB to indicate (explicitly or implicitly) the UE beam sweeping behavior (i.e., same or different UE Tx beams for the allocated SRS resource group).

2.2 Configuration framework
SRS configuration can have one SRS resource setting corresponding to M>=1 SRS resource groups, each includes Jm>=1 SRS resource(s). One SRS resource group with Jm>=1 SRS resource(s) can be configured to support beam sweeping over multiple symbols or slots, which is depicted in Figure 1. Here what is different from CSI-RS configuration is no reporting setting is needed for SRS configuration. As for detailed settings, except for the components agreed for CSI-RS configuration, additional ones including frequency hopping method and comb-level should be included for SRS configuration (more details can be found in [4]).
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Figure 1 Examples of SRS resource group configuration

Proposal 2: Support one SRS resource setting for beam management, corresponding to M>=1 SRS resource groups, with each including Jm>=1 SRS resources. 
A UE can be configured with K>=1 X-port SRS resources, where an SRS resource spans 1 or 2 or 4 OFDM symbols within one slot. For U-2 procedure of UL beam management, each SRS resource may span multiple symbols, but for U-3 procedure, each SRS resource may span only one symbol. To support both CSI acquisition and beam management, it is beneficial to have the same signaling format with SRI (or equivalent) for beam/precoder indication. For this reason, one SRS resource should be associated with only one UE Tx beam. In addition, for beam management, the number of ports in one SRS resources can be set to 1 or 2 (single or dual polarizations). 
Proposal 3: For beam management, one X-port SRS resource is associated with only one UE Tx beam, with X = 1 or 2.
As gNB may not know how many Tx beams need to be trained by a given UE, it should be beneficial to allow UE to provide information to gNB to assist UL beam management, which at least includes how many SRS resources are desired for UL beam training. Furthermore, UE may also request one of the two sweeping types based on DL measurement. For example, if UE detects that only the best DL Rx beam has changed, e.g., caused by UE rotation, it can request a Type 2 sweeping for SRS transmission.
Proposal 4: Support UE to provide information to gNB to assist UL beam management, including the desired amount of SRS resources and beam sweeping behavior.
2.3 Transmit power
For UL beam management, the beam pair link (BPL) is selected based on the signal strength received at gNB side, which is determined by transmitting power, pathloss, and BPL-specific Tx/Rx beamforming gain: 
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Multiple SRS transmissions are required for measuring different Tx/Rx beam(s) during UL beam training. In one round of UE Tx and/or gNB Rx beam sweeping, the transmit power of SRS (e.g., N SRS resources within one SRS resource group) should be kept the same to have a fair comparison among candidate BPL(s). More specifically, multiple SRS resources each consisting one or two SRS ports and spanning one or multiple symbols would be configured to UE. The same transmit power for each SRS port within/across SRS resource(s) should be adopted for UL beam training. Detailed design can be found in our companion contribution [5].
Proposal 5: Support using the same transmission power for each SRS port within/across SRS resource(s) for UL beam training.
3 Further enhancements for UL beam management

Here we discuss some further enhancements for UL beam management. 

3.1 Non-consecutive resource allocation 
SRS resource configuration needs to consider different gNB/UE capabilities, e.g., beam switching latency. For instance, with smaller switching latency expected at gNB, consecutive OFDM symbols can be used for gNB beam sweeping (U-2 procedure), as illustrated in Figure 2 REF _Ref480646473 \h 
 (a). Meanwhile, for UE Tx beam sweeping (U-3 procedure), when UE beam switching latency is longer than the CP duration (e.g., with 480kHz subcarrier spacing, the CP length with 6.67% overhead becomes around only 146ns), SRS transmission scattered over non-consecutive symbols can be considered, where the non-used symbols are left for UE to perform beam switching and allow for other UE to transmit SRS. This example is illustrated in Figure 2 REF _Ref480646473 \h 
 (b). 
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Figure 2 SRS transmission over consecutive and non-consecutive symbols
Proposal 6: Support triggering SRS transmission over non-consecutive symbols within one slot.
3.2 Joint DL/UL beam management
With beam correspondence, the signalling overhead and latency can be reduced by joint DL/UL beam training, instead of relying on only DL beam training. For example, to refine first gNB Tx beam and then UE Rx beam, sequential P-2 and P-3 procedures are needed, with separate configurations while feedback is required for P-2 procedure leading to larger delay and overhead. Instead, if P-2 procedure is replaced with U-2, as illustrated in Figure 3 REF _Ref480646339 \h 
, the delay/overhead associated with the feedback incurred by P-2 procedure can be reduced, as U-2 procedure does not require feedback from gNB to UE, and the selected gNB Rx beam from U-2 procedure can directly be used as the Tx beam in the following P-3 procedure. In addition, if such configuration/triggering is done by a single joint indication rather than separate ones, the associated signalling overhead can be further reduced. 
Proposal 7: Support joint triggering of sequential U-2 and P-3 procedures for beam training.
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Figure 3  Comparison of separate P-2/P-3 procedure and joint U-2/P-3 procedure

4 Conclusions
The proposals in this paper are summarized as follows:
Proposal 1: Support gNB to indicate (explicitly or implicitly) the UE beam sweeping behavior (i.e., same or different UE Tx beams for the allocated SRS resource group).

Proposal 2: Support one SRS resource setting for beam management, corresponding to M>=1 SRS resource groups, with each including Jm>=1 SRS resources. 
Proposal 3: For beam management, one X-port SRS resource is associated with only one UE Tx beam, with X = 1 or 2.

Proposal 4: Support UE to provide information to gNB to assist UL beam management, including the desired amount of SRS resources and beam sweeping behavior.

Proposal 5: Support using the same transmission power for each SRS port within/across SRS resource(s) for UL beam training.
Proposal 6: Support triggering SRS transmission over non-consecutive symbols within one slot.

Proposal 7: Support joint triggering of sequential U-2 and P-3 procedures for beam training.
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