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1. Introduction
In RAN1 Ad-Hoc, there were agreements regarding UL beam management as following:
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:
· 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.

Agreements:
· NR supports periodic and semi-persistent NR-SRS transmission. 
· Note aperiodic SRS transmission has been agreed 
· Out of K ≥ 1 configured NR-SRS resources:
· For aperiodic transmission, the UE can be configured to transmit a subset of or all K NR-SRS resources with no precoding, the same or different precoding
· For periodic and semi-persistent transmission, the UE can be configured to transmit K NR-SRS resources with no precoding, the same or different precoding
· FFS details related position & timing of SRS transmission (including configurable)
· NR supports SRS transmission including 
· Number of SRS ports are 1, 2, 4, FFS 3, 8 (possibly other values)
· Comb levels are 2 and 4
· Configurable frequency hopping (details FFS)
· Clarify the following agreed configurations are applicable to each NR-SRS resource from K configured NR-SRS resources:
· NR-SRS bandwidth
· Number of CP-OFDM/DFT-S-OFDM symbols
· Number of SRS ports
· Comb level

In RAN1 #88, there were agreements regarding UL beam management as following:
Agreements:
· Study further multi-beam based NR-PUCCH transmission for robustness against beam pair link blocking
· E.g., UE transmits NR-PUCCH on different UL Tx beams in different NR-PUCCH OFDM symbols
· FFS: multi-beam triggering condition/mechanism (e.g. event-triggered, network configured, etc.)
· FFS: number of OFDM symbols for each beam
Agreements:
· Study further UE behavior(s) for SRS transmission and the details of the indication from gNB (if any)

Agreements:
· NR supports UL-MIMO scheduling by DCI, which includes at least some of
· Indication of a SRS resource (SRI) which has been transmitted by this UE in previous time instance
· Each configured SRS resource is associated with at least one UL Tx beam/precoder
· FFS: whether to allow the existence of this field only when multiple SRS resources are configured to UE.
· Transmit Rank indicator (TRI)
· Possible values are up to the number of SRS ports configured in the indicated SRI
· Wideband transmit PMI (TPMI), with details FFS including dual-stage codebook (if supported)
· FFS: Possible PMs depend on the number of SRS ports configured in the indicated SRI
· FFS: whether to allow the existence of this field for non-codebook-based UL-MIMO transmission
· FFS: Subband TPMI 
· UL MCS indication
· UL HARQ related information
· UL Resource allocation
· FFS on multiple SRI indication and corresponding indications of TRI(s) and TPMI(s)
· FFS: Joint encoding or separate encoding

Based on the agreements, we provide our views on UL beam management in this contribution.
Discussion on UL beam management procedure
If TRP and UE has a Tx/Rx beam correspondence, the DL TRP(s) Tx beam(s) and UE Rx beam(s) can be applied to UL TRP(s) Rx beam(s) and UE Tx beam(s). However, the Tx/Rx beam correspondence is not always guaranteed due to antenna configuration mismatch, radio channel variation, and UE mobility, etc. For example, beam correspondence would not hold when Tx antennas and Rx antennas are separately located due to hardware limitation and also there is asymmetric interference in DL and UL. Thus, beam management procedure to find TRP(s) Rx beams and/or UE Tx beams for UL transmission would be required. If TRP and UE has non/partial beam correspondence, UL beam procedure which is written as follows in RAN1 #86bis is needed to find UL Tx/Rx beams.
· U1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)
· U2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE use beamforming
For UL beam procedure, we first consider periodic, aperiodic, and semi-persistent (SP) transmission of SRS, since it was agreed that NR support transmissions of SRS precoded with same and different UE Tx beams. UL beam procedure based on periodic SRS would require too much burden when many users are served at the same time. In addition, UL beam management can be complementary to DL beam management if we consider beam correspondence conditions. Thus, whether periodic or SP SRS transmission is needed is unclear. Aperiodic SRS based UL beam procedure seems to be sufficient especially when we consider partial beam correspondence assumption, where aperiodic SRS transmission here includes subsequent transmission (multi-shot) of SRS but no periodicity. 
Proposal #1: UL beam procedure based on aperiodic SRS transmission should be supported as a baseline.
Similar to two different types of DL CSI-RS resource, i.e., Type A CSI-RS resource for MIMO CSI feedback and Type B CSI-RS resource for DL beam management, as discussed in our companion contribution [1], two different types of SRS resources would also be considered, in terms of their different operational purposes, i.e., Type A SRS resource for UL link adaptation, and Type B SRS resource for UL beam management in our companion contribution [2]. 
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Figure 1. An Example of UL beam management via SRS transmission
When multiple Type B SRS resources for UL beam management are configured to the UE and multiple SRS ports are configured within the resource, same or different UE Tx beams could be applied on the configured SRS ports for supporting UL beam management. For example, when we assume every SRS transmission instance consists of a single OFDM symbol for a configured Type B SRS resource with P SRS ports, the UE applies P different analog beam directions, each applied to a different SRS port, and transmits them simultaneously. For this example, the UE is assumed to be implemented with P TXRUs/panels, so that the value of P or related information may need to be initially delivered to gNB as UE capability signaling for proper configurations on Type B SRS resource(s) for UL beam management. After measuring transmitted SRS ports in Type B SRS resource, gNB may select preferred analog beam(s) to be used for applying to Type A SRS resource(s) via indication of SRI/port index for UE Tx beam. In Figure 1, we can see the overall UL beam management procedure via SRS transmission. In this case, we assume that three Type B resources are configured to UE where each SRS resource contains two SRS ports. Then, UE transmits two different analog beams simultaneously for each SRS resource, each applied to a different SRS port within a Type B SRS resource. UE also changes beam direction per SRS resource sequentially so that total 6 UL beams are transmitted. Then, gNB indicates UL Tx beam via SRS resource indicator (SRI) and port index to UE. If multiple SRS resources with a single port are configured for UL beam management, UL Tx beam can be indicated by only SRI.   
Proposal #2: NR should consider two different types of SRS resources in terms of their different operational purposes, i.e., Type A SRS resource for UL link adaptation, and Type B SRS resource for UL beam management.
Proposal #3: One of the following options should be supported for precoder/beam indication for SRS transmission
· Option 1: SRS resource indicator (SRI)
· Option 2: SRI and SRS port index
If UE has a large number of Tx beams, configuring SRS resources with multiple OFDM symbols within a slot can cause a lack of resource for UL data transmission. In this case, it would be desirable that SRS resource(s) for UL beam management can be transmitted across multiple slots with respect to the UE capability (e.g., the number of UE Tx beams, the number of UE TXRUs). For example, when UE has 16 UL Tx beams for UL Tx beam sweeping, gNB can configure four Type B SRS resources, each consisting of 4 ports, so that it can be transmitted in 4 slots assuming that each slot contains one Type B SRS resource. 
Proposal #4: For UL beam management, NR supports UE capability reporting (e.g., the number of UE Tx beams, the number of UE TXRUs).
· UE can be configured to transmit multiple SRS resources based on the UE capability
In addition, it can be considered that UL resource for data and control channels can be limited according to SRS configuration for UL beam management. During UL Tx beam sweeping, UL data transmission may not be allowed or DMRS mapping on every OFDM symbol is needed to decode the UL data with different UL Tx beams. Then, there can be restrictions on UL data scheduling considering the SRS configuration for UL beam management. For example, if SRS is assigned to all symbols within a slot, one simple solution is that gNB does not assign UL data to the UE. In addition to UL data channel, UL control channel can be mapped in FDM manner with SRS for UL beam management so that the SRS beam sweeping could impact on UL control channel design 
Proposal #5: UL data and control channels should be designed by considering SRS configuration for UL beam management. 
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Figure 2. An Example of multi-beam based PUCCH transmission
In the RAN1 Ad-hoc meeting, multi-beam based NR-PDCCH transmission was agreed to be supported in NR. UE can monitor multiple beam pair links simultaneously or UE can monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols. In addition to NR-PDCCH, NR-PUCCH for periodic CSI reporting also needs to be protected from UE mobility/rotation and beam blockage. In our companion contribution in [3], we observed that there would be about 10 dB of UE beam gain loss in average with 20 msec delay due to UE rotation in case of 120 RPM of UE rotation speed. In the worst case, where the beam is selected near the middle point between two candidate beams, the gain loss can be more severe due to the exponentially increasing slope towards null point. In addition, in case of sudden blockage, more severe gain loss can be occurred. For example, gain loss due to human body blockage can be up to 24.5 dB at 28 GHz [4]. Considering that frequent periodic beam sweeping of DL/UL RS will cost a huge RS overhead, too short DL/UL beam management interval should be avoided. Periodic or semi-persistent CSI reporting can be configured between the beam management intervals for tracking UE link quality while maintaining the DL beam pair. In this case, UL beam information will be outdated as time goes on so that CSI feedback information may not be able to be transferred to network. Since the assumption here is that no DL/UL data traffic occurs during periodic CSI reporting, additional beam tracking procedure is desired to be avoided. Therefore, one simple solution in this case would be to use multiple UL beams for CSI reporting. For example, multiple UL beams can be swept across multiple NR-PUCCH symbols and each NR-PUCCH symbol contains DMRS port to decode the control signals. In Figure 2, an illustration of our idea is shown. In-between beam management procedures, periodic beam reporting is configured. If UE detects beam degradation, UE can simply transmit NR PUCCH using multiple beams. If NR-PUCCH DMRS exists every PUCCH symbols, then this beam change operation may be supported in a gNB transparent way.
Proposal #6: Support multi-beam based NR-PUCCH transmission in the use of periodic CSI reporting at least.

2. Conclusion
In this contribution, we have studied the UL beam management and proposed as following:
Proposal #1: UL beam procedure based on aperiodic SRS transmission should be supported as a baseline.
Proposal #2: NR should consider two different types of SRS resources in terms of their different operational purposes, i.e., Type A SRS resource for UL link adaptation, and Type B SRS resource for UL beam management.
Proposal #3: One of the following options should be supported for precoder/beam indication for SRS transmission
· Option 1: SRS resource indicator (SRI)
· Option 2: SRI and SRS port index
Proposal #4: For UL beam management, NR supports UE capability reporting (e.g., the number of UE Tx beams, the number of UE TXRUs).
· UE can be configured to transmit multiple SRS resources based on the UE capability
Proposal #5: UL data and control channels should be designed by considering SRS configuration for UL beam management. 
Proposal #6: Support multi-beam based NR-PUCCH transmission in the use of periodic CSI reporting at least.
3. Reference
[1] R1-1604885, “On CSI-RS design for beam management”, LG Electronics
[2] R1-1702465, “Considerations on NR SRS design”, LG Electronics
[3] R1-1609248, “the impact of UE rotation”, LG Electronics
[4] R1-161667, “Human and Hand Blockage Modeling for >6GHz bands”, Qualcomm
image1.emf
Type B 

SRS 

resource 

#1

Type B 

SRS 

resource 

#2

Type B 

SRS 

resource 

#3

Beam 

indication via 

SRI/port 

index

Type A SRS 

resource

gNB

UE

SRS 

transmission 

for UL BM

SRS 

transmission 

for CSI 

acquisition


image2.png
TRP

UE

Tx beam Rx beam
for CSI-RS for UCL

Tx beam Rx beam
for CSI-RS for UCL

£

UE rotation,
Beam blockage|

Beam
management
procedure

Beam
management
procedure

Rx beam  Tx beam for
for CSI-RS  CSI reporting

7

Rx beam Multi-Tx beam
for CSI-RS for CSI reporting

X f

UE recognizes
Beam mismatch/blockage





