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1. Introduction
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

In RAN1 #88bis, there were agreements regarding UL beam management as following:
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

In RAN1 #89, there were agreements regarding UL beam management as following:
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:
· When UE beam correspondence is not hold, 
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI
Agreements:
· When UE beam correspondence holds,
· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS
· The indication can be based on CSI-RS resource, 
· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
FFS: The indication via MAC CE and/or DCI

In RAN1 Ad-hoc#2, there was agreement regarding UL beam management as following:
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.
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. 
It is agreed that gNB can configure multiple groups where different groups can be used for different purposes, i.e., Group A SRS resource for UL link adaptation, and Group B SRS resource for UL beam management in our companion contribution [2]. 
When multiple Group B SRS resources for UL beam management are configured to the UE and single SRS port is configured within the resource, UE can apply different Tx beam for each SRS resource. For example, when UE is assumed to configure P Group B SRS resources, the UE applies P different beam directions, each applied to a different SRS resources. For this example, the UE is assumed to have different Tx beams, 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 Group B SRS resource(s) for UL beam management. After measuring transmitted Group B SRS resources, gNB selects preferred beam(s) to be used for applying to Group A SRS resource(s) via indication of SRI for UE Tx beam as agreed in RAN1#89. It would be desirable that the SRI for UE Tx beam can be signaled by MAC-CE since it has less restriction of payload size than DCI. It also avoids any possible error propagation by receiving ACK from UE, and UL beam information would be updated with relatively long periodicity. 
In particular, it was agreed in RAN1 #89 that UL Tx beam is indicated by SRI or CSI-RS resource based indication (e.g. CRI) when DL/UL beam correspondence holds. For the latter case, UE can determine UL Tx beam from DL Rx beam corresponding to CRI in a reciprocal manners. In a similar way to the SRI for UE Tx beam, MAC-CE would be desirable to signal the CRI for UE Tx beam. Also, CRI or SRI indication for UL Tx beam would be confined within group B CSI-RS or group B SRS resources to reduce signaling overhead. 
Proposal #2: NR should consider two different groups of SRS resources in terms of their different operational purposes, i.e., Group A SRS resource for UL link adaptation, and Group B SRS resource for UL beam management.
Proposal #3: For beam indication for SRS transmission, NR should support SRI or CRI indication via MAC-CE.
In RAN1 #89, it is agreed that UE can be configured to transmit multiple SRS resources for UL beam management by single aperiodic SRS triggering field. How to control UL beam sweeping behavior is an open issue which can be done via explicit or implicit indications. First, explicit indication can be done for whether UE should keep the same Tx beam or to use different Tx beams for different SRS transmission instances. On the other hand, implicit indication can be done by defining default UE behavior such that UE should maintain the same Tx beam within a SRS resource and change the beam across different SRS resources. For U-2 procedure, UE can be configured to transmit single SRS resource spanning multiple OFDM symbols where UE keeps the same Tx beam during the SRS transmission. For U-3 procedure, multiple one symbol SRS resources can be configured to UE to transmit different Tx beams in different symbol. For U-1, multiple N-symbol SRS resources can be configured where N is larger than one.
Proposal #4: Support UE to derive the UL beam sweeping behavior for SRS transmissions based on the following options
· Alt1: explicit indication (e.g., via DCI and/or MAC-CE)
· Alt2: implicit indication based on SRS configurations
· UE maintains the same Tx beam within a SRS resource and change the beam across different SRS resources.
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Figure 2. An example of UL multi-cell/TRP operation
As shown in Figure 2, we can consider UL multi-cell/TRP scenario where UE can communicate with different TRPs. Then, different channel path can be observed from different links and then it is possible that propagation delays at each links would be quite different. In RAN #88, it was agreed that UL MIMO scheduling includes SRI to indicate UL Tx beam/precoder. In this case, each configured SRS resource would be associated with each links. Thus, with regard to possible different propagation delay for each links, multiple timing advances (TAs) each associated per SRS resource should be considered. 
Proposal #5: For multi-cell/TRP scenario, multiple timing advances control each associated per SRS resource should be considered.

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 groups of SRS resources in terms of their different operational purposes, i.e., Group A SRS resource for UL link adaptation, and Group B SRS resource for UL beam management.
Proposal #3: For beam indication for SRS transmission, NR should support SRI or CRI indication via MAC-CE.
Proposal #4: Support UE to derive the UL beam sweeping behavior for SRS transmissions based on the following options
· [bookmark: _GoBack]Alt1: explicit indication (e.g., via DCI and/or MAC-CE)
· Alt2: implicit indication based on SRS configurations
· UE maintains the same Tx beam within a SRS resource and change the beam across different SRS resources.
Proposal #5: For multi-cell/TRP scenario, multiple timing advances control each associated per SRS resource should be considered.
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