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Introduction
Pertinent agreements made on UL beam management up to RAN1 #89 meeting [1] can be summarized as follows:
	Summary of 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  

· NR supports configuration of an X-port SRS resource spanning N adjacent OFDM symbols within the same slot where
· N = 1, 2, 4 at least
· 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
· 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
· 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
· FFS whether or not/how to support antenna switching using SRS
· A given SRS resource can be configured as aperiodic, periodic, or semi-persistent, where
· Periodic: The resource is configured with a slot-level periodicity and slot-offset
· Semi-persistent: The resource is configured with a slot-level periodicity and slot-offset
· Multiple SRS resources can be activated/deactivated with a single message
· FFS: Activation/deactivation details
· Aperiodic: The resource is configured without a slot-level periodicity and slot offset
· Multiple SRS resources can be triggered with a single message
· Note: For periodic/semi-persistent, different resources may have different periodicities and/or slot offsets
· FFS the location(s) of SRS symbol(s) within a slot
· FFS: Configuration details including grouping of SRS resources to allow low signaling overhead for indicating allocated SRS resources




In this contribution, we provide our views on UL beam management, especially on aspects of UL beam management procedure, DL/UL beam association and using NR-SRS for UL beam management.  

1 
2 
NR-SRS for UL beam management
The UL beam management procedure is utilized to find the proper TRP Rx beam(s) and/or UE Tx beam(s) for UL transmission. When the TRP or the UE has no beam correspondence or only has partial beam correspondence, UL beam management procedure is needed. When both the TRP and UE have full beam correspondence, the UL beam management procedure can be still necessary in some scenarios. The DL and UL transmission can use different transmission schemes. For example, the DL transmission scheme can be MU-MIMO with precoding to suppress the intra-cell interference and multi-TRP transmission (e.g., non-coherent JT, DPS/DPB), while the UL transmission scheme can be SU-MIMO and UL MU-MIMO using receiver-based interference suppression. The DL and UL transmissions also experience different interference profiles. Considering all those facts, the proper beams for DL and UL transmission can be different in the case of full beam correspondence. Thus the UL beam management procedure would be necessary to find the proper beams for UL transmission. NR-SRS is a good candidate for reference signal used in NW-controlled UL beam management. It has been agreed that the UE can be configured with K ≥ 1 NR-SRS resources and the transmission of multiple NR-SRS resources can be a beam sweeping manner. That can be used to support the beam sweeping for UL beam management. 
Proposal 1: NR-SRS should be used as the reference signal for UL beam management.
3 
To support UL beam management, the beam sweeping pattern across the transmission multiple NR-SRS resources should be configurable. For U-1 and U-3 procedure, the Tx beamformers should be swept across multiple NR-SRS resources so that the TRP can measure the quality of different UE Tx beamformers and then select the proper/best Tx beams for uplink transmission. For U-2 procedure, the Tx beamformers should be kept same across multiple NR-SRS resources so that TRP can refine its Rx beamformers with respect to one particular UE Tx beam. The TRP can try different Rx beamformers across NR-SRS resources where same UE Tx beamformer is applied.
To support UL beam management, the TRP should be able to configure the Tx beamformer for one UE to apply to the NR-SRS transmission. For U-2 procedure, the TRP should indicate one Tx beam for one UE to apply to NR-SRS transmission with respect to which the TRP can sweep its Rx beam. For U-3 procedure, the TRP should indicate the Tx beam direction to one UE to apply to multiple NR-SRS resources to refine the Tx beam direction.
 Proposal 2: The beam sweeping pattern and Tx beamformers on NR-SRS resources should be configured by NW.
To assist the TRP configuration of NR-SRS, The NR-SRS resource is configured UE-specifically. Different UEs could have different uplink beamforming capabilities and different numbers of Tx beams that should be measured for UL beam management. It is necessary for the UE to report its Tx beam capability to the NW to assist the gNB to configure the proper NR-SRS transmission. The capability that the UE reports can include the number of UL Tx beams needed to be trained and whether beam correspondence is held at UE side.
Proposal 3: NR supports UE to report the Tx beam capability to the NW. The Tx beam capability includes the number of Tx beams and whether beam correspondence is held at UE side.
It has been agreed [1] that NR-SRS can be configured as periodic, semi-persistent or aperiodic transmission. A UE can be configured with K NR-SRS resources, including K1 ≥ 0 periodic NR-SRS resource, K2 ≥ 0 semi-persistent NR-SRS resources and K3 ≥ 0 aperiodic NR-SRS resource. Different Tx beamformers should be applied to K1 periodic NR-SRS resources to support UE Tx beam sweeping, which can be used for U-1 procedure. A measurement window can be configured on periodic NR-SRS transmission in terms of number of slots. Within one measurement window, the UE should keep the same Tx beam on one NR-SRS resource and across measurement window, the UE can retain/change the Tx beam. The TRP should be able to update and change the Tx beam applied to periodic NR-SRS transmission. Such information can be signalled in MAC-CE. That is useful for the TRP and UE to update the Tx beams conveyed in periodic NR-SRS transmission due to environment variation.  
Semi-persistent NR-SRS can be used for UL beam management. One UE can be configured with K2 ≥ 0 semi-persistent NR-SRS resources and MAC-CE signalling can be used to activate and deactivate the transmission of those semi-persistent NR-SRS resources. The Tx beam sweeping pattern across multiple semi-persistent NR-SRS resources should be configurable by the NW, which is useful for the TRP to trigger UE Tx beam selection or TRP Rx beam refinement. The activation message in MAC-CE can also indicate the Tx beam sweeping pattern being applied to the activated NR-SRS resources. The activation message can also signal one or more SRS resource indicator (SRI) (or CSI-RS resource indicator (CRI)) to configure the Tx beamformers that the UE should apply to the triggered semi-persistent NR-SRS transmission. 
Aperiodic NR-SRS can also be used in UL beam management. Two different Tx beam sweeping pattern should be supported on aperiodic NR-SRS resources to support various UL beam management use case.  Tx beam sweeping across aperiodic NR-SRS resources can be used for procedure U-3 and same Tx beam being applied to aperiodic NR-SRS resources can be used for procedure U-2. The aperiodic NR-SRS for UL beam management can be configured and triggered by the following alternatives:
· One UE is configured with K3 ≥ 0 aperiodic NR-SRS resources through RRC signalling and MAC-CE signalling can be used to activate and select N out of K3 configured aperiodic NR-SRS resources. Then L1 DCI signalling is used to trigger the transmission of those N NR-SRS resources that is selected by MAC-CE. A single field in DCI, e.g., 1-bit flag, can trigger the transmission of N NR-SRS resources. The DCI should also indicate the UE Tx beam sweeping pattern over those N NR-SRS resources. The MAC-CE signalling that activates/selects N NR-SRS resources should also configure the Tx beams for those N NR-SRS resources through SRI (or CRI). 
· One UE is configured with one or more RS settings of aperiodic NR-SRS resources and each setting has one or more aperiodic NR-SRS resources. The DCI can trigger the transmission of aperiodic NR-SRS resources configured in one particular RS setting. The DCI should also indicate the UE Tx beam sweeping pattern over those triggered NR-SRS resource: same Tx beam is applied to multiple triggered NR-SRS resources or Tx beams are swept across multiple triggered NR-SRS resources. A few bits in the same DCI can be used to indicate SRI (or CRI) to the UE for the Tx beam.
Proposal 4: NR supports the NR-SRS transmission for UL beam management:
· For periodic NR-SRS transmission: Tx beams are swept across NR-SRS resources and measurement window is configured on periodic NR-SRS transmission for UL beam management.
· For semi-persistent NR-SRS transmission: MAC-CE is used to activate the transmission and MAC-CE signalling configures the Tx beam sweeping pattern (Swept Tx beam vs same Tx beam) and indicate SRI or CRI for UE to determine the Tx beam(s) on semi-persistent transmission
· For aperiodic NR-SRS transmission: DCI is used to trigger the transmission of N≥ 1 NR-SRS resources, to configure the Tx beam sweeping pattern (swept Tx beam or same Tx beam) and to signal SRI or CRI for UE to determine the Tx beamformer for NR-SRS transmission.  
For uplink PUSCH and PUCCH transmission, the TRP should indicate some information of Tx beam to the UE. The TRP can indicate one NR-SRS resource index to the UE and the UE can apply the Tx beam that was used to transmitted to indicated NR-SRS transmission to the PUSCH or PUCCH transmission. For PUSCH transmission, the TRP can use the UL assignment DCI to signal one NR-SRS resource index to indicate the Tx beam for the scheduled PUSCH transmission. For the SPS UL transmission, the corresponding assignment DCI can be used to signal one NR-SRS resource index to indicate the Tx beam for the scheduled SPS transmission. The TRP can indicate the Tx beam for PUSCH and PUCCH separately. For PUCCH transmission, it is recommended to use MAC-CE signalling to indicate one NR-SRS resource index.
Proposal 5: TRP indicate one NR-SRS resource index for the Tx beam indication for PUCCH and MAC-CE signalling is used for Tx beam indication for PUCCH
Tx power of NR-SRS for UL beam management
In UL beam management, transmission of N NR-SRS resources with different Tx beams (i.e., beam sweeping operation) can be used by the gNB to measure the quality of multiple different UE Tx beamforming directions and then select the ‘best’ one. To ensure the gNB can measure the quality of different beamforming directions accurately, the UE should apply same Tx power on those N NR-SRS resources to avoid the impact of different Tx power. Another option can be that the difference between Tx powers applied to those N NR-SRS resources can be reported to the gNB so that the gNB can remove the power offset when comparing the quality of different beams. However, this option could introduce complicated signalling and there seems no additional need to apply different Tx powers on NR-SRS resources for Tx beam sweeping. Therefore, it is preferable to apply the same Tx power on NR-SRS resources for Tx beam sweeping.
To support that, the UE should at least use the same parameters and path loss in the Tx power calculation for those NR-SRS resources. One basic method is the UE calculates the Tx power for those N NR-SRS resources by

where the UE uses the same parameters ,  and same path loss  for all N NR-SRS resources. Generally, there are two alternatives to calculate the Tx power for UL beam management. Alt#1 is to apply the same total Tx power on those NR-SRS resources. Alt#2 is to apply the same Tx power density, i.e., Tx power per subcarrier, on those NR-SRS resources. In Alt#2, one possible issue needs consideration and that is the Tx power of NR-SRS resources with large bandwidth can be capped by  and thus the gNB cannot fairly compare the beam quality of those NR-SRS resources due to possible different power density caused by capped Tx power.
Proposal 6: NR supports same Tx power for NR-SRS resources with beam sweeping operation for UL beam management. 
Conclusions
In this contribution, Samsung’s view on UL beam management and NR-SRS. The following proposals are made:
Proposal 1: NR-SRS should be used as the reference signal for UL beam management.
Proposal 2: The beam sweeping pattern and Tx beamformers on NR-SRS resources should be configured by NW.
Proposal 3: NR supports UE to report the Tx beam capability to the NW. The Tx beam capability includes the number of Tx beams and whether beam correspondence is held at UE side.
Proposal 4: NR supports the NR-SRS transmission for UL beam management:
· For periodic NR-SRS transmission: Tx beams are swept across NR-SRS resources and measurement window is configured on periodic NR-SRS transmission for UL beam management.
· For semi-persistent NR-SRS transmission: MAC-CE is used to activate the transmission and MAC-CE signalling configures the Tx beam sweeping pattern (Swept Tx beam vs same Tx beam) and indicate SRI or CRI for UE to determine the Tx beam(s) on semi-persistent transmission
· For aperiodic NR-SRS transmission: DCI is used to trigger the transmission of N≥ 1 NR-SRS resources, to configure the Tx beam sweeping pattern (swept Tx beam or same Tx beam) and to signal SRI or CRI for UE to determine the Tx beamformer for NR-SRS transmission.  
Proposal 5: TRP indicate one NR-SRS resource index for the Tx beam indication for PUCCH and MAC-CE signalling is used for Tx beam indication for PUCCH
Proposal 6: NR supports same Tx power for NR-SRS resources with beam sweeping operation for UL beam management. 
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