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Introduction
[bookmark: _GoBack]In NR RAN1 meeting, the following agreement on UL beam management and SRS beam determination was made:
	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
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Contents of beam indication
For UL transmission, there are two options to determine UL beams. The first option is to perform UL beam management and apply selected Tx/Rx beam during UL beam management for UL transmission, and the other option is to utilize result of DL beam management. In RAN1 #89 meeting [1], high-level agreement was made on SRS beam indication. In the agreement, when UE beam correspondence holds, both UL RS and DL RS related indications can be supported for SRS beam indication, which implies utilizing UL beam management and DL beam management, respectively. For the next step, beam indication for PUSCH and PUCCH also should be required as well as SRS beam indication. In the following, required contents of beam indication for UL transmission are discussed.
If UE beam correspondence holds, UE Rx beam from DL beam management can be utilized as UE Tx beam for UL transmission. In other words, DL RS resource (e.g. CSI-RS resource, SS block) for DL beam management can be associated with RS for UL transmission (e.g. SRS, DM-RS of PUSCH/PUCCH), so that DL RS is spatially QCLed for UL RS. However, as agreed in [1], UL RS resource (e.g. SRS resource) for UL beam management also can be associated with RS for UL transmission. For these cases, UE should know which RS resource is associated with RS for UL transmission. Therefore, TRP should indicate which RS (e.g. SRS, CSI-RS, SS block) is spatially QCLed with RS for UL transmission. 
In addition to the indication of spatial QCL assumption, TRP should provide more information for UE to set specific beam for UL transmission. The information should be RS resource indication (e.g. SRI, CRI, SS block index) and is selected based on the measurements of DL/UL beam management. For example, if CSI-RS is spatially QCLed with DM-RS of PUSCH, then TRP should indicate CRI for UE to set Tx beam for PUSCH.
Proposal 1: For beam indication of UL transmission, TRP should indicate the following information for UE
· Spatial QCL assumption between RS for beam management (e.g. SRS, CSI-RS, SS block) and RS for UL transmission
· RS resource indication (e.g. SRI, CRI, SS block index) representing UE’s Tx beam

Beam indication for UL transmission
In this section, we discuss how to deliver the required information for beam indication depending on UL transmission cases (e.g. PUSCH, PUCCH, SRS for CSI acquisition).
3 
Beam indication for PUSCH
In RAN1 #88 meeting [2], DCI signalling of beam indication for PDSCH has been agreed for NR. Similarly, DCI of UL grant can include beam indication for PUSCH. If we operate the beam indication with only DCI, different bits required for different RS resource indication (e.g. SRI, CRI) might cause an issue on designing the DCI. Moreover, the RS resource indication in itself could not be included in the DCI, since only limited bits might be allowed for the RS resource indication. Therefore, we propose a lookup table that contains some candidates of RS resource indication. The lookup table is configured by MAC-CE signalling in advance, and then DCI signalling selects the final RS resource indication among the lookup table. The indication of spatial QCL assumption is also signalled via MAC-CE.
Proposal 2: A combination of MAC-CE and DCI signalling is used for beam indication of PUSCH
· MAC-CE signalling is used for the following purposes:
· Indication of spatial QCL assumption between RS for beam management and DM-RS of PUSCH
· Configuration of lookup table that contains some candidates of RS resource indication
· DCI signalling is used for selection of the final RS resource indication among lookup table
Beam indication for PUCCH
Beam management for PUCCH is expected to be less dynamic than PUSCH, since main purpose of PUCCH is maintaining a stable set of beams. Therefore, different beam indication framework should be applied between PUCCH and PUSCH. In our view, MAC-CE signalling can deliver both indications in Proposal 1. DCI signalling is not supported for beam indication of PUCCH due to lack of need for dynamic change of beams.
Proposal 3: MAC-CE signalling is used for beam indication of PUCCH, and contains the following information:
· Spatial QCL assumption between RS for beam management (e.g. SRS, CSI-RS, SS block) and DM-RS of PUCCH
· RS resource indication (e.g. SRI, CRI, SS block index) representing UE’s Tx beam
Beam indication for SRS
Before a UE transmits SRS for UL CSI acquisition, beam indication should be required for UE to set Tx beam of SRS. It has been agreed [1] that SRS can be configured as periodic, semi-persistent or aperiodic transmission. When periodic SRS is used for UL CSI acquisition, TRP should be able to change or update Tx beam applied to periodic SRS transmission. In this case, MAC-CE signalling can be used for the change/update of Tx beam, since the beam change between gNB and UE requires reliability and MAC-CE signalling is associated ACK/NACK feedback. Semi-persistent SRS can be used for UL CSI acquisition where MAC-CE signalling can be used to activate and deactivate the transmission of semi-persistent SRS. MAC-CE signalling for activation can also include beam indication of the semi-persistent SRS transmission. Aperiodic SRS trigger requires low delay of SRS transmission and is associated with only one transmission. Therefore, DCI can trigger aperiodic SRS for UL CSI acquisition. In this case, beam indication framework of PUSCH which utilizes DCI could be reused for beam indication of aperiodic SRS.
Proposal 4: NR supports SRS beam indication for UL CSI acquisition as follows:
· For periodic and semi-persistent SRS transmission, MAC-CE signalling is utilized for beam indication and beam indication framework of PUCCH is reused
· For aperiodic SRS transmission, a combination of MAC-CE and DCI signalling is utilized for beam indication and beam indication framework of PUSCH is reused.

Conclusions
In this contribution, Samsung’s view on beam indication for UL transmission. The following proposals are made:
Proposal 1: For beam indication of UL transmission, TRP should indicate the following information for UE
· Spatial QCL assumption between RS for beam management (e.g. SRS, CSI-RS, SS block) and RS for UL transmission
· RS resource indication (e.g. SRI, CRI, SS block index) representing UE’s Tx beam
Proposal 2: A combination of MAC-CE and DCI signalling is used for beam indication of PUSCH
· MAC-CE signalling is used for the following purposes:
· Indication of spatial QCL assumption between RS for beam management and DM-RS of PUSCH
· Configuration of lookup table that contains some candidates of RS resource indication
· DCI signalling is used for selection of the final RS resource indication among lookup table
Proposal 3: MAC-CE signalling is used for beam indication of PUCCH, and contains the following information:
· Spatial QCL assumption between RS for beam management (e.g. SRS, CSI-RS, SS block) and DM-RS of PUCCH
· RS resource indication (e.g. SRI, CRI, SS block index) representing UE’s Tx beam
Proposal 4: NR supports SRS beam indication for UL CSI acquisition as follows:
· For periodic and semi-persistent SRS transmission, MAC-CE signalling is utilized for beam indication and beam indication framework of PUCCH is reused
· For aperiodic SRS transmission, a combination of MAC-CE and DCI signalling is utilized for beam indication and beam indication framework of PUSCH is reused.
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