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In this contribution, we present our views on beam indication for UL transmission. Pertinent agreements made on beam management, beam measurement/reporting and UL beam management so far can be summarized in Annex. 
1 
2 
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 (e.g. CSI-RS, SS block) for DL beam management can be associated with RS for UL transmission (e.g. SRS, DM-RS of PUSCH/PUCCH), so that reference DL RS is spatially QCLed for targeted UL RS. However, as agreed in [1], UL RS (e.g. SRS) for UL beam management also can be associated with RS for UL transmission. For these cases, UE should know which reference RS is associated with RS for UL transmission. Therefore, TRP should indicate which reference RS type is spatially QCLed with targeted RS for UL transmission where the reference RS type can be P/SP/AP SRS, P/SP/AP CSI-RS, and SS block.
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 ID (e.g. SRI, CRI, SSB 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 the corresponding CRI for UE to set Tx beam for PUSCH.
In RAN1 #90 and AH#3 meeting [2][3], some agreements have been made on DL beam indication, which introduces Transmission Configuration Indication (TCI). Each TCI state can be configured with one RS set, which indicates a QCL relationship for one DMRS port group. Those concepts for DL beam indication also can be introduced for UL beam indication. Similar to DL beam indication case, RRC signalling can configure the QCL association between TCI state and RS set. Each TCI state is the candidate of reference RS which is spatially QCLed with targeted RS (e.g. DM-RS of PUSCH/PUCCH) for UL transmission. Also, dynamic signalling (e.g. MAC-CE, DCI) can update the linkage between TCI state and RS ID (e.g. SRI, CRI, SSB index), which enables dynamic beam indication for UL transmission. The detailed UL beam indication for various UL transmission type (e.g. SRS, PUSCH, and PUCCH) is discussed in the following section.
Proposal 1: For beam indication of UL transmission, NR supports the configuration of Transmission Configuration Indication (TCI) as follows:
· RRC signalling configures the QCL association between TCI state and RS set. Each TCI state is the candidate of reference RS which is spatially QCLed with targeted RS (e.g. DM-RS of PUSCH/PUCCH) for UL transmission.
· Dynamic signalling (e.g. MAC-CE, DCI) updates the linkage between TCI state and RS ID (e.g. SRI, CRI, SSB index), which enables dynamic beam indication for UL transmission.
Beam indication for UL transmission
In this section, we discuss how to configure related parameters (e.g. TCI, RS set, RS ID) for UL beam indication depending on different UL transmission types (e.g. SRS, PUSCH, and PUCCH).
3 
Beam indication for PUSCH
As discussed in Proposal 1, RRC signalling can configure the QCL association between TCI state and RS set. The RRC configuration indicates which reference RS type (e.g. P/SP/AP SRS, P/SP/AP CSI-RS, SS block) are spatially QCLed with DM-RS of PUSCH. In RAN1 #90 meeting [2], N-bit indicator field in DCI for PDSCH beam indication 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 reference RSs (e.g. SRS, CSI-RS) might cause an issue on designing the DCI since DL and UL beam management may use different number of RS resources. Moreover, if we use only DCI for PUSCH beam indication, the association between TCI state and RS ID should be done by RRC configuration and it cannot be updated until the next RRC configuration. Therefore, we propose a lookup table that contains some candidates of QCL association between TCI state and RS ID. The lookup table is configured by MAC-CE signalling in advance, and then DCI signalling selects the final TCI state among the lookup table. 
Proposal 2: For PUSCH beam indication, NR supports the following signalling:
· RRC signalling configures the QCL association between TCI state and RS set.
· MAC-CE signalling updates lookup table that contains linkage between TCI state and RS ID.
· DCI signalling is used for selection of the final TCI state 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. Also, different beam-widths could be applied to beams for PUCCH and PUSCH. Therefore, different beam indication framework should be applied for PUCCH and PUSCH. In our view, RRC + MAC-CE signalling can deliver both indications in Proposal 1. DCI signalling may not be supported for beam indication of PUCCH due to lack of need for dynamic change of beams.
Proposal 3: For PUCCH beam indication, NR supports the following signalling:
· RRC signalling configures the QCL association between TCI state and RS set.
· MAC-CE signalling indicates TCI state and corresponding RS ID (e.g. SRI, CRI, SSB index)
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. Similar to PUCCH/PUSCH cases, RRC signalling should be utilized for the QCL association between TCI state and RS set. 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 for periodical SRS transmission 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, RRC and MAC-CE signalling is utilized for beam indication and beam indication framework of PUCCH is reused
· For aperiodic SRS transmission, RRC, MAC-CE, and DCI signalling is utilized for beam indication and beam indication framework of PUSCH is reused.
Summary of UL beam indication
Below tables provide a conceptual summary of our proposed UL beam indication mechanisms.
Table 1: Conceptual Summary of UL Beam Indication
	Signalling Mechanism
	Beam Indication for PUCCH, P/SP SRS
	Beam Indication for PUSCH, AP SRS

	RRC
	Associate each TCI state with RS Set (Refer Table 2)
	Associate each TCI state with RS Set (Refer Table 2)

	MAC-CE
	Indicate TCI state and corresponding RS ID (e.g. SRI, CRI, SSB index)
	Update linkage between TCI state and RS ID  (refer Table 3).

	DCI
	Not supported
	Indicate the final TCI state for PUSCH or AP SRS beam indication
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Table 2: RRC Configuration for UL Beam Indication
	TCI state
	RS Set
	Comment

	0
	RS Set 1
	More details on specification of more than one DMRS port group and more than one RS Set per TCI state is to be completed after the December release.

	1
	RS Set 2
	

	2
	RS Set 3
	

	3
	RS Set 4
	



[bookmark: _Ref492581359]Table 3: MAC-CE configuration of TCI state and associated RS ID for PUSCH beam indication
	TCI state
	RS ID

	0
	SRI or CRI or SSB index

	1
	SRI or CRI or SSB index

	2
	SRI or CRI or SSB index

	3
	SRI or CRI or SSB index



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, NR supports the configuration of Transmission Configuration Indication (TCI) as follows:
· RRC signalling configures the QCL association between TCI state and RS set. Each TCI state is the candidate of reference RS which is spatially QCLed with targeted RS (e.g. DM-RS of PUSCH/PUCCH) for UL transmission.
· Dynamic signalling (e.g. MAC-CE, DCI) updates the linkage between TCI state and RS ID (e.g. SRI, CRI, SSB index), which enables dynamic beam indication for UL transmission.
Proposal 2: For PUSCH beam indication, NR supports the following signalling:
· RRC signalling configures the QCL association between TCI state and RS set.
· MAC-CE signalling updates lookup table that contains linkage between TCI state and RS ID.
· DCI signalling is used for selection of the final TCI state among lookup table
Proposal 3: For PUCCH beam indication, NR supports the following signalling:
· RRC signalling configures the QCL association between TCI state and RS set.
· MAC-CE signalling indicates TCI state and corresponding RS ID (e.g. SRI, CRI, SSB index)
Proposal 4: NR supports SRS beam indication for UL CSI acquisition as follows:
· For periodic and semi-persistent SRS transmission, RRC and MAC-CE signalling is utilized for beam indication and beam indication framework of PUCCH is reused
· For aperiodic SRS transmission, RRC, MAC-CE, and DCI signalling is utilized for beam indication and beam indication framework of PUSCH is reused.
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Annex
	Summary of 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
· 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
· For the purposes of beam indication for at least NR unicast PDSCH, support an N-bit indicator field in DCI which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group
· An indicator state is associated with at least one index of a DL RS (e.g., CRI, SSB Index) where each index of downlink RS can be associated with a given DL RS type,  e.g., aperiodic CSI-RS, periodic CSI-RS, semi-persistent CSI-RS, or SSB, 
· Note: L1-RSRP reporting on SSB is not yet agreed
· Note: One possibility to determine DL CSI-RS type is through the resource setting ID, other options are not precluded
· The value of N is FFS, but is at most [3] bits
· FFS: The case of more than one DMRS port group
· FFS: Whether or not to indicate more than one beam indicator, NR strive to minimize the indicator overhead 
· FFS: Signalling mechanism for the association of a DL RS index (e.g., CRI, SSB index) to an indicator state, e.g., 
· The association is explicitly signaled to the UE
· The association is implicitly determined by the UE
· Combination of the above is not precluded
· FFS: An indicator state may or may not also include other parameter(s), e.g., for PDSCH to RE mapping purposes analogous to PQI in LTE, other QCL parameters
· FFS: Whether or not an indicator state may be associated with more than one DL RS index
· FFS: PDCCH beam indication may or may not be based on the beam indication states for PDSCH
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication
· A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication
· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH
· FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH
· Each TCI state can be configured with one RS Set
· Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:
· SSB
· Periodic CSI-RS
· Aperiodic CSI-RS
· Semi-persistent CSI-RS
· FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item
· FFS: Mechanisms to initialize/update the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes
· At least the following two mechanisms are FFS: (1) explicit signalling to the UE of the DL RS(s) ID and corresponding TCI state (2) implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.
· The mechanisms used for different RS types are FFS
· FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes
· FFS: Value of N, where N is at most [3] bits




