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1 Introduction
The following were agreed in the previous meetings [1][2]

 REF _Ref498073737 \r \h 
[3]:
	Agreements: (RAN1-88bis)

· 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: (RAN1-88bis)

· 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

Agreements: (RAN1-90)
· 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: (RAN1-90)
· 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

Agreement: (RAN1-90bis)
Support at least the explicit approach for the update of spatial QCL reference in a TCI state.

· FFS: Additional support for implicit update.

· Note: In the explicit approach, the TCI state is updated using either RRC or RRC + MAC-CE based approach

· Note: In the implicit approach, when a set of aperiodic CSI-RS resources are triggered, the triggering DCI includes a TCI state index which provides spatial QCL reference for the triggered set of CSI-RS resources. Following the measurement, the spatial QCL reference in the RS set corresponding to the indicated TCI state is updated based on the preferred CSI-RS determined by the UE. Other operations of implicit approaches are not precluded.

Agreement: (RAN1-90bis)
· NR adopts the SRS Tx beam indication, i.e., by a SRS resource or by a DL RS 

· The DL RS supported at least include CSI-RS and SSB.

· NR supports the indication of at least the spatial relations between the DL RS and the UL SRS Tx beam […]

Agreements: (RAN1-90bis)
· For both slot-based and non-slot based DL transmissions, and for indentifying PUCCH resource for HARQ-ACK with more than 2-bit UCI, at least following parameters can be jointly configured in one or multiple set(s) (if supported) of PUCCH resource(s) and indicated by the PUCCH resource indicator in DCI: 
· Starting symbol in the slot;
· Number of symbols;
· FFS: If only a single configurable value for long PUCCH in the set of PUCCH resource(s).
· FFS: It is configured for one for multiple PUCCH formats.
· Starting PRB;
· FFS granularity: PRB, RBG, or subband.
· FFS: Number of PRBs.
· FFS: Code resources.
· Only a limited number of values is configurable for each parameter in the set of PUCCH resource(s). 
· FFS: Configurable values.
· FFS: Some of above parameters can be partly implicitly derived.
· FFS: Possible joint encoding for some of above parameters.


Beam management for uplink, especially the uplink control channel, demands a more extensive discussion in this meeting in order to achieve agreements on critical issues in a timely manner. In this paper, we discuss issues and solutions regarding beam management for the uplink control channel.
2 Discussion
Beam management in the uplink is performed by measurements on reference signals either in the UL (SRS) or in the DL (SSB or CSI-RS or both), the latter provided that beam correspondence is applicable. Based on measurement results, QCL tables can be formed through which the network can indicate beams for UL transmissions. The beam indication may be implicit or explicit.

While companies generally support explicit beam indication for downlink and uplink shared channels, beam indication for PUCCH has not been discussed to the sufficient extent. Explicit beam indication for PUCCH as a sole means may impose an unnecessary overhead. PUCCH beam indication may be assumed less dynamic than PUSCH beam indication and can be performed according to the following:

· Correspondence with a PDCCH beam: Provided that beam correspondence between DL and UL holds, the transmit beam for PUCCH from a UE can correspond to the receive beam indicated by the PDCCH scheduling the associated PDSCH to the same UE.

· Correspondence with a PUSCH beam: The transmit beam for PUCCH from a UE can be a beam indicated for a former PUSCH from the same UE.

Other implicit methods are not precluded and may be adopted, instead of or in combination with, the above methods.

Alternatively, the transmit beam for PUCCH can be indicated through a DCI or configured by higher layers (e.g., via MAC-CE) in a more static manner.

Another consideration for a PUCCH transmission is the format and allocated resources. Due to coverage issues, UEs may need to transmit PUCCH in a long format. This occurs especially for UEs at the cell edge and/or UEs that cannot find LOS beams or sufficiently strong NLOS beams at higher frequencies. Channel conditions, however, may be changing continuously as the UE or the obstacles blocking and unblocking certain beams move. Therefore, a UE may be preferred to be assigned long format resources while it is still able to utilize a short format, possibly at a tradeoff of reliability, for a particular transmission instance.

The issue with implicit beam indication for PUCCH is that, especially with wideband transmissions, multiple CCs and/or a TDD configuration, it is likely that long-PUCCHs from multiple UEs are to be co-scheduled on the same OFDM symbols in a slot. In this case, due to spatial separation between the UEs, gNB runs into beam conflicts if beams are indicated implicitly. A simple example is shown in Figure 1.
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Figure 1. Beam indication conflict in the uplink

One solution to this issue is allowing the network to indicate alternative beams explicitly that can serve the multiple co-scheduled UEs as shown in Figure 2. 
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Figure 2. Alternative beam indications to resolve the conflict
This simple example shows that implicit beam indication alone is insufficient and explicit mechanisms are required to resolve scheduling conflicts.
Furthermore, in order to reduce the overhead, group beam indications can be transmitted through a group-DCI, e.g., based on formats 3/3a. A group-DCI for beam indication may include one or multiple of a TCI state, UE ID or UE-group ID and an associated TPC command, as shown in example of Figure 3. The TPC command may be needed because of the receive power difference that results from adopting alternative beams.
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Figure 3. DCI format for group beam indication
Alternatively, beam indication can be transmitted only to the UEs that need to deviate from the beams configured by higher layers or indicated by other methods.

Proposal 1: Support explicit indication of spatial QCL for uplink control channel, at least to override spatial QCL configured by other implicit methods.

Another solution to the above issue is for the network to consider switching a subset of the long PUCCH transmissions to short format in order to change multiplexing from the frequency domain to the time domain and resolve the beam indication conflicts. An example is illustrated in Figure 4.
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Figure 4. Switching from long PUCCH to short PUCCH
In the above example, due to beam conflicts to receive simultaneous transmissions from four UEs, one L-PUCCH is switched to S-PUCCH via DCI signalling to the UE. Other UEs’ transmissions are not impacted by this format switching in this example, but other variations are possible. For instance, unallocated resources could be allocated to the PUSCH in the above example.

It is costly from the signalling point of view to perform an instantaneous switching through RRC. A more suitable approach is to allow multiple RRC configurations and indicate, for each instance, an index to a configuration through DCI. Each configuration can include one or more of the format (long vs. short), the allocated resources, QCL/beam indications and an associated TPC command in order to compensate for the link budget loss as a result of switching from a long format to a short format. This proposed method is in line with the recent agreements that allows configuration of a set of resource allocations for PUCCH and a lower-layer indication from the set for each occurrence. Alternatively, instead of DCI indication for every instance, a configuration may be indexed as the default configuration and the DCI indication is utilized only when deviating from the default.
Proposal 2: Support multiple RRC configurations and an associated DCI indication for the PUCCH, each configuration including the format, allocated resources, QCL/beam indications and an associated TPC command.
In NR, non-coherent joint transmission is supported, where multiple PUCCHs are transmitted towards different TRPs, and thus the Tx beams of these PUCCHs may be different. In this case, gNB should indicate the UE Tx beam for each PUCCH. 
One solution is that gNB can configure the Tx beam for each PUCCH resource. For example, gNB may indicate the Tx beam based on SSB/CSI-RS/SRS resource(s) to each PUCCH resource, and therefore UE can determine the Tx beam for the PUCCH resource when it is selected to report. The configuration information can be conveyed by higher layer signalling. 

Since the UCI conveyed in PUCCH is obtained based on the reception of DL transmission, e.g., HARQ-ACK based on PDSCH reception and CSI based on CSI-RS reception, another solution is to indicate the Tx beam of PUCCH by referring to previous DL transmissions. Comparing with the pervious solution, the configuration signalling may be reduced since gNB does not need to configure Tx beams for every PUCCH resource.
In NR, the PUCCH may convey HARQ-ACK, CSI, and SR. The HARQ-ACK corresponds to PDSCH reception, the CSI may correspond to CSI reporting setting, and the SR may be triggered by the UE itself. To this end, different methods can be used to indicate (implicitly or explicitly) the UE Tx beam for PUCCHs conveying different contents, such as:

· HARQ-ACK: gNB can assign one UE Tx beam for one PDCCH CORESET, and UE will use the assigned Tx beam for HARQ-ACK reporting corresponding to the PDCCH transmitted in the CORESET.

· CSI reporting: gNB can assign one UE Tx beam for one CSI reporting setting, and UE will use the assigned Tx beam for CSI reporting corresponding to the CSI reporting setting.

· SR: gNB can assign one UE Tx beam for PUCCH carrying the corresponding SR.
An example for HARQ-ACK transmission is illustrated in Figure 5. In this example, two TRPs are considered, and CORESET #1 and #2 are used by TRP #1 and TRP #2, respectively. gNB can assign Tx beam #1 for CORESET #1 and Tx beam #2 for CORESET #2. Therefore, UE can determine its Tx beam based on the reception of PDCCH, and send PUCCH to each TRP by using corresponding Tx beam.
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Figure 5. Example of Tx beam indication for PUCCH conveying HARQ-ACK
Additionally, if more than one type of control information are conveyed by one PUCCH, UE may choose the Tx beam based on the predefined priority of those control information. 
Proposal 3: Support the beam indication for PUCCH and by at least one of the following associations:

· The association between beam indication for PUCCH and PUCCH resource. 
· The association between beam indication for PUCCH and the identifier of PDCCH CORESET or the identifier of CSI reporting setting.

3 Conclusions
In this contribution, we discussed issues with beam management for PUCCH and proposed the following:
Proposal 1: Support explicit indication of spatial QCL for uplink control channel, at least to override spatial QCL configured by other implicit methods.

Proposal 2: Support multiple RRC configurations and an associated DCI indication for the PUCCH, each configuration including the format, allocated resources, QCL/beam indications and an associated TPC command.

Proposal 3: Support the beam indication for PUCCH and by at least one of the following associations:

· The association between beam indication for PUCCH and PUCCH resource. 

· The association between beam indication for PUCCH and the identifier of PDCCH CORESET or the identifier of CSI reporting setting.
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