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Introduction

In the plenary RAN#86 meeting, the following objectives on the enhancements on NR-MIMO were laid out regards to multi-beam operations [1]:

· Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1:
i) Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states
(1) Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
(2) Unified TCI framework for DL and UL beam indication
(3) Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
ii) Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection

This contribution discusses various issues related to multi-beam operations, pertaining in particular to FR2.
UL TCI framework and panel selection

In this subsection, we discuss the state of the art in terms of multi-panel operation in Rel. 16 and the methods to be considered for lowering latency and overhead in terms of beam management when a UE employs multiple panels and is moving.

For enabling panel-specific UL transmission, the definition of a UE panel must be agreed upon. The intention is to enable panel-specific UL transmission without explicitly sharing the UE’s panel configuration, with the goal to improve UL coverage in FR2 deployments and to reduce UE’s power consumption. While the UE’s panel configuration is not explicitly shared, the UE and the gNB need to have an understanding of what a UE panel is via an identifier, and a method of information sharing needs to be established between the gNB and the UE based on this identifier, to enable UL transmissions (PUCCH, PUSCH, SRS) from desired panel(s).

Physically, a UE panel can be defined as a set of UE antenna ports used to control the direction and power of a UE beam. The antenna ports of a panel are associated with antenna elements of the UE radiating in a common broadside direction and share a single power amplifier that controls the power fed to them.
Proposal 1: A panel shall be defined as a set of UE antenna ports that can independently control the direction and power of a UE beam.

The above definition can be taken as a conclusion or a common understanding that is used for all further discussions. Considering the above definition, the state of the art in various UL channels and reference signals with regards to multi-panel transmission is as follows:
SRS and PUSCH
· Codebook SRS: Only one resource set with one or two resources can be configured. Hence, an FR2 implementation of codebook SRS would involve the sharing of a resource with one or more panels. Technically, with the partially coherent and non-coherent modes of precoding the antenna ports, a multi-panel transmission via codebook SRS, and thereby codebook-based-PUSCH is not precluded by the specifications.
· Non-codebook SRS: Similar to codebook SRS, only one resource set can be configured. However, up to 4 resources may be configured in the resource set, each associated with a single port. Therefore, each resource may be associated with a panel. A multi-panel based SRS sounding and hence a subsequent PUSCH scheduling from multiple panels is possible in a non-codebook framework.
· Beam-management SRS: Panel-specific SRS transmission is possible in the case of SRS for beam management as the spec. language on SRS for beam management can be understood as grouping SRS resources in each set to be associated with a specific UE panel. The uplink channel may thereby be sounded using a specific UE panel by triggering the associated SRS resource set. The PUSCH scheduling may be performed in this case with DCI format 0_0 using a spatial relation info association of the PUSCH with an appropriate beam management SRS.
PUCCH
· The PUCCH resources are transmitted based on a spatial relation indication with a DL RS or SRS. When the spatial relation is indicated with an SRS, the mapping of the SRS resource(s) to a UE panel (which, right now, is unspecified and left to UE implementation) would enable PUCCH transmission from a particular panel.
· When the spatial relation is indicated with a DL RS, the decision on which panel to transmit the PUCCH resource is left to be determined by the UE. The UE may decide the best panel to transmit according to, say, DL reception conditions at each panel and UE power consumption, which reduces the signalling overhead.
The association of UE panel(s) to an SRS resource or SRS resource set and the alignment of the transmission and the reception beam among various UL and DL channels and reference signals with an awareness of the panel operations can be understood as the objective of this agenda item.

Separating spatial relation from power control enables control of the two different aspects of beam management in different ways. For example, for UEs with beam correspondence, explicitly specifying spatial relations may not always be required. The PUCCH resources, in many cases, may be allowed to follow the spatial relation of a PDSCH or the spatial relation used for the reception of PDCCH(s) on a CORESET. However, the power control settings may have to be explicitly configured and/or indicated. Therefore, it would be beneficial to separate the configuration/indication of spatial relation info and power control aspects for UL transmissions, as the signalling requirements for them are different – explicit signalling is required for power control settings and implicit/explicit signalling may be performed for the spatial relation. The UL TCI framework may therefore be used to separately configure and indicate the spatial relations in the UL.

The framework may be used analogous to the spatial relation framework in the UL. It shall be separated from the power control framework in the UL and defined as a standalone framework such as the TCI framework in the DL. It may be used in similar ways to the DL TCI such as to indicate the spatial relation of UL channels and reference signals via RRC or MAC-CE messages or the DCI.

Proposal 2: The UL TCI framework shall be defined as a standalone framework such as the TCI framework in the DL to replace the existing spatial relation framework.

To streamline UL and DL beam switching, DL channels may be used as spatial relation references in addition to DL reference signals. For example, a PUSCH may be associated to a CORESET or a PDSCH via an UL TCI reference to derive its spatial relation.

Proposal 3: Use DL channels as references in addition to DL reference signals for spatial relation in the UL TCI framework.

The next step would be the possible extension of the UL TCI framework for the purpose of UE panel/port selection and switching, which offers a bigger challenge. Using the UL TCI framework to enable panel-specific UL transmissions may prove to be a disadvantage. Say, an explicit panel identifier or indicator is used along with an UL TCI reference for the transmission of an UL signal. The UL TCI reference may also comprise DL reference signals. The combined usage of a panel indicator with an UL TCI containing a DL RS reference for an UL channel or RS in this case may mean that the UE shall use the beam used by the UE for reception of the given DL RS with the given panel for the transmission of the UL channel or RS. In a way, an UL TCI reference indicates both a DL reception and an UL transmission setting. However, using an SRS as a reference in an UL TCI may implicitly indicate the panel to be used for an indicated UL TCI based on the panel associated with the reference SRS in the UL TCI. Hence, for uniformity of application of the UL TCI framework, we propose the following: 

Proposal 4: UE panel/port indication or selection may be kept separate from the UL TCI framework to avoid complicating the framework

Proposal 5: The UE panel/port indication or selection may be performed by other methods such as 
· association of specific indices or indicators with UL RSs or channel(s) to indicate UE panel(s), or
· autonomous selection by the UE in the case a DL RS is chosen as a reference for Tx beam selection.
Signaling of UL TCI references

Similar to the spatial relation framework that utilizes MAC-CE messages for indicating UL channels and RSs, the UL TCI framework may be based on MAC-CE messages for the association of an UL TCI reference with an UL channel or SRS. While the spatial relation indication for various SRSs and PUCCH resources is provided via MAC-CE, UL TCI indication via MAC-CE for at least PUCCH and SRS would be the logical next step after defining the framework. 

Proposal 6: Support MAC-CE indication of UL TCI references for PUCCH and SRS.

For PUSCH, depending on the scheduling, the following solutions can be pursued:
· When scheduled by DCI format 0_1, the indication of the spatial relation may be performed using the UL TCI framework.
· When scheduled by DCI format 0_0, the PUSCH may follow the spatial relation of a PUCCH resource or a CORESET as in Rel. 16.
With the above solutions for PUSCH, the replacements of the spatial relation framework with the UL TCI framework is only done where necessary. The default spatial relation features provided in Rel. 16 may be maintained while replacing only the explicit spatial relation indication in the specifications with the UL TCI references.

Proposal 7: In the case of PUSCH, use the UL TCI for indicating spatial relation when scheduled with DCI format 0_1.
Conclusion

The following proposals are made from the above discussion:

Proposal 1: A panel shall be defined as a set of UE antenna ports that can independently control the direction and power of a UE beam.

Proposal 2: The UL TCI framework shall be defined as a standalone framework such as the TCI framework in the DL to replace the existing spatial relation framework.

Proposal 3: Use DL channels as references in addition to DL reference signals for spatial relation in the UL TCI framework.

Proposal 4: UE panel/port indication or selection may be kept separate from the UL TCI framework to avoid complicating the framework

Proposal 5: The UE panel/port indication or selection may be performed by other methods such as 
· association of specific indices or indicators with UL RSs or channel(s) to indicate UE panel(s), or
· autonomous selection by the UE in the case a DL RS is chosen as a reference for Tx beam selection.
Proposal 6: Support MAC-CE indication of UL TCI references for PUCCH and SRS.

Proposal 7: In the case of PUSCH, use the UL TCI for indicating spatial relation when scheduled with DCI format 0_1.
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