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1 Introduction

During the SI phase, RAN1 has made progress on several aspects of beam management, including:
· Identification of higher layer parameters for beam management (including reporting and resource settings);

· Introduction of beam-related indication to indicate CSI-RS resource to be assumed for UE-side beamforming;

· Support robustness against beam pair link blocking, by monitoring NR-PDCCH on multiple beam pair links

These agreements are captured in the following excerpts of TR 38.802 [1], section 6.1.6.1 (and TR 38.912):

	· A UE can be configured with the following high layer parameters for beam management:

· N≥1 reporting settings, M≥1 resource settings

[…]
· A reporting setting at least including

[…]
· A resource setting at least including
           […]

NR supports beam management with and without beam-related indication. When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE. NR supports using the same or different beams on control channel and the corresponding data channel transmissions. 

For NR-PDCCH transmission supporting robustness against beam pair link blocking, UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where M≥1 and the maximum value of M may depend at least on UE capability. UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols. Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design. At least, NR supports indication of spatial QCL assumption between an DL RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel. Candidate signaling methods for beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH) are MAC CE signaling, RRC signaling, DCI signaling, specification-transparent and/or implicit method, and combination of these signaling methods. Note that indication may not be needed for some cases.


This contribution discusses the configuration needed to support multiple beam pairs in the downlink based on the already agreed beam management framework.
2 Beam management for downlink
“Beam management” is defined as a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception. For DL, beam management procedures P-1, P-2 and P-3 have been defined to enable measurements for selection of beams at the TRP and the UE. Essentially, the purpose of procedure P-1 is to obtain a “first estimate” of a suitable beam pair, while procedure P-2 and P-3 enable refinement and adaptation of the beams at the TRP and UE respectively. Such procedures involve reception of reference signal(s), including at least CSI-RS.
From UE implementation perspective, the beam management procedures involve acquiring and maintaining a “state” for its receiver that may be defined in terms of a UE beam. When reception subsequently takes place on a physical channel (NR-PDCCH or NR-PDSCH), good performance is achieved if the UE applies this state (beam) for this receiver provided that the network transmission has the same spatial characteristics as a RS used during beam management procedure, i.e. is quasi-colocated (QCL) with that RS.
Observation 1: 
For the DL, a beam management procedure determines a state of the UE receiver (e.g. a Rx beam) for subsequent reception from a physical channel.
As long as a single beam pair is used and maintained for the UE, there is no particular issue with determining which beam should be used for reception. The UE simply uses the beam obtained from the outcome of the latest beam management procedure.
To improve robustness against blocking, it has been agreed that the UE can be configured to monitor NR-PDCCH on more than one “beam pair link”, either simultaneously or in different OFDM symbols. Since the objective is to provide macro-diversity, it is clear that the TRP beams in the different beam pair links (as well as the UE beams) should have very different spatial properties, e.g. different orientations. Accordingly, it should not be expected that the UE can acquire and maintain a second beam pair link from the same instance of the beam management procedure from which the first beam pair link was obtained. Furthermore, the UE has to maintain a state for each of the beam pairs since both beam pairs can be used either simultaneously or at least within a short period of time.
Observation 2:
To monitor NR-PDCCH on more than one beam pair link the UE receiver maintains one state for each beam pair link.

Observation 3: 
A beam management procedure determines the state of the UE receiver for a single beam pair link.
Additionally, since reception of a physical channel can now take place using more than one beam pair, the UE needs to first determine which beam (receiver state) to apply. Explicit signalling can be supported using a beam-related indication. 
3 Configuration of multiple beam pair links for downlink
One consequence of the above observations is that at a minimum the UE needs to be aware of which beam pair is associated to a CSI-RS received as part of a beam management procedure. Considering the agreements on higher layer parameters for beam management, one could consider two approaches.
In the first approach, a single set of beam management parameters is used to control the resources and reporting for all beam pairs. The beam pair associated to a RS is indicated by DCI, e.g. for aperiodic CSI-RS. This approach does not easily allow use of periodic CSI-RS (and periodic CSI report) for more than one beam pair.
In the second approach, one set of beam management parameters is configured for each beam pair. This approach allows configuration of independent resource and reporting settings and can support periodic CSI-RS for more than one beam pair.

One motivation for allowing independent configuration is that can provide more flexibility for the network to adapt the amount of reporting to the actual needs. For example, it can be envisioned that a first configured beam pair is intended as a providing high throughput while a second beam pair is configured to provide robustness in case a radio problem occurs for the second beam pair. The amount and frequency of reporting required to achieve this strategy is probably much higher for the first beam pair than for the second. Using a common configuration for both beam pairs would make this type of adaptation difficult. In addition, independent RRC configuration can enable efficient switching between beam pairs (e.g. using MAC signalling) in case there is need to change due to blocking.
Observation 4: Independent RRC configuration of beam management parameters between beam pairs enables efficient beam reporting and beam switching when multiple beam pairs are monitored for robustness.
For specification purpose it may be useful to introduce a notion of DL beam process whose configuration includes parameters used for beam management procedure determining the state of a specific beam pair.

Proposal 1: A UE can be RRC-configured with one or more DL beam processes, where each DL beam process is associated with a set of reporting settings and resource settings for DL beam management and CSI reporting

Another configuration aspect pertains to the monitoring of NR-PDCCH. Such configuration could include parameters defining the control resource set, search spaces within the control resource set (including possibly time symbols within a control resource set) and the set of slots in which NR-PDCCH is monitored for the beam pair. Again, allowing independent configuration of these parameters for different beam pairs can be beneficial as it allows, for example, monitoring of NR-PDCCH using a second beam pair with a longer periodicity for robustness. 
Proposal 2: Parameters for NR-PDCCH monitoring can be configured independently for each DL beam process.
4 Conclusion

This contribution discussed the configuration needed to support multiple beam pairs in the downlink based on the already agreed beam management framework. The following observations and proposals are made:

Observation 1: 
For the DL, a beam management procedure determines a state of the UE receiver (e.g. a Rx beam) for subsequent reception from a physical channel.

Observation 2:
To monitor NR-PDCCH on more than one beam pair link the UE receiver maintains one state for each beam pair link.

Observation 3: 
A beam management procedure determines the state of the UE receiver for a single beam pair link.
Observation 4: Independent RRC configuration of beam management parameters between beam pairs enables efficient beam reporting and beam switching when multiple beam pairs are monitored for robustness.

Proposal 1: A UE can be RRC-configured with one or more DL beam processes, where each DL beam process is associated with a set of reporting settings and resource settings for DL beam management and CSI reporting

Proposal 2: Parameters for NR-PDCCH monitoring can be configured independently for each DL beam process.
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